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21% were diabetic. Cumulative evidence suggested that DM 
caused damage to the aortic valve in a similar mechanism 
to atherosclerosis.4 As previous studies reported, hyper-
glycemia, oxidative stress, insulin resistance and elevated 
inflammation, induced alternations not only in endothelial 
cells but also in the whole valve.5,6 Therefore, DM may 
play an important role in the development and progression 
of AS. In addition, clinical data from observational studies 

A ortic stenosis (AS) and diabetes mellitus (DM) are 
both comorbidities frequently observed in aging 
populations. In a nation-wide study in Spain, 78,223 

patients underwent surgical aortic valve replacement 
(SAVR); 23.5% of them had Type 2 DM.1 In the Placement 
of Aortic Transcatheter Valves (PARTNER) 3 trial,2 
30.8% of patients had DM at baseline. Also, Nishimura et 
al3 analyzed 140 asymptomatic patients with severe AS; 
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Background: Although diabetes mellitus (DM) is a common comorbidity of aortic stenosis (AS), clinical evidence about the long-term 
effect of DM on patients with AS is insufficient.

Methods and Results: Data were acquired from CURRENT AS, a large Japanese multicenter registry that enrolled 3,815 patients 
with severe AS. Patients without initial valve replacement were defined as the conservative group; among them, 621 (23.4%) had 
DM, whereas 1997 did not. The DM group was further divided into 2 groups according to insulin treatment (insulin-treated DM, n=130; 
non-insulin treated DM, n=491). The primary outcome was a composite of aortic valve (AV)-related death and heart failure (HF) 
hospitalization. Secondary outcomes were AV-related death, HF hospitalization, all-cause death, cardiovascular death, sudden death, 
and surgical or transcatheter AV replacement during follow up. As a result, DM was associated with higher risk for the primary outcome 
(52.8% vs. 42.9%, P<0.001), with a statistically significant adjusted hazard ratio (HR 1.33, 95% confidence interval: 1.14–1.56, 
P<0.001). All secondary outcomes were not significantly different between DM and non-DM patients after adjusting for confounding 
factors, except for HF hospitalization. Insulin use was not associated with higher incidence of primary or secondary outcome.

Conclusions: In initially conservatively managed patients with AS, DM was independently associated with higher risk for a composite 
of AV-related death or HF hospitalization; however, insulin use was not associated with poor outcomes.
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and Medical Treatment in Patients with Severe Aortic 
Stenosis (CURRENT AS) registry, which enrolled 3,815 
consecutive patients with severe AS. Characteristics of the 
CURRENT AS registry have been described previously.15 
Briefly, data of patients with severe AS from 27 centers in 
Japan (Supplementary File) were collected from January 
2003 to December 2011.

Patients who met the definition of severe AS (peak aortic 
jet velocity >4.0 m/s; mean aortic pressure gradient >40 mmHg; 
aortic valve area <1.0 cm2) were enrolled in the cohort. In 
this study, the initial conservative group was defined as 
patients who did not receive aortic valve replacement ini-
tially. As a result, 3,815 patients were enrolled, and data 
were extracted from 2,618 patients in the initial conservative 
group. Among them, 621 had DM (DM group), whereas 
1,997 patients had no DM (non-DM group) (Figure 1). 
The DM group was further divided into 2 groups accord-
ing to insulin treatment; insulin-treated DM (ITDM) was 
defined as DM treated with insulin therapy (n=130), and 

revealed that DM was associated with increased risk of aortic 
valve calcification.7,8 However, opinions are divided over 
whether DM accelerates the progression of AS6,9 or not.10

Although surgical or interventional aortic valve replace-
ment (SAVR/TAVR) was recommended for patients with 
severe AS,11 there are still patients who do not undergo a 
replacement due to advanced age, comorbidities or patient’s 
values.12 Several studies have investigated the prognosis 
these patients.13,14 However, the effect of DM still remains 
unclear. Therefore, we sought to clarify the effect of DM 
on the clinical outcomes of initially conservatively managed 
patients with severe AS by comparing those with or without 
DM in a large Japanese multicenter registry.

