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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 biolmage 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% Cl 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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Aortic Valve Calcification Across Stages of Dysglycemia in Middle-Aged Individuals
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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



Wang et al. Cardiovascular Diabetology (2025) 24:105

comprehensive analysis using the Swedish CArdioPul-
monary Biolmage 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, Linkoping, Lund/Malmé, Stockholm, Umes,
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 HbAlc at baseline according to
the World Health Organization’s (WHO) classification:
normoglycemic (glucose<6.1 mmol/L and HbAlc<42
mmol/mol), prediabetes (impaired fasting glucose (IFG)
6.1-6.9 mmol/L and/or elevated HbAlc 42-47 mmol/
mol and NO on self-reported diabetes on the question-
naire), newly detected diabetes (glucose >7 mmol/L and/
or HbAlc >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 HbAlc (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 HbAlc<39
mmol/mol) and prediabetes (IFG 5.6—6.9 mmol/L or
elevated HbAlc 39-47 mmol/mol) [16]. This additional
classification was also made based on fasting blood glu-
cose levels, HbAlc and results from questionnaires. The
reason for using both WHO and ADA’s definition was to
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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 HbA1lc only and 443 (9%) by both IFG
and elevated HbAlc. 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).
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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 HbAlc (11%) or both IFG and elevated
HbA1lc (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, Normoglycemia, Prediabetes, New DM, Known DM, P-
N=29,331 N=22,507 N=4642 N=810 N=1,372 value
Age (years) 57.5(4.3) 57.2(4.3) 582 (4.3) 588 (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/m?) 27.0 (4.5) 264 (4.1) 284 (4.8) 302 (53) 30.1(5.) <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 m?) 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) 561(1.12) 5.24(048) 6.21(0.44) 772 (1.73) 833(2.71) <0.001
HbA1c (mmol/mol) 36.5 (6.4) 34.9(3.0) 38.0 (4.0) 452 (12.6) 532 (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=Ilow density lipoprotein; hs-CRP=high sensitivity C-reactive protein; HbAlc=glycated

hemoglobin Alc

*Defined as eGFR <60 ml/min/1.73 m? according to the Kidney Disease: Improving Global Outcome (KDIGO) staging
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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; HbATc glycated hemoglobin Alc

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

Risk factor Odds ratio (95% CI)
Normoglycemia L
IFG 1.08 (0.93-1.24) -
Elevated HbA1c 1.36 (1.05-1.75) ——.
42-47 mmol/mol
IFG + elevated HbA1c 1.40 (1.03-1.91) —
Newly detected DM 1.34(1.07-1.68) —a—
Known DM 1.56(1.29-1.88) -
0.5 1 1.5 2 25
Odds ratio (95% Cl)

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; HbATc glycated hemoglobin Alc; DM dia-
betes mellitus

Elevated HbAlc: 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 HbAlc (1.36 [1.05-1.75]) and both
elevated HbA1lc 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.
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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 HbA1lc 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 HbAlc. These findings suggest that even early
stages of hyperglycemia may contribute to the pathophys-
iology of AVC and that HbAlc, 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 HbAlc 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 HbAlc 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
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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 vyears), 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, HbAlc, 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
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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
HbAlc 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 HbAlc
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.

Abbreviations

ADA American Diabetes Association

AS Aortic stenosis

AVC Aortic valve calcification

cT Computed tomography

IFG Impaired fasting glucose

SCAPIS  Swedish CardioPulmonary Biolmage Study

WHO World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512933-025-02634-7.


https://doi.org/10.1186/s12933-025-02634-7
https://doi.org/10.1186/s12933-025-02634-7

Wang et al. Cardiovascular Diabetology (2025) 24:105

[ Supplementary Material 1. ]

Author contributions

AW and BS contributed to the conception and design of the study. All authors
have contributed to the acquisition, analysis and/or interpretation of data.
AW and BS drafted the first manuscript and all authors critically reviewed the
manuscript, approved of its content and gave final approval for publication.

Funding

Open access funding provided by Karolinska Institute.

