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Abstract
Background  Aortic valve calcification (AVC) is an underlying pathophysiological mechanism in aortic stenosis, 
which shares many risk factors with diabetes. However, the association between dysglycemia and early stages of AVC 
remains unclear. The aim was to examine the associations between stages of dysglycemia and signs of AVC among 
middle-aged individuals from the general population.

Methods  This was a cross-sectional study from the Swedish CArdioPulmonary bioImage Study (SCAPIS) randomly 
enrolling 30,154 middle-aged men and women from six study sites in Sweden between 2013 and 2018. Glycemic 
status was based on the World Health Organization criteria (fasting blood glucose and/or HbA1c) and questionnaire-
based answers on previous diseases and categorized as normoglycemia, prediabetes, newly detected diabetes and 
known diabetes. AVC was assessed on cardiac computed tomography (CT) and defined as evident or not.

Results  Of 29,331 individuals with data on glycemic status and AVC available, mean age was 57.5 years and 
normoglycemia was present in 76%, prediabetes in 16%, newly detected diabetes in 3% and known diabetes in 5%. 
The prevalence of AVC increased progressively across glycemic categories, particularly in males (8%, 11%, 14% and 
17%; P < 0.01) compared to females (5%, 6%, 8% and 9%; P < 0.01). There was an association with AVC already in the 
early stages of dysglycemia; prediabetes (OR 1.16, 95% CI 1.02–1.31), newly detected diabetes (1.34 [1.05–1.71]) and 
known diabetes (1.61 [1.34–1.93]) after adjusting for age, sex, smoking, study site, low density lipoprotein-cholesterol 
and hypertension.

Conclusions  In this large, contemporary, and randomly selected population of middle-aged individuals, prediabetes, 
newly detected diabetes and known diabetes were all associated with CT-detected AVC. Further studies are 
warranted to investigate if managing dysglycemia, even in its early stages, may help slow down AVC progression.
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Introduction
Degenerative aortic stenosis (AS) is the most common 
valvular heart disease requiring intervention in devel-
oped countries, and its prevalence is expected to rise 
partly as a consequence of the aging population [1–3]. If 
left untreated, symptomatic severe AS is associated with 
a 2-year mortality rate as high as 50% [4]. Currently, there 
are no medical therapies available to reduce the disease 
burden or treat the underlying pathologies, making aortic 
valve replacement the only treatment option [2].

In the early stages of aortic valve calcification (AVC), 
inflammatory cells initiate a fibrotic process that stiff-
ens the valve, leading to calcific masses within the aor-
tic cusps. As the calcific masses grow, they can cause 
hemodynamic obstruction, leading to AS [5, 6]. The early 
stages of AVC are common in the elderly and have been 
linked to increased cardiovascular morbidity and mor-
tality [7, 8]. Risk factors for AVC/AS appear to overlap 

partially with those for diabetes including smoking, obe-
sity, hypertension and hyperlipidemia. Therefore, dys-
glycemia has been proposed as a possible mediator that 
accelerates the fibrocalcific process [9]. However, most 
studies have investigated dysglycemia and AS rather 
than AVC regardless of hemodynamic obstructions. AVC 
can be detected already in its early stages using cardiac 
computed tomography (CT), which may offer an optimal 
window to initiate preventive measures to slow disease 
progression. Previous studies on diabetes and AVC have 
been limited by small sample sizes, elderly populations, 
the use of echocardiography instead of CT for detecting 
or quantifying calcification and have shown inconclusive 
results [7, 10–13]. Additionally, the full spectrum of dys-
glycemia, including prediabetes, has rarely been studied 
in relation to AVC.

To better characterize the relationship between dif-
ferent levels of dysglycemia and AVC, we performed a 
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comprehensive analysis using the Swedish CArdioPul-
monary BioImage Study (SCAPIS), which prospectively 
included randomly selected middle-aged individuals 
from the general population, who underwent extensive 
cardiac CT scans and dysglycemia testing.