Methods
Study Population
A retrospective study was performed using data obtained 
from a multicenter Contemporary Outcomes After Surgery 
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Figure 1.  Study flow chart. AVR, aortic 
valve replacement; DM, diabetes 
mellitus; ITDM, insulin-treated DM.
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Table 1. Baseline Characteristics of the DM and Non-DM Group

Clinical characteristics DM group  
(n=621)

Non-DM group  
(n=1,997) P value

Age, years 78.1±8.1　　 80.3±9.8　　 <0.001　　
Age ≥80 years† 274 (44.1) 1,156 (57.9)　　　 <0.001　　
Men† 270 (43.5) 666 (33.4) <0.001　　
BMI <22† 345 (55.6) 1,359 (68.1)　　　 <0.001　　
BSA, m2 1.49±0.18 1.42±0.18 <0.001　　
STS score (PROM), % 5.1 (3.3–9.5) 4.0 (2.4–6.9) <0.001　　
Insulin use 130 (20.9)   0 (0.0)

Hypertension† 511 (82.3) 1,349 (67.6)　　　 <0.001　　
Dyslipidemia 299 (48.2) 552 (27.6) <0.001　　
With statin therapy 230 (37.0) 401 (20.1) <0.001　　
Smoking 157 (25.3) 359 (18.0) <0.001　　
Current smoking† 26 (4.2) 87 (4.4) 　0.86　　　　
With symptom 246 (39.6) 854 (42.8) 　0.16　　　　
  Chest pain 56 151

  Syncope 16 72

  HF 207 737

Serum creatinine level >0.83 mg/dL† 382 (61.5) 949 (47.5) <0.001　　
Hemodialysis†   95 (15.3) 175 (8.8)　　 <0.001　　
Anemia† 382 (61.5) 1,106 (55.4)　　　 　0.007　　
Acute HF requiring hospitalization† 118 (19.0) 402 (20.1) 　0.54　　　　
Prior myocardial infarction† 121 (19.5) 151 (7.6)　　 <0.001　　
Prior symptomatic stroke† 115 (18.5) 281 (14.1) 　0.0069

Atrial fibrillation† 134 (21.6) 487 (24.4) 　0.15　　　　
Any combined valvular disease (moderate or severe)† 197 (31.7) 882 (44.2) <0.001　　
Aortic/peripheral vascular disease requiring treatment†   76 (12.2) 136 (6.8)　　 <0.001　　
Chronic lung disease 58 (9.3) 201 (10.1) 　0.60　　　　
  Chronic lung disease (moderate or severe)† 20 (3.2) 73 (3.7) 　0.61　　　　
Malignancy   95 (15.3) 291 (14.6) 　0.66　　　　
  Malignancy currently under treatment† 33 (5.3) 92 (4.6) 　0.47　　　　
Liver cirrhosis†   9 (1.5) 23 (1.2) 　0.56　　　　
Prior PCI† 169 (27.2) 230 (11.5) <0.001　　
Prior CABG   79 (12.7) 88 (4.4) <0.001　　
Echocardiographic variables

  Vmax, m/s 3.7±0.7 3.9±0.9 <0.001　　
  Vmax ≥4 m/s† 217 (34.9) 974 (48.8) <0.001　　
  Peak aortic PG, mmHg 55.6±22.4 65.1±28.3 <0.001　　
  Mean aortic PG, mmHg 30.8±13.0 36.7±17.9 <0.001　　
  AVA (equation of continuity), cm2 0.77±0.17 0.74±0.18 <0.001　　
  AVA index, cm2/m2 0.53±0.11 0.53±0.13 　0.82　　　　
LVEF, % 60.3±14.0 63.6±12.9 <0.001　　
  <40   63 (10.1) 127 (6.4)　　 　0.002　　
  <50 127 (20.5) 261 (13.1) <0.001　　
  <68† 413 (66.5) 1,161 (58.1)　　　 <0.001　　
LVSD, mm 31.4±8.1　　 29.4±7.3　　 <0.001　　
LVDD, mm 46.6±6.9　　 45.0±6.8　　 <0.001　　
IVST in diastole, mm 10.9±2.0　　 11.1±2.3　　 　0.009　　
PWT in diastole, mm 10.5±1.9　　 10.7±1.9　　 　0.056　　
Moderate or severe AR   74 (11.9) 423 (21.2) <0.001　　
Moderate or severe MR 112 (18.0) 424 (21.2) 　0.08　　　　
Moderate or severe MS 15 (2.4) 67 (3.4) 　0.24　　　　
Moderate or severe TR   83 (13.4) 398 (19.9) <0.001　　
TR pressure ≥40 mmHg†   81 (13.0) 345 (17.3) 　0.013　　

