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Abstract

Background Type | and type Il diabetes mellitus (DM) patients have a higher prevalence of cardiovascular diseases,
as well as a higher mortality risk of cardiovascular diseases and interventions. This study provides an update on

the impact of DM on clinical outcomes, including mortality, complications and reinterventions, using data on
percutaneous and surgical cardiac interventions in the Netherlands.

Methods This is a retrospective, nearby nationwide study using real-world observational data registered by the
Netherlands Heart Registration (NHR) between 2015 and 2020. Patients treated for combined or isolated coronary
artery disease (CAD) and aortic valve disease (AVD) were studied. Bivariate analyses and multivariate logistic regression
models were used to evaluate the association between DM and clinical outcomes both unadjusted and adjusted for
baseline characteristics.

Results 241,360 patients underwent the following interventions; percutaneous coronary intervention(N=177,556),
coronary artery bypass grafting(N=39,069), transcatheter aortic valve implantation(N=11,819), aortic valve
replacement(N=28,028) and combined CABG and AVR(N=4,888). The incidence of DM type | and Il was 21.1%, 26.7%,
17.8%, 27.6% and 27% respectively. For all procedures, there are statistically significant differences between patients
living with and without diabetes, adjusted for baseline characteristics, at the expense of patients with diabetes for
30-days mortality after PCI (OR=1.68; p<.001); 120-days mortality after CABG (OR=1.35; p<.001), AVR (OR=1.5; p<.03)
and CABG +AVR (OR=1.42; p=.02); and 1-year mortality after CABG (OR=1.43; p<.001), TAVI (OR=1.21; p=.01) and PCl
(OR=168; p<.001).

Conclusion Patients with DM remain to have unfavourable outcomes compared to nondiabetic patients which calls
for a critical reappraisal of existing care pathways aimed at diabetic patients within the cardiovascular field.

*Correspondence:
S.R. Slingerland
Stacey.slingerland@catharinaziekenhuis.nl

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0001-6793-9969
http://orcid.org/0000-0002-1016-432X
http://orcid.org/0000-0003-0411-7014
http://orcid.org/0000-0002-2298-7702
http://orcid.org/0000-0002-2442-5770
http://orcid.org/0000-0002-1530-5187
http://orcid.org/0000-0002-8166-3716
http://orcid.org/0000-0001-6108-9203
http://crossmark.crossref.org/dialog/?doi=10.1186/s12933-024-02356-2&domain=pdf&date_stamp=2024-7-17

Slingerland et al. Cardiovascular Diabetology (2024) 23:260

Page 2 of 12

Keywords Cardiovascular disease, Endocrinology, Percutaneous coronary intervention, Coronary artery bypass
grafting, Aortic valve replacement, Transcatheter aortic valve implantation

Introduction

Over the years, the prevalence of diabetes mellitus (DM)
is increasing as a result of ageing and lifestyle habits [1—
6]. Both type I and II DM are associated with amongst
others cardiovascular diseases (CVD) [1, 2, 7, 8]. Due
to these co-morbidities, people with diabetes consume
more care which is associated with higher healthcare
costs compared to people without diabetes [3, 9, 10].

Cardiovascular disease is a common cause of death
for people with diabetes [2, 9, 11, 12]. Earlier research
showed that people with diabetes undergoing surgical
and percutaneous cardiac procedures, compared to peo-
ple without diabetes, are at higher risk of mortality, rein-
terventions, and complications like deep sternal wound
infections (DSWI), stroke and kidney failure [3, 8, 13—
15]. As the disease burden and healthcare consumption
will further rise in the coming years due to the doubling
of diabetes prevalence, care for patients with diabetes
constitutes an ongoing concern [9, 11, 16]. Therefore,
healthcare protocols, clinical pathways and drug treat-
ment options in both primary and secondary (cardiac)
care are continuously adjusted for patients with diabetes
to optimize health outcomes [16, 17].

However, we lack recent, real-world data to evalu-
ate outcomes in patients with diabetes. This study aims
to assess the impact of diabetes mellitus on present-day
clinical outcomes in patients undergoing surgical and
percutaneous cardiac procedures in the Netherlands.

