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Introduction

Type 2 Diabetes mellitus (DM) and aortic valve stenosis 
(AS) are both diseases that mainly affect older patients. 
Both have a high prevalence in this age group and have a 
significant impact on the quality of life and prognosis of 
those affected. Type 2 DM is associated with an increased 
incidence of cardiovascular disorders and cardiovascular 
events such as acute myocardial infarction and acute 
stroke.1–3 According to a large English registry study, 
peripheral arterial disease and heart failure are the most 
common initial cardiovascular manifestations of diabetes 
mellitus.4 It has also been shown that diabetes worsens the 
prognosis in heart failure.3,5 There is evidence that diabetes 
mellitus worsens the progression of aortic valve stenosis.6,7 
The development of aortic valve stenosis has not yet been 
fully elucidated on a molecular basis. Indeed, even the pro-
cess that used to be called purely degenerative aortic valve 
stenosis seems instead to be a process that might involve 
active calcification and lipoprotein deposition.8,9 The ‘link 
hypothesis’6 has proposed several pathomechanisms that 

might be involved in this interaction between type 2 DM 
and AS: It has already been demonstrated that poorly-con-
trolled type 2 DM can lead to accumulation of advanced 
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glycation end products (AGEs), which may be associated 
with the severity of aortic stenosis in patients with concom-
itant type 2 diabetes.10 Furthermore, it has been shown that 
transient hyperglycemia leads to excessive synthesis of 
proinflammatory phospholipids and an activation of coagu-
lation, which might facilitate AS in patients with poorly-
controlled diabetes.11

By contrast, the question of whether type 2 DM also pro-
motes the development of aortic valve stenosis, has not yet 
been investigated sufficiently.12,13 The aim of the present ret-
rospective study on a large collective of patients with type 2 
DM is to investigate whether type 2 DM is associated with 
an increased incidence of aortic valve stenosis.

Methods

Database

This study is based on data from the Disease Analyser 
database (IQVIA), which contains drug prescriptions, 
diagnoses and basic medical and demographic data 
obtained directly and in anonymous format from com-
puter systems used in the practices of general practition-
ers and specialists.14 The database covers approximately 
3% of all outpatient practices in Germany. Diagnoses 
(according to International Classification of Diseases, 

10th revision (ICD-10)), prescriptions (according to 
Anatomical Therapeutic Chemical (ATC) Classification 
system), and the quality of reported data are being moni-
tored by IQVIA. In Germany, the sampling methods used 
to select physicians’ practices are appropriate for obtain-
ing a representative database of general and specialised 
practices. It has previously been shown that the panel of 
practices included in the Disease Analyser database is 
representative of general and specialised practices in 
Germany.14 Finally, this database has already been used in 
previous studies focusing on diabetes.15–17

Study population

This retrospective cohort study includes adult patients (⩾18 
years) with an initial diagnosis of type 2 diabetes (ICD-10: 
E11) (index date) and antihyperglycemic therapy (ATC: A10) 
within 12 months after the index date in 809 general and dia-
betologist practices in Germany between January 2005 and 
December 2018 (Figure 1). An observation time of at least 12 
months prior to the index date was a further inclusion crite-
rium. Patients with nonrheumatic aortic valve disorder diag-
noses (ICD-10: I35) prior to index date were excluded.

Diabetes patients were matched to non-diabetes patients 
by sex, age, index year and yearly consultation frequency. As 
diabetes patients have much higher consultation frequency 

Figure 1.  Selection of study patients.
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due to diabetes treatment, and higher consultation frequency 
can increase the probability of other diagnoses documenta-
tion, we included consultation frequency per year in the 
matching. For the non-diabetes cohort, the index date was 
that of a randomly selected visit between January 2005 and 
December 2018 (Figure 1).

Study outcomes and covariates

The main outcome of the study was the cumulative inci-
dence of nonrheumatic aortic valve disorder in diabetes 
patients compared to matched non-diabetes patients. 
Moreover, variables associated with a probability of non-
rheumatic aortic valve disorder in diabetes patients were 
investigated.

Statistical analyses

Differences in the sample characteristics between those 
with and those without diabetes were tested using chi-
squared tests for categorical variables and Wilcoxon tests 
for continuous variables. Kaplan–Meier-Curves were used 
to display the cumulative incidence of nonrheumatic aortic 
valve disorder in patients with and without diabetes.