Methods
Study population
SCAPIS is a population-based cohort comprising 30,154 
men and women aged 50–64 years who were randomly 
recruited from six university sites in Sweden (Gothen-
burg, Linköping, Lund/Malmö, Stockholm, Umeå, 
Uppsala). The main objective of SCAPIS is to character-
ize middle-aged men and women using advanced imag-
ing methods and omics technologies to identify and treat 
cardiopulmonary disease [14]. Study participants were 
excluded if they could not understand written and spoken 
Swedish for the informed consent. Clinical examination 
included anthropometric measures, electrocardiography 
and blood pressure. Questionnaires were used to obtain 
information on medical history (such as known diabe-
tes, hypertension and hyperlipidemia), pharmacologi-
cal treatment, socioeconomic factors and tobacco use. 
Smoking status was defined as current or former smoker 
and never-smoker, respectively. Blood samples were col-
lected after an overnight fast and sent for analysis imme-
diately according to local hospital routine. Creatinine was 
used to calculate the estimated glomerular filtration rate 
(eGFR) [15].

Glycemic status
Study participants were categorized based on fasting 
blood glucose and/or HbA1c at baseline according to 
the World Health Organization’s (WHO) classification: 
normoglycemic (glucose < 6.1 mmol/L and HbA1c < 42 
mmol/mol), prediabetes (impaired fasting glucose (IFG) 
6.1–6.9 mmol/L and/or elevated HbA1c 42–47 mmol/
mol and NO on self-reported diabetes on the question-
naire), newly detected diabetes (glucose ≥7 mmol/L and/
or HbA1c ≥48 mmol/mol and NO on self-reported dia-
betes on the questionnaire) or self-reported diabetes on 
the questionnaire. In addition, prediabetes was further 
categorized based on diagnosis either by IFG (fasting glu-
cose 6.1–6.9 mmol/L) or elevated HbA1c (42–47 mmol/
mol) and were studied separately.

As a secondary exposure, dysglycemia defined accord-
ing to the American Diabetes Association’s (ADA) clas-
sification was used with a difference in definitions of 
normoglycemia (glucose < 5.6 mmol/L and HbA1c < 39 
mmol/mol) and prediabetes (IFG 5.6–6.9 mmol/L or 
elevated HbA1c 39–47 mmol/mol) [16]. This additional 
classification was also made based on fasting blood glu-
cose levels, HbA1c and results from questionnaires. The 
reason for using both WHO and ADA’s definition was to 

strengthen the generalizability of the results, given that 
the different definitions are used in different parts of the 
world.

Cardiac imaging
Of 30,154 study participants, 29,613 underwent cardiac 
CT, which was performed with a dual-source CT scan-
ner with a Stellar Detector (Somatom Definition Flash, 
Siemens Medical Solution, Forchheim, Germany). A 
standardized sequential image acquisition workflow was 
developed to allow for imaging of heart and lungs in one 
session. CT images for AVC were obtained using elec-
trocardiogram-gated non-contrast imaging at 120 kV. At 
each respective site, the CT scanners were maintained 
using identical software and hardware, and images were 
read by experienced radiologists within the SCAPIS 
study. The presence of any AVC was reported as yes/no 
by the study readers (comprised of 36 trained thoracic 
radiologists or cardiologists) with between 1 and > 10 
years of training in reading coronary computed tomog-
raphy angiography. This was entered into the SCAPIS 
central case report forms consecutively. Additionally, 
coronary artery calcification (CAC) was assessed in 
which the calcium content was measured in each coro-
nary artery and subsequently summed to provide a CAC 
score in Agatston units. For the current study, a CAC 
score > 0 was defined as presence of CAC.