Method

Study design

This is a retrospective study using observational, real-
world data from all hospitals participating in the vol-
untary public reporting program facilitated by the
Netherlands Heart Registration (NHR) [18, 19]. This
includes 14 out of 16 Dutch heart centres regarding
CABG, TAVI, AVR and CABG+AVR, 21 out of 30 cen-
tres that perform PCI procedures (of which 14 do not
have cardiothoracic surgery onsite) and 30 out of 30 cen-
tres that perform PCI after 2017. The NHR is a national
mandatory quality registration in which hospitals regis-
ter a standard set of baseline, procedural and outcome
data of all invasive cardiac procedures. The NHR annu-
ally publishes outcome data of participating hospitals to
improve the quality, safety and transparency of care in a
voluntary reporting program [18, 19]. In the voluntary
public reporting program, each hospital is responsible for
the active follow-up per patient and each hospital must
actively check for reinterventions and outcomes after
discharge. The registered data and the data collection

process are checked by the NHR, amongst others in
annual audits [20].

Inclusion criteria

The study population consisted of all patients with CVD,
treated with an invasive cardiac intervention for coro-
nary artery disease (CAD), aortic valve disease (AVD), or
combined CAD and AVD between January 1st 2015 and
December 31st 2020. Patients undergoing the following
cardiac procedures are included: percutaneous coro-
nary intervention (PCI), coronary artery bypass grafting
(CABG), aortic valve replacement (AVR), transcatheter
aortic valve implantation (TAVI) and combined CABG
and AVR.

Per invasive cardiac intervention, only the first CABG,
AVR, TAVI or CABG+AVR per patient in the period
2015-2020 is included. Likewise, if a patient underwent
multiple PCIs within one year, only the first PCI (within
365 days) is included in the dataset. A second procedure
within one year was excluded or was considered a rein-
tervention if the procedure meets the NHR-definition of
reintervention.

Baseline characteristics and outcome measures

The baseline characteristics and outcome measures
(mortality, complications and reinterventions) per inva-
sive cardiac intervention are presented in Table 1 in the
supplementary materials. These variables are standard
parameters within the NHR [18, 19, 21].

Definitions

Diabetes mellitus (DM) is defined as having chronic
hyperglycaemia, diagnosed prior to cardiac intervention,
demonstrating one of the following criteria; (1) fasting
plasma glucose>7.0 mmol/l (2) 2-hour post-load (75 mg
glucose) plasma glucose>11.1 mmol/l (3) symptoms of
hyperglycaemia and plasma glucose>11.1 mmol/l and
(4) glycated haemoglobin (HbAlc)>6.5% [21-23]. If a
patient is considered diabetic, the treatment method is
registered as well: insulin, oral medication, diet, other
treatment, no treatment or treatment unknown.

The following six other variables are worth defining;
an urgent procedure, myocardial infarction (MI), cere-
brovascular accident (CVA) with a residual deficit, re-
exploration, DSWI, and Target Vessel Revascularization
(TVR).

First, urgent procedures are patients who are not
electively admitted for surgery but for medical reasons
require intervention within the current admission [21].
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Second, MI is defined as an increase and subsequent
decrease in one or more biomarkers (preferably tropo-
nin) by at least one value above the 99th percentile of the
upper limit where at least one of the following symptoms
is present; (1) symptoms appropriate to ischemia (2) new
significant ST-segment or T-wave abnormalities or bun-
dle branch block (3) development of pathological waves
on the electrocardiogram (4) new loss of viable myocar-
dial tissue or new wall motion abnormalities demon-
strated by imaging technologies and/or (5) identification
of intracoronary thrombus on angiography or autopsy
[21, 24, 25].

Third, CVA with residual deficit during hospital admis-
sion is a permanent, neurological dysfunction as deter-
mined by a neurologist due to focal ischemia of the brain,
spinal cord or retina caused by acute infarction of the
neurological tissue due to thrombosis, embolism, sys-
temic hypoperfusion or haemorrhage [21, 26].