Hazard regression models were conducted to study the 
association between diabetes and nonrheumatic aortic 
valve disorder. These models were created separately for 
five age groups, women and men. The multivariate Cox 
regression model was adjusted for co-morbidities docu-
mented within 12 months prior to the index date including 
lipid metabolism disorders (ICD-10: E78), hypertension 
(ICD-10: I10), chronic coronary heart disease (ICD-10: 
I24, I25 excl. I25.2), myocardial infarction (ICD-10: I21–
I23, I25.2), stroke/TIA (ICD-10: I64, I64, G45), peripheral 
vascular disease (ICD-10: E11.5, I70.2, I73.9), and chronic 
renal failure (ICD-10: E11.2, N18, N19). To counteract the 
problem of multiple comparisons, p-values <0.01 were 
considered statistically significant in this model.

Finally, the association between age, sex, co-morbidi-
ties, body-mass-index (BMI), HbA1c values and nonrheu-
matic aortic valve disorder was analysed in the diabetes 
cohort. For this analysis, the average BMI and HbA1c val-
ues were calculated in the total follow-up time starting 
from 6 month prior to the index date to the date if the first 
nonrheumatic aortic valve disorder or end of the follow up, 
whatever occurred first. To counteract the problem of mul-
tiple comparisons, p-values <0.001were considered statis-
tically significant in this model. Analyses were carried out 
using SAS version 9.4 (SAS institute, Cary, USA).

Ethical standards

Only aggregated, anonymised patient data were used in these 
analyses. This study was performed in accordance with the 
Declaration of Helsinki, the guidelines for Good Practice of 

Secondary Data Analysis18 and the ICMJE Recommendations 
for the Conduct, Reporting Editing and Publication of 
Scholarly Work in Medical Journals. Since we used only 
anonymised data, which could not be traced back to individ-
ual persons, the research protocol did not have to be approved 
by the local ethics committee, and it was not necessary to 
obtain informed consent from individual patients to partici-
pate in the study. This was confirmed by the local ethics com-
mittee of the Christian-Albrechts-University (CAU) of Kiel, 
Kiel, Germany (File reference D413/21).

Results

Basic characteristics of the study sample-

The present study included 78,805 patients with diabetes 
and 78,805 patients without diabetes. The basic character-
istics of study patients are displayed in Table 1. Mean age 
[SD] was 52.3 [13.3] years; 45.5% were women. On aver-
age, patients visited their general practitioner (GP) 4.5 
(SD: 5.3) times per year during the follow-up time. 
Diabetes patients were more frequently diagnosed with 
obesity (52% vs 21%). Although other diagnoses differed 
significantly between diabetes and non-diabetes cohort, 
absolute differences were relatively small. In the diabetes 
cohort, the mean HbA1c value was 7.2% (55 mmol/mol); 
SD 1.7% (5 mmol/mol); 32% of the patients had an aver-
age HbA1c >7.5% (58 mmol/mol), 13% of the patients 
had an average HbA1c >8.5% (69 mmol/mol) and 6% of 
the patients had an average HbA1c>9.5% (80 mmol/mol).

Association of diabetes and incidence of 
nonrheumatic aortic valve disorder

Within 10 years of the index date, 4.0% of patients with 
and 3.0% of without diabetes were diagnosed with AS 
(log-rank p < 0.001) (Figure 2).

The cumulative incidence of AS increased with age 
from 1.4% in the age group of 18–50 years to 9.7% in the 
age group >80 years in diabetes, and from 0.6% to 9.7% 
in the same age groups of non-diabetes patients.

Our regression analyses indicated a significant associa-
tion between type 2 DM and the incidence of nonrheu-
matic aortic valve disorder (HR: 1.36, p < 0.001). This 
association was slightly stronger in men (HR: 1.41) than in 
women (HR: 1.30). The strongest association was observed 
in youngest age group (18–50 years, HR: 2.35, p < 0.001). 
Notably, the association was not significant in patients 
aged >80 years (Table 2).

Variables associated with nonrheumatic aortic 
valve disorder in diabetes cohort

In the diabetes cohort, there was a strong association 
between age and incidence of nonrheumatic aortic valve 
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disorder (HR: 6.40, p < 0.001 for age 71–80 years, and 
HR: 9.78, p < 0.001 for age >80 as compared to 18–50 
years). Interestingly, neither higher HbA1c values nor a 
higher body mass index (BMI) were significantly associ-
ated with the incidence of nonrheumatic aortic valve disor-
der in diabetes patients (Table 3). Other comorbidities 
such as ischaemic heart disease, chronic renal failure, lipid 
metabolism disorders or peripheral vascular disease were 
not significantly associated with an increased incidence of 
AS (Table 3).

