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Abstract
Background  Diabetes mellitus (DM) is a risk factor for cardiovascular disease. However, its effect on procedural and follow-
up performance after transcatheter aortic valve replacement (TAVR) remains controversial.
Methods and results  We performed an observational study of all consecutive patients treated with a transfemoral TAVR in a 
single-center cohort (n = 1818). All patients were stratified by diabetes status and gender. All-cause 3-year mortality was the 
primary endpoint. Male patients with DM were identified to have substantially increased 3-year mortality [125/314 (39.8%)] 
compared to males without DM [142/478 (29.7%), p < 0.01]. Male patients with DM had significantly higher 3-year mortality 
in comparison to female patients with (p < 0.01) or without DM (p < 0.01). There was no difference in 3-year mortality for 
female patients with [135/465 (29.0%)] and without DM [151/554 (27.3%); p = 0.70]. This increase in mortality in male DM 
patients was triggered by both cardiovascular and non-cardiovascular mortality. Furthermore, DM served as an independent 
predictor of 3-year mortality after TAVR selectively only in men. The interaction between male gender and diabetes mellitus 
was identified as an independent predictor of 3-year mortality [HR 1.88 (1.25; 2.82); p < 0.01]. DM did not affect 30-day 
mortality for the overall cohort and for males.
Conclusion  Males with DM are a high-risk subgroup of patients after TAVR and require close medical attention including 
aggressive therapy of modifiable risk factors. Intensified diabetes management may improve long-term survival after TAVR.
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Abbreviations
DM	� Diabetes mellitus
TAVR	� Transcatheter aortic valve replacement
BMI	� Body mass index
CAD	� Coronary artery disease
NYHA	� New York Heart Association
STS	� Society of Thoracic Surgeons
PAD	� Peripheral artery disease
MI	� Myocardial infarction

CABD	� Coronary artery bypass grafting
PCI	� Percutaneous coronary intervention
CKD	� Chronic kidney disease
VARC​	� Valve Academic Research Consortium
AR	� Aortic valve regurgitation
MR	� Mitral valve regurgitation
PPM	� Permanent pacemaker
ICD	� Implantable cardioverter/defibrillator

Introduction

Diabetes mellitus (DM) is a risk factor for cardiovascular 
disease [1], including aortic valve stenosis [2–4], and the 
prevalence of DM is projected to increase in the future [5, 
6]. Transcatheter aortic valve replacement (TAVR) is a 
rapidly evolving treatment option for patients at increased 
operative risk and carries the potential to expand the cur-
rent indication to low-risk patients [7–9], while it has been 
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approved for intermediate-risk patients by the FDA. Numer-
ous risk factors have been identified but only limited mid- 
and long-term performance data exist [10]. In the light of 
expanding indications, there is a shifting focus to identify 
factors influencing durability of the procedural success and 
to determine long-term contributors of morbidity and mor-
tality. DM and gender were identified as such predictors of 
procedural follow-up mortality. In two recent meta-analyses, 
DM was associated with increased mid-term mortality [11, 
12], while another meta-analysis showed no difference in 
1-year survival between patients with and without DM [13]. 
This inconsistent finding warrants further investigation. In 
addition, a meta-analysis on the role of gender on mortality 
after TAVR recognized that males were at increased risk of 
mortality at mid-term follow-up [14].

The current study sought to elicit the role of DM on short- 
and mid-term outcomes after TAVR in an observational 
cohort study and to assess the potential differential effect 
and interactions of gender and DM to identify subgroups of 
increased risk.

Methods

Patient cohort

In total, 1818 consecutive patients with aortic valve steno-
sis or bio-prosthetic aortic valve stenosis received a trans-
femoral TAVR after heart team review. DM was defined 
by reference in the patient’s medical history and medica-
tion review for pharmacological DM treatment. DM was 
sub-categorized in insulin-dependent DM and non-insulin-
dependent DM. The study was approved by the Ethics Com-
mittee of the University of Leipzig (Registration Number: 
167-10-12072010), conforms to the ethical guidelines of 
the 1975 Declaration of Helsinki, and informed consent for 
the procedure and inclusion into the registry was obtained 
from all patients. No exclusion criteria were applied. Base-
line characteristics, procedural data and outcome data were 
prospectively collected. Follow-up was performed after 30 
days, 3, 6 and 12 months and annually up to 5 years.

