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Abstract

Background Increased risk of severe tachyarrhythmias is reported in patients with type 2 diabetes mellitus (T2DM).
The aim of this study was to explore if treatment with cardiac implantable electronic device (CIED) such as implant-
able cardioverter defibrillator (ICD), cardiac resynchronization therapy- pacemaker and -defibrillator (CRT-P/CRT-

D) differed in patients with vs. without T2DM. A secondary aim was to identify patient characteristics indicating

an increased CIED treatment.

Method 416 162 adult patients with T2DM from the Swedish National Diabetes Registry and 2 081 087 controls
from the Swedish population, matched for age, sex and living area, were included between 1/1/1998 and 31/12/2012
and followed until 31/12/2013. They were compared regarding prevalence of ventricular tachycardia (VT) at baseline
and the risk of receiving a CIED during follow-up. Multivariable Cox regression analysis was performed to estimate
the risk of CIED-treatment and factors identifying patients with such risk.

Results Ventricular fibrillation (VF) (0.1% vs 0.0004%) and (VT) (0.2% vs. 0.1%) were more frequent among patients
with T2DM compared to controls. CIED-treatment was significantly increased in patients with T2DM both in unad-
justed and adjusted analyses. HR and 95% Cl, after adjustment for sex, age, marital status, income, education, country
of birth, coronary artery disease and congestive heart failure, were 1.32 [1.21-1.45] for ICD, 1.74 [1.55-1.95] for CRT-P
and 1.69 [1.43-1.99] for CRT-D. Blood-pressure and lipid lowering therapies were independent risk factors associated
to receiving CIED, while female sex was protective.

Conclusions Although the proportion of VT/VF was low, patients with T2DM had a higher prevalence of these condi-

tions and increased risk for treatment with CIED compared to controls. This underlines the importance of recognizing
that T2DM patients have an increased need of CIED.
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Background

In a recent observational report based on the Swedish
National Diabetes Registry we showed that the incidence
of bradyarrhythmia and pacemaker (PM) treatment was
higher in patients with type 2 diabetes mellitus (T2DM)
than in an age and sex matched control group without
diabetes mellitus (DM) [1]. There are also indications that
tachyarrhythmias are more frequently occurring in indi-
viduals with DM. Both supraventricular tachyarrhyth-
mias, in particular atrial fibrillation (AF), and ventricular
tachyarrhythmias (VT) causing sudden cardiac death
(SCD) presumably due to ventricular fibrillation (VF) are
reported to be increased in patients with DM [2-5]. DM
seems furthermore to be a strong predictor of all-cause
mortality in patients presenting with VT [5]. However,
studies on the relationship between DM, VT and VF are
sparse and with a majority conducted in the context of
hypoglycemic episodes [6-8].

Since severe tachyarrhythmias may cause serious
symptoms such as syncope and SCD if not immediately
treated with cardiopulmonary resuscitation and defibril-
lation, it is of importance to explore whether VTs are
more frequent in patients with DM. Suffering from an out
of hospital cardiac arrest has been associated with lower
survival odds in patients with vs without DM (OR 0.78,
95% CI 0.68—0.89) and with poorer neurological outcome
if surviving and having DM [9]. In a retrospective study
of implantable cardioverter defibrillator (ICD) recipients,
28% of patients receiving a primary preventive ICD had
DM while the corresponding proportion among those
with secondary prevention was 12% [10]. These estimates
can be compared with the total global prevalence of DM
which was estimated to 9.3% in 2019 [11]. In a study of
post-myocardial infarction patients from Finland and
Germany, the incidence of SCD was elevated in patients
with T2DM compared to patients without DM. The inci-
dence was substantially increased among patients with
DM with an ejection fraction < 35% [12].

If there is an increased risk for tachyarrhythmias per
se in patients with DM or if it is related to the pres-
ence of congestive heart failure (CHF) and/or coronary
artery disease (CAD), known common comorbidities
in patients with DM, is still an open question. However,
data on whether individuals with T2DM receive cardiac
resynchronization therapy (CRT) and ICD treatment
more frequently than people without T2DM is limited
as is information on the indication for such treatment
in recipients with T2DM compared to those without
T2DM.