Statistical analysis
Data were analyzed without imputations given the low 
number of missing values. Continuous variables are 
presented as mean (standard deviation) and compared 
by ANOVA and categorical variables are presented as 
numbers (percentages) and compared by Pearson’s chi-
squared test. Logistic regression models were used to 
estimate odds ratio (OR) to evaluate the association 
between glycemic status and AVC. Each variable was 
run in an unadjusted model as well as in a multivari-
able model adjusted for age, sex, smoking, study site, low 
density lipoprotein (LDL)-cholesterol and hypertension. 
Covariates were chosen after literature review (Supple-
mentary file 1: Table 1) and careful consideration fol-
lowing the construction of a Directed Acyclical Graph 
to outline the inter-relations between the variables (Sup-
plementary file 1: Fig.  1). As part of a sensitivity analy-
sis and given the close link between body mass index 
(BMI), insulin resistance and dysglycemia, BMI was 
added in addition to the previous covariates in the mul-
tivariable model. Moreover, logistic regression analysis 
with an interaction term (glycemic status times sex) was 
performed in unadjusted and adjusted models to assess 
whether there was any interaction between dysglycemia 
and sex regarding AVC. A two-sided P-value < 0.05 was 
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considered significant. Analyses were performed in R 
version 4.3.0 and STATA/MP 18.0.

Results
Baseline characteristics
Out of 30,154 study participants enrolled, 30,120 had 
data on glycemic status available whereof 29,331 also 
had data available on AVC. Baseline characteristics by 
glycemic status are outlined in Table 1. Briefly, mean age 
was 57.5 years and 51% were females. Normoglycemia 
was present in 22,507 (76%), prediabetes in 4,642 (16%), 
newly detected diabetes in 810 (3%) and known diabe-
tes in 1372 (5%) (Supplementary file 1: Fig. 2A). Among 
prediabetes, 3,436 (72%) were detected by IFG only, 725 
(15%) by elevated HbA1c only and 443 (9%) by both IFG 
and elevated HbA1c. As expected, increasing severity of 
dysglycemia was associated with increasing age, higher 
proportion of males, more smokers, higher BMI and 
more previous cardiovascular disease. Using ADAs defi-
nition, prediabetes was found in a substantially higher 
proportion (11,642 (39%); normoglycemia in 15,498 
(53%); Supplementary file 1: Fig. 2B).

Prevalence of AVC in dysglycemia
In the total cohort, AVC was found in 2,123 (7%) study 
participants. The prevalence of AVC increased by glyce-
mic category, from 6% in normoglycemia to 9% in pre-
diabetes, 12% in newly detected diabetes and 14% in 
known diabetes (Fig.  1A). When stratified by sex, the 
prevalence of AVC by increasing glycemic category was 
substantially higher in males (8%, 11%, 14% and 17% in 
males (P < 0.01)) compared to females (5%, 6%, 8% and 
9% (P < 0.01)). Similar results were shown using the ADA 
definition (Fig. 1B). The prevalence of AVC was lower in 
prediabetes detected with IFG (8%) compared to those 
with elevated HbA1c (11%) or both IFG and elevated 
HbA1c (12%; P < 0.001), with somewhat different pattern 
between men and women (Fig. 1C).

Association between dysglycemia and AVC
In unadjusted analyses for dysglycemia according to 
the WHO definition, prediabetes (OR 1.47, 95% CI 
1.31–1.64), newly detected diabetes (1.98 [1.58–2.45]) 
and known diabetes (2.47 [2.09–2.89]) were all associ-
ated with AVC compared with normoglycemia (Supple-
mentary file 1: Fig.  3). Similar results were shown for 
the ADA definition. Following adjustment for age, sex, 
smoking, study site, LDL-cholesterol and hypertension, 

Table 1  Baseline characteristics by glycemic status (based on fasting glucose and HbA1c levels according to the World Health 
Organization definition)
Characteristic Overall, 

