
Research Article
Diabetes Increases Risk of Cardiovascular Events in Patients
Receiving Permanent Pacemaker: A Propensity Score-Matched
Cohort Study

Huang-Chung Chen , Wen-Hao Liu, Chien-Hao Tseng, Yung-Lung Chen, Wei-Chieh Lee,
Yen-Nan Fang, Shaur-Zheng Chong, and Mien-Cheng Chen

Division of Cardiology, Department of Internal Medicine, Kaohsiung Chang Gung Memorial Hospital, College of Medicine,
Chang Gung University, Taiwan

Correspondence should be addressed to Mien-Cheng Chen; chenmien@ms76.hinet.net

Received 6 January 2022; Revised 27 February 2022; Accepted 5 March 2022; Published 28 March 2022

Academic Editor: Krzysztof Zmudka

Copyright © 2022 Huang-Chung Chen et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Type 2 diabetes was associated with a higher risk for permanent pacemaker (PPM) treatment. The difference in
cardiovascular outcomes between patients with and without diabetes receiving PPM treatment remains unexplored. Method.
Between January 2003 and December 2017, 1742 patients receiving naïve PPM treatment comprised this retrospective cohort
study and were categorized into two groups by the diagnosis of diabetes: group with diabetes (n = 632, 36.3%) and group
without diabetes (n = 1110, 63.7%). The primary outcome was cardiovascular events including heart failure (HF)
hospitalization and acute myocardial infarction (AMI). The secondary outcomes of this study included pacemaker infection,
pacing-induced cardiomyopathy, cerebrovascular accident, cardiovascular mortality, and all-cause mortality. Propensity score
matching (PSM) was applied to reduce selection bias between the study groups. Result. During a mean follow-up period of 7:8
± 4:8 years, 264 patients had a cardiovascular event. Before PSM, the incidence of cardiovascular events was higher in patients
with diabetes compared to patients without diabetes (19.8% vs. 12.5%, P < 0:001), and the incidences of pacing-induced
cardiomyopathy, cardiovascular mortality, and all-cause mortality were all higher in patients with diabetes compared to
patients without diabetes. After PSM, the incidence of cardiovascular events was higher in patients with diabetes compared to
patients without diabetes (18.8% vs. 12.3%, P = 0:015). The incidence of HF hospitalization was higher in patients with
diabetes compared to patients without diabetes (15.3% vs. 10.2%, P = 0:037), whereas the incidence of AMI did not differ
between the two groups. Moreover, after PSM, patients with diabetes had higher cumulative incidences of pacing-induced
cardiomyopathy and all-cause mortality compared to patients without diabetes. Conclusions. The prevalence of diabetes was
over one-third of naïve PPM recipients of this cohort, and diabetes increased the risk of cardiovascular events in PPM
recipients, especially for HF hospitalization.

1. Introduction

Diabetes mellitus is a serious chronic disease with an imper-
ative influence on the health of a human being in the world.
Owing to the aging population, economic development, and
change of lifestyle, the growth in global and regional preva-
lences of type 2 diabetes markedly increased [1–4]. The
number of patients with type 2 diabetes had doubled during
the past two decades, and half of people with diabetes are not

even aware that they have diabetes [1, 4]. Diabetes is a well-
known risk factor for cardiovascular events, such as acute
myocardial infarction (AMI) and heart failure (HF) [5, 6].
Previous studies demonstrated that lethal tachyarrhythmia
occurs commonly in patients with diabetes, possibly related
to myocardial ischemia and sympathoadrenal activation in
response to hypoglycemia [7, 8]. On the other hand, an asso-
ciation between bradyarrhythmia and diabetes has also been
reported, which is possibly caused by microangiopathy and