Values are presented as number (%), mean ± SD, or median (interquartile range). AR, aortic regurgitation; AVA, aortic valve area; BMI, body 
mass index; BSA, body surface area; CABG, coronary artery bypass grafting; DM, diabetes mellitus; HF, heart failure; IVST, interventricular 
septum thickness; LV, left ventricular; LVDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; LVSD, left ventric-
ular end-systolic dimension; MR, mitral regurgitation; MS, mitral stenosis; PCI, percutaneous coronary intervention; PG, pressure gradient; 
PROM, predicted risk of mortality; PWT, posterior wall thickness; STS, Society of Thoracic Surgeons; TR, tricuspid regurgitation; Vmax, peak 
aortic jet velocity. †Variables selected for Cox proportional hazard model.
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Table 2. Baseline Characteristics of the ITDM and Non-ITDM Group

Clinical characteristics ITDM group  
(n=130)

Non-ITDM group  
(n=491) P value

Age, years 77.5±8.6　　 78.2±8.0　　 　0.36　　
Age ≥80years†,‡ 55 (42.3) 219 (44.6) 　0.64　　
Men†,‡ 58 (44.6) 212 (43.2) 　0.77　　
BMI <22†,‡ 70 (53.9) 275 (56.0) 　0.66　　
BSA, m2 1.48±0.19 1.49±0.18 　0.50　　
STS score (PROM), % 4.8 (3.0–8.8) 7.1 (4.0–11.7) <0.001

Hypertension† 106 (81.5)　　 405 (82.5) 　0.80　　
Dyslipidemia 60 (46.2) 239 (48.7) 　0.61　　
With statin therapy 43 (33.1) 187 (38.1) 　0.29　　
Smoking 39 (30.0) 118 (24.0) 　0.16　　
Current smoking† 7 (5.4) 19 (3.9) 　0.44　　
With symptom 50 (38.5) 196 (39.9) 　0.76　　
  Chest pain 11 45

  Syncope 7 9

  HF 40 167

Serum creatinine level >0.83 mg/dL† 86 (66.2) 296 (60.3) 　0.22　　
Hemodialysis† 25 (19.2)   70 (14.3) 　0.16　　
Anemia† 98 (75.4) 284 (57.8) <0.001

Acute HF requiring hospitalization† 21 (16.2)   97 (19.8) 　0.35　　
Prior myocardial infarction†,‡ 31 (23.9)   90 (18.3) 　0.16　　
Prior symptomatic stroke† 24 (18.5)   91 (18.5) 　0.99　　
Atrial fibrillation†,‡ 27 (20.8) 107 (21.8) 　0.80　　
Any combined valvular disease (moderate or severe)† 29 (22.3) 168 (34.2) 　0.010

Aortic/peripheral vascular disease requiring treatment†,‡ 24 (18.5)   52 (10.6) 　0.015

Chronic lung disease 12 (9.2)　　 46 (9.4) 　0.96　　
  Chronic lung disease (moderate or severe)† 4 (3.1) 16 (3.3) 　0.92　　
Malignancy 23 (17.7)   72 (14.7) 　0.39　　
  Malignancy currently under treatment†,‡ 9 (6.9) 24 (4.9) 　0.36　　
Liver cirrhosis† 4 (3.1)   5 (1.0) 　0.080