The main funding body of The Swedish CArdioPulmonary biolmage Study
(SCAPIS) is the Swedish Heart-Lung Foundation. The study is also funded by
the Knut and Alice Wallenberg Foundation, the Swedish Research Council and
VINNOVA (Sweden’s Innovation agency) the University of Gothenburg and
Sahlgrenska University Hospital, Karolinska Institutet and Stockholm county
council, Linkdping University and University Hospital, Lund University and
Skéne University Hospital, Umed University and University Hospital, Uppsala
University and University Hospital. AW is supported by the Swedish Heart-
Lung Foundation (Grant 20210578). AN is supported from Capio Sankt Gérans
hospital and the Swedish Heart Lung Foundation (Grant 20220751). BS is
supported by Stockholm County Council (FoUI-988371), the Swedish Heart-
Lung Foundation (Grant 20220524), the Swedish Research Council (Grant
2022-01472), the Swedish Society for Medical Research (SSMF; SG-23-0142-B),
the Swedish Society of Medicine (SLS; grant 987010) and Karolinska Institutet
(2-116/2023). The funding bodies have not been involved in data analysis

or interpretation; preparation, review or approval of the manuscript; or the
decision to submit the manuscript for publication.

Data availability

The data underlying this manuscript cannot be shared publicly for legal
regulations related to the privacy of individuals that participated in the study.
The data are available from the corresponding author (AW) and principal
investigator (BS) on reasonable request.

Declarations

Ethics approval and consent to participate

The SCAPIS study was approved by the local ethics committee (Dnr 2010-228-
21 M) in Umed and complied with the Declaration of Helsinki. All participants
provided written informed consent.

Consent for publication
Not applicable.

Competing interests

AW, DK, TJ, LL, AB, GE, GB, MS, BS have no conflicts of interest to declare. AN.
has received honoraria on expert group participation from Astra Zeneca,
Novo Nordisk, and Boehringer Ingelheim. SS reports speakers’honoraria
and participation in the scientific board for the Exposure study (Johnson &
Johnson).

Author details

'Department of Medicine Solna, Karolinska Institutet, 171 76 Stockholm,
Sweden

’Department of Cardiology, Heart, Vascular and Neuro Theme, Karolinska
University Hospital, Stockholm, Sweden

3Department of Health, Medicine and Caring Sciences, Linképing
University, Linkdping, Sweden

“Centre of Medical Image Science and Visualization, Linkdping University,
Linkoping, Sweden

°Capio St Goran Hospital, Stockholm, Sweden

®Department of Clinical Physiology, Linképing University, Linkdping,
Sweden

"Wallenberg Centre for Molecular Medicine, Linkdping University,
Linképing, Sweden

8Department of Clinical Sciences, Karolinska Institutet, Danderyd Hospital,
Stockholm, Sweden

“Department of Medical Sciences, Uppsala University, Uppsala, Sweden
1%Department of Public Health and Clinical Medicine, Ume& University,
Umed, Sweden

Page 8 of 9

""Department of Clinical Science in Malma, Lund University, Lund,
Sweden

2Department of Molecular and Clinical Medicine, Institute of Medicine,
Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden
3*Department of Clinical Physiology, Sahlgrenska University Hospital,
Gothenburg, Region Véstra Gotaland, Sweden

Received: 22 November 2024 / Accepted: 5 February 2025
Published online: 05 March 2025

References

1. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F, et al.
2020 ACC/AHA Guideline for the management of patients with valvular heart
disease: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice guidelines. Circulation.
2021;143(5).e72-227.

2. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. 2021
ESC/EACTS guidelines for the management of valvular heart disease. Eur
Heart J. 2022;43(7):561-632.

3. Santangelo G, Bursi F, Faggiano A, Moscardelli S, Simeoli PS, Guazzi M et al.
The global burden of valvular heart disease: from clinical epidemiology to
management. J Clin Med. 2023;12(6).

4. Lindman BR, Clavel MA, Mathieu P, lung B, Lancellotti P, Otto CM, et al. Calcific
aortic stenosis. Nat Rev Dis Prim. 2016;2:16006.