Table 1.  Basic characteristics of the study sample (after 1:1 matching by sex, age, index year and yearly consultation frequency).

Variable Proportion affected among patients 
with diabetes (%) N = 78,805

Proportion affected among patients 
without diabetes (%) N = 78,805

p-Value

Age (Mean, SD) 62.3 (13.3) 62.3 (13.3) 1.000
Age 18–50 18.7 18.7 1.000
Age 51–60 24.7 24.7
Age 61–70 27.0 27.0
Age 71–80 22.1 22.1
Age >80 7.5 7.5
Women 45.5 45.5 1.000
Men 54.5 54.5
Yearly consultation frequency 4.5 (5.3) 4.5 (5.3) 1.000
Co-diagnoses documented within 12 months prior to or on the index date
Obesity 52.3 20.8 <0.001
Lipid metabolism disorders 29.4 31.3 <0.001
Hypertension 55.0 49.0 <0.001
Chronic coronary heart disease 12.2 12.6 0.061
History of myocardial infarction 4.1 3.4 <0.001
History of stroke/TIA 3.6 4.4 <0.001
Peripheral vascular disease 5.6 3.3 <0.001

SD: standard deviation.
Proportions of patients in % given, unless otherwise indicated.

Figure 2.  Kaplan–Meier curves for time to diagnosis of nonrheumatic aortic valve disorder in patients with and without type 2 
diabetes.

Discussion

In this study, we analysed the association between Type 2 
DM and AS. We followed a population-based approach 
using data from the Disease Analyser database (IQVIA), 
which collects drug prescriptions, diagnoses and basic 
medical and demographic data directly from general prac-
titioners and specialists in Germany.9 Our results demon-
strate that the incidence of aortic valve stenosis is 
significantly higher in patients with DM than in matched 
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patients without DM. Remarkably, this association was 
independent of HbA1c values and the patients’ BMI.

The prevalence of type 2 diabetes mellitus and its 
main risk factor, obesity, has reached epidemic propor-
tions in recent years.3,19 Many cardiovascular complica-
tions of type 2 DM are well known. These include 
Macrovascular complications, including coronary heart 
disease, stroke and peripheral vascular disease and 
microvascular complications, such as end-stage renal 
disease (ESRD), retinopathy and neuropathy, along with 
lower-extremity amputations.19 In addition to these 

‘classic’ complications, type 2 DM is also increasingly 
associated with age-related diseases such as dementia.20 
Aortic valve stenosis is also a typical disease of the 
elderly.21 In our study, there was a strong association 
between age and incidence of nonrheumatic aortic valve 
disorder. Interestingly, the increased association of dia-
betes was no longer detectable in patients >80 years. 
The younger the patients, the stronger the association 
between diabetes mellitus and the incidence of aortic 
valve stenosis. The association was highest in the group 
of 18–50 year olds.

Table 2.  Association between diabetes and the cumulative 10-year-incidence of nonrheumatic aortic valve disorder diagnoses in 
patients followed in general practices in Germany (Cox regression models).

Patient cohort Proportion affected among 
patients with diabetes (%)

Proportion affected among 
patients without diabetes (%)

Hazard Ratio 
(95% CI)*

p-Value

All patients 4.0 3.0 1.36 (1.25–1.48) <0.001
  Age 18–50 1.4 0.6 2.35 (1.54–3.58) <0.001
  Age 51–60 2.1 1.4 1.77 (1.39–2.25) <0.001
  Age 61–70 4.3 3.1 1.38 (1.18–1.60) <0.001
  Age71–80 7.2 6.2 1.22 (1.07–1.38) 0.003
  Age >80 9.7 9.7 1.19 (0.94–1.49) 0.145
  Women 3.8 2.9 1.30 (1.15–1.48) <0.001
  Men 4.2 3.1 1.41 (1.26–1.57) <0.001

*Multivariate Cox Regression models adjusted for obesity, lipid metabolism disorders, hypertension, chronic coronary heart disease, history of 
myocardial infarction, history of stroke/TIA, peripheral vascular disease.

Table 3.  Association between defined variables and nonrheumatic aortic valve disorder diagnoses in diabetes patients followed in 
general and diabetologists practices in Germany (Cox regression models).