Endpoints

All-cause mortality at 3 years was the primary endpoint 
of the analysis and was sub-divided into cardiovascular 
and non-cardiovascular mortality. Furthermore, 30-day 
and 1-year survival was also analyzed. One-year survival 
was additionally evaluated in a landmark analysis after 
30 days. Three-year mortality was sub-divided into car-
diovascular and non-cardiovascular mortality according 
to the definition of Valve Academic Research Consortium 
2 (VARC-2). Cause of death was verified by two authors 

(NM, FJW) reviewing medical records and death certifi-
cates to receive consensus. According to VARC-2, patients 
with unknown cause of death were categorized as cardio-
vascular mortality. All other endpoint including mortal-
ity, efficacy and complications were also subject to the 
VARC-2 definitions [15].

Statistical analysis

Categorical variables are presented as numbers and percent-
ages and were compared using Chi-square testing. Continu-
ous data were expressed as median with the 25th and 75th 
quartile and were compared using t test or Mann–Whitney 
U test for two group comparisons. For multi-group com-
parisons, analysis of variance or Kruskal–Wallis test was 
performed. The underlying assumptions of these statistical 
tests were evaluated. A two-sided p value < 0.05 was consid-
ered statistically significant. Thirty-day-, 1-year- and 3-year-
mortality was analyzed with the Kaplan–Meier method and 
the log rank test was used for group comparisons.

Cox proportional hazards regression was performed for 
the multivariate analyses and the proportionality of hazards 
assumption was confirmed for all Cox models. Variables 
with a value of p < 0.1 in univariate analysis were included in 
this model and a p value < 0.05 was considered statistically 
significant in the multivariate analysis. The Cox propor-
tional hazards model evaluating the effect of an interaction 
between diabetes mellitus and male gender on 3-year sur-
vival further included the covariates: age per 1 year increase, 
male gender, BMI > 30 kg/m², NYHA III/IV, STS score mor-
tality > 15, ejection fraction < 45%, diabetes mellitus, insu-
lin-treated diabetes mellitus, peripheral artery disease, previ-
ous myocardial infarction, previous coronary artery bypass 
grafting, previous PCI, previous stroke, CKD stage ≥ 3b, 
dialysis at baseline, mitral regurgitation ≥ grade 2, coro-
nary artery disease, atrial fibrillation, residual aortic valve 
regurgitation ≥ grade 2, new postprocedural pacemaker/ICD, 
VARC success, VARC life-threatening bleeding and VARC 
renal failure. The gender-specific Cox proportional hazards 
models on 3-year survival included these covariates: age per 
1 year increase, male gender, BMI > 30 kg/m², NYHA III/IV, 
STS score mortality > 15, ejection fraction < 45%, diabetes 
mellitus, insulin-treated diabetes mellitus, peripheral artery 
disease, previous myocardial infarction, previous coronary 
artery bypass grafting, previous PCI, previous stroke, CKD 
stage ≥ 3b, dialysis at baseline, mitral regurgitation ≥ grade 
2, coronary artery disease, atrial fibrillation, residual aor-
tic valve regurgitation ≥ grade 2, new postprocedural pace-
maker/ICD, VARC success, VARC life-threatening bleeding 
and VARC renal failure.