Hindawi
Journal of Diabetes Research
Volume 2022, Article ID 6758297, 10 pages
https://doi.org/10.1155/2022/6758297

https://orcid.org/0000-0002-4423-9246
https://orcid.org/0000-0002-3184-4404
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6758297


increased cholinergic sensitivity [9–11]. From a national dia-
betes registry study, Rautio et al. reported that type 2 diabe-
tes was associated with a 1.6-fold higher risk for permanent
pacemaker (PPM) treatment after adjustments for age, sex,
and other factors [12]. However, the difference in cardiovas-
cular outcomes between patients with and without type 2
diabetes receiving PPM treatment remains unexplored.
Moreover, type 2 diabetes as an independent risk factor for
cardiovascular events in pacemaker recipients remains unex-
plored. Accordingly, we conducted this retrospective cohort
study to investigate and compare the clinical outcomes
between patients with and without type 2 diabetes receiving
PPM treatment after propensity score matching (PSM).
Moreover, this study is also aimed at identifying whether
type 2 diabetes increases risk of cardiovascular events in
PPM recipients.

2. Methods

2.1. Study Cohort. This retrospective cohort study enrolled
2706 consecutive patients receiving cardiac implantable elec-
tronic devices implantation in our hospital between January
2003 and December 2017. A total of 964 patients, including
191 patients with implantable intracardiac defibrillators, 78
patients with cardiac resynchronization therapy, and 695
patients with replacement of generator, were excluded
(Figure 1). His-Purkinje conduction system pacing was also
excluded in this study because pacing leads for His-Purkinje
conduction system pacing were not available in our institute
between January 2003 and December 2017. Finally, 1742
patients receiving single ventricular or dual chamber PPMs
comprised this retrospective cohort study population and
were categorized into two groups by the presence or absence
of diagnosis of type 2 diabetes at the time of PPM implanta-
tion: group with diabetes (n = 632, 36.3%) and group with-
out diabetes (n = 1110, 63.7%) (Figure 1). The standard
protocol for PPM implantation in our center had been
described in our previous study [13], mainly right ventricu-
lar lead placed at the right ventricular outflow tract or high
septum.

2.2. Definitions. Based on recommendations from the
American Diabetes Association [14], diabetes was defined
as prescription for oral antidiabetic drugs or insulin, or
HbA1c ≥ 6:5% (48mmol/mol), or fasting plasma glucose
level ≥ 126mg/dL (7.0mmol/L), or a random plasma
glucose ≥ 200mg/dL (11.1mmol/L) with classic symptoms
of hyperglycemia or hyperglycemic crisis during hospitali-
zation for PPM implantation. According to the guidelines
of Kidney Disease: Improving Global Outcomes [15], micro-
albuminuria was defined as at least two positive results
obtained within 1 year and was defined as an albumin-
to-creatinine ratio of 30-300mg/g (3-30mg/mmol); macro-
albuminuria was defined as an albumin-to-creatinine
ratio≥300mg/g (>30mg/mmol). Estimated glomerular fil-
tration rate (eGFR) was estimated from the creatinine value
and calculated using the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation [16]. Chronic kidney disease
(CKD) was defined as eGFR lower than 60mL/min/1.73m2

without renal replacement therapy and end-stage renal dis-
ease as the need for peritoneal dialysis, hemodialysis, or renal
transplantation. Hyperlipidemia was defined as total
cholesterol ≥ 240mg/dL, low-density lipoprotein ≥ 150mg/
dL, or triglyceride ≥ 200mg/dL, or on lipid-lowering medica-
tions [17]. Valvular heart disease was defined as moderate to
severe regurgitation or stenosis of aortic, mitral, or tricuspid
valves. Cardiovascular surgery included coronary artery
bypass graft and valvular surgery. Chronic lung disease was
defined as a history of asthma, chronic obstructive pulmo-
nary disease, or pulmonary fibrosis.