Prior PCI† 39 (30.0) 130 (26.5) 　0.42　　
Prior CABG 24 (18.5)   55 (11.2) 　0.027

Echocardiographic variables

  Vmax, m/s 3.6±0.7 3.7±0.7 　0.26　　
  Vmax ≥4 m/s†,‡ 38 (29.2) 179 (36.5) 　0.12　　
  Peak aortic PG, mmHg 53.7±21.3 56.2±22.6 　0.26　　
  Mean aortic PG, mmHg 29.4±12.3 31.1±13.2 　0.21　　
  AVA (equation of continuity), cm2 0.78±0.17 0.77±0.17 　0.52　　
  AVA index, cm2/m2 0.54±0.11 0.53±0.11 　0.66　　
LVEF, % 59.2±14.5 60.6±13.8 　0.34　　
  <40% 17 (13.1) 46 (9.4) 　0.21　　
  <50% 28 (21.5)   99 (20.2) 　0.73　　
  <68%†,‡ 86 (66.2) 327 (66.6) 　0.92　　
LVSD, mm 31.4±8.0　　 31.5±8.1　　 　0.95　　
LVDD, mm 46.1±6.9　　 46.8±6.9　　 　0.33　　
IVST in diastole, mm 10.8±2.0　　 10.9±2.0　　 　0.46　　
PWT in diastole, mm 10.7±2.0　　 10.5±1.9　　 　0.34　　
Moderate or severe AR 9 (6.9)   65 (13.2) 　0.048

Moderate or severe MR 19 (14.6)   93 (18.9) 　0.25　　
Moderate or severe MS 1 (0.8) 14 (2.9) 　0.17　　
Moderate or severe TR 14 (10.8)   69 (14.1) 　0.33　　
TR pressure ≥40 mmHg† 19 (14.6)   62 (12.6) 　0.55　　

Values are presented as number (%), mean ± SD, or median (interquartile range). ITDM, insulin-treated DM. Other abbreviations as in Table 1. 
†Variables selected for Cox proportional hazard model. ‡Variables selected for parsimonious model.
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(moderate or severe), malignancy currently under treat-
ment, liver cirrhosis (Child-Pugh B or C), previous percu-
taneous coronary intervention (PCI) history, ejection 
fraction (EF) ≤68%, peak aortic jet velocity (Vmax) of 
≥4 m/s, tricuspic regurgitation pressure of ≥40 mmHg, and 
serum creatinine >0.83 mg/dL (Table 1 and Table 2). For 
outcomes in which the number of events was too low, we 
constructed parsimonious model with fewer variables; 10 
clinically relevant variables were selected (Table 2). The 
statistical analysis was conducted by a statistician and a 
clinician independently. JMP pro 15.1 (SAS Institute Inc., 
NC, USA) was used to analyze and compare the acquired 
data. P values in this study were all 2-tailed, and a P value 
of <0.05 was considered statistically significant.

Results
Baseline Characteristics
Among the 2,618 patients who were managed with an 
initial conservative strategy, 621 suffered from DM (23.7%, 
DM group), whereas 1,997 had no DM (76.3%, non-DM 
group). Significant differences were observed in many 
aspects between the DM and non-DM groups (Table 1). In 
brief, patients in the DM group were younger and had a 
higher BMI and body surface area (BSA). There was no 
difference in the prevalence of AS-related symptoms (chest 
pain, syncope, or HF) between the 2 groups. Comorbidities 
such as hypertension, dyslipidemia, smoking, hemodialysis, 
anemia and prior MI were more prevalent in the DM 
group than in the non-DM group. In addition, history of 
PCI and coronary artery bypass grafting (CABG) was also 
more common in the DM group than in the non-DM 

non-insulin treated DM (NITDM) was defined as DM 
treated without insulin therapy at baseline (n=491).

The institutional review boards in all 27 participating 
centers approved the protocol. This study was supervised 
by the Ethics Committee at Kyoto University, and fol-
lowed the Declaration of Helsinki. Written informed con-
sent from each patient was waived in this retrospective 
study because clinical information obtained in routine 
clinical practice was used, and no patients refused to par-
ticipate in the study when contacted for follow up.