N = 29,331
Normoglycemia, 
N = 22,507

Prediabetes, 
N = 4642

New DM, 
N = 810

Known DM, 
N = 1,372

P-
value

Age (years) 57.5 (4.3) 57.2 (4.3) 58.2 (4.3) 58.8 (4.1) 59.0 (4.1) < 0.001
Female 14,971 (51%) 12,017 (54%) 2134 (46%) 322 (40%) 498 (36%) < 0.001
Birthplace Sweden 24,059 (84%) 18,662 (85%) 3773 (83%) 616 (79%) 1008 (76%) < 0.001
University degree 12,915 (45%) 10,417 (47%) 1788 (40%) 298 (39%) 412 (31%) < 0.001
Smoking 3720 (13%) 2623 (12%) 732 (16%) 132 (17%) 233 (18%) < 0.001
BMI (kg/m2) 27.0 (4.5) 26.4 (4.1) 28.4 (4.8) 30.2 (5.3) 30.1 (5.1) < 0.001
Waist Hip ratio 0.92 (0.09) 0.91 (0.09) 0.94 (0.09) 0.97 (0.09) 0.99 (0.09) < 0.001
Systolic blood pressure (mmHg) 126 (17) 125 (17) 129 (17) 133 (18) 131 (15) < 0.001
Hypertension 6429 (23%) 4049 (19%) 1340 (30%) 267 (35%) 773 (59%) < 0.001
Hyperlipidemia 3316 (12%) 1910 (9%) 627 (14%) 135 (18%) 644 (49%) < 0.001
Myocardial Infarction 422 (1.5%) 197 (0.9%) 126 (2.8%) 18 (2.4%) 81 (6.2%) < 0.001
Stroke 402 (1.4%) 255 (1.2%) 89 (2.0%) 17 (2.3%) 41 (3.2%) < 0.001
Heart Failure 134 (0.5%) 69 (0.3%) 31 (0.7%) 7 (0.9%) 27 (2.1%) < 0.001
Coronary artery calcification 12,339 (42%) 8682 (39%) 2240 (48%) 477 (59%) 940 (69%) < 0.001
Chronic kidney dysfunction* 665 (2.3%) 488 (2.2%) 104 (2.2%) 15 (1.9%) 58 (4.2%) < 0.001
eGFR (ml/min/1.73 m2) 85 (12) 84 (12) 86 (12) 87 (13) 88 (14) < 0.001
LDL-cholesterol (mmol/L) 3.44 (0.97) 3.52 (0.94) 3.32 (0.95) 3.38 (1.03) 2.63 (0.93) < 0.001
hs-CRP (mg/dl) 2.11 (4.17) 1.89 (3.57) 2.64 (4.53) 3.81 (10.52) 2.96 (4.91) < 0.001
Fasting glucose (mmol/L) 5.61 (1.12) 5.24 (0.48) 6.21 (0.44) 7.72 (1.73) 8.33 (2.71) < 0.001
HbA1c (mmol/mol) 36.5 (6.4) 34.9 (3.0) 38.0 (4.0) 45.2 (12.6) 53.2 (14.4) < 0.001
Insulin treatment 348 (33%) 0 (NA%) 0 (NA%) 0 (NA%) 348 (33%)
Diabetes duration (years) 10 (10) NA (NA) NA (NA) NA (NA) 10 (10)
BMI = Body mass index; eGFR = estimated glomerular filtration rate; LDL = low density lipoprotein; hs-CRP = high sensitivity C-reactive protein; HbA1c = glycated 
hemoglobin A1c

*Defined as eGFR < 60 ml/min/1.73 m2 according to the Kidney Disease: Improving Global Outcome (KDIGO) staging
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the association with AVC for all dysglycemic catego-
ries remained significant: prediabetes (OR 1.16, 95% CI 
1.02–1.31; P = 0.02), newly detected diabetes (1.34 [1.05–
1.71]) and known diabetes (1.61 [1.34–1.93]) compared 
with individuals with normoglycemia. These associations 
remained similar although slightly attenuated for predia-
betes when dysglycemia was categorized according to the 
ADA definition (Fig. 2). In analyses by different prediabe-
tes classes, all categories were associated with AVC in the 
unadjusted model (IFG: OR 1.29, 95% CI 1.12–1.48 and 

Elevated HbA1c: OR 1,87, 95% CI 1.46–2.36; Supplemen-
tary file 1: Fig. 4). In fully adjusted analyses, IFG was no 
longer associated with AVC (OR 1.08, 95% CI 0.93–1.24; 
P < 0.01) but elevated HbA1c (1.36 [1.05–1.75]) and both 
elevated HbA1c and IFG (1.40 [1.03–1.91]) remained sig-
nificant (Fig. 3) compared with normoglycemia. An inter-
action analysis for sex was performed which did not show 
any significant association (Supplementary file 1: Table 
2).