Fourth, re-exploration within 30 days after the inter-
vention is defined as the first rethoracotomy after the ini-
tial closing of the thorax due to bleeding, tamponade or
cardiac problems [21].

Fifth, DSWI within 30 days after the intervention cov-
ers muscle, sternum and mediastinum and is positive if
one or more of the following criteria applies: (1) surgical
drainage or fixation sternum due to deep sternal wound
(2) positive wound cultures and (3) antibiotics-therapy
for sternum wound treatment [21].

Last, TVR within one year after the intervention is
defined as revascularization by PCI in the same vessel (or
vessels) that had been treated at the index PCI within 1
year (£365 days) of the index PCI, or; revascularization
by CABG in the same vessel (or vessels) that had been
treated at the current PCI after 1 day and within 1 year
(365 days) of the PCI. An urgent CABG performed
within 1 day of the current PCI is recorded as an out-
come indicator of urgent CABG and not as an occur-
rence of TVR [21].

The definitions of other included variables are aligned
with the European Society of Cardiology’s (ESC) Guide-
lines [18].

Statistical analyses

Following current guidelines on the imputation of data by
The Dutch Journal of Medicine (2013) and BMC Medi-
cal Research Methodology (2017), missing values of base-
line characteristics were imputed [27, 28]. The baseline
characteristics, that are missing at random and missing
less than 35%, were imputed using ten iterations and ten
imputations using both baseline characteristics and out-
comes as predictors [27, 28]. An overview of all available
variables and the rate of completeness can be found in
Table 1 of the Supplementary materials. Outcome vari-
ables only served as predictors and were not imputed.
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Using descriptive statistics, QQ-plots and Kolmogorov-
Smirnov tests, the structure of the dataset was studied
and checked for outliers and normal distribution. Con-
tinuous variables are shown as mean (standard devia-
tion (SD)) or median (interquartile range (IQR)) while
categorical variables are shown as absolute and relative
frequencies. Bivariate analyses were performed to study
differences between patients with diabetes and patients
without diabetes for baseline characteristics and out-
come measures using Mann-Whitney U and Pearson
X2- tests. Logistic regression analyses were used to anal-
yse the association between diabetes mellitus and short-
term outcome measures while adjusting for all applicable
baseline characteristics and the year of intervention. An
overview of the applicable baseline characteristics per
intervention that were used in the logistic regression
analyses is presented in Table 1 in the Supplementary
materials. Per invasive cardiac intervention, for each
(short-term) outcome measure, the odds ratio (OR) and
p-value for diabetes are shown. Furthermore, two addi-
tional logistic regressions were performed as sensitivity
analyses; one analysis while making cohorts for the year
of intervention (2015-2017 versus 2018-2020) to study
differences in time and one by making cohorts for the dif-
ferent treatment of diabetes (as seen in Supplementary
Table 2 and as defined above) for each intervention [21—
23]. Furthermore, a propensity score (PS) matching anal-
ysis was executed to study if we adequately adjusted for
differences in baseline characteristics. The PS included all
baseline characteristics listed in Table 1. For each patient
with DM, a propensity score matched patient without
DM was selected (ratio 1:n) using the nearest neighbour
(with a calliper width of 0.2 of the pooled SD of the logit
of the propensity score) and no replacement. Covariate
balance was evaluated with standardised mean differ-
ences, and a standardised mean difference<0.1 was con-
sidered a negligible difference between cohorts.

Last, to study the relationship between patients with
diabetes and patients without diabetes in relation to sur-
vival and reintervention during follow-up, Cox regression
curves with 95% CI were used while correcting for base-
line characteristics (as seen in Table 1 in Supplementary
materials). The proportional hazards assumption was
checked by plotting a log minus log survival curve strati-
fied for each covariate per intervention.

Results for all analyses were considered statistically
significant with a two-tailed p-value<a 0.05. All analy-
ses were performed using SPSS 29 (SPP Inc., Chicago IL,
USA) and Rstudio (Rstudio Inc., Boston, MA, USA).