Data Collection and Definitions
Baseline clinical data were collected using hospital charts 
or database review. Angina, syncope, or heart failure (HF) 
including dyspnea were regarded as AS-related symptoms. 
Follow-up data were mainly collected by hospital chart 
review or by contacting patients, relatives, and/or referring 
physicians via mail with questions regarding survival, 
symptoms, and subsequent hospitalizations. Patients were 
considered to have DM if they fulfilled any of the follow-
ing criteria: (1) fasting glucose level ≥126 mg/dL; (2) a 
random glucose level ≥200 mg/dL; (3) HbA1c ≥6.5%; (4) 
use of glucose-lowering medications; and (5) previous 
diagnosis of DM.

The primary outcome measure of this study was a 
composite of the aortic valve (AV)-related death and HF 
hospitalization. The cause of death was classified according 
to the Valve Academic Research Consortium (VARC) 
definitions and was adjudicated by a clinical event commit-
tee.16 Sudden death was defined as unexplained death in 
previously stable patients. Aortic valve-related death 
included aortic procedure-related death, sudden death, and 
death attributed to HF that was possibly related to the 
aortic valve. HF hospitalization was defined as hospitaliza-
tion attributed to worsening HF that required intravenous 
drug therapy. Secondary outcomes were AV-related death, 
HF hospitalization, all-cause death, cardiovascular death, 
sudden death, and surgical or transcatheter aortic valve 
implantation (SAVR/TAVI) during follow up. Definitions 
of clinical events have been described in more detail in a 
previous study.15

Statistical Analysis
Categorical variables were presented as numbers and per-
centages, and between-group differences were compared 
using Pearson’s chi-squared test or Fisher’s exact test. Con-
tinuous variables were presented as mean ± standard deviation 
or median (interquartile range, IQR) and were compared 
using the Student’s-t test or Wilcoxon rank-sum test 
according to their distributions. The cumulative incidence 
of primary and secondary outcomes was investigated using 
the Kaplan-Meier method, and the difference between DM 
and non-DM groups was compared using the log-rank 
test. A Cox proportional hazard model was used to adjust 
the confounding effects of the differences in baseline char-
acteristics besides DM. Candidate covariates in the Cox 
proportional hazard models were based on our previous 
study, and variables included were as follows: DM, insulin 
use (ITDM), age ≥80 years, male sex, body mass index 
(BMI) of <22, hypertension, acute HF requiring hospital-
ization, current smoking, hemodialysis, anemia, any com-
bined valvular disease (moderate or severe), previous 
myocardial infarction (MI), previous symptomatic stroke, 
previous atrial fibrillation or flutter, aortic/peripheral vas-
cular disease requiring treatment, chronic lung disease 

Figure 2.  Cumulative incidence of the primary outcome mea-
sure (a composite of aortic valve-related death and heart 
failure hospitalization) during follow up: DM group vs. non-DM 
group. DM, diabetes mellitus.
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The cumulative 5-year incidence of SAVR or TAVI was 
significantly higher in the DM group than in the non-DM 
group (40.1% vs. 37.1% P=0.043) (Figure 3).

The hazard ratio (HR) for primary outcome measure 
was 1.33 (95% confidence interval [CI]: 1.13–1.56; P<0.001) 
in the multivariable Cox model, indicating that DM was 
independently associated with higher risk for AV-related 
death and HF hospitalization. As for secondary outcomes, 
after adjusting for confounders, DM was found to be inde-
pendently associated with higher risk for HF hospitaliza-
tion (HR 1.36, 95% CI: 1.14–1.63, P<0.001). However, 
DM as compared with non-DM was not associated with 
higher risk for AV-related death, all-cause death, cardio-
vascular death and sudden death (Table 3).