All statistical analyses were performed with SPSS version 
22 (IBM Corporation, Armonk, New York).
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Results

Patient characteristics

In total, 1818 patients were enrolled from 02/2006 to 

09/2014 and retrospectively analyzed. Of these, 1035 
(56.9%) were non-diabetic and 783 (43.1%) had DM and 
1026 (56.4%) were females and 792 (43.5%) were males. 
Baseline clinical and echocardiographic characteris-
tics are listed in Table 1. Male patients with DM were 
younger, had more co-morbidities reflected by the highest 

Table 1   Pre-procedural clinical and echocardiographic characteristics stratified by diabetes status and gender

No diabetes mellitus [n = 1035 
(56.9%)]

Diabetes mellitus [n = 783 
(43.1%)]

p value for four-
group compari-
son

p value for 
two-group 
within females 
comparison

p value for 
two-group 
within males 
comparison

Gender, n (%) Female [557 
(30.6)]

Male [478 
(26.3)]

Female [469 
(25.8)]

Male [314 
(17.3)]

0.10

Age (years), 
median (IQR)

81.7 (78; 85) 79.6 (76; 84) 80.5 (77; 84) 78.5 (75; 83) < 0.01 < 0.01 0.01

BMI (kg/m²), 
median (IQR)

27.0 (23.4; 30.1) 26.7 (24.0; 
29.4)

30.3 (25.9; 33.5) 28.7 (25.1; 
31.6)

< 0.01 < 0.01 < 0.01

BMI > 30 kg/m², 
n (%)

146/552 (26.4) 93/475 (19.6) 216/465 (46.5) 111/312 (35.6) < 0.01 < 0.01 < 0.01

Arterial hyper-
tension, n (%)

510/551 (92.6) 429/474 (90.5) 448/465 (96.3) 300/313 (95.8) < 0.01 0.01 < 0.01

NYHA III/IV, 
n (%)

425/557 (76.3) 339/478 (70.9) 391/469 (83.4) 250/313 (79.9) < 0.01 < 0.01 < 0.01

STS score mor-
tality (%)

7.5 (4.1; 9.6) 6.3 (3.1; 8.0) 10.8 (5.9; 13.4) 9.1 (4.4; 11.9) < 0.01 < 0.01 < 0.01

Ejection fraction 
(%)

58 (52; 67) 51 (41; 63) 57 (49; 67) 50 (39; 60) < 0.01 0.09 0.13

Ejection frac-
tion < 45%, n 
(%)

77/493 (15.6) 123/423 (29.1) 77/422 (18.2) 90/280 (32.1) < 0.01 0.29 0.39

CAD, n (%) 167/496 (33.7) 260/444 (58.6) 187/432 (43.3) 192/291 (66.0) < 0.01 < 0.01 0.04
PAD, n (%) 41/551 (7.4) 65/474 (13.7) 30/465 (6.5) 71/313 (22.7) < 0.01 0.54 < 0.01
Previous MI, 
n (%)

24/550 (4.4) 80/473 (16.9) 48/465 (10.3) 66/313 (21.1) < 0.01 < 0.01 0.14

Previous CABG, 
n (%)

19/551 (3.4) 99/475 (20.8) 34/465 (7.3) 73/313 (23.3) < 0.01 < 0.01 0.41

Previous PCI, 
n (%)

81/551 (14.7) 131/474 (27.6) 96/464 (20.7) 103/313 (32.9) < 0.01 0.01 0.11

Previous stroke, 
n (%)

36/551 (6.5) 53/474 (11.2) 51/465 (11.0) 40/313 (12.8) < 0.01 0.01 0.50

CKD stage ≥ 3b, 
n (%)

150/557 (26.9) 104/478 (21.8) 205/469 (43.7) 102/313 (32.6) < 0.01 < 0.01 < 0.01

Dialysis baseline 
(%)

7/553 (1.3) 11/475 (2.3) 13/468 (2.8) 11/311 (3.5) 0.16 0.08 0.31

Aortic valve 
area (cm²)

0.6 (0.5; 0.7) 0.7 (0.6; 0.8) 0.7 (0.5; 0.8) 0.8 (0.6; 0.9) < 0.01 0.02 0.75

Mean gradient 
(mmHg)