Results

A total of 241,360 invasive cardiac interventions were
analysed, divided among the following interventions:
PCI (N=177,556), CABG (N=39,069), AVR (N=8,028),
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g §= TAVI (N=11,819), and CABG+AVR (N=4,888). Of all
A '_i g ¢ 3 §§ patients undergoing PCI, 21.1% has diabetes, 26.7% of
> 88 CABG patients, 17.8% of AVR, 27.6% of TAVI and 27.8%
g = g 58 of CABG+AVR. Oral medication is the most common
a Qs & o |S= medical treatment for DM, ranging between 6.7 —14.4%
Sleg |28 = = “? i of patients with diabetes, and subsequently insulin treat-
E % ] §§ ment, ranging between 4.2 —9.7% of patients with dia-
'-g 9 3 § 2 betes. More information regarding diabetes within the
Slsiigls ¢ ¢ \i b study population is presented in Table 2 in the Supple-
g § mentary Materials.
v = £ é Table 1 shows descriptive and univariable analyses of
_g s s 2 §§ baseline characteristics between patients with diabetes
R and patients without diabetes for each cardiac proce-
|2 I dure. All baseline characteristics within the PCI cohort
= 3 ge are statistically significantly different between patients
2 § 3 %% with diabetes and patients without diabetes (p<.001).
5. 9 é % For CABG there is a statistically significant difference for
Sijsls s &§ S8 all baseline characteristics (p<.001) except for urgency
F=lols =N S 3 of procedure (p=.112). In the AVR cohort, the variables
2% age, eGFR, body mass index (BMI) and chronic obstruc-
% é%? tive pulmonary disease (COPD), logistic EuroSCORE 1,
a 21 ¢ % .ﬁ; logistic EuroSCORE 1II (p<.001) and CVA (p=.03) were
z %@ significantly different between the two groups. Regard-
% = g :sj ing TAVI, there is a significant difference for all baseline
% g g 8 g £ characteristics (p<.001) except EuroSCORE‘I ‘(p:.11‘2).
g S Lastly, the CABG+AVR cohort shows a statistically sig-
S Q %\@ nificant difference in age, eGFR, BMI, chronic lung dis-
-1 < E :sj ease, EuroSCORE II (p<.001) and left ventricular ejection
glzL3e ¢ 8 §§ “ fraction (LVEF) (p=.005), multivessel disease (p=.016),
E Tg\h 5 prior myocardial infarction (p=.043) and EuroSCORE I
E 358 (p=.004).
Sls & o |EQE Table 2 shows descriptive and univariable analyses of
Q< < < E:Sj § outcome variables between patients with diabetes and
% g\§ patients without diabetes for each cardiac procedure.
3 é s For PCI, there is a significant difference between patients
22 2 2 %g% with and without diabetes in 30-day mortality, 1-year
3 é =3 mortality, myocardial infarction within 30 days after the
9 E‘ 5 %E procedure and TVR within 1 year after the procedure
SL4Ele ¢ ¢ § S § (p<.001). For CABG, 120-day mortality, 1-year mortal-
ggs ity, CVA, DSWI within 30 days (p<.001) and coronary
:o; o %‘j*% reintervention during follow-up (p<.001) are statisti-
% S § § S § ‘g cally significant. In the AVR cohort, there is a statisti-
8 alv. v e ;ig cally significant difference between 120-day mortality
£ s 8 %ég (p=.003), 1-year mortality (p=.031), and DSWI within
2 sis ¢ T3 30 days (p<.001). Concerning TAVI, 120-day mortality
£ 2 2 = 9: E g E (p=.035), 1-year mortality (p<.001) and implantation of
2 R 2= v = 5 § g a new permanent pacemaker within 30 days post-proce-
5 § _Sl_lzmem g3 dure (p=.014) are statistically different between the two
IR RN 3% groups. Last, CABG+AVR has a statistically significant
;E k- 5% difference between patients with diabetes and patients
S G s % §§§ without diabetes regarding 120-day mortality (p<.001),
- | o 8 5 E gié 1-year mortality (p=.023) and DSWI within 30 days
2|8 §~§~§;\3 P59 (p=.030).
e S SRR
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The results of the logistic regression analyses with dia-
betes as an independent variable are shown in Table 3.
Diabetes mellitus is a statistically significant variable in
the PCI-cohort for 30-day mortality (p<.001; OR=1.668),
1-year mortality (p=<0.001; OR=1.682), myocardial
infarction within 30-days (p<.001; OR=1.431) and TVR
within 1 year (p<.001; OR=1.307). In the CABG-cohort,
diabetes mellitus is significantly associated with the fol-
lowing outcome measures: 120-day mortality (p<.001;
OR=1.421), 1-year mortality (p<.001; OR=1.494), CVA
(p=.015; OR=1.371) and DWSI within 30-days post-pro-
cedure (p<.001; OR=2.203). Concerning TAVI, 1-year
mortality (p<.010; OR=1.122) and implantation of a new
permanent pacemaker within 30 days post-procedure
(p=.007; OR=1.200) are significantly associated with
diabetes. Lastly, for AVR, diabetes is a statistically signifi-
cant variable for 120-day mortality (p=.030, OR=1.493),
DWSI within 30-days (p=.003; OR=2.873) and for
CABG+AVR the variables 120-day mortality (p=.005;
OR=1.520) and DSWI within 30-days (p=.022; 1.996).
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Results of the additional sensitivity analyses and propen-
sity score matching can be found in Tables 3, 4, 5 and 6
in the Supplementary materials; all analyses led to similar
findings.