5. Dweck MR, Boon NA, Newby DE. Calcific aortic stenosis: a disease of the valve
and the myocardium. J Am Coll Cardiol. 2012;60(19):1854-63.

6. Artiach G, Back M. Omega-3 polyunsaturated fatty acids and the resolution of
inflammation: Novel therapeutic opportunities for aortic valve stenosis? Front
Cell Dev Biol. 2020,8:584128.

7. Coffey S, Cox B, Williams MJ. The prevalence, incidence, progression, and risks
of aortic valve sclerosis: a systematic review and meta-analysis. J Am Coll
Cardiol. 2014;63(25 Pt A):2852-61.

8. Owens DS, Budoff MJ, Katz R, Takasu J, Shavelle DM, Carr JJ, et al. Aortic valve
calcium independently predicts coronary and cardiovascular events in a
primary prevention population. JACC Cardiovasc Imaging. 2012;5(6):619-25.

9. Banovic M, Athithan L, McCann GP. Aortic stenosis and diabetes mellitus: an
ominous combination. Diab Vasc Dis Res. 2019;16(4):310-23.

10.  Stewart BF, Siscovick D, Lind BK, Gardin JM, Gottdiener JS, Smith VE, et al.
Clinical factors associated with calcific aortic valve disease. Cardiovasc Health
Study J Am Coll Cardiol. 1997;29(3):630-4.

11. Katz R, Wong ND, Kronmal R, Takasu J, Shavelle DM, Probstfield JL, et al. Fea-
tures of the metabolic syndrome and diabetes mellitus as predictors of aortic
valve calcification in the multi-ethnic study of atherosclerosis. Circulation.
2006;113(17):2113-9.

12. Owens DS, Plehn JF, Sigurdsson S, Probstfield JL, Launer LJ, Gudny E et al.

The comparable utility of computed tomography and echocardiography in
the detection of early stage calcific aortic valve disease: an AGES-Reykjavik
investigation. J Am Coll Cardiol. 2010;E668.

13. Khurrami L, Meller JE, Lindholt JS, Urbonaviciene G, Steffensen FH, Lam-
brechtsen J, et al. Cross-sectional study of aortic valve calcification and
cardiovascular risk factors in older Danish men. Heart. 2021;107(19):1536-43.

14.  Bergstrom G, Berglund G, Blomberg A, Brandberg J, Engstrdom G, Engvall J, et
al. The Swedish CArdioPulmonary Biolmage Study: objectives and design. J
Intern Med. 2015,278(6):645-59.

15.  Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, et al.

A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150(9):604-12.

16.  Committee ADAPP. 2. Diagnosis and classification of diabetes: standards of
care in diabetes-2024. Diabetes Care. 2024;47(Suppl 1):520-42.

17.  Larsson SC, Wallin A, Hakansson N, Stackelberg O, Back M, Wolk A. Type 1 and
type 2 diabetes mellitus and incidence of seven cardiovascular diseases. Int J
Cardiol. 2018;262:66-70.

18.  Ljungberg J, Johansson B, Engstrom KG, Albertsson E, Holmer P, Norberg M et
al. Traditional cardiovascular risk factors and their relation to future surgery for
valvular heart disease or ascending aortic disease: a case-referent study. J Am
Heart Assoc. 2017;6(5).

19.  Whelton SP, Jha K, Dardari Z, Razavi AC, Boakye E, Dzaye O, et al. Prevalence of
aortic valve calcium and the long-term risk of incident severe aortic stenosis.
JACC Cardiovasc Imaging. 2024;17(1):31-42.



Wang et al. Cardiovascular Diabetology

20.

22.

23.

24,

25.

26.

27.

28.

29.

(2025) 24:105

Scisciola L, Paolisso P, Belmonte M, Gallinoro E, Delrue L, Taktaz F, et al. Myo-
cardial sodium-glucose cotransporter 2 expression and cardiac remodelling
in patients with severe aortic stenosis: the BIO-AS study. Eur J Heart Fail.
2024,26(2):471-82.