When comparing ITDM and non-ITDM groups, the 
cumulative 5-year incidence of the primary outcome mea-
sure was not significantly different between the 2 groups 
(Figure 4). In the multivariate cox regression analysis, insu-
lin use as compared with no insulin use was not associated 
with higher risk for AV-related death or HF hospitaliza-
tion (HR 0.92, 95% CI: 0.66–1.29, P=0.64). For secondary 
outcomes, no difference was observed in the cumulative 

group. The difference in some echocardiographic variables 
was also significant; Vmax, the mean pressure gradient 
(mPG), and EF were lower in the DM group. When 
comparing ITDM and non-ITDM groups, most baseline 
characteristics were similar; however, the STS (Society of 
Thoracic Surgeons) score was significantly higher in the 
ITDM group (Table 2).

Clinical Outcomes
The median follow-up duration of the surviving patients 
was 1,062 (IQR, 427–2,070) days. The cumulative 5-year 
incidence of the primary outcome measure (a composite of 
AV-related death and HF hospitalization) was significantly 
higher in the DM group than in the non-DM group (52.8% 
vs. 42.9%, P<0.001) (Figure 2). For the secondary out-
comes, the cumulative 5-year incidence of HF hospitaliza-
tion and sudden death was also significantly higher in the 
DM group than in the non-DM group (44.6% vs. 36.6%, 
P=0.002; and 12.3% vs. 8.2%, P=0.03). There were no sig-
nificant differences in the cumulative 5-year incidences of 
AV-related death, all-cause death and cardiovascular 
death between the DM and non-DM groups (Figure 3). 

Figure 3.  Cumulative incidence of the secondary outcome measures including (A) aortic valve-related death; (B) heart failure 
hospitalization; (C) cardiovascular death; (D) all-cause death; (E) sudden death; and (F) surgical AVR or TAVI during follow up. 
DM group vs. non-DM group. DM, diabetes mellitus; AVR, aortic valve replacement; TAVI, transcatheter aortic valve implantation.
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left ventricle diastolic function. Furthermore, DM acceler-
ates atherosclerosis and is associated with increased risk of 
coronary artery disease. In the present study, patients with 
DM had more previous MI, thus, more had history of PCI 
and CABG. Therefore, DM directly impairs both myocar-
dial diastolic and systolic functions and indirectly affects 
cardiac function by comorbidities like coronary artery dis-
ease. By these mechanisms, DM increases the risk of HF in 
patients with AS.

5-year incidences of AV-related death, HF hospitalization, 
cardiovascular death, all-cause death and sudden death 
between the ITDM and non-ITDM groups (Figure 5). In 
the multivariate cox regression analysis, the risk of ITDM 
relative to non-ITDM remained insignificant for any of the 
secondary outcomes (Table 3).

Discussion
The primary findings of this study were as follows: (1) in 
initially conservatively managed patients with severe AS, 
DM occurred in younger patients and those with higher 
BMI and BSA, and was associated with more comorbidi-
ties including hypertension, dyslipidemia, smoking, hemo-
dialysis, and previous MI. The history of PCI or CABG 
was more common, whereas Vmax, mPG, and EF were lower 
in echocardiographic assessments in the DM group; (2) 
DM was associated with higher risk for the primary out-
come measure, AV-related death and HF hospitalization; 
and (3) insulin use, however, was not related to a higher 
incidence of primary or secondary outcome measures.

Both DM and AS commonly occur in the elderly popu-
lation; however, effects of DM on the long-term prognosis 
of patients with AS remains unclear. The present study 
analyzed 2,618 patients with severe AS who were managed 
with an initial conservative strategy, and 23.4% of them 
had DM. A composite of AV-related death and HF hospi-
talization was selected as the primary outcome, and the 
5-year incidence of that was significantly higher in DM 
patients compared with non-DM patients. The cumulative 
5-year incidence of HF hospitalization was also signifi-
cantly higher in DM patients than in non-DM patients. 
These results are consistent after adjusting for various 
confounding factors. Our results were supported by Lindman 
et al17 who investigated the effect of DM on left ventricle 
function and remodeling in AS patients. DM was associ-
ated with hypertrophic left ventricular remodeling, 
increased left ventricle mass, left ventricle end-systolic 
dimension, and reduced systolic function, indicating that 
DM induced adverse effects on cardiac function. Similar 
results were observed by Falcão-Pires et al,18 who found 
that AS patients with DM had significantly more impaired 