2.3. Clinical Outcomes. The primary outcome of this study
was cardiovascular events of patients after PPM implanta-
tion. Cardiovascular events included hospitalization related
to HF event of New York Heart Association functional class
of III-IV, or AMI. The secondary outcomes of this study
included pacemaker infection, pacing-induced cardiomyop-
athy, cerebrovascular accident, cardiovascular mortality,
and all-cause mortality. Pacemaker infection was divided
into major and minor infections according to clinical pre-
sentation and management. Major infection was defined as
any presentation of (1) erosive wound, (2) bloodstream
infection, (3) pacemaker-related endocarditis, or (4) need
for surgical removal. Minor infection was defined as (1)
the local inflammatory signs including erythema, warmth,
fluctuance, or tenderness at the pocket sites, (2) presentation
of any discharge, or (3) wound dehiscence [18]. Pacing-
induced cardiomyopathy was defined as a ≥10% decrease
of the baseline left ventricular ejection fraction (LVEF) with
a resultant LVEF < 50%. Cerebrovascular accident was
defined as an episode of transient ischemic attack, ischemic
stroke, intracranial hemorrhage, or any incident finding by
images, including brain computed tomography or magnetic
resonance imaging after PPM implantation. Cardiovascular
mortality was defined as death from AMI, HF, refractory
ventricular arrhythmias, or cardiac arrest. After PPM
implantation, patients were followed up monthly for the
first three months and then every three to six months until
clinical outcomes of interest, death, loss to follow up, or the
latest date in the dataset (31 December, 2020), whichever
came first.

2.4. Study Covariates. Baseline variables considered in the
analyses included patient’s age, sex, body mass index, and
comorbidities associated with clinical outcomes including
hypertension, hyperlipidemia, coronary artery disease, HF,
atrial fibrillation, valvular heart disease, CKD, history of car-
diovascular surgery, cancer, and chronic lung disease. The
prescription for medication, such as beta-blocker, antihyper-
tensive drugs, diuretic agents, and lipid-lowering agents, lab-
oratory data including hemoglobin and serum creatinine,
the indication and lead number of PPM, and baseline and
pacing QRS duration were also obtained.

2.5. Statistical Analysis. Continuous variables are expressed
as a mean ± standard deviation or percentages. The clinical
characteristics of the study groups were compared using
the independent t-test for continuous variables and Chi-
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square test or Fisher’s exact test for categorical variables.
PSM was applied to make the covariates balanced between
the study groups. The propensity score was calculated using
multivariable logistic regression where the study group was
regressed on all of the covariates listed in Table 1, except
eGFR, HbA1c, low-density lipoprotein, high-density lipo-
protein, triglyceride, albuminuria, and preprocedural echo-
cardiographic data. Using NCSS 10 Statistical Software
(LLC, Kaysville, Utah, USA), the greedy method was used
for matching at a 1 : 1 ratio between the study groups with
a caliper width 0.2-fold of the standard deviation of the logit
of the propensity score. The quality of matching was
checked using the absolute value of standardized difference
between the groups, where a value <0.1 was considered neg-
ligible difference [19]. The incidences of all clinical outcomes
during long-term follow-up were expressed with Kaplan-
Meier survival curves and compared by log-rank test. The
significance of each variable in predicting all clinical out-
comes was tested using the Cox proportional hazards model,
analyzed with forward option. A two-sided P value < 0.05
was considered statistically significant. SPSS for Windows
(version 22.0; SPSS Inc., Chicago, IL, USA) was used to per-
form the statistical analysis.

3. Results

3.1. Baseline Characteristics of the Study Patients with and
without Type 2 Diabetes. Table 1 lists the clinical character-
istics of the study patients before and after PSM. Before
PSM, the mean age of the patient population was 73 ± 11
years and 48.6% of the study patients were male. There were
632 (36.3%) patients with diabetes, which were under diet
control alone (12.8%), oral antidiabetic drugs (74.7%), or
insulin-based therapy (12.5%), and 1110 (63.7%) patients
without diabetes (Figure 1). The patients with diabetes had
more patients with overweight and higher prevalence of