The aim of the present study was to explore if treatment
with ICD, cardiac resynchronization therapy-pacemaker
(CRT-P) and cardiac resynchronization therapy-defi-
brillator (CRT-D) is increased in patients with T2DM
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compared to age- and sex matched subjects from the
general population without DM. A secondary aim was
to identify patient characteristics indicating an increased
need for such devices in patients with T2DM.

Method

Study cohort

This population-matched cohort study is based on five
different national Swedish registries which are described
below. The patient cohort (n=416 162) consists of indi-
viduals registered in the Swedish National Diabetes Reg-
istry between the dates 1/1 1998 and 31/12 2012 with a
T2DM diagnosis and without a previous ICD/CRT-P/D-
implantation. Entry point for the study was at the first
time of registration in the National Diabetes Registry
[13]. The patients were followed until 31/12 2013 or time
of death. Date of death during follow up was obtained
from the Swedish Cause of Death Registry. For each reg-
istered patient with T2DM, five controls (n=2 081 087)
matched for age, sex and living area without previous
ICD/CRT-P/D or any DM diagnosis defined as not being
registered in the National Diabetes Registry, were ran-
domly selected from the Swedish population registry. The
primary endpoint was a de novo ICD/CRT-P/D-implan-
tation. Information on ICD/CRT-P/D treatment includ-
ing date of implantation and type of device was obtained
from the national patient registry applying the diagnostic
codes: FPG30, FPG36, FPG33 and FPE26 [14]. Baseline
data for previous medical history was obtained from the
national patient registry using International Classifica-
tion of Diseases (ICD) 9 and 10 codes.

Data sources
The present study is based on data from the following five
registries:

The Swedish National Diabetes Registry: This regis-
try, which was initiated in 1996, provides nationwide
information on patients with DM comprising a major-
ity of individuals who are resident in Sweden with DM
aged>18 vyears (coverage in 2020=87%). Informa-
tion about clinical characteristics, risk factors, diabetes
related complications, and treatments is registered annu-
ally or more often in case of change of medication. Data
is collected by trained nurses and physicians and include
information obtained in primary care and at hospital out-
patient clinics [15].

The longitudinal integration database for health insur-
ance and labour market studies-registry (LISA); Infor-
mation on educational level, marital status and country
of birth were retrieved from the LISA-registry which is
updated annually with information on all who are living
in Sweden combining data from the labour market and
educational and social sectors.
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The Swedish population registry: The Swedish popula-
tion registry includes all Swedish residents since 1968
and comprises information on year and date of birth and
sex. To be eligible the control subjects had to be free from
any registration of DM in the National Diabetes Registry
through the complete study period.

The National Patient Registry; Information on pre-
vious medical history was obtained from the national
patient registry. International Classification of Disease
(ICD) codes versions 10 and 9 were used for atrial fibril-
lation, acute myocardial infarction (AMI), CAD, stroke,
CHEF, end stage renal disease, Atrio-ventricular block
(AV-block) I-III, sick sinus syndrome, VT, VF (Addi-
tional file 1: Table S1). Patients and controls were defined
as having any of the above-mentioned conditions if the
ICD code was registered in the patient registry any time
before the entry point. The National Patient registry has
national coverage from 1987.

The Swedish Cause of death registry; Comprises data on
all deaths of people registered in Sweden with underlying
cause of death, based on ICD codes.

The three latter registries are handled by the Swedish
National board of Health and Welfare. All the five regis-
tries have been merged to a single dataset linked through
personal identification numbers that all Swedish citizens
have. After the merging it is anonymized, each subject
receiving a personal serial number.

Definitions
Variables from the Swedish National Diabetes Registry:

Type 2 diabetes mellitus was defined according to epi-
demiological criteria as persons treated with diet with
or without oral glucose lowering agents or a prescrip-
tion of insulin with or without concomitant oral glu-
cose lowering agents; the latter category applied only to
patients > 40 years at the time for the T2DM-diagnosis
[13, 16].

Glycated hemoglobin ¢ (HbAlc) was expressed both in
mmol/mol and % according to the International Federa-
tion of Clinical Chemistry and Laboratory Medicine and
Diabetes Control and Complications Trial (DCCT).

