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OBJECTIVE

Patients with type 2 diabetes have an increased risk for cardiovascular disease,
including arrhythmias. The prevalence of bradyarrhythmia and the subsequent
need for treatment with pacemakers (PMs) is less well explored in a contemporary
patient population. The current study explores 1) whether patients with type 2
diabeteshavean increaseddemand forPMimplantationcomparedwithanage-and
sex-matched control population without diabetes and 2) patient characteristics
associated with an increased demand for receiving a PM.

RESEARCH DESIGN AND METHODS

In this population-matched registry study, a total of 416,247 patients with type 2
diabetes from the Swedish National Diabetes Registry and 2,081,235 age- and sex-
matched control subjects selected from the general population were included
between 1 January 1998 and 31 December 2012 and followed until 31 December 2013.
Mean follow-up time was 7 years. Cox proportional hazards regression analyses
were performed to estimate the demand of PM treatment and the factors
identifying patients with such demand.

RESULTS

Type2diabeteswas associatedwith an increasedneedof PMtreatment (hazard ratio
1.65 [95% CI 1.60–1.69]; P < 0.0001), which remained (1.56 [1.51–1.60]; P < 0.0001)
after adjustments for age, sex, educational level, marital status, country of birth, and
coronaryheart disease.Risk factors for receivingaPMincluded increasing age,HbA1c,
BMI, diabetes duration, and lipid- and blood pressure–lowering medication.

CONCLUSIONS

The need for PM treatment is higher in patients with type 2 diabetes than in matched
population-based control subjects. Age, diabetes duration, and HbA1c seem to be
risk factors for PM treatment.

1Department of Medicine, Solna Karolinska In-
stitutet, Stockholm, Sweden
2Department of Medicine, Huddinge, Karolinska
University Hospital, Stockholm, Sweden
3Department ofMolecular and ClinicalMedicine,
University of Gothenburg, Gothenburg, Sweden
4Centre of Registers in Region Västra Götaland,
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Patients with diabetes have an increased
risk of cardiovascular disease, such as
coronary artery disease and heart failure
(HF). Moreover, arrhythmias have at-
tracted increasing attention in this con-
text (1). The most commonly described
arrhythmias in the setting of diabetes are
atrial fibrillation and an increased risk of
sudden death, presumably caused by
ventricular fibrillation (2). There are also
indications that bradyarrhythmias are
common in this context. For example, in
a registry study of Veterans Health Admin-
istration hospitals, third-degree atrioven-
tricular (AV) block was significantly more
common in 293,124 male patients with
diabetes (1.1% vs. 0.6%) compared with a
control group of 552,623 patients with
hypertension but without diabetes (3).
Furthermore, an association between
diabetes and disturbances of the sinus
node has been reported (4,5).
If patients with diabetes are at an

increased risk for severe bradyarrhyth-
mia, they should also have an increased
demand for pacemaker (PM) treatment.
The prevalence of diabetes in patients
with PMs or planned PM insertion were
higher than among control subjects in
studies performed in the 1960s–1990s;
however, these studiesweredonebefore
the institution of contemporary back-
ground therapy and are few in number
(6,7). In a more recent report, 49% of
258 patients with PM had diabetes com-
pared with 38% in a control group con-
sisting of 258 age- and sex-matched
patients from the same hospital with
sinus rhythm. However, the high overall
prevalence of diabetes in this study raise
concerns about the representativeness,
and, furthermore, the authors did not
distinguish between type 1 and type 2
diabetes (8).
Bradyarrhythmias in need of PM treat-

ment may, if not detected and managed
in time, cause serious symptoms and
sometimes exposure to injuries as a result
of a sudden loss of consciousness. Thus, it
is clinically importanttoascertainwhether
the observations that such arrhythmias
may be more common in patients with
than without diabetes and to identify
potential risk factors for such arrhythmias
in order to monitor and, if needed, treat
exposed patients in time.
The present aim was to investigate

whether contemporary patients with
type 2 diabetes included in the Swedish
National Diabetes Registry (NDR) have an

increased demand for a newly implanted
PMcomparedwith age- and sex-matched
subjects from the general population
without diabetes. A secondary aim was
to identify characteristics that increase
the risk for the need of PM treatment in
patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

Study Cohort
This population-matched cohort study is
based on five different registries: the
Swedish NDR, the Swedish population
registry, the Longitudinal Integration Da-
tabase for Health Insurance and Labor
Market Studies (LISA) registry, theNational
Patient Registry (NPR), and the Swedish
Registry for Cause-Specific Mortality.