Paolisso P, Belmonte M, Gallinoro E, Scarsini R, Bergamaschi L, Portolan L,

et al. SGLT2-inhibitors in diabetic patients with severe aortic stenosis and
cardiac damage undergoing transcatheter aortic valve implantation (TAVI).
Cardiovasc Diabetol. 2024;23(1):420.

Messika-Zeitoun D, Bielak LF, Peyser PA, Sheedy PF, Turner ST, Nkomo VT, et
al. Aortic valve calcification: determinants and progression in the population.
Arterioscler Thromb Vasc Biol. 2007;27(3):642-8.

Brown Ol, Drozd M, McGowan H, Giannoudi M, Conning-Rowland M, Gierula
J, et al. Relationship among diabetes, obesity, and cardiovascular disease
phenotypes: a UK Biobank Cohort Study. Diabetes Care. 2023;46(8):1531-40.
Bhupathiraju SN, Hu FB. Epidemiology of obesity and diabetes and their
cardiovascular complications. Circ Res. 2016;118(11):1723-35.
Echouffo-Tcheugui JB, Allison M, Kalyani RR, Sims M, Bertoni AG, Golden SH.
Abdominal aortic calcification among individuals with and without diabetes:
the Jackson Heart Study. Diabetes Care. 2017;40(8):e106-7.

Moncla LM, Briend M, Bossé Y, Mathieu P. Calcific aortic valve disease: mecha-
nisms, prevention and treatment. Nat Rev Cardiol. 2023;20(8):546-59.

Vavilis G, Back M, Occhino G, Trevisan M, Bellocco R, Evans M, et al. Kidney
dysfunction and the risk of developing aortic stenosis. J Am Coll Cardiol.
2019;73(3):305-14.

Owens DS, Katz R, Takasu J, Kronmal R, Budoff MJ, O'Brien KD. Incidence and
progression of aortic valve calcium in the multi-ethnic study of atherosclero-
sis (MESA). Am J Cardiol. 2010;105(5):701-8.

Rawshani A, Sattar N, McGuire DK, Wallstrom O, Smith U, Borén J, et al.
Left-sided degenerative valvular heart disease in type 1 and type 2 diabetes.
Circulation. 2022;146(5):398-411.

30.

31

32.

33.

34.

35.

Page 9 of 9

Natorska J, Wypasek E, Grudzien G, Sobczyk D, Marek G, Filip G, et al. Does dia-
betes accelerate the progression of aortic stenosis through enhanced inflam-
matory response within aortic valves? Inflammation. 2012;35(3):834-40.

Kizer JR, Benkeser D, Arnold AM, Ix JH, Mukamal KJ, Djousse L, et al. Advanced
glycation/glycoxidation endproduct carboxymethyl-lysine and incidence

of coronary heart disease and stroke in older adults. Atherosclerosis.
2014;235(1):116-21.

Hegab Z, Gibbons S, Neyses L, Mamas MA. Role of advanced glycation end
products in cardiovascular disease. World J Cardiol. 2012;4(4):90-102.
Kopytek M, Zabczyk M, Mazur P, Undas A, Natorska J. Accumulation of
advanced glycation end products (AGEs) is associated with the severity of
aortic stenosis in patients with concomitant type 2 diabetes. Cardiovasc
Diabetol. 2020;19(1):92.

Yan AT, Koh M, Chan KK, Guo H, Alter DA, Austin PC, et al. Association
between cardiovascular risk factors and aortic stenosis: the CANHEART aortic
stenosis study. J Am Coll Cardiol. 2017;69(12):1523-32.

Marx N, Federici M, Schitt K, Miller-Wieland D, Ajjan RA, Antunes MJ, et

al. 2023 ESC guidelines for the management of cardiovascular disease in
patients with diabetes. Eur Heart J. 2023;44(39):4043-140.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Aortic valve calcification across stages of dysglycemia in middle-aged individuals from the general population
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Glycemic status
	﻿Cardiac imaging
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Prevalence of AVC in dysglycemia
	﻿Association between dysglycemia and AVC

	﻿Discussion
	﻿Prevalence of AVC
	﻿Dysglycemia as a risk factor for AVC

	﻿Limitations
	﻿Conclusions
	﻿References