Microalbuminuria was defined as at least two posi-
tive results obtained within 1 year and defined as albu-
min to creatinine ratio of 3—30 mg/mmol (30—-300 mg/g)
or urinary albumin clearance of 20-200 pg/min
(20-300 mg/L).

Macroalbuminuria was defined as an albumin-to-cre-
atinine ratio>30 mg/mmol (close to 300 mg/g or more)
or urinary albumin clearance > 200 pg/min (>300 mg/L).
eGFR was estimated from the creatinine value and calcu-
lated using the Chronic Kidney Disease (CKD) Epidemi-
ology Collaboration (CKD-EPI) equation [17].
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End stage renal disease was defined as the need for
renal dialysis, renal transplantation, or an estimated Glo-
merular Filtration rate (eGFR) of less than 15 mL/min.

A smoker was defined as a person who smoked one
or more cigarettes per day, or a pipe daily, or who had
stopped smoking within the past 3 months.

Body mass index (BMI) was calculated using data on
weight and height, collected by primary care units and
hospital outpatient clinic.

Blood pressure (BP) was recorded as the mean of two
readings (Korotkoff phases 1-5) with the patient sitting
or lying down, using a cuff of appropriate size.

High density lipoprotein (HDL), low density lipoprotein
(LDL), was measured in mmol/l.

Variables from the LISA registry. The educational level
was categorised as low (<9 years), intermediate (10—
12 years), or high (college/university).

Marital statuswad defined as single, divorced, married
or widowed.

Statistical analysis

Baseline characteristics for patients are those collected
at their first registration in the National Diabetes Reg-
istry while baseline data for controls are those recorded
in the national patient registry at the same date as for
their respective patient. Continuous variables are pre-
sented as mean and standard deviations (SD) and cat-
egorical data as numbers (n) and percentages (%). The
p-values are assessed using t-tests for continuous vari-
ables and chi-square tests for discrete variables. ICD/
CRT-P/D implantations performed during follow-up
are presented as numbers (n) and percentages (%) while
the crude incidence of ICD/CRT-P/D implantations
during the time of observation is expressed as number
of events/100 000 person-years. The risk for a first ICD/
CRT-P/D implantation in individuals with or without
T2DM is assessed by Cox proportional hazard regres-
sion and presented as hazard ratio (HR) and 95% con-
fidence intervals (CI). Adjustments are performed in
three models. Model 1: age, sex, marital status, educa-
tional level and country of birth (Sweden, Europe, out-
side Europe). Model 2: as in Model 1 and in addition
CAD and Model 3: as in Model 1 and 2 and in addition
CHE. The primary endpoint is de novo implantation of
ICD/CRT-P/D. Persons who died are censored at the
time of death.

The crude cumulative risk of ICD/CRT-P/D implan-
tations is presented through Kaplan—Meier curves and
assessed by log-rank test for individuals with and without
T2DM.

In order to establish a risk factor profile related to the
need for ICD/CRT-P/D we used Cox progression haz-
ard multivariate analysis, with the following baseline
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characteristics: age, diabetes duration, HbAlc, systolic
BP, diastolic BB, BMI, HDL, LDL, eGFR, female sex,
micro- and microalbuminuria, lipid and blood pressure
lowering drugs and smoking. The HR described are per
one unit change for the respective continuous variable,
for example, one unit of change in mmol/mol for HbAlc.
This analysis was only performed in patients with T2DM
(n=97 826), who had all these variables registered in the
National Diabetes Registry.

For all analyses, a two-sided p-value <0.05 was consid-
ered statistically significant. The analyses were performed
in R version 4.0.2.

Results

Baseline characteristics

In the present study, a total of 416 162 patients with
T2DM and 2 081 087 controls were identified and
included. The average and median follow up time was
8.0 and 7.3 years respectively. Baseline characteristics of
patients and controls are presented in Table 1. The mean
age at baseline was 64.1 years and 45.7% of the study
cohort were females. Patients with T2DM had a more
frequent history of AMI (8.5% vs. 3.8%), CAD (16.1% vs
7.7%) and CHF (5.8% vs. 2.5%) compared to controls. The
prevalence of a tachyarrhythmia diagnosis, defined as the
presence of AF (6.5% vs. 4.0%), VF (0.1% vs 0.0004%) or
VT (0.2% vs. 0.1%) was higher in patients with T2DM.