The NDR comprises nearly all patients
in Sweden with type 2 diabetes aged$18
years (coverage 92–98%). Information
about clinical characteristics, risk factors,
diabetes-relatedcomplications, andtreat-
ments is registeredannuallyormoreoften
in cases of change ofmedication. Data are
collected by trained nurses and physi-
cians and include information obtained
in primary care and at hospital outpa-
tient clinics (9).

The current study cohort is based on
patientswithtype2diabetes (n5416,247)
registered in the NDR between 1 January
1998 and 31 December 2012. Entry point
for the study was at the first time of
registration in the NDR (10), and patients
were followeduntil 31December2013or
until time of death. Date of death during
follow-up was obtained from the Swed-
ish Registry for Cause-Specific Mortality.
Exclusion criteria were a diagnosis of
type 1 diabetes, a PM implantation per-
formed before the time for the baseline
registrations, or implantation of cardiac
resynchronization therapy.

For each registered patientwith type 2
diabetes,fivecontrolsubjects(n52,081,235)
from the same living area, of the sameage
and sex, and without previous PM and/or
type 1 diabetes were randomly selected
from the Swedishpopulation registry, and
themean follow-up timewas 7 years. The
Swedish population registry includes all
Swedishcitizenssince1968andcomprises
information on year and date of birth and
sex. The control subjects had to be free
from any registration of diabetes in the
NDR throughout the whole study period
to be eligible.

Information on educational level,mar-
ital status, and country of birth were

retrieved from the LISA registry. The LISA
registry is updated annually with infor-
mation on all who are living in Sweden
andcombinesdata fromthe labormarket
and educational and social sectors.

Information on previous medical his-
tory was obtained from the NPR. ICD-10
and ICD-9 codes (Supplementary Table 1)
wereused foratrialfibrillation (AF), acute
myocardial infarction (AMI), coronary
heart disease (CHD), stroke,HF, end-stage
renal disease, AV block I–III, sick sinus
syndrome, and ventricular tachycardia.

The primary end point was a de novo
PM implantation. Information on PM
treatment, including date of implanta-
tion and type of device, was obtained
from the NPR applying the diagnostic
codes FPE00, FPE10, and FPE20 (11).

Definitions
Type2diabeteswasdefinedas treatment
with diet with or without oral glucose-
lowering agents or a prescription of in-
sulin with or without concomitant oral
glucose-lowering agents; the latter cat-
egory applied only to patients who were
$40 years of age at the time of the
diabetes diagnosis (10,12). Glycated he-
moglobin (HbA1c) was expressed both in
mmol/mol and % according to the Inter-
national Federation of Clinical Chemistry
and Laboratory Medicine and Diabetes
Control and Complications Trial (DCCT),
respectively.

Microalbuminuria was defined as at
least twopositive results obtainedwithin
1 year and defined as an albumin-to-
creatinine ratio of 3–30 mg/mmol (30–
300 mg/g) or urinary albumin clearance
of 20–200mg/min (20–300mg/L).Macro-
albuminuria was defined as an albumin-
to-creatinine ratio.30mg/mmol (close
to$300 mg/g) or urinary albumin clear-
ance .200 mg/min (.300 mg/L). Esti-
mated glomerular filtration rate (eGFR)
was estimated from the creatinine value
and calculated using the Chronic Kidney
DiseaseEpidemiologyCollaboration (CKD-
EPI)equation(13).End-stagerenaldisease
was defined as the need for renal dialysis,
renal transplantation, or an eGFR of,15
mL/min/1.73 m2.

A smoker was defined as a personwho
smoked one ormore cigarettes per day
or a pipe daily or who had stopped
smoking within the past 3 months. BMI
was calculated using data on weight and
height collected by primary care units and
hospital outpatient clinics. Blood pressure
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(BP) was recorded as the mean of two
readings (Korotkoff phases 1–5) with the
patient sitting or lying down and using a
cuff of appropriate size. Educational level
was categorized as low (,9 years), in-
termediate (10–12years), orhigh (college/
university). Marital status was defined as
single, divorced, married, or widowed.
Glucose-lowering medication (lifestyle,

oral, insulin, or a combination) was de-
fined as only lifestyle, oral medication,
insulin, or oral medication plus insulin.
Antihypertensivemedicationwas defined
as all medication prescribed for hyperten-
sion indication.Prescriptionof lipid-lowering
drugs was defined as all medication pre-
scribed for lipid-lowering indication, but
almost exclusively statins. HDL and LDL
were measured in millimoles per liter.