hypertension, hyperlipidemia, coronary artery disease,
CKD, and end-stage renal disease (all P < 0:001) compared
to the patients without diabetes. Patients with diabetes
also had a higher prevalence of history of HF (P = 0:033),
atrial fibrillation (P = 0:007), and cerebrovascular accident
(P = 0:028) compared to patients without diabetes. Patients
with diabetes had more prescription for beta-blocker
(P = 0:001), angiotensin-converting enzyme inhibitors/
angiotensin receptor blocker (ACEi/ARB), diuretic agents,
and statin (all P < 0:001). Patients with diabetes had higher
serum creatinine, HbA1c, and triglyceride and a higher prev-
alence of albuminuria including microalbuminuria and
macroalbuminuria (all P < 0:001) compared to patients with-
out diabetes. Patients with diabetes had lower levels of hemo-
globin, eGFR, low-density lipoprotein, and high-density
lipoprotein (all P < 0:001) compared to patients without dia-
betes. Patients with diabetes had a higher prevalence of atrio-
ventricular block (P = 0:001), larger number of PPM leads
(P = 0:025), wider baseline and pacing QRS durations
(P = 0:037 and P = 0:019, respectively), and higher percent-
age of right ventricular pacing (P < 0:001) compared to
patients without diabetes. Patients with diabetes had larger
preprocedural left atrial size (P = 0:010) and LV end-
diastolic volume (P = 0:049) and lower preprocedural LVEF
(P = 0:042) compared to patients without diabetes (Table 1).

In the study cohort after 1 : 1 PSM, 373 pairs with and
without diabetes were analyzed. The baseline characteristics
were balanced in the matched groups (Table 1). After PSM,
the matched patients with diabetes still had lower low-
density lipoprotein (P = 0:001) and high-density lipoprotein
(P = 0:005) and higher triglyceride (P = 0:049) levels as well
as higher prevalence of albuminuria (P < 0:001) compared
to the matched patients without diabetes (Table 1).

3.2. Clinical Outcomes of the Study Patients with and without
Type 2 Diabetes before and after PSM. During a mean

Excluded total 964 patients:
• 191 patients receiving an ICD
• 78 patients receiving a CRT, including 26 upgrade procedu res
• 695 procedu res of gener ator replacement

Procedures of CIED implantation between
January 2003 and December 2017 (n=2706)

Patients received a de novo pacemaker
enrolled into the study (n=1742)

Patients without diabetes (n=1110) Patients with diabetes (n=632)

1:1 propensity
score matching

Matched patients without diabetes
(n=373)

Matched patients with diabetes
(n=373)

Therapy for diabetes:
• Diet control alone (n=81)
• Oral antidiabetic drugs (n=472)
• Insulin-based therapy (n=79)

Figure 1: Flow chart of enrollment of patients receiving cardiac implantable electronic devices. CIED: cardiac implantable electronic
devices; ICD: implantable cardioverter-defibrillator; CRT: cardiac resynchronization therapy.
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follow-up period of 7:8 ± 4:8 years, before PSM, the inci-
dence of cardiovascular events was higher in patients with
diabetes compared to patients without diabetes (19.8% vs.
12.5%; hazard ratio ðHRÞ = 2:06; 95% confidence interval
(CI), 1.61-2.62; P < 0:001) (Table 2), and the incidences of
pacing-induced cardiomyopathy (16.6% vs. 9.7%; HR =
2:24; 95% CI, 1.71-2.93; P < 0:001), cerebrovascular accident
(13.1% vs. 12.7%; HR = 1:32; 95% CI, 1.00-1.73; P = 0:047),
cardiovascular mortality (8.9% vs. 6.1%; HR = 1:81; 95%
CI, 1.27-2.58; P = 0:001), and all-cause mortality (29.4% vs.
21.4%; HR = 1:75; 95% CI, 1.44-2.12; P < 0:001) were also
higher in patients with diabetes compared to patients with-
out diabetes (Table 2). The incidences of pacemaker infec-
tion including major and minor infections did not differ
between the two groups (Table 2). After PSM, the incidence
of cardiovascular events was still higher in patients with dia-
betes compared to patients without diabetes (18.8% vs.
12.3%; HR = 1:82; 95% CI, 1.25-2.63; P = 0:002) (Table 2).
Patients with diabetes had a higher incidence of HF hospital-
ization compared to patients without diabetes (15.3% vs.
10.2%; HR = 1:78; 95% CI, 1.18-2.68; P = 0:006), whereas
the incidence of AMI did not differ between the two groups
(Table 2). After PSM, patients with diabetes had a higher
incidence of pacing-induced cardiomyopathy (17.2% vs.
12.3%; HR = 1:62; 95% CI, 1.11-2.36; P = 0:013) and all-
cause mortality (25.5% vs. 20.6%; HR = 1:41; 95% CI, 1.05-
1.92; P = 0:023) compared to patients without diabetes
(Table 2). However, after PSM, the incidences of pacemaker
infection, cerebrovascular accident, and cardiovascular mor-
tality did not differ between the two groups.