ICD and CRT-P/D treatment

The crude incidence rate for ICD/CRT-P/D was signifi-
cantly higher in patients with T2DM than in controls,
Table 2. The incidence per 100 000 person years for ICD
implantation was 30.3 [28.2-32.6] in patients with T2DM
vs 14.3 [13.7-14.99] in the control population. For CRT-P
the incidence was 19.0 [17.4—20.8] vs 7.4 [6.9-7.8] and
for CRT-D; 9.8 [8.6—-11.2] vs. 3.5 [3.2-3.8]. The differ-
ence increased over time as outlined in the Kaplan Meier
curves, Figures la-c.

The risk of receiving ICD, CRT-P or CRT-D during
follow-up was significantly higher in patients with T2DM
as shown in Table 3. This was seen in unadjusted Cox
regression hazard analyses and remained after adjust-
ments for potential confounders in the three models. The
risk decreased when CAD and CHF were included in the
analyses but remained significant, Figure 2.

Factors predicting ICD and CRT-P/D -treatment in patients
with T2DM

Variables to assess the association to receiving an ICD,
CRT-P and CRT-D at baseline, was available in a total of
97 826 patients with T2DM and are presented separately
in Fig. 3a—c.
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As outlined in Fig. 3a, the use of lipid lowering medi-
cation (HR 2.14 [1.52-3.02]) and blood pressure lower-
ing medication (HR 4.47 [2.72-7.35]) were significant
independent predictors for receiving an ICD. In con-
trast, female sex (HR 0.31 [0.20-0.46]), higher baseline
HDL-cholesterol (HR 0.28 [0.16-0.49]) and higher sys-
tolic blood pressure by one unit (HR 0.96 [0.95-0.99])
were associated with a lower likelihood of receiving an
ICD.

Patient characteristics associated to receiving a CRT-P
were increasing age by one year (HR 1.02 [1.00-1.04]),
the use of blood pressure lowering medication (HR 3.62
[1.95-6.72]) and smoking (HR 1.68 [1.03-2.75]) (Fig. 3b).
Female sex (HR 0.46 [0.30-0.71]), higher systolic blood
pressure (HR 0.97 [0.95-0.98]), higher diastolic blood
pressure (HR 0.97 [0.95-0-99]) as well as lower eGFR
(HR 0.98 [0.97-0.99]) were associated with lower likeli-
hood of receiving a CRT-P. These findings are reported
in Fig. 3b.

Figure 3c depicts that the factors associated to receiv-
ing a CRT-D which were higher HbAlc (HR 1.02
[1.01-1.04]) and the use of lipid lowering drugs (HR
2.91 [1.67-5.07]). Female sex (HR 0.23 [0.11-0.46]) and
higher HDL-cholesterol (HR 0.33 [0.14—0.80]) were asso-
ciated with less likelihood of receiving this device.

Discussion

The main result of this large, population-based cohort
study based on real world data was that tachyarrhyth-
mias, although in general uncommon, were significantly
more frequent among patients with T2DM than in
matched controls. Accordingly, the need for ICD, CRT-P
or CRT-D treatment was higher in patients with T2DM
compared to controls during follow up. The current
results are in line with previous investigations showing
that serious ventricular tachyarrhythmias (VT and VF)
are more common in individuals with DM compared to
those without DM [4, 18, 19]. This study further showed
that patients with T2DM have a higher need for CIED
and that in particular treatment with blood pressure and
lipid-lowering therapies were associated with higher like-
lihood of receiving any of these devices whereas female
sex was associated with less need.