47 (35; 57) 43 (33; 51) 45 (35; 54) 39 (29; 46) < 0.01 0.03 < 0.01

Mitral regurgita-
tion ≥ 2, n (%)

61/505 (12.1) 50/432 (11.6) 57/431 (13.2) 30/284 (10.6) 0.74 0.60 0.68

Atrial fibrilla-
tion, n (%)

219/557 (39.3) 208/478 (43.5) 216/469 (46.1) 158/314 (50.3) 0.01 0.05 0.02

Insulin-depend-
ent diabetes, 
n (%)

– – 203/469 (43.3) 126/314 (40.1) 0.38 – –
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proportion of coronary artery disease (CAD), peripheral 
artery disease (PAD), and atrial fibrillation in compari-
son to females and males without DM and females with 
DM (Table 1). Male and female diabetics did not differ 
significantly in the proportions of insulin-dependent dia-
betes (males: n = 126/314 (40.1%); females: n = 203/469 
(43.3%); p = 0.38).

Procedural data and complications

Procedural parameters and outcomes are summarized in 
Table 2. Males were more likely to receive a self-expandable 
valve and larger devices than females, with the latter leading 
to a higher prosthetic valve orifice area. A valve-in-valve 
procedure was more frequently performed in males. The pro-
cedure time was lower in diabetics than in non-diabetics. 
Procedural bleeding rates were higher in females than in 
males and non-diabetic females had the highest rate of life-
threatening bleeding and access site complications. Female 
and male diabetics and non-diabetics did not differ signifi-
cantly with respect to VARC defined myocardial infarction, 
stroke or new permanent pacemaker/implantable cardio-
verter defibrillator (PPM/ICD) implantation.

Mortality analysis

Mortality data are summarized in Table  2. Thirty-day 
all-cause mortality was similar between female and male 
diabetics and non-diabetics (p = 0.58, Suppl. Figure 1a). 
One-year all-cause mortality (27.1%, p = 0.02, Suppl. Fig-
ure 1b) and 1-year mortality in a landmark analysis after 
30 days (p < 0.01, Suppl. Figure 1c). was highest in dia-
betic males. Three-year mortality was still highest among 
diabetic males (39.8%, p < 0.01, Fig. 1a) and was triggered 
by both cardiovascular (28.7%, p < 0.05, Suppl. Figure 1d) 
and non-cardiovascular causes (11.1%, p < 0.01, Suppl. Fig-
ure 1e). Three-year all-cause mortality was higher in diabet-
ics than in non-diabetics (33.4 vs. 28.4%, p = 0.03, Fig. 1b) 
and higher in males compared to females (33.7 vs 28.1%, 
p < 0.01, Fig. 1c). The separation between the mortality 
curves occurred earlier in males vs. females than in diabet-
ics vs. non-diabetics.

Predictors of 3‑year mortality

Cox proportional hazard modeling including the interaction 
between diabetes mellitus and male gender identified this 
interaction as an independent risk factor for 3-year mortality 
[HR 1.88, 95% confidence interval (CI): 1.25–2.82, p < 0.01, 
Table 3].

A gender-specific Cox multivariate analysis revealed 
DM (HR 1.44, 95% CI 1.07–1.93, p = 0.02), pre-proce-
dural NYHA III or IV functional status (HR 1.68, 95% CI: 

1.15–2.44, p = 0.007), and dialysis at baseline (HR 2.57, 
95% CI 1.31–5.02, p = 0.006) as independent predictors of 
3-year mortality in males (Suppl. Table 1, 2). VARC success 
(HR 0.52, 95% CI: 0.35–0.76, p = 0.001) served as an inde-
pendent predictor of 3-year mortality after TAVR in female 
patients (Suppl. Table 1, 3). In both genders, three additional 
independent predictors of 3-year mortality were identified: 
atrial fibrillation (females: HR 1.36, 95% CI 1.05–1.77, 
p = 0.02) and males: HR 1.51 (95% CI 1.12–2.03, p = 0.006), 
VARC life-threatening bleeding (females: HR 1.90, 95% CI 
1.34–2.70, p < 0.001); males: HR: 2.71 (95% CI 1.69–4.32, 
< 0.001) and VARC renal failure (females: HR: 2.16, 95% CI 
1.59–2.93, p < 0.001); (males: HR: 2.04, 95% CI 1.42–2.92, 
p < 0.001) (Suppl. Tables 1, 2, 3).