Table 3. Crude and Adjusted Effects of DM and Insulin Use on Long-Term Clinical Outcomes

Unadjusted HR  
(95% CI) P value Adjusted HR  

(95% CI) P value

Conservative group (DM patients, n=621; non-DM patients, n=1,997)

  Aortic valve-related death and HF hospitalization 1.33 (1.15–1.54) <0.001 1.33 (1.13–1.56) <0.001

  Aortic valve-related death 1.14 (0.94–1.39) 　0.17　　 1.11 (0.90–1.37) 　0.33　　
  HF hospitalization 1.30 (1.10–1.54) 　0.002 1.36 (1.14–1.63) <0.001

  All-cause death 1.11 (0.97–1.26) 　0.12　　 1.08 (0.94–1.24) 　0.29　　
  Cardiovascular death 1.09 (0.93–1.28) 　0.30　　 1.01 (0.85–1.21) 　0.88　　
  Sudden death 1.45 (1.04–2.01) 　0.03　　 1.17 (0.82–1.67) 　0.40　　
DM subgroup (ITDM patients, n=130; non-ITDM patients, n=491)

  Aortic valve-related death and HF hospitalization 1.00 (0.73–1.36) 　0.98　　 0.92 (0.66–1.29) 　0.64　　
  Aortic valve-related death 1.07 (0.71–1.61) 　0.76　　 1.04 (0.67–1.61) 　0.87　　
  HF hospitalization 0.92 (0.64–1.32) 　0.65　　 0.86 (0.58–1.28) 　0.46　　
  All-cause death 1.21 (0.93–1.59) 　0.16　　 1.09 (0.81–1.45) 　0.57　　
  Cardiovascular death 1.29 (0.93–1.78) 　0.13　　 1.17 (0.82–1.66) 　0.39　　
  Sudden death 1.50 (0.81–2.79) 　0.19　　 1.52 (0.81–2.87) 　0.19　　

CI, confidence interval; HR, hazard ratio. Other abbreviations as in Tables 1,2.

Figure 4.  Cumulative incidence of the primary outcome mea-
sure (a composite of aortic valve-related death and heart 
failure hospitalization) during follow up. ITDM group vs. non-
ITDM group. ITDM, insulin-treated diabetes mellitus.
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improve the primary or secondary outcome measures. The 
effect of insulin use on the cardiovascular outcome remains 
controversial. The United Kingdom Prospective Diabetes 
Study (UKPDS), which compared intensive care using 
insulin vs. standard care, showed reduction in the risk of 
microvascular events in the intensive control arm, but not 
for macrovascular events and all-cause mortality. Also, the 
very long follow up in the UKPDS showed a reduction of 
cardiovascular events.20 The DIGAMI 1 trial showed that 
intensive insulin infusion was associated with reduced all-
cause mortality, which was confirmed in a 20-year post 
follow-up study;21 however, the DIGAMI 2 trial failed to 
show any benefit.22 Another landmark trial, the ACCORD 
study, was prematurely terminated due to high mortality 
in the intensive arm of the trial.23 The ORIGIN trial, which 
examined insulin glargine vs. standard care in 12,537 
patients with DM, showed that early use of basal insulin 
neither increased nor reduced cardiovascular outcomes.24

Although there is a connection between DM and the 
incidence of AS, once the stenosis develops, DM may not 
affect AS in a similar way to atherosclerosis.4 This was 

Another important question about the relationship 
between DM and AS is whether DM accelerates the AS 
progression. Some cross-sectional observational studies 
revealed that DM is associated with increased risk of AV 
calcification.7,8 However, opinions on whether DM accel-
erates the progression of AS6,9,19 or not10 varied. Nishimura 
et al3 investigated the progression of 140 asymptomatic 
patients with severe AS; the results showed that DM was 
an independent risk factor for first-year progression of 
Vmax and aortic valve area (AVA). In the CANHEART 
study,19 which involved 1.12 million Canadians, an inde-
pendent relationship between DM and developing severe 
AS was found. Meanwhile, Testuz et al10 showed that DM 
caused no effect on AS progression in patients with at least 
mild AS. Although in this study, echocardiographic data 
were not available during the follow-up period, the 5-year 
incidence of SAVR or TAVI was higher in the DM group 
(40.1% vs. 37.1%, P=0.043), indicating a possible positive 
effect on AS progression by DM.