Variable HR (95% CI) p-Value

Age 18–50 Reference  
Age 51–60 1.81 (1.18–2.78) 0.007
Age 61–70 2.82 (1.88–4.25) <0.001
Age 71–80 6.40 (4.28–9.58) <0.001
Age >80 9.78 (4.88–13.04) <0.001
Women Reference  
Men 1.27 (1.06–1.52) 0.010
Co-diagnoses documented prior to the diagnosis of aortic valve stenosis or end of follow-up
Chronic renal failure 1.03 (0.74–1.45) 0.847
Lipid metabolism disorders 1.24 (1.03–1.49) 0.023
Hypertension 1.28 (1.04–1.56) 0.020
Chronic ischaemic heart disease 1.27 (1.01–1.60) 0.044
History of myocardial infarction 0.94 (0.64–1.38) 0.741
History of stroke/TIA 1.02 (0.68–1.53) 0.930
Peripheral vascular disease 1.17 (0.83–1.65) 0.369
HbA1c <6.5% (<48 mmol/mol) Reference  
HbA1c 6.5%–7.4% (48–57 mmol/mol) 0.79 (0.65–0.97) 0.022
HbA1c 7.5%–8.4% (58–68 mmol/mol) 0.86 (0.67–1.12) 0.263
HbA1c 8.5%–9.4% (69–79 mmol/l) 0.72 (0.46–1.14) 0.158
HbA1c ⩾9.5% (>80 mmol/mol) 1.35 (0.81–2.26) 0.254
BMI <25.0 Reference  
BMI 25.0–29.9 1.03 (0.90–1.17) 0.718
BMI 30.0–34.9 0.96 (0.83–1.11) 0.597
BMI ⩾35 0.96 (0.82–1.13) 0.620
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While coronary risk factors like male sex, hypertension, 
elevated levels of LDL cholesterol and smoking have for-
merly been identified as risk factors for the emergence of 
AS,9 association between DM and AS has not been fully 
established before.

It must be made clear again that we have not demonstrated 
a causal relationship between diabetes mellitus and the occur-
rence of aortic valve stenosis, but have instead only illustrated 
a statistical accumulation. The very well-established criteria 
of Sir Hill,22 which make an important contribution to the 
conclusion of a causal relationship in the presence of statisti-
cal association, may help to classify our results. These criteria 
call for caution when interpreting one’s own results.

Some of them are mentioned here as examples: The 
effect has to take place after the occurrence of the presumed 
cause. This is one reason why we only included patients in 
whom aortic valve stenosis was already present when diabe-
tes was diagnosed. Another postulate concerns the biologi-
cal gradient: stronger exposure to a risk factor should lead to 
a more frequent occurrence of the disease. Applying this 
postulate to our study at least establishes that (as shown in 
Table 3), patients with particularly poorly-controlled diabe-
tes may be at a particular risk of aortic valve stenosis. The 
group of patients with poorly-controlled diabetes seems to 
be the driver of the outcome for the total population. The 
observation of patient groups with better-controlled diabetes 
mellitus does not show a similarly strong effect. In particu-
lar, the hazard ratio of the patient group with an HBA1c of 
6.5%–7.4% (48–57 mmol/mol), is actually significantly 
lower than that of the control group. We cannot provide a 
clear explanation for the findings for this subgroup. It might 
be possible that this subgroup with lower average HbA1c 
has more frequent episodes of hypoglycaemia. Severe hypo-
glycaemia has been identified as one of the strongest predic-
tors of macrovascular events, adverse clinical outcomes and 
mortality in people with type 2 diabetes.23 As no data are 
available regarding aortic valve stenosis, however, this 
assumption remains speculative. Overall, the application of 
the Bradford Hill criteria urges caution in the interpretation 
of statistical associations. Nevertheless, association studies 
like ours might trigger research about possible mechanisms 
causing aortic valve stenosis in patients with type 2 DM:

The pathophysiology and genesis of aortic valve steno-
sis is actually not yet well understood. For decades, aortic 
stenosis was thought to represent a passive, degenerative 
process that causes a progressive narrowing of the valve.9 
Increasing calcification of the valve exacerbates narrow-
ing. There is increasing evidence that the changes in the 
development of AS is not a passive degenerative process, 
but rather an active biological process. Several studies 
have described an ‘early lesion’ in this context that has 
many similarities with the early lesion of an atheroscle-
rotic plaque, suggesting that aortic valve stenosis is an 
active process, resembling the development of an athero-
sclerotic plaque.24,25