Discussion

In this study of outcomes of patients undergoing TAVR 
stratified by gender and diabetes status, male gender and 
DM significantly increased 3-year mortality. Moreover, 
the interaction of DM and male gender contributed signifi-
cantly to substantially increased 3-year mortality and DM 
was identified as an independent risk factor for reduced 
3-year survival only in males. Furthermore, this finding was 
accounted for by both cardiovascular and non-cardiovascular 
mortality. Of note, survival was reduced in diabetic males; 
1-year post TAVR and survival curves started to diverge 
90 days after TAVR. Diabetes status- and gender-dependent 
survival followed different temporal trends as the survival 
curves for gender separated earlier after TAVR than survival 
for diabetes status. One may speculate that the lower ejec-
tion fraction, a numerically higher rate of residual AR and 
endocarditis in males led to this earlier separation of the 
survival curves when comparing gender-dependent survival 
separately. Our findings are consistent in their temporal trend 
with prior observations of an early effect of gender on sur-
vival after TAVR [16, 17].

The increase in mortality among male diabetics occurred 
despite their lowest baseline age. On the contrary, the high 
prevalence of pre-existing cardiovascular disease (PAD 
and CAD) might have triggered subsequent events that 
increased cardiovascular mortality after TAVR in diabetic 
males. Overall 3-year mortality was not independently pre-
dicted by these preexisting cardiovascular conditions in the 
multivariate analysis. Of note, although males without DM 
had almost twice the rate of residual AR ≥ 2 (8.1 vs. 4.8%; 
p = 0.09), yet they have better survival outcomes than males 
with DM.

Short-term mortality after TAVR has substantially 
decreased in recent years, mainly driven by improve-
ments in vascular access device and valve design. This 
development shifted the focus towards lasting long-term 
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Table 2   Survival, procedural parameters and outcomes after TAVR per diabetes status and gender

No diabetes mellitus [n = 1035 
(56.9%)]

Diabetes mellitus [n = 783 
(43.1%)]

p value for four 
group compari-
son

p value for two 
group within 
females com-
parison

p value for two 
group within 
males compari-
son

Gender, n (%) Female [557 
(30.6)]

Male [478 (26.3)] Female [469 
(25.8)]

Male [314 (17.3)]

30-day mortality 
n, (%)

45/554 (8.1) 32/478 (6.7) 28/465 (6.0) 20/314 (6.4) 0.58 0.20 0.84

1-year mortality 
n, (%)

109/554 (19.7) 103/478 (21.5) 83/465 (17.8) 85/314 (27.1) 0.02 0.44 0.09

1-year mortal-
ity—landmark 
analysis after 
30 days n, (%)

64/509 (12.6) 71/446 (15.9) 55/437 (12.6) 65/294 (22.1) <0.01 0.99 0.03

3-year mortality 
(%)

151/554 (27.3) 142/478 (29.7) 135/465 (29.0) 125/314 (39.8) <0.01 0.70 <0.01

3-year mortal-
ity—car-
diovascular 
mortality n, 
(%)

124/554 (22.4) 106/478 (22.2) 105/465 (22.6) 90/314 (28.7) 0.04 0.96 0.02

3-year mortal-
ity—non-
cardiovascular 
mortality n, 
(%)

27/554 (4.9) 36/478 (7.5) 30/465 (6.5) 35/314 (11.1) <0.01 0.35 0.03

Indication
 Native valve 542/557 (97.3) 453/478 (94.8) 460/469 (98.1) 301/313 (96.2) 0.03 0.80 0.58
 Valve-in-valve 15 (2.7) 25 (5.2) 9 (1.9) 12 (3.8)