The Kaplan–Meier curve analysis for cardiovascular
events showed that patients with diabetes had a higher
cumulative incidence of cardiovascular events compared to
patients without diabetes before and after PSM (log-rank

test, P < 0:001 and P = 0:001, respectively) (Figures 2(a)
and 2(d)). Moreover, patients with diabetes had a higher
cumulative incidence of HF hospitalization compared to
patients without diabetes before and after PSM (log-rank
test, P < 0:001 and P = 0:005, respectively) (Figures 2(b)
and 2(e)). However, the cumulative incidence of AMI did
not differ between the two groups before and after PSM
(Figures 2(c) and 2(f)). The Kaplan–Meier curve analysis
for pacing-induced cardiomyopathy showed that patients
with diabetes had a higher cumulative incidence of pacing-
induced cardiomyopathy compared to patients without dia-
betes before and after PSM (log-rank test, P < 0:001 and P
= 0:012, respectively) (Figures 3(a) and 3(d)). Furthermore,
patients with diabetes had a higher cumulative incidence of
all-cause mortality compared to the patients without diabe-
tes before and after PSM (log-rank test, P < 0:001 and P =
0:022, respectively) (Figures 3(c) and 3(f)). However, the
cumulative incidence of cardiovascular mortality did not dif-
fer between the two groups after PSM (Figure 3(e)).

4. Discussion

In this cohort study, the prevalence of diabetes was 36.3%,
over one-third of naïve PPM recipients. During a mean
follow-up of 7:8 ± 4:8 years, after PSM, the incidences of car-
diovascular events and HF hospitalization were significantly
higher in patients with diabetes compared to patients with-
out diabetes. Moreover, the cumulative incidences of cardio-
vascular events and HF hospitalization were significantly
higher in the matched group with diabetes compared to
the matched group without diabetes. Furthermore, patients
with diabetes had a higher cumulative incidence of pacing-
induced cardiomyopathy and all-cause mortality compared
to patients without diabetes before and after PSM.

Table 2: Clinical outcomes of the patients with and without diabetes and univariate Cox regression analysis for hazard ratio of diabetes vs.
nondiabetes for all outcomes during a nearly 8-year follow-up period.

Before matching After matching
Diabetes
(n = 632)

Nondiabetes
(n = 1110) HR (95% CI) P value

Diabetes
(n = 373)

Nondiabetes
(n = 373) HR (95% CI) P value

Primary outcome

Cardiovascular events 125 (19.8) 139 (12.5) 2.06 (1.61-2.62) <0.001 70 (18.8) 46 (12.3) 1.82 (1.25-2.63) 0.002

HF hospitalization 94 (14.9) 112 (10.1) 1.91 (1.45-2.52) <0.001 57 (15.3) 38 (10.2) 1.78 (1.18-2.68) 0.006

AMI 31 (4.9) 27 (2.4) 2.47 (1.47-4.15) 0.001 13 (3.5) 8 (2.1) 1.87 (0.77-4.51) 0.165

Secondary outcomes

Pacemaker infection 16 (2.5) 28 (2.5) 1.00 (0.54-1.87) 0.991 14 (3.8) 8 (2.1) 1.78 (0.74-4.29) 0.200