In a sensitivity analysis adding BMI as a covariate to the 
multivariable model, diabetes remained significant (OR 
1.48, 95% CI 1.23–1.79) but the association with AVC for 
the early stages of dysglycemia was attenuated (predia-
betes: 1.10 [0.97–1.25] and newly detected diabetes 1.23 
[0.96–1.57]) (Supplementary file 1: Table 3). The similar 
trend was seen for the ADA definition.

Fig. 3  Association between different levels of dysglycemia including pre-
diabetes categorized as (a) impaired fasting glucose; (b) elevated HbA1c 
42–47 mmol/mol; (c) impaired fasting glucose + elevated HbA1c by the 
World Health Organization’s definition. Adjustments made for age, sex, 
smoking, study site, low-density lipoprotein cholesterol and hypertension. 
IFG impaired fasting glucose; HbA1c   glycated hemoglobin A1c; DM dia-
betes mellitus

 

Fig. 2  Association between different levels of dysglycemia and aortic 
valve calcification adjusted for age, sex, smoking, study site, low-density li-
poprotein cholesterol and hypertension. WHO World Health Organization; 
ADA American Diabetes Association;DM diabetes mellitus

 

Fig. 1  Prevalence of aortic valve calcification by glycemic category de-
fined using fasting glucose and HbA1c; (A) by the World Health Organi-
zation’s definition; (B) by the American Diabetes Association’s definition; 
(C) By prediabetes (WHO's definition) categorized as impaired fasting 
glucose, elevated HbA1c and both combined. WHO World Health Orga-
nization; ADA American Diabetes Association;DM diabetes mellitus; IFG 
impaired fasting glucose; HbA1c   glycated hemoglobin A1c
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Discussion
To the best of our knowledge, the present analysis rep-
resents the largest and most well-characterized study to 
date for assessing the relationship between various levels 
of dysglycemia and CT-detected AVC among randomly 
selected, middle-aged individuals from the general popu-
lation. There were three main findings: (1) the prevalence 
of AVC increased progressively across the dysglycemic 
categories of prediabetes, newly detected diabetes and 
known diabetes; (2) there was an association already in 
the early stages of dysglycemia with AVC; (3) and among 
individuals with prediabetes, AVC was more commonly 
detected when using HbA1c compared to IFG.

Prevalence of AVC
Previous studies have shown a higher prevalence of AS 
in those with compared to without diabetes and vice 
versa [17, 18], but little is known about the prevalence of 
AVC across the different stages of dysglycemia, especially 
in middle-aged populations. In this analysis, the preva-
lence of AVC was more than twice as high in individu-
als with already known diabetes, particularly among men, 
in whom the prevalence of AVC was 17% compared to 
8% in those without diabetes. AVC was also more com-
mon in those with newly detected diabetes (present in 
14%). Notably, the prevalence of AVC was higher already 
in those with prediabetes, especially in individuals with 
elevated HbA1c. These findings suggest that even early 
stages of hyperglycemia may contribute to the pathophys-
iology of AVC and that HbA1c, which reflects chronic 
glucose exposure, may be a better marker for identifying 
those at risk of AVC than fasting glucose. IFG may simply 
not lead to a hyperglycemic state of sufficient duration 
to cause sclerosis. Given that elevated HbA1c compared 
to IFG represent overlapping but distinct abnormalities 
in the glucose metabolism, studying these entities sepa-
rately provides clinically meaningful insights into the 
pathophysiology of AVC and suggest HbA1c rather than 
fasting glucose as a potential screening tool for future 
initiatives to detect AVC. Interestingly, in a prospective 
study comprising patients undergoing surgery for valvu-
lar heart disease and matched controls, diabetes but nei-
ther IFG nor impaired glucose tolerance were associated 
with AS requiring valve replacement surgery [18]. This 
could suggest that while different levels of dysglycemia 
may be important for lesion formation and early calci-
fication, only diabetes and not prediabetes remains as a 
risk in advanced aortic stenosis where other factors may 
have a greater influence on hemodynamic disturbances.