Last, Fig. 1 below shows the cox regression survival
curves for each intervention. Survival time in days for
patients living with diabetes and patients living without
diabetes is plotted over a follow-up period of five years,
adjusted for all baseline characteristics. All figures show
patients with diabetes have lower survival rates com-
pared to patients without diabetes.

Discussion

The current study provides the latest report on the rela-
tionship between diabetes mellitus and clinical outcomes
after different invasive cardiac interventions in the Neth-
erlands. This study uses recent, real-world data from
multiple years (2015-2020) from a nationwide registry
covering almost the entire Dutch CVD population that
underwent invasive cardiac interventions. It thus forms

Table 3 Results of the multivariate logistic regression analyses with correlation between diabetes mellitus and all early outcomes

Outcome measure Coronary artery disease (CAD)

Aortic valve disease (AVD) Combined CAD and

AVD
PCl CABG AVR TAVI CABG+AVR
n=177,556 N=39,069 N=8,028 N=11,819 N=4,888
OR(95%  p-value OR(95%  p-value OR(95%Cl) p-value OR(95% p-value OR(95%Cl) p-
Cl) Cl) Cl) value
Mortality
Proc. mortality n/a n/a n/a n/a n/a n/a 0.72 0.15 n/a n/a
(3-days) (0.46-1.13)
30-day mortality 1.68 <0.001 n/a n/a n/a n/a 1 03 0.81 n/a n/a
(1.56-1.82) (0.81-1.31)
120-day mortality n/a n/a 1.35 <0.001 1.50 0.03 113 0.18 142 0.02
(1.15-1.58) (1.04-2.15) (0.95-1.36) (1.05-1.90)
1-year mortality 1.68 <0.001 143 <0.001 1.22 0.23 1.21 0.01 1.21 0.19
(2015-2019) (1.6-1.77) (1.24-1.65) (0.88-1.69) (1.05-1.4) (0.91-1.61)
Complications
CVA during n/a n/a 132 0.04 1.15 0.64 1.05 0.77 1.02 093
admission (1.02-1.7) (0.65-2.04) (0.77-1.42) (0.65-1.62)
Re-exploration<30 n/a n/a 0.92 0.15 0.99 0.94 n/a n/a 1.14 0.26
days (0.82-1.03) (0.77-1.28) (0.91-1.44)
DSWI < 30 days n/a n/a 218 <0.001 2.86 0.003 n/a n/a 1.92 0.03
(1.77-2.68) (1.43-5.69) (1.06-3.48)
PM < 30days n/a n/a n/a n/a 0.88 0.51 1.20 0.01 0.68 0.11
(0.60-1.29) (1.05-1.37) (042-1.10)
Maj. vasc. compl. < n/a n/a n/a n/a n/a n/a 0.82 0.16 n/a n/a
30days (0.63-1.08)
MI < 30days 144 <0.001 n/a n/a n/a n/a n/a n/a n/a n/a
(1.24-1.67)
Urgent 0.94 0.64 n/a n/a n/a n/a n/a n/a n/a n/a
CABG< 1day (0.72-1.22)
TVR< 1 year 1.30 <0.001 n/a n/a n/a n/a n/a n/a n/a n/a
(2015-2019) (1.23-1.37)