Statistical Analysis
Baseline characteristics for patients are
those collected at their first registration
in NDR, while baseline data for control
subjects are those recorded in the NPR at
the samedate as their respective patient.
Continuous variables are presented as
mean and SDs and categorical data as
numbers and percentages. PM implan-
tations performed during follow-up are
presented as numbers and percentages,
while the incidence of PM implantations
during the timeofobservation is expressed
as number of events per 10,000 person-
years. The risk for afirstPMimplantation in
individuals with orwithout type 2 diabetes
was assessed by means of unadjusted Cox
proportional hazards regression and pre-
sented as hazard ratios (HRs) and 95%
CIs. Adjustments for relevant confounders,
selected on the basis of predictive con-
founders in the NDR and predictors for
diabetes, were performed in two steps:
model 1 included age, sex, marital status,
educational level, and country of birth
(Sweden, Europe, outside Europe), and
model 2 additionally included coronary
artery disease.
The registration date in NDR served as

the baseline for patients with diabetes
and the respective control subjects, with
the time for PM implantation as the end
point. Individuals who died were cen-
sored at the time of death.
The cumulative incidence of PM im-

plantations is presented in unadjusted
Kaplan-Meier curves and assessed by
log-rank test for individuals with andwith-
out diabetes. Only de novo implantations
were included in incidence analysis.

To establish a risk factor profile related
to the need for PM, several baseline char-
acteristics (age, diabetes duration, HbA1c,
systolic BP [SBP], diastolic BP [DBP], BMI,
HDL, LDL, eGFR, female sex, micro- and
microalbuminuria, lipid- and BP-lowering
drugs, and smoking) were included in Cox
regression hazard multivariate analyses
(per 1-unit increase or decrease for the
respectivevariable). Thisanalysiswasonly
performed in patients with type 2 diabetes
(n 5 97,844) who had these risk factors
registered in the NDR.

For all analyses, a two-sided P , 0.05
was considered statistically significant.
The analyses were performed using SAS
9.4 statistical software.

Ethical Considerations
Each patient in NDR gave informed con-
sentbefore inclusion in the registry,which
included information on the use of the
registry for research. For the purpose of
this registry-based study, all patients and
control subjects were assigned individual
codes. The analyses were carried out with
coded data. The study, which was con-
ducted in agreementwith the Declaration
of Helsinki, was approved by the Central
Ethical ReviewBoard inGothenburg, Swe-
den (DNR: 776-14, 2014-11-24).

RESULTS

Baseline Characteristics
A total of 416,247 patients with type 2
diabetes and 2,081,235 control subjects
were included.Baseline characteristics of
patients and control subjects are pre-
sented in Table 1. In brief, the mean age
at baseline was 64.1 years, and 45.7% of
the studied population was female. Pa-
tients with type 2 diabetes had a mean
duration of diabetes of 5.56 7.0 years at
entry to the registry and an HbA1c of
7.1 6 3.5% (54.6 6 15.0 mmol/mol).
Compared with the control population,
patients with type 2 diabetes had amore
frequent history of AMI, AF, CHD, andHF.
The frequency of a bradyarrhythmia di-
agnosis, defined as the presence of AV
block II or III or sick sinus syndrome, was
higher in patients with type 2 diabetes
(Table 1).

Demand for PM Treatment
The incidence expressed as implanted
PMs/10,000 person-years during follow-
up (mean 6.4 years) was higher in
patients than in control subjects (242.2
[range 236.1–248.4] vs. 152.5 [150.3–

154.6]; P , 0.0001), and this difference
increased over time (Fig. 1). Patients with
type 2 diabetes had an increased demand
for receiving a PM during follow-up both
in unadjusted Cox regression hazard anal-
yses (HR 1.65 [95% CI 1.60–1.69]; P ,
0.0001) and after adjustments according
to the two models: model 1 (age, sex,
marital status, educational level, income,
and country of birth) (1.69 [1.64–1.74];
P , 0.0001) and model 2 (adding CHD)
(1.56 [1.51–1.60]; P , 0.0001).