Various signalling pathways have been identified as 
being involved into the development of this condition, for 
example, signalling pathways that cause proliferation of the 
extracellular matrix.8,9,26 Several cell lines have been identi-
fied to regulate the calcium load of the valve leaflets, includ-
ing valvular interstitial cells (VICs), endothelial cells and 
cardiac leukocytes.27 Under pathological conditions such as 
inflammation, VICs can differentiate into myofibroblasts 
(causing fibrosis) and osteoblast-like cells (causing calcifi-
cation).27 There is growing evidence that low-grade inflam-
mation is a common feature in subjects with type 2 diabetes. 
The majority of type 2 DM patients show chronically ele-
vated inflammatory markers such as CRP.28 This slightly 
increased inflammation could play a role in the develop-
ment of AS: In this context, Natorska et al.29 demonstrated 
that diabetes promotes the expression of proinflammatory 
markers such as CRP in patients with severe aortic valve 
stenosis. These data are supported by a new study by 
Tucureanu et  al.,30 who demonstrated echocardiographic 
changes in the aortic valve in an animal model of diabetes 
mellitus. This was accompanied by an increased expression 
of cell adhesion molecules, extracellular matrix remodelling 
and osteogenic markers. Significant correlations were found 
between tissue valve biomarkers and plasmatic and haemo-
dynamic parameters. The changes in this animal model 
were detectable from an early stage. This may reflect the 
fact that differences in the incidence of AS between patients 
with and without type 2 DM are most evident in the young-
est age group, 18–50 years, as we found in our study. 
Another interesting mechanism that may be involved is an 
accumulation of advanced glycation end products (AGEs) 
at the aortic valve, which has been shown to be associated 
with the severity of aortic stenosis in patients with concomi-
tant type 2 diabetes.10 As this is thought to promote the inci-
dence of AS, this may at least in part explain why we found 
an increased rate of AS especially in the subgroup of type 2 
DM patients with very poorly-controlled DM.

Our study is subject to a number of limitations, which 
are due to the study design and cannot be completely 
avoided in our database analysis, as recently described.31 
Our analysis is based on diagnoses according to the ICD-
10 coding system. The possibility of misclassifications and 
missing coverage of certain diagnoses cannot be excluded 
completely. For data protection reasons, not all laboratory 
parameters could be assigned to individual patients in the 
database. There is also a lack of data on the socioeconomic 
status of the patients and on lifestyle-related risk factors. 
Furthermore, our database is geared towards outpatients, 
meaning that inpatient treatment cases are not recorded. 
The disease analyser database only provides information 
on outpatient cases and not hospital data, which might give 
rise to a selection bias. Due to the study design and goal of 
the incidence investigation, patients with AS diagnosis 
prior to the index date were excluded, and the proportion 
of these patients was higher in the diabetes cohort than in 
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the non-diabetes cohort. This may bias the study results, as 
the proportion of patients with initial diagnosis of AS after 
the index date may be underestimated in the diabetes 
cohort. We have not recorded any auscultation findings, as 
our database is based on the entry of ICD codes from treat-
ing physicians. Therefore, we cannot exclude the possibil-
ity of certain effects on the diagnosis of the patients, for 
example that patients with type 2 diabetes were auscul-
tated more frequently and/or more precisely during their 
consultations with their general practitioners and aortic 
valve stenosis was thus detected earlier. Our database does 
not offer any information regarding the intake of dopamine 
agonists, which have been shown to induce valvular heart 
disease.32 The diagnosis of diabetes itself or the higher rate 
of myocardial infarctions in the diabetes group might have 
led to an increased probability of seeing a cardiologist and 
receiving an echocardiogram and thus incidental detection 
of AS. Similarly, the fact that a guideline-compliant diag-
nosis of aortic valve stenosis was carried out is not docu-
mented for every single patient. We do not report treatment 
courses or correlate the incidence of aortic valve stenosis 
with symptoms. Our data do not allow us to grade the 
severity of aortic valve stenosis and do not provide any 
information about possible surgical/minimally invasive 
interventions on the aortic valve. It is not possible to trace 
back and test the reliability of individual data entries. 
Although we normalised both groups by frequency of vis-
iting their GP, bias cannot be completely ruled out here 
either. Nevertheless, we would like to point out that the 
German Disease Analyser database has been extensively 
validated in various studies and has proven to be repre-
sentative for the German outpatient sector.15,33

In summary, we present data from a large primary care 
database showing that diabetes mellitus is associated with 
an increased incidence of aortic valve stenosis, independ-
ent of other comorbidities and patient characteristics. Our 
data strengthen the theory that diabetes and aortic valve 
stenosis are closely associated. Further studies investigat-
ing underlying pathomechanisms are needed to further 
confirm the relationship between these two highly relevant 
diseases.
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