*n/a=not applicable (not part of NHR indicators), proc. Mortality (3-days) = procedural mortality within 3 days, PM < 30-days =implantation of new permanent pacemaker within
30days, maj. vasc. compl < 30-days = major vascular complication within 30 days, MI < 30 days = myocardial infarction within 30 days, TVR < 1 year = Target Vessel Revascularization
within 1 year. An overview of the available baseline characteristics per procedure is shown in Table 10f the Supplementary materials
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a representative sample of all cardiac procedures on a
nearby nationwide level. Results show that people with
diabetes have statistically significantly worse outcomes
in terms of mortality, complications and reinterventions
compared to people without diabetes.

From a pathophysiologic point of view, these findings
could be expected as DM patients share similar risk fac-
tors for CAD (such as hypercholesterolemia, obesity, etc.)
and DM itself is associated with endothelial damage as
a result of glucose-related tissue toxicity and circulat-
ing inflammatory cytokines [29]. Quantitative histologic
analysis of aortic valves after explantation for AVR shows
worse calcifications in DM patients and a recent animal
study points in the direction of faster progression to cal-
cification of the aortic valve in DM-hyperglycemic ham-
sters [30]. The association between DM and AVD is not
well understood but given that calcification of the aortic
valve and DM both are related to inflammatory pathways,
an association is likely [31].

Historically, treatment of DM focused on drug therapy;,
aimed to control glycemic control, hypertension and cho-
lesterol levels. In recent years, a paradigm shift toward
a more patient-centred approach addressing lifestyle-
related risks such as increasing physical activity levels,
adopting a healthy and varied diet to control weight, and
smoking cessation [9, 16, 32, 33]. Since 2019, the Euro-
pean Society of Cardiology included Sodium-glucose
co-transporter 2 (SGLT2-inhibitors) in the ESC Clinical
Practice guidelines, based on new evidence that SGLT2-
inhibitors benefit patients with cardiovascular diseases
and reduce the risk of cardiovascular mortality [34, 35].
Nevertheless, the present study shows that differences
between patients with diabetes and patients without
diabetes still exist; patients with diabetes have worse
outcomes and mortality statistics than patients without
diabetes. As shown in our study, patients with diabetes
have higher odds of mortality compared to patients with-
out diabetes. People with diabetes show higher health-
care utilization and higher healthcare costs compared to
people without diabetes, whereas the prevalence of DM
is deemed to strongly incline in the upcoming decades [3,
9,10, 16].

With regard to CAD interventions, the results align
with two recent meta-analyses by Head et al. 2018 [36]
and Zhou et al. 2019 [14]and two cohort studies by Rogan
et al. 2018 [37] and Raza et al. 2015 [3]. These studies,
covering both randomized controlled trials (RCT) and
observational studies for a period ranging between 1972
and 2018, state people with diabetes have significantly
worse outcomes concerning short-term mortality and
1-year mortality [3, 14, 36—38]. Concerning complica-
tions and reinterventions in literature; patients with dia-
betes have more strokes, bleeding complications, DSW1I,
MI and reinterventions [14, 39-42]. Our study confirms
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these results, although it is worth noting that our study
uses more recent data, has a higher number of total inter-
ventions and the data exist of observational real-world
data.