Factors Predicting the Demand for PM
Treatment
The profile in the 97,844 patients with
type 2 diabetes with complete informa-
tion on potential risk factors is presented
in Fig. 2. The HRs described are per 1-unit
change for the respective potential risk
factor. An increasing age (HR1.08 [95%CI
1.07–1.09]; P , 0.0001) and duration of
type 2 diabetes (1.01 [1.01–1.02]; P ,
0.0001), together with a higher HbA1c
(1.01 [1.00–1.01]; P, 0.0001), BMI (1.03
[1.01–1.04]; P, 0.0001), and the use of
lipid-lowering (1.20 [1.07–1.35]; P ,
0.0001) and BP-lowering drugs (1.43
[1.23–1.65];P, 0.0001), were associated
with the need for PM treatment, while
female sex (0.52 [0.46–0.59]; P,0.0001),
increasing eGFR (0.99 [0.99–1.00]; P ,
0.0001), and DBP (0.98 [0.97–0.99]; P ,
0.0001) were related to a decreased risk.
The risk was increased both in patients
with a history of ischemic heart disease
(1.31 [1.24–1.39]; P , 0.0001) and in
those without such history (1.60 [1.54–
1.65]; P , 0.0001). A comparison of
pertinent clinical characteristics between
included (n 5 97,844) and excluded pa-
tients (n5318,403) revealed that the two
groups were quite similar other than that
excluded patients somewhat more fre-
quently had been prescribed antihyper-
tensive and lipid-lowering treatment
(Supplementary Table 2).

CONCLUSIONS

The main findings in this nationwide,
observational study of patients with
type 2 diabetes with prospective follow-
up were that 1) bradyarrhythmias
were more frequent among patients with
type 2 diabetes already at baseline, and
the incidence of bradyarrhythmia in de-
mand of PM treatment was higher com-
pared with a matched control group; 2)
patients with type 2 diabetes had a
significantly higher demand for PM
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treatmentduring follow-up;and3)ahigher
age, theuseofBP- and lipid-loweringdrugs
as well as increasing BMI, HbA1c, and a
longer diabetes duration were associated
with PM implantations, while female sex,
increasing DBP, and eGFR seemed to be
protective. This investigation confirms that
contemporary patients with type 2 diabe-
tes, as seen in everyday practice, are at an
increasedrisk fordevelopingbradyarrhyth-
mias and, consequently, have greater need
for PM treatment. This risk needs to be
taken into consideration when following
such patients. Potential risk factors of

importance for the development of such
arrhythmias has so far not been studied to
any extent. The results from this study
indicate what potential factors should be
taken into consideration in patientswith
diabetes when assessing the risk for
arrhythmias.

The higher prevalence of bradyarrhyth-
mias (AV block II and III and sick sinus
syndrome)atbaseline,asoutlinedinTable
1, in patients with type 2 diabetes com-
pared with the control group is in line
with what is reported in the few previous
studies in this field (i.e., there is an

association between type 2 diabetes
and bradyarrhythmia) (3,4,14,15). Inter-
estingly, the earlier studies reported
on a substantially higher proportion
of AV block in patients with diabetes
than the present findings (3,15). This
may partly be explained by differences
in the studypopulations. For example, in
the studybyMalmbergandRydén (15), a
high degreeAVblockwas present in 19%
of the patients with diabetes and 7% in
the remaining study population without
diabetes (P , 0.001). In this study, all
patients had a myocardial infarction

Table 1—Baseline characteristics for patients with type 2 diabetes and control subjects

Clinical characteristic
Patients with type 2 diabetes

(n 5 416,247)
Control subjects
(n 5 2,081,235) P value

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

Female sex 190,304 (45.7) 951,520 (45.7)

Age at diagnosis (years) 58.5 (12.7) d

Duration of diabetes at entry into registry (years) 5.5 (7.0) d

BMI (kg/m2) 29.9 (5.4) d

Medical history
Smoking 54,583 (16.3) d

BP (mmHg)
SBP 140.0 (18.2) d

DBP 78.9 (9.9) d
AF 27,524 (6.6) 83,053 (4.0) ,0.0001
AMI 35,418 (8.5) 79,054 (3.8) ,0.0001
CHD 67,181 (16.1) 160,997 (7.7) ,0.0001
Stroke 25,295 (6.1) 74,291 (3.6) ,0.0001
HF 24,217 (5.8) 51,788 (2.5) ,0.0001
Amputation 1,444 (0.4) 1,573 (0.1) ,0.0001
End-stage renal disease 954 (0.2) 2,433 (0.1) ,0.0001
AV block
I 503 (0.1) 1,703 (0.1) ,0.0001
II 277 (0.1) 855 (0.04) ,0.0001
III 721 (0.2) 2,229 (0.1) ,0.0001

Sick sinus syndrome 1,124 (0.3) 4,194 (0.2) ,0.0001
Ventricular tachycardia 984 (0.2) 2,963 (0.1) ,0.0001