Major infection 3 (0.5) 4 (0.4) 1.32 (0.29-5.91) 0.718 2 (0.5) 1 (0.3) 2.01 (0.18-22.21) 0.571

Minor infection 13 (2.1) 24 (2.2) 0.95 (0.48-1.88) 0.884 12 (3.2) 7 (1.9) 1.74 (0.68-4.47) 0.251

PICM 105 (16.6) 108 (9.7) 2.24 (1.71-2.93) <0.001 64 (17.2) 46 (12.3) 1.62 (1.11-2.36) 0.013

Cerebrovascular
accident

83 (13.1) 141 (12.7) 1.32 (1.00-1.73) 0.047 56 (15.0) 49 (13.1) 1.33 (0.91-1.95) 0.146

Cardiovascular
mortality

56 (8.9) 68 (6.1) 1.81 (1.27-2.58) 0.001 25 (6.7) 21 (5.6) 1.38 (0.77-2.46) 0.279

All-cause mortality 186 (29.4) 237 (21.4) 1.75 (1.44-2.12) <0.001 95 (25.5) 77 (20.6) 1.41 (1.05-1.92) 0.023
∗Data are presented as number (%) of patients. AMI: acute myocardial infarction; CI: confidence interval; HF: heart failure; HR: hazard ratio; PICM: pacing-
induced cardiomyopathy.
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4.1. The Prevalence of Diabetes in Patients Receiving
Pacemakers. The global prevalence of diabetes is rising from
8% in 1980 to 9.3% in 2019 and is estimated to be 10.9% by
2045, which may be attributable to population growth and
ageing [1, 2]. In the Taiwanese population, the annual prev-
alence of diabetes increased significantly from 5.8% in 2000
to 8.3% in 2007, especially in the subgroup of men, age ≥
80 years, and individuals residing in aging society areas
[3]. In the elderly aged ≥65 years, around 15%-20% of peo-
ple live with diabetes [1, 20]. In this study, PPM recipients
were aged and the prevalence of diabetes was 36.3%, which
was higher than general population [1–3, 20] and was com-
patible with previous data of PPM recipients [21, 22]. More-
over, similar to other reports [1–3, 20], the trend in the
prevalence of diabetes in this study also increased from
28.8% (between 2003 and 2007) and 36.0% (between 2008
and 2012) to 41.4% (between 2013 and 2017).

Prior study reported that diabetes was possibly associ-
ated with sinus nodal dysfunction and cardiac conduction
abnormalities [9–11, 23]. Movahed et al. reported that the
incidence of complete atrioventricular block in patients with
diabetes was 1.1%, which was 3-fold increased risk com-
pared to patients without diabetes [11]. Patients with diabe-
tes of this study had a higher prevalence of atrioventricular

block compared to patients without diabetes (44.0% vs.
35.8%, P = 0:001) (Table 1), similar to other reports
[10–12]. From a national diabetes registry study, Rautio
et al. reported that diabetes increased 1.6-fold risk for
implantation of PPM after adjustments for age, sex, and
other factors [12]. Therefore, type 2 diabetes is a risk factor
for PPM implantation and vigilant follow-up for bradyar-
rhythmia in patients with diabetes is necessary.