Even though the proportion of patients with T2DM
with a history of VT or VF was small (0.2 and 0.1%) it
was still significantly higher than in the matched con-
trol group. Similar findings were presented by Movahed
et al. who reported that 0.2% of patients with DM had a
history of VF vs 0.1% in a control group with hyperten-
sion but without DM [18]. The low prevalence of VT and
VF in the present study and in the report by Movahed
et al. may be explained by underreporting of ventricular
tachyarrhythmias in some cases due to out of hospital
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Table 1 Baseline characteristics

Clinical characteristics Type 2 diabetes mellitusn=416  Controls n=2 081 087 p-value
162

Age (years) 64.1(12.3) 64.1(12.3)

Female sex 190 278 (45.7) 951478 (45.7)

Age at diagnosis 585(12.7) -

Duration of diabetes at entry into registry (years) 55(7.0) -

BMI (k/m?) 30(54) -

Medical history
Smoking 54581 (16.3) -
Systolic blood pressure (mm/Hg) 140.0 (18.3) -
Diastolic blood pressure (mm/Hg) 78.9(9.9) -
Acute myocardial infarction 35386 (8.5) 79016 (3.8) <0.0001
Coronary heart disease 67 130(16.1) 160 921 (7.7) <0.0001
Stroke 25285 (6.1) 74 276 (3.6) <0.0001

51653 (2.5)

Heart failure 24134 (5.8) <0.0001
Amputation 1444 (0.3) 1573(0.1) <0.0001
End stage renal disease 954 (0.2) 2432 (0.1) <0.0001

Arrythmias
Atrial fibrillation 27207 (6.5) 82971 (4.0 <0.0001
Ventricular tachycardia 979 (0.2) 2951 (0.1) <0.0001
Ventricular fibrillation 302 (0.1) 882 (0.0004) <0.0001
AV-block | 500 (0.1) 1701 (0.1) <0.0001
AV-block Il 275(0.1) 852 (0.04) <0.0001
AV-block Il 710(0.2) 2212 (0.1) <0.0001
Sick sinus syndrome 1120(0.3) 4184 (0.2) <0.0001

Laboratory findings

HbATc (mmol/mol) 54.6 (15.0) -
HbATCc (%) 7.1(35) -
LDL (mmol/liter) 30(1.0) -
HDL (mmol/liter) 1.3(04) -
Triglycerides 19(1.2) -
Micro albuminuria 35405 (15.1) -
Macro albuminuria 19277 (6.63) -
Estimated GFR (ml/min/1.73 m?) 81.7(252) -
Treatments
Statins 155410 (39.9) -
Antihypertensive medication 246912 (63.2) -
Diabetes treatment
Diet only 156 368 (37.6) -
Oral drugs 178 642 (42.9) -
Insulin 42631(10.3) -
Oral drugs and insulin 38521(9.3) -
Marital status
Married 222432 (534) 1166 127 (56)
Separated 70218 (16.9) 334839 (16.1)
Single 67236 (16.2) 321102 (154)
Widowed 56276 (13.5) 258923 (124)
Educational level (years)
>9 174081 (42.8) 727 966 (35.6)
10-12 166 527 (40.9) 816933 (39.9)

College/university 66 191 (16.3) 502403 (24.5)
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Table 1 (continued)
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Clinical characteristics Type 2 diabetes mellitusn=416  Controls n=2 081 087 p-value
162
Country of birth
Sweden 339403 (81.6) 1818840 (87.4)
Europe except Sweden 44941 (10.8) 189765 (9.1)
Rest of the world 31818 (7.6) 72 482 (3.5)

Data from the first inclusion day in the NDR for patients with type 2 diabetes mellitus and the same date for controls. Categorical variables are presented as n (%) and

continuous variables as mean (SD)

mortality caused by ventricular arrhythmias and the
difficulties in capturing such events. The risk for SCD
is increased in patients with DM compared to subjects
without DM [20-22] suggesting that malignant arrhyth-
mias are increased in this patient population.

The higher prevalence of VT/VF already at baseline in
patients with T2DM suggests an increased need for ICD.
Both the prevalence and incidence of ICD implantation
was indeed increased in patients with T2DM compared
to the control population. The low prevalence of VT/
VF may be related to underreporting, but it may also be
that there are other reasons for ICD treatment. Unfor-
tunately, the present data do not disclose whether the
indication for implantations related to primary or sec-
ondary prevention, but in 2019 =60% of all Swedish ICDs
were implanted for primary prevention. According to
the Swedish pacemaker and ICD registry’s annual report
from 2019, CHF was the main indication in 34% of pri-
mary preventive ICDs. Other symptoms and indications
for ICD implantations, according to the same registry,
were syncope in 12.8%, breathlessness/tiredness in 2.9%,
palpitations in 4.9%, primary prevention (asymptomatic)
in 16.3%, asymptomatic VT/VF in 2.9% and aborted sud-
den death in 21.6% [23].