AVC has previously been associated heavily with 
increasing age and the presence of any AVC in men 
before 60 and women before 65 years of age was very 
uncommon in a recent study from the Multi-Ethnic 
Study of Atherosclerosis (MESA) [19]. As such, the 

presence of premature AVC in a middle-aged population 
such as ours should be considered abnormal. Apart from 
AVC being associated with increasing cardiovascular 
morbidity and mortality [7], it is also strongly associated 
with the long-term risk of developing AS [19]. To date, 
there are no medical therapies available for reducing the 
calcification process in the aortic valves and limiting pro-
gression from AVC to AS. However, recent evidence has 
shown promising results for sodium-glucose cotrans-
porter-2 (SGLT2) protein and inhibition in AS. First of 
all, the SGLT2 gene and protein were hyper-expressed 
in human cardiomyocytes in patients with severe AS 
of low-flow low-gradient type [20]. Second, in a cohort 
study following 311 patients with diabetes for a median 
of two years after transcatheter aortic valve implantation, 
the use of SGLT2 inhibitors was associated with a more 
favorable cardiac remodeling as well as improved cardio-
vascular outcomes [21]. This indicates that SGLT2i has 
the potential to improve the course of disease in the later 
stages of AS in patients with diabetes and introduces a 
long-awaited therapeutic avenue in AS in need of further 
study. Identifying individuals with AVC and dysglycemia 
could guide the selection of participants for future clini-
cal trials investigating whether optimal glucose manage-
ment may also slow down the disease in the early stages 
including progression of AVC.

Dysglycemia as a risk factor for AVC
Dysglycemia was associated with AVC even in its early 
stages. Prior studies investigating this relationship have 
primarily focused on established diabetes, involved small 
sample sizes and reported inconsistent findings. A study 
from the Cardiovascular Health Study, which included 
elderly individuals (> 65 years), found that smoking, 
hypertension and lipid levels, but not diabetes, were asso-
ciated with echocardiography-detected AVC [10]. In con-
trast, the Epidemiology of Coronary Artery Calcification 
study demonstrated a significant association between 
diabetes and AVC, as determined by CT in 262 indi-
viduals [22]. Similarly, the MESA cohort study showed 
that diabetes was associated with CT-detected AVC in 
6,780 men and women [11]. The present study expands 
on previous knowledge by investigating dysglycemia as 
a continuous spectrum rather than a binary classifica-
tion of diabetes or not. The attenuated results for early 
stages of dysglycemia and AVC following adjustment of 
BMI indicates that BMI constitutes a substantial part of 
the pathophysiology driving insulin resistance and subse-
quently leading to dysglycemia. Dysglycemia and obesity 
often coexists and previous studies show that up to 85% 
of people with type 2 diabetes are overweight or obese, 
highlighting the complex interplay between dysglycemia 
and obesity in the modulation of cardiovascular disease 
[23, 24]. The results are in line with data from the Jackson 
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Heart Study (n = 1,664 individuals) in which diabetes, 
but not prediabetes, was associated with abdominal aor-
tic calcification following adjustment for several con-
founders including BMI [25]. Moreover, the results were 
slightly attenuated when using ADA’s broader definition 
for prediabetes, indicating that while dysglycemia should 
be viewed as a spectrum, there is likely a threshold closer 
to the WHO definition for when it accelerates the risk for 
AVC.