4.2. Heart Failure Hospitalization in Patients with Diabetes
after Pacemaker Implantation. The prevalence of diabetes
in HF patients is around 20%, and diabetes increased 1.74-
fold risk and 1.95-fold risk of HF in men and women,
respectively [6, 24]. In the Reduction of Atherothrombosis
for Continued Health (REACH) Registry, diabetes was also
associated with a 33% greater risk of HF hospitalization
[25]. The reasons for increasing risk of HF in patients with
diabetes included combined comorbidities, such as hyper-
tension, acceleration of the development of coronary athero-
sclerosis, and diabetic cardiomyopathy, which was related to
microangiopathy, metabolic factors, or myocardial fibrosis
[24]. Moreover, a study using the National Readmission
Database showed that the most common cause for readmis-
sion in PPM recipients was HF hospitalization [26]. Similar
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Figure 2: The Kaplan-Meier event-free survival curves of cardiovascular events (primary outcome) (a, d), heart failure hospitalization (b, e),
and acute myocardial infarction (c, f) between the groups with and without diabetes before and after propensity score matching. PSM:
propensity score matching.
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to general population, in this study of pacemaker recipients,
we found that patients with diabetes had a higher risk for HF
hospitalization compared to patients without diabetes
(Table 2). Diabetic cardiomyopathy is characterized by dia-
stolic relaxation abnormalities in its early stage and later sys-
tolic dysfunction [27]. The pathophysiological mechanisms
of diabetic cardiomyopathy include systemic metabolic dis-
orders, inappropriate activation of the renin–angiotensin–
aldosterone system, subcellular component abnormalities,
oxidative stress, inflammation and dysfunctional immune
modulation, and finally, interstitial fibrosis of cardiac tissue,
which contributed to substantial cardiac stiffness with dia-
stolic dysfunction and later, systolic dysfunction [27]. Fur-
thermore, diabetes is an important phenotype for HF with
preserved LVEF and is also an independent predictor for
HF hospitalization, despite under treatments of ACEi/ARB
[28]. Interestingly, the study population in this study had
preserved LVEF and the administration of ACEi/ARB was
higher in patients with diabetes compared to patients with-
out diabetes before PSM (Table 1). These findings deserve
further investigations regarding angiotensin receptor-
neprilysin inhibitor or sodium-glucose cotransporter 2
inhibitor in patients with diabetes with preserved LVEF for
PPM implantation [29, 30].

Many studies have shown that right ventricular pacing is
associated with HF hospitalization [31, 32]. Our prior study
showed that right ventricular pacing QRS duration ≥ 163
milliseconds increased 3.5-fold risk of HF admission, and
diabetes increased 2.7-fold risk of HF hospitalization [32].
Right ventricular pacing > 50% has been reported to be asso-
ciated with an increased risk of HF hospitalization [31]. In
this study, after PSM, the mean percentage of right ventric-
ular pacing did not differ between patients with diabetes
and patients without diabetes (Table 1). Moreover, the dis-
tribution of patients with right ventricular pacing > 40%
was similar between patient with and without diabetes
before and after PSM (Table 1). Of note, patients with diabe-
tes had a higher cumulative incidence of pacing-induced car-
diomyopathy compared to patients without diabetes before
and after PSM, consequently, more HF hospitalization in
patients with diabetes, and these findings were consistent
with our prior study [32]. Recently, conduction system pac-
ing, such as His-bundle pacing and left bundle branch pac-
ing, has been reported to reduce HF hospitalization
compared to right ventricular pacing [33, 34]. Our study
was the first to show that diabetes was an independent pre-
dictor for cardiovascular events, including HF hospitaliza-
tion, in patients after right ventricular PPM implantation,

Pacing-induced cardiomyopathy (before PSM)

1.0

0.8

0.4

0.6

0.2

Time after device implantation (years)

Log-Rank test: P<0.001

0

Ev
en

t-f
re

e s
ur

vi
va

l f
ro

m
pa

ci
ng

-in
du

ce
d 

ca
rd

io
m

yo
pa

th
y 

(%
)

2 4 6 8 10 12 14 16 18 20

632 440

904 683 464 291 178 114

284 163 95 53 27 17 6 0

Numbers at risk

Diabetes

Non-diabetes 1110 62 25 0

Diabetes
Non-diabetes

(a)

Time after device implantation (years)

0 2

Ev
en

t-f
re

e s
ur

vi
va

l f
ro

m
ca

rd
io

va
sc

ul
ar

 m
or

ta
lit

y 
(%

)