Type of valve
 Self-expanda-

ble, n (%)
400/557 (71.8) 379/478 (79.3) 328/469 (69.9) 249/313 (79.6) <0.01 0.51 0.92

 Balloon-
expandable, 
n (%)

157 (28.2) 99 (20.7) 141 (30.1) 64 (20.4)

 Valve size 
(mm)

25.9 (26; 29) 28.5 (26; 29) 26.1 (26; 29) 28.5 (26; 29) <0.01 0.82 0.14

Procedure time 
(min)

52 (37; 60) 52 (37; 60) 49 (35; 56) 49 (36;57) 0.02 <0.01 0.63

Contrast dye 
(ml)

135 (100; 150) 135 (100; 160) 127 (100; 142) 131 (104; 155) 0.31 0.89 0.75

VARC success, 
n (%)

467/528 (88.4) 428/472 (90.7) 424/454 (93.4) 277/306 (90.5) 0.07 <0.01 0.94

Residual AR ≥ 
grade 2, n (%)

22/494 (4.5) 35/432 (8.1) 16/424 (3.8) 14/289 (4.8) 0.02 0.61 0.09

Residual mean 
gradient 
(mmHg)

9 (4;11) 10 (6; 12) 9 (6;11) 9 (6; 11) 0.44 0.31 0.22

Aortic valve 
area (cm²)

1.81 (1.50; 2.1) 2.01 (1.70; 2.30) 1.81 (1.50; 2.10) 2.02 (1.70; 2.30) <0.01 0.62 0.69

VARC myocar-
dial infarction, 
n (%)

8/529 (1.5) 6/473 (1.3) 3/454 (0.7) 1/307 (0.3) 0.31 0.21 0.17

VARC stroke, 
n (%)

30/529 (5.7) 17/473 (3.6) 28/454 (6.2) 8/307 (2.6) 0.06 0.74 0.44

VARC renal 
failure, n (%)

78/532 (14.7) 73/471 (15.5) 90/461 (19.5) 59/308 (19.2) 0.12 0.58 0.04
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durability of the procedural success. Durability is gov-
erned by valve- and patient-specific factors. Among these 
risks, one of the modifiable risk factors is DM. DM was 
highly prevalent in the current study, consistent with the 
epidemiology in the general aged population. Prior stud-
ies unadjusted for gender returned mixed results on the 
impact of DM on outcome parameters after TAVR. Two 
meta-analyses on the effect of DM on short- and mid-term 
mortality after TAVR showed conflicting results: a meta-
analysis by Sun et al. comprising 16 studies reported no 
difference in 30-day and 1-year mortality after TAVR 

[13], while two additional meta-analyses revealed a sig-
nificant increase in 1-year mortality in patients with DM 
[11, 12]. We here demonstrate that DM has a detrimental 
effect on survival after TAVR selectively in males, which 
may help to clarify why prior studies unadjusted for this 
gender-specific effect may have failed to reveal consistent 
results for the impact of DM on mortality after TAVR. Of 
note, these findings after TAVR are converse to findings 
after PCI, where DM women have worse outcomes than 
non-DM men [18]. Despite the fact that women with DM 
had a higher prevalence of CKD stage ≥ 3b at baseline, 

Table 2   (continued)

No diabetes mellitus [n = 1035 
(56.9%)]

Diabetes mellitus [n = 783 
(43.1%)]

p value for four 
group compari-
son

p value for two 
group within 
females com-
parison

p value for two 
group within 
males compari-
son

VARC bleeding, 
n (%)

245/528 (46.4) 172/473 (36.4) 171/454 (37.7) 94/307 (30.6) <0.01 <0.01 0.10

VARC major 
bleeding, n 
(%)

126/528 (23.9) 90/473 (19.0) 102/454 (22.5) 47/307 (15.3) 0.02 0.65 0.18

VARC life-
threatening 
bleeding

69/527 (13.1) 30/473 (6.3) 32/454 (7.0) 16/307 (5.2) <0.01 <0.01 0.51

VARC access 
site complica-
tion, n (%)