A reasonable assumption is that the higher need for
ICD therapy in patients with T2DM, at least partly but
not only, is explained by the higher prevalence of CHF at
baseline. In the present study the prevalence of CHF was
twice as common in patients with T2DM compared to
controls, 5.8 vs 2.5%. The incidence of ICD/100.000 per-
son years was also twice as high, 3.0 vs 1.4 in patients with
T2DM compared to controls. Importantly, it remained
higher even after adjusting for other factors including

Table 2 Incidence/100. 000 person years with 95% Cl by type of
ICD, CRT-P and CRT-D

Type 2 diabetes mellitus Controls
ICD 303 [28.2-32.6] 14.3 [13.7-14.99]
CRT-P 19.0 [17.4-20.8] 74[6.9-7.8]
CRT-D 9.8[8.6-11.2] 35[3.2-3.8]

CRT-D cardiac resynchronization therapy- defibrillator, CRT-P cardiac
resynchronization therapy-pacemaker, ICD implantable cardioverter defibrillator

CHE. In patients with DM, the prevalence of CHF ranges
between 9 and 22%, which is four times higher than in
the general population [24].

Although the present data does not permit a detailed
analysis on why patients with DM have a higher risk for
arrhythmias needing treatment it is likely that factors
related to T2DM per se, among them hypoglycemia and
autonomic neuropathy, contribute. CAD is a risk factor
for tachyarrhythmias and a subsequent need for ICD
[25]. Indeed, the risk for ICD decreased after adjustments
for CAD. This supports the findings by Manuchehry et al.
showing an overall higher prevalence of DM in patients
receiving both primary and secondary preventive ICD
[10], but in general there are very few studies describing
the need for an ICD in patients with DM and most stud-
ies do not differ between type 1 or type 2 diabetes.

Table 3 The risk of receiving ICD, CRT-P and CRT-D in patients
with type 2 diabetes mellitus compared to controls

Hazard ratio [95% Cl] P-value

ICD

Unadjusted 2.14[1.96-2.33] <0.0001

Model 12 2.14[1.96-3.33] <0.0001

Model 2° 1.51[1.38-1.65] <0.0001

Model 3¢ 1321[1.21-145] <0.0001
CRT-P

Unadjusted 2.63 [2.36-2.94] <0.0001

Model 1 271 [243-3.03] <0.0001

Model 2° 2.09 [1.86-2.34] <0.0001

Model 3¢ 1.74[1.55-1.95] <0.0001
CRT-D

Unadjusted 2.87 [2.46-3.36] <0.0001

Model 1 2.88[2.46-3.37] <0.0001

Model 2° 2.00 [1.70-2.35] <0.0001

Model 3¢ 1.69 [1.43-1.99] <0.0001

Cl confidence interval, ICD Implantable cardioverter defibrillator, CRT-P cardiac
resynchronization therapy-pacemaker, CRT-D cardiac resynchronization therapy-
defibrillator

@ Model 1: Adjusted for sex, age, marital status, income, education, country of
birth