This study also examined the effect of insulin use on 
patients with DM, but as a result, insulin use failed to 

Figure 5.  Cumulative incidence of secondary outcome measures including (A) aortic valve-related death, (B) heart failure hospi-
talization, (C) cardiovascular death, (D) all-cause death, (E) sudden death, and (F) surgical AVR or TAVI during follow up. ITDM 
group vs. non-ITDM group. ITDM, insulin-treated diabetes mellitus; AVR, aortic valve replacement; TAVI, transcatheter aortic valve 
implantation.
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Data Availability
 1. Will the individual deidentified participant data (including data 

dictionaries) be shared?
 Yes.
 2. What data in particular will be shared?
 The deidentified participant data will be available on request.
 3. Will any additional, related documents will be available?
 Yes, related documents will be available (e.g., statistical report).
 4 When will the data become available and for how long?
 We will provide the requested data as soon as possible.
 5. By what access criteria will the data be shared?
 Please contact the corresponding author for detailed informa-

tion.
 6. For what types of analyses, and by what mechanism will the data 

be available?
 The analyses related to this study will be available. The mecha-

nism is not decided yet. Please contact the corresponding author 
for further details.
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supported by a randomized trial on statin; although lipid-
lowering therapies showed an improvement for the long-
term outcome of atherosclerosis, and were thus used as the 
treatment for CAD; statins failed to delay the progression 
of severe AS, as reported by Cowell et al.25 Nevertheless, 
even when blood glucose (BG) was well-controlled by insulin 
therapy, the benefit may not be significant. In the ACCORD 
study, intensive therapy that targeted the HbA1c level below 
6.0% showed no difference in a composite of non-fatal MI, 
non-fatal stroke, or death from cardiovascular causes, 
compared with a target level of 7.0–7.9%. In addition, 
intensive therapy led to more hypoglycemia and higher 
all-cause mortality, thus the benefit of BG control was 
offset.23 Recently, several randomized controlled studies 
showed that the sodium-glucose co-transporter 2 (SGLT2) 
inhibitor reduced the risk of HF and cardiovascular 
mortality, and improved the outcome of patients with 
CAD.26–28 Although the mechanisms of these SGLT2 
inhibitors are not fully understood, the proposed potential 
mechanisms include increased natriuresis, reduced blood 
pressure, renal protection and a modest effect to increase 
circulating ketones, which might improve myocardial 
energetics. In addition, the incidence of hypoglycemia was 
rare as reported by clinical study.29 However, no studies 
have ever confirmed the effects of the SGLT2 inhibitor on 
patients with AS. Future research evaluating the efficacy of 
the SGLT2 inhibitor on patients with AS is warranted.

Study Limitations
This study has several important limitations. First, this 
study was performed retrospectively without randomiza-
tion; the decision about the initial treatment strategy was 
based on physicians’ discretion. Second, detailed examina-
tion of echocardiographic data during follow up was not 
available, which made the assessment of AS progression 
difficult. Third, this study only included patients who did 
not receive initial TAVI or SAVR, which limits the gener-
alizability of the study. Fourth, the CURRENT AS study 
was not focused on DM initially; therefore, data such as 
HbA1c and duration of DM were not completely recorded, 
and the criteria for DM diagnosis were not fully in compliance 
with the guidelines. Finally, because the CURRENT AS 
registry included exclusively Japanese patients, this limits 
the application of study findings to other populations of 
Japan.

Conclusions
In initially conservatively managed patients with severe 
AS, DM was an independent risk factor for primary out-
come measure, AV-related death and HF hospitalization; 
however, insulin use was not associated with poor out-
comes.
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