190/529 (35.9) 100/473 (21.1) 119/454 (26.2) 59/307 (19.2) <0.01 <0.01 0.52

New PPM/ICD, 
n (%)

138/557 (24.8) 139/478 (29.1) 148/469 (31.6) 96/313 (30.7) 0.08 0.02 0.63

NYHA class 
improvement 
by at least 
1 after 12 
months

253/316 (80.1) 216/270 (80.0) 230/273 (84.2) 135/168 (80.4) 0.52 0.19 0.93

Endocarditis, 
n (%)

15/557 (2.7) 16/478 (3.3) 10/469 (2.1) 14/314 (4.5) 0.28 0.56 0.42

Fig. 1   a Kaplan–Meier analysis for 3-year survival stratified by diabetes status and gender; Kaplan–Meier 3-year survival analysis for b diabetes 
status and c gender after TAVR
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and experienced higher stroke rates than DM men (6.2 vs. 
2.6%), they continued to show better survival based on less 
CAD and higher LVEF.

In our study, insulin-dependent DM did not increase mid-
term mortality in univariate analysis while any type of DM 
had predictive value in males, which invokes the hypothesis 
that non-pharmacologically treated DM or DM under oral 
antidiabetic treatment could trigger the increase in mortal-
ity and may subsequently suggest that these patients may be 
undertreated and may, therefore, profit from earlier imple-
mentation of more aggressive diabetes treatment to achieve 
more stringent glycemic control to prevent secondary DM 
effects.

In the gender-specific Cox proportional hazard model, 
VARC success served as an independent predictor of 3-year 
mortality in females, while besides DM, New York Heart 
Association classes III and IV were independent predictors 
of mortality in males. Atrial fibrillation, VARC life-threat-
ening bleeding and VARC renal failure were independently 

predictive of 3-year mortality regardless of gender, consist-
ent with previous studies [19–21].

The present single-center observational study has several 
limitations that need to be noted. Data on glycemic con-
trol (HBA1c), type of oral antidiabetic treatment, duration 
and severity of DM were not included in the definition of 
DM, encompassing patients treated with dietary and life-
style modification (non-pharmacological treatment strate-
gies). Baseline clinical parameters varied between the study 
groups, representing the expected higher cardiovascular 
disease burden in patients with DM. Unaccounted for con-
founders may not have been included in the current analysis.

The detection of the interaction effect of gender and 
DM, including DM as one modifiable risk factor will help 
to address the pending question of which subgroups are at 
increased risk of adverse outcomes after TAVR. Further-
more, more stringent DM therapy with the aim to reduce 
cardiovascular mortality in patients with DM may improve 
long-term survival in patients after TAVR.

Table 3   Diabetes gender interaction Cox proportional hazard analysis of predictors of 3-year mortality

Alive (n = 1258, 69.2%) Dead (n = 553, 30.4%) Univariate model p Multivariate model p

Interaction diabetes and male gender 1.54 (1.27; 1.89) < 0.01 1.88 (1.25; 2.82) < 0.01
Pre-procedural
 Age per 1 year increase 1.01 (1.00; 1.03) 0.14 – –
 Male 525/1258 (41.7%) 267/553 (48.3%) 1.27 (1.07; 1.50) < 0.01 0.84 (0.63; 1.12) 0.24
 BMI > 30 kg/m², n (%) 411/1254 (32.8%) 154/549 (28.1) 0.84 (0.70; 1.02) 0.07 0.79 (0.63; 1.00) 0.05
 Arterial hypertension, n (%) 1182/732 (94.0%) 504/545 (92.5) 0.90 (0.65; 1.23) 0.49 – –
 NYHA III/IV, n (%) 931/1257 (74.1%) 470/553 (85.0%) 1.81 (1.43; 2.29) < 0.01 1.66 (1.26; 2.18) < 0.01
 STS score mortality > 15, n (%) 98/1207 (8.1%) 101/514 (19.6%) 2.01 (1.62; 2.50) < 0.01 1.24 (0.93; 1.66) 0.14
 Ejection fraction < 45%, n (%) 234/1125 (20.8%) 133/492 (27.0%) 1.31 (1.08;1.60) < 0.01 1.04 (0.81; 1.33) 0.79
 Diabetes mellitus, n (%) 518/1257 (41.2%) 260/553 (47.0%) 1.20 (1.02;1.42) 0.03 0.79 (0.58; 1.07) 0.13
 Insulin-treated diabetes mellitus, 
n (%)