® Model 2: Adjusted for model 1 and in addition previous CAD
€ Model 3: Adjusted for the model 2 and in addition previous CHF
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Fig. 1 aThe cumulative risk (including 95% Cl) of receiving an ICD
in patients with type 2 diabetes mellitus compared to controls.
Numbers below the figure represent individuals at risk. b. The
cumulative risk (including 95% Cl) of receiving a CRT-P in patients
with type 2 diabetes mellitus compared to controls. Numbers
below the figure represent individuals at risk. ¢. The cumulative
risk (including 95% Cl) of receiving a CRT-D in patients with type 2
diabetes mellitus compared to controls. Numbers below the figure
represent individuals at risk
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Similar to the results for ICD, the incidence for CRT-P
and CRT-D implantation was higher in patients with
T2DM than in the control population. The elevated
risk remained after adjusting for sex, age, marital sta-
tus, income, education, country of birth, CAD and CHF.
Since the indication for CRT, both with and without an
adjunct ICD, is CHEF, it underlines the important role
of CHF as a predictor of the future fate of patients with
T2DM. CHEF is one of the major cardiovascular compli-
cations in patients with T2DM and increases the risk of
morbidity and mortality [26, 27] and notable CHF can
be partly prevented. The cause of death in patients suf-
fering from CHF is not only a result of hemodynamic
failure but also related to ventricular tachyarrhythmias.
Interestingly the risk for a CRT-P or CRT-D was attenu-
ated after including CAD in the model highlighting the
fact that these different manifestations of cardiovascu-
lar disease coincide in patients with T2DM. A variable
associated for the need of an ICD or CRT-P was the use
of blood pressure lowering drugs that are a marker of
hypertension and furthermore often used to treat CHE. A
reasonable explanation is that many of them are used for
treating CHF, and among them beta-blockers, diuretics
and ACE-inhibitors. Lipid-lowering therapy, one of the
cornerstones of CAD treatment was also associated with
an increased risk for ICD and CRT- D supporting the
notion that prevalent CAD is important in this context.
Increasing HbAlc had a HR 1.01 [1.00, 1.02] for ICD,
HR, 1.01 [1.00, 1.03] for CRT-P and HR 1.02 [1.01, 1.04]
for CRT-D, but it did not reach statistical significance for
ICD and CRT-P. Finally female sex was associated with a
reduced risk for device implantation. The lower risk of a
device associated with female sex may have several rea-
sons. Female representation in cardiovascular trials has
historically been low [28, 29]. If there are less evidence-
based preventive, diagnostic, and therapeutic options
for women with CVD, this may result in clinicians being
more reluctant to use such therapies in females leading to
under treatment and a lower quality of care in compari-
son with men. In a cross-sectional study by Chatterjee
et al. studying patients undergoing CRT implantation in
the United States between 2006 and 2012 females were
less likely to be referred for CRT implantation than males
although the predicted efficacy was greater in women.
The authors explained these results as if women had
comorbidities decreasing the benefit of CRT treatment
decreasing the treatment indication, and that subgroups
of males receiving CRT despite an absence of a true ben-
efit of such treatment [30]. These results are in line with
a study by Curtis et al. who analyzed patients receiving
ICD. Males were 3.2-fold more likely to receive a device
for primary prevention and 2.4 times more likely to
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2.14[1.96-2.33] <0.0001
2.14[1.96-2.33] <0.0001
1.51[1.38-1.65] <0.0001
1.32[1.21-1.45] <0.0001
2.63[2.36-2.94] <0.0001
2.71[2.43-3.03] <0.0001
2.09[1.86-2.34] <0.0001
1.74 [1.55-1.95] <0.0001
2.87[2.46-3.36] <0.0001
2.88[2.46-3.37] <0.0001
2.00[1.70-2.35] <0.0001
1.69 [1.43-1.99] <0.0001

Fig. 2 The risk of receiving ICD, CRT-P and CRT-D in patients with type 2 diabetes mellitus compared to controls

receive a device for secondary prevention. The authors
were unable to identify sex specific risk factors explain-
ing their results [31]. These findings underline the impor-
tance of further studies in this field.

DM, being risk factor for heart failure and arrhyth-
mias, and the need of subsequent ICD and CRT therapy
has been acknowledged in previous studies and guide-
lines [12, 32, 33]. In recent guidelines it is suggested to
take patients with DM into consideration as a high-risk
group and to assess the need for CIED to optimize selec-
tion of device therapy and improve outcomes [32]. The
current study shows indeed that more patients do receive
such the devices, but more studies are needed to further
understand if guideline recommendations are imple-
mented or if other factors also contribute. An interesting
aspect would be to further investigate if the indications
for CIED differs between people with and without DM

(See figure on next page.)

and if new DM drugs, shown to be cardioprotective,
influence the outcome in this context.

