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Background

Calcific aortic valve stenosis (CAVD) has similar classical co-
shared risk factors that are associated with endothelial cell 
dysfunction and cardiovascular disease. For example, lifestyle 
habits similar to those predisposing to coronary artery disease, 
inflammation, hypertension, advanced age, malegender, 
hyperlipidemia, diabetes mellitus, cigarette smoking, metabolic 
syndrome, and end-stage kidney disease have all been linked with 
the development of  CAVD [1-6]. Diabetes mellitus (DM) is a 
powerful known risk factor for CV disease and aortic stenosis. 
However, mechanisms causing CAVD still remain unknown to 
a large extent [5]. Pro-atherogenic factors cause amplification of  
vascular wall inflammation and increased endothelial oxidative 
stress, thereby activating aortic valve interstitial cells (cells that lie 
between other cells) toward anosteogenic phenotype favoring the 
development of  CAVD in DM [7].

Over the past 5 years, research in the basic sciences has reached 
a clinical translational level. From the initial recognition of  
mineralization and hyperlipidemia by Lobstein and Virchow’s 
calcification of  arteriosclerotic vessels, an increased prevalence 
of  CAVD has become a new treatment target [8]. These calcific 
vascular changes have major CV implications due to reduced 
arterial compliance (increased vascular stiffness and impaired 
Windkessel physiology), leading to vascular wall stress that 
increases myocardial oxygen consumption and can ultimately 
cumulatein heart failure (Figure 1).

Basic Science Clinical Perspective: Diabetes and 
Calcific Aortic Stenosis

Key drivers of  aortic valve mineralization are primarily metabolic, 
inflammatory, and osteogenic. The most important changes in this 
area are from two key papers, and including a possible benefit in 

the use of  DPPIV inhibitors in treatment of  diabetes in animals 
with CAVDand vascular calcification [9-12]. If  this is replicated 
in human studies, it would be a major advance and potential use 
for both diabetic and non-diabetic patients with CAVD and CV 
disease.

Prior human trials involving statins have not yielded beneficial 
clinical results in patients with CAVD. Earlier animal models 
with statin therapy in hypercholesterolemic mice had promising 
findings, demonstrating reduced aortic valve thickening and 
slowed fibrocalcific progression through suspected endothelial 
nitric oxide signaling pathways. However, the use of  statin therapy 
has not been associated with slowed calcific aortic stenosis 
progression in randomized human studies. Finding the perfect 
animal model for these studies has been problematic at best [13-
15].

New basic research is of  critical importance in vascular 
calcification and atherosclerosis. First, basic scientific evidence 
has proposed diabetes mellitus-prone LDLr−/−/ApoB100/100/
IGF-II mice as a new model of  calcified aortic valve disease. 
Of  special interest is the discovery of  insulin growth factor 
II amplifying the valvular obstruction. In this study, mice 
lacking low-density lipoprotein receptors and expressing only 
apolipoprotein B100 (LRKOB100) can develop aortic stenosis 
at a very old age (≈20 months). However, the addition of  IGF 
(LRKOB100/IGF) increased the features of  metabolic syndrome, 
with susceptibility to type 2 DM, and significantly amplified the 
severity of  CAVD. Thus, in an animal model, abnormal lipids and 
a diabetic metabolic state were noted to increase calcific aortic 
valve gradients by echocardiography [13]. Second, studies from 
Ikushima and colleagues reported important findings suggesting 
that sCD26 has major influence on T-cell migration by interacting 
with M6P/IGFIIR (mannose 6-phosphate/insulin-like growth 
factor II receptor). An insulin-like growth factor receptor was 
involved with trans-endothelial migration, with the endothelial 
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cell surface acting as a receptor for sCD26 [16]. Lastly, research 
by Choi et al., and associates from Seoul, South Korea, found a 
reduction inaortic valve areas and pressure gradients with the use 
of  a DPPIV inhibitor in New Zealand rabbits and with cell-based 
aortic valve tissue studies from humans [17].

Human Research and Calcific Aortic Stenosis

Two human studies evaluating CAVD patients with DM are 
important to this topic. First, the plasma from diabetes and 
hyperlipidemic patients changed human aortic valve interstitial 
cells to an osteoblast-like phenotype. Cattan-Levy et al., reported 
that plasma from both types of  patients showed an inflammatory 
phenotype (increased IL6, IL1b) in 24 hours and an osteogenic 
phenotype (osteocalcin, BSP, CBFA1, phosphatase alkaline) 
in 4 days using RT-PCR, when compared to healthy control 
subjects. In addition, primary valve interstitial cells isolated from 
non-calcified human aortic valves were cultured in 3D collagen 
scaffolds in the presence of  plasma from patients with calcified 
aortic disease and from healthy subjects. They also reported that 
the plasma from patients with dyslipidemia and diabetes induced 
an osteogenic phenotype, which was positively correlated with the 
levels of  Lp (a) [18].

The second study in humans was by Mosch and colleagues, in 
which 45 patients with CAVD were evaluated histologically. 
Results showed increased calcification in diabetic patients on 
gross examination (p<0.01), with reduced expression of  the pro-
inflammatory protein S100A9 (p<0.01) in diabetic individuals 
[19].

In summary, it is possible these findings will help initiate a 
new era in treatment of  CAVD in diabetes patients, if  further 
clinical research supports these findings. In addition, accelerated 
atherosclerosis in humans with increased calcification may 
represent a new target for treatment via possible stabilization of  
further osteogenic phenotypes, thus reducing the early need for 

valve replacement in young adults with and without diabetes. 
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levels of  DPPIV in diabetes and reduction in IFG-1 signaling, leading to osteogenic transformation of  valvular interstitial 
cells to osteoblast-like cells. This has the potential of  leading to increased valvular stiffness and reduced vascular compli-

ance. This area of  research could be extremely fruitful to human cardiovascular and valvular risk. The use of  DPPIV inhibi-
tors appear to improve IFG-1 signaling, which regulates metabolism, contractility, hypertrophy and autophagy.
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