217/1258 (17.2%) 112/553 (20.3%) 1.19 (0.97; 1.47) 0.09 1.03 (0.76; 1.40) 0.84

 PAD, n (%) 125/1257 (9.9%) 82/545 (15.0%) 1.48 (1.17; 1.87) < 0.01 1.30 (0.98; 1.72) 0.07
 Previous MI, n (%) 136/1255 (10.8%) 82/545 (15.0%) 1.38 (1.09; 1.75) < 0.01 1.08 (0.79; 1.49) 0.63
 Previous CABG, n (%) 139/1257 (11.1%) 86/546 (15.8%) 1.30 (1.03; 1.64) 0.03 1.22 (0.89; 1.67) 0.22
 Previous PCI, n (%) 273/1256 (21.7%) 138/545 (25.3%) 1.18 (0.97; 1.43) 0.09 0.97 (0.73; 1.29) 0.84
 Previous Stroke, n (%) 136/1257 (10.8%) 44/545 (8.1%) 0.81 (0.60; 1.10) 0.18 – –
 CKD stage ≥ 3b, n (%) 323/1257 (25.7%) 237/553 (42.9%) 1.80 (1.52; 2.13) < 0.01 1.20 (0.95; 1.52) 0.12
 Dialysis baseline, n (%) 15/1257 (1.2%) 27/548 (4.9%) 2.41 (1.64; 3.54) < 0.01 1.69 (0.99; 2.90) 0.05
 MR ≥ grade 2, n (%) 117/1146 (10.2%) 81/505 (16.0%) 1.52 (1.20; 1.93) < 0.01 1.14 (0.85; 1.52) 0.40
 Coronary artery disease, n (%) 547/1169 (46.8%) 259/493 (52.5%) 1.20 (1.01; 1.44) 0.04 1.06 (0.82; 1.36) 0.67
 Atrial fibrillation, n (%) 449/1230 (36.5%) 250/519 (48.2%) 1.54 (1.30; 1.83) < 0.01 1.44 (1.17; 1.77) < 0.01

Procedural
 Residual aortic valve regurgita-

tion ≥ grade 2, n (%)
54/1204 (4.5%) 33/435 (7.7%) 1.16 (0.97; 1.38) 0.10 – –

 New PPM/ICD TAVR, n (%) 344/1257 (27.4%) 176/553 (31.8%) 1.15 (0.97; 1.38) 0.12 – –
 VARC success, n (%) 1132/1229 (92.1%) 464/530 (87.5%) 0.60 (0.47; 0.78) < 0.01 0.72 (0.52; 0.99) 0.04
 VARC life-threatening bleeding, 
n (%)

66/1230 (5.4%) 81/530 (15.3%) 2.67 (2.11; 3.39) < 0.01 2.33 (1.74; 3.12) < 0.01

 VARC renal failure, n (%) 133/1232 (10.8%) 164/536 (30.6%) 2.95 (2.45; 3.45) < 0.01 1.88 (1.25; 2.82) < 0.01
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Conclusions

The current results indicate that DM is an independent risk 
factor for substantially decreased mid-term survival in males 
and identified males with DM as a subgroup in need of 
heightened medical attention after TAVR to increase dura-
bility of the procedural success. Intensified diabetes manage-
ment may improve long-term survival after TAVR.
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