Strengths and limitations

A strength with the present study is the large-scale data
with a high number of patients with T2DM representing
a well-defined population seen in daily practice and the
like-wise large age- and sex-matched control group. Fur-
thermore, the report is based on nationwide high-quality
registries with high coverage [14, 15]. Finally, analyses
were performed over a long follow-up period. Our study
has also several limitations. Patients included in this
study were registered in the National Diabetes Registry
between the years of 1998-2013 and treatment pattern
have changed thereafter. For example, drugs with cardio-
protective effects e.g. Sodium-glucose co-transporter-2
(SGLT2) inhibitors and glucagon like peptide (GLP-1)
receptor agonists (GLP-1 RAs) have been introduced as

Fig. 3 a Risk profile of receiving an ICD in patients with type 2 diabetes mellitus presented as HR [95%Cl] per one unit change for the variable. b.
Risk profile of receiving an CRT-P in patients with type 2 diabetes mellitus presented as HR [95% Cl] per one unit change for the variable. c. Risk
profile of receiving an CRT-D in patients with type 2 diabetes mellitus presented as HR [95% Cl] per one unit change for the variable. SBP systolic
blood pressure; DBP diastolic blood pressure, BMI body mass index, LDL low density lipoprotein, HDL high density lipoprotein, eGFR estimated

glomerulus filtration rate
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a glucose lowering drug. There is a possibility that the
use of such drugs may affect the incidence of arrhyth-
mias. Today, guidelines for DM and CVD recommend
the use of these drugs due to their cardiovascular ben-
efits [32]. The present study still adds important informa-
tion regarding the prevalence of arrhythmias in a patient
group with T2DM and without treatment with SGLT2
inhibitors and or GLP-1 RAs which is important not
the least since many patients with a diagnosis of T2DM
are not treated with such drugs. It is of interest to fur-
ther investigate the impact of these new cardioprotective
drugs during a later time frame when the use of these
drugs have been more common. In particular since these
drugs are less prone to increase hypoglycemia compared
to older diabetes medications for example sulphonylureas
[34, 35]. Moreover, during the last two decades the guide-
lines on ICD and CRT-D has changed e.g. in the early
years of the present study, i.e. during the 90—00 s the evi-
dence on the beneficial effects of CRT were sparse and
hence the recommendations were limited. An important
change in both American and European guidelines was
the broadening of ICD indications. In the 2002 Ameri-
can guidelines on ICD implantation included both pri-
mary and secondary prevention also including patients
with heart failure compared to previously only being
recommended to patients surviving a life threatening
arrythmia. The current ESC guidelines on diabetes and
cardiovascular disease emphasize the risk for SCD in
patients with DM and CHF and underscore that patients
with DM and occurring ventricular arrhythmia or symp-
toms suggestive of HF should be examined for the pres-
ence of an underlying structural heart disease and their
eligibility for an ICD should be assessed; this is however a
general principle in managing patients with HF, irrespec-
tive of diabetes status [32, 36—38].

This is an observational study and therefore there we
could not rule out a residual role for known and unknown
confounders in our analyses. An important aspect to fur-
ther investigate is indeed whether, the indications (eg.
primary or secondary prophylaxis) for ICD and CRT/-D
differ between patients with and without T2DM and also
if guideline recommendations are implemented.

Conclusion

Patients with T2DM receive implantable cardioverter
defibrillator, cardiac resynchronization therapy pace-
maker or cardiac resynchronization therapy defibrillator
more often than people without T2DM. This may at least
partly relate to a higher proportion of ventricular tachy-
cardia or ventricular fibrillation, but also to other con-
ditions such as coronary heart disease and in particular
congestive heart failure. This risk needs to be taken into
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consideration when following patients with T2DM. The
present study indicates several factors that should be con-
sidered in patients with T2DM when assessing the risk
for ventricular tachyarrhythmias, including that female
sex was associated with less CIED implantations. These
findings indicate the importance for the medical commu-
nity not only to recognize that patients with T2DM are
at increased risk for tachyarrhythmias and/or CHF with
a subsequent increased need of ICD and CRT-P/D but
also to improve treatment of risk factors and implement-
ing guideline recommended therapies. More studies are
however needed to understand the relationship between
diabetes and arrhythmias.
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