Individuals with diabetes were more often men and 
had in general more cardiovascular risk factors such as 
hypertension, smoking and hyperlipidemia, all of which 
are associated with AVC [13, 26]. Additionally, increas-
ing dysglycemia has been associated with a higher preva-
lence of chronic kidney disease and CAC, conditions that 
are also more common in individuals with AVC/AS [22, 
27]. These findings suggest that a systemic fibrotic pro-
cess in AVC may contribute to progressive valve stiff-
ness [5]. While male sex is considered a risk for AVC 
[28], sex did not modulate the effect of dysglycemia on 
AVC in the present study. The elevated risk of AVC in 
individuals with dysglycemia may be related to a worse 
overall risk factor profile, which could accelerate the cal-
cification process. In a study from the Swedish National 
Diabetes registry, patients with type 2 diabetes with an 
increasing number of cardiovascular risk factors (higher 
systolic blood pressure, elevated BMI, elevated eGFR) 
were at a higher risk of AS [29]. However, even patients 
with diabetes and optimal control of cardiovascular 
risk factors (i.e. no smoking, HbA1c, systolic and dia-
stolic blood pressure, LDL-cholesterol and albuminuria 
within target range) remained at a higher risk compared 
to their counterparts without diabetes, indicating that 
traditional risk factors alone may not fully explain the 
association between diabetes and AVC/AS [29]. It is also 
possible that dysglycemia may directly affect the aor-
tic valves. Type 2 diabetes have been shown to augment 
the expression of pro-inflammatory proteins in patients 
with severe AS [30]. Additionally, dysglycemia enhances 
oxidative stress and glycosylation of proteins and lipids 
as well as activation of coagulation factors, further con-
tributing to inflammation and calcification [9]. Moreover, 
chronic hyperglycemia has been associated with an accel-
erated formation of advanced glycation end products 
(AGE), which has been attributed to vascular calcifica-
tion in patients with diabetes [31, 32]. In a prospective 
study comprising patients with severe AS with (n = 50) 
and without diabetes (n = 76) undergoing aortic valve 
replacement, more AGEs were found accumulated in the 
stenotic aortic valves in patients with diabetes. In addi-
tion, the extent of AGE accumulation correlated with AS 
severity, suggesting that AGE may be considered as a key 
pathophysiological mechanism driving AS progression in 
patients with diabetes [33]. Finally, although dysglycemia 

is associated with AVC, studies have indicated that tradi-
tional cardiovascular risk factors only contribute up to a 
third of the risk for AS [34]. This indicates that other fac-
tors, yet unknown, may play a more important role in the 
pathophysiology for valvular calcification.

Limitations
Our study has some limitations. First of all, SCAPIS com-
prises mainly individuals born in Sweden, thus limiting 
the generalizability to other ethnicities. Second, AVC 
was only categorized as evident or not without further 
quantification of the extent of AVC with calcium scoring. 
Third, the definition of prediabetes was made based on 
HbA1c and fasting glucose. Oral glucose tolerance tests 
were not performed during the study, thus possibly miss-
ing individuals with impaired glucose tolerance as well 
as undetected diabetes. However, screening for diabetes 
in individuals with cardiovascular disease using HbA1c 
and/or fasting glucose is in line with the latest recom-
mendations from the 2023 European Society of Cardiol-
ogy’s guidelines on diabetes and cardiovascular disease 
[35]. Finally, the cross-sectional design lacks temporal 
information, as exposure and outcome are assessed at 
the same time, limiting the possibility to establish causal-
ity. Longitudinal studies are needed to further clarify the 
relationship between dysglycemia and AVC.

Conclusions
Dysglycemia categorized as prediabetes, newly detected 
diabetes and known diabetes were all associated with 
CT-detected AVC in a large, contemporary and ran-
domly selected population of middle-aged individuals. 
In a sensitivity analysis including BMI as a covariate, the 
association for prediabetes and newly detected diabetes 
were attenuated, indicating that BMI constitutes a major 
part of the underlying mechanism in early dysglycemia 
and may act as a defining factor in this association with 
AVC. Individuals with dysglycemia could be an appropri-
ate target for future strategies to identify AVC and under-
lines the need for clinical trials investigating the potential 
of optimal glucose-lowering management in the preven-
tion for AVC progression.
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