4 6 8 10 12 14 16 18 20

632 469

924 721 488 314 187 121

318 182 105 58 31 19 6 0

Numbers at risk

Diabetes

Non-diabetes 1110 66 30 0

Diabetes
Non-diabetes

Cardiovascular mortality (before PSM)

1.0

0.8

0.4

0.6

0.2

Log-Rank test: P=0.001

(b)

All-cause mortality (before PSM)

1.0

0.8

0.4

0.6

0.2

Ev
en

t-f
re

e s
ur

vi
va

l f
ro

m
al

l-c
au

se
 m

or
ta

lit
y 

(%
)

Time after device implantation (years)

Log-Rank test: P<0.001

0 2 4 6 8 10 12 14 16 18 20

632 469
924 721 488 314 187 121

318 182 105 58 31 19 6 0
Numbers at risk
Diabetes
Non-diabetes 1110 66 30 0

Diabetes
Non-diabetes

(c)

Pacing-induced cardiomyopathy (after PSM)

1.0

0.8

0.4

0.6

0.2Ev
en

t-f
re

e s
ur

vi
va

l f
ro

m
pa

ci
ng

-in
du

ce
d 

ca
rd

io
m

yo
pa

th
y 

(%
)

Time after device implantation (years)

Log-Rank test: P=0.012

0 2 4 6 8 10 12 14 16 18 20

373 282
300 223 149 96 45 24

185 107 60 30 17 8 1 0
Numbers at risk
Diabetes
Non-diabetes 373 9 2 0

Diabetes
Non-diabetes

(d)

1.0

0.8

0.4

0.6

0.2Ev
en

t-f
re

e s
ur

vi
va

l f
ro

m
ca

rd
io

va
sc

ul
ar

 m
or

ta
lit

y 
(%

)

Time after device implantation (years)

Log-Rank test: P=0.277

0 2 4 6 8 10 12 14 16 18 20

373 300
314 241 158 104 48 25

207 122 69 34 20 9 1 0
Numbers at risk
Diabetes
Non-diabetes 373 9 2 0

Diabetes
Non-diabetes

Cardiovascular mortality (after PSM)

(e)

1.0

0.8

0.4

0.6

0.2

Time after device implantation (years)

Log-Rank test: P=0.022

0 2 4 6 8 10 12 14 16 18 20

373 300
314 241 158 104 48 25

207 122 69 34 20 9 1 0
Numbers at risk
Diabetes
Non-diabetes 373 9 2 0

Diabetes
Non-diabetes

Ev
en

t-f
re

e s
ur

vi
va

l f
ro

m
al

l-c
au

se
 m

or
ta

lit
y 

(%
)

All-cause mortality (after PSM)

(f)

Figure 3: The Kaplan-Meier event-free survival curves of pacing-induced cardiomyopathy (a, d), cardiovascular mortality (b, e), and all-
cause mortality (c, f) between the groups with and without diabetes before and after propensity score matching. PSM: propensity score
matching.
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potentially related to more pacing-induced cardiomyopathy.
Our findings provided the hypothesis for future studies of
conduction system pacing in patients with diabetes who
required PPM implantation.

4.3. Limitation. In this study, some potential limitations
existed. First, although this was a retrospective single-
center study, the sample size was large. Still, the potential
bias inherent to nonrandomized investigations cannot be
excluded. However, we performed PSM to minimize the bias
between patients with and without diabetes. Second, the
compliance period and dosage of prescription for beta-
blocker, ACEi/ARB, diuretic agents, and statin during the
follow-up period were not available in this study. Third,
the duration of diagnosed diabetes before PPM implant
was unknown. Finally, the preprocedural echocardiographic
parameters of diastolic function by tissue Doppler or
speckle-tracking imaging were not performed.

5. Conclusion

The prevalence of diabetes was over one-third of naïve PPM
recipients of this cohort, and diabetes increased the risk of
cardiovascular events in PPM recipients, especially for HF
hospitalization.
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