Concerning aortic valve interventions, two stud-
ies Besch., 2019 [43], an observational study of 18,154
patients, and Mendez-Bailion et al., 2019 [44], a ran-
domized controlled trial (RCT), show no statistically
significant difference between patients with diabetes and
patients without diabetes in short-term and long-term
mortality as well as post-procedural complications. The
RCT studies of both Abramowitz [15] and Layrer [45]
reported no significant difference between patients with
diabetes and patients without diabetes regarding short-
term and long-term mortality as well as complications
after TAVIL. However, after correcting the data for base-
line characteristics, diabetes was significantly associated
with mortality. This partly contradicts our study, covering
more recent years, more interventions and is an observa-
tional study instead of an RCT; we did not find an associ-
ation between diabetes mellitus and 30-day mortality, but
we did find a negative association in relation to 1-year
mortality and pacemaker implantation. Results specifi-
cally in relation to AVR are contradicting some previous
publications; to our knowledge, there is no consensus in
the literature on the difference between patients with dia-
betes and patients without diabetes in terms of mortal-
ity, complications or reinterventions. A recent systematic
review by Banovic et al., 2019 [46]reports that results
on short-term and long-term mortality and complica-
tions differ per study while other studies, such as Ram
et al,, 2019 [13], an observational study covering 1,053
patients, do not report differences between patients with
diabetes and patients without diabetes. Our study, which
includes recent data on more AVR patients, does show
a significant difference in terms of 120-day mortality
and DSWI within 30 days when correcting for baseline
characteristics.

Over the years, mortality in cardiovascular diseases is
decreasing for both patients with and without diabetes
[9]. The systematic review of Htay et al., 2019 [9] found
the gap between patients with diabetes and patients
without diabetes to decrease; mortality among diabetics
is declining at a higher rate than among non-diabetics.
The study states developments in the treatment of diabe-
tes and diabetic complications, together with improved
management of individual risk factors, are the main
influences for this decline [9]. In general, according to
the studies mentioned above and the results of this study,
people with diabetes have statistically significantly worse
outcomes in terms of mortality, complications and rein-
terventions compared to people without diabetes. To
prevent a rapid incline in disease burden and healthcare
consumption, it is key to optimize healthcare protocols
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for this target group and increase focus on prevention. A
possible solution is to create and optimize regional col-
laboration between healthcare providers to align health-
care pathways [47].

Strengths and limitations

One of the strengths of this study is its size; in total
214,360 surgical and percutaneous cardiac procedures
were included in a period of six years. It uses observa-
tional, real-world data from populations in daily prac-
tice instead of data received from included patients in
an RCT. Hence, patients from almost the entire Dutch
surgical and percutaneous cardiovascular disease popu-
lation are included, which ensures a recent and propor-
tionate representation. However, this dataset can also
be seen as a limitation, since observational retrospective
data have potential bias; arguably, not all relevant risk
factors have been included in the dataset. In this study,
a standard set of variables, as selected by medical experts
in the registration committees of the NHR, was used.
This selection of the most relevant outcomes and base-
line characteristics is based on a published methodol-
ogy. However, as this is a limited set it possibly excludes
some baseline characteristics that might also influence
outcomes (e.g. TAVI prior to PCI, SYNTAX score and
STS PROM-scale). Also, relevant biomedical param-
eters, such as perioperative and postoperative blood
plasma glucose levels, and data on diabetic medication
as well as on antiplatelet treatment, are not collected in
the NHR which made it impossible to correct for these
variables in the multivariate analysis. This can potentially
affect the reported association. For future research, it is
recommended to include more variables if possible. Fur-
thermore, quality of life is not included in these analyses
due to the fact that the majority of hospitals have insuf-
ficiently collected these variables. Hence, a recommenda-
tion for future research is to study the difference between
patients with diabetes and patients without diabetes after
different invasive cardiac interventions. Additionally, due
to multiplicity, there is a potential for an increased risk of
a type I error. Last, although differences over time were
studied, showing no statistical differences, the impact of
the COVID-19 pandemic on the study results of 2020 is
unknown. This should be included in future research, as
SARS-CoV-2 could be associated with a higher risk of in-
hospital mortality [48].

This study has shown that real-world, clinical outcomes
after cardiac procedures still differ between patients with
diabetes and patients without diabetes. It is vital to criti-
cally assess existing care pathways and protocols targeted
to patients with diabetes to minimize these differences.
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