Laboratory findings
HbA1c
mmol/mol 54.6 (15.0) d

% 7.1 (3.5) d

Cholesterol (mmol/L)
LDL 3.0 (1.0) d
HDL 1.3 (0.4) d

Triglycerides 1.9 (1.2) d

Albuminuria
Microalbuminuria 35,411 (15.1) d

Macroalbuminuria 19,280 (6.63) d

eGFR (mL/min/1.73 m2) 81.7 (25.2) d

Treatments
Statins 155,462 (39.9) d
Antihypertensive medication 246,983 (63.3) d

Diabetes treatment
Diet only 156,393 (37.6) d
Oral drugs 178,672 (42.9) d

Insulin 42,645 (10.3) d

Oral drugs and insulin 38,537 (9.3) d

Data are n (%) or mean (SD). Data are from the first inclusion day in the NDR for patients and the same date for control subjects. eGFR was calculated
with the CKD-EPI equation.
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(15). The notion that bradyarrhythmias
are more common among patients with
type 2 diabetes is supported by the higher
incidence of PM implantations in these
patients during follow-up compared with
control subjects. This supports previous
reports of a higher prevalence of diabetes
in patients with PM or planned PM im-
plantations than among control groups
(7,8,14). Forexample, in the1975studyby
Fairfax and Leatham (14), who studied 100
patients with chronic heart block admitted

to the hospital for a PM implantation, 9%
had diabetes. This proportion was higher
than the expected (3–6%) number in the
control population consisting of 100 healthy
residents from retirement homesor friends
of patients in the same hospital who were
matched for age and sex. However, there
has been a concern about representative-
ness in these studies, since the control
groups were not well defined and some-
times consisted of patients in other studies
(14) orwerematched only for age andwith

incomplete data coding for diabetes (7,8).
This is in contrast with the present study,
which recruited five control subjects for
each patient and had a large and well-
characterized study group. Furthermore,
new knowledge is contributed by demon-
strating that type 2 diabetes is a predictor
for a future need of PM treatment. This
significantly increased risk remained after
adjustment for a whole range of potential
confounders.

The current study cannot provide de-
tailed information on the etiology behind
the increased risk for bradyarrhythmia
and the subsequent need for a PM, even
if it gives several indications. The risk
factor profile shows that older patients
with comorbidities, such as renal insuf-
ficiency and hypertension and use of
drugs reflecting comorbidities, are at a
higher risk. The risk for bradyarrhythmias
may also be due to factors specific for
type 2 diabetes. This disease may cause
structural changes in the myocardium
and the conduction system, increasing
the susceptibility for not in the least
bradyarrhythmias (16). Indeed, factors
related to the dysglycemic condition per
se, suchasdiabetes duration andahigher
HbA1c, were predictors of PM implanta-
tion. Furthermore, patients with type 2
diabetes often develop CHD, which may

Figure 1—The cumulative risk of receiving a PM in patients with type 2 diabetes compared with
control subjects. Numbers below the figure represent individuals at risk.

Figure 2—Risk profile of receiving a PM in patients with type 2 diabetes presented as HR (95% CI) per 1-unit change for the variable. *Significant.
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increase the risk for arrhythmias directly
for structural reasons or through the use
of drugs that lower heart rate (e.g.,
b-blockers) (16). Although the risk for
PM implantation decreased after ad-
justments for CHD, it did not disappear,
indicating that other factors contribute
aswell. This is further underlined by the
higher HR for patients without (1.60)
compared with those with (1.31) a his-
tory of CHD. Moreover, diabetes-related
conditions such as cardiac autonomic
neuropathy and glycemic variability, in
particular hypoglycemia, may contrib-
ute to arrhythmias (17–19). To further
outline these possibilities, more studies
are warranted.
A strengthwith the current study is the

large number of well-defined patients
with type 2 diabetes from everyday
clinical practice and the likewise huge
age- and sex-matched control group, five
to each patient. Furthermore, the report
is based on high-quality nationwide reg-
istries with practically complete cover-
age (9,11). Finally, the time of follow-up
was long.
The study also has some limitations,

including the observational nature of the
study together with a possible selection
bias in the control population (subjects
with diabetes excluded as control sub-
jects). This is at least partly counteracted
by the prospective follow-up, but it still
has to be taken into account when the
results are interpreted. The lack of in-
formation on cardiovascular risk factors
in the control group limits the ability to
adjust for the impact of the potential
differences in such characteristics be-
tween the groups. This is important to
take into consideration, since people
with type 2 diabetes are expected to
have a higher impaired cardiovascular
risk profile (e.g., higher BMI). The lack of
information on some variables in the
control group also limits the possibility
to analyze their risk factor profiles.
In conclusion, patients with type 2 di-

abetes are at an increased risk of bradyar-
rhythmias and have a higher demand for
PM treatment than control subjects from

the general population. The risk was in-
creased particularly in patients with older
age and on treatment with lipid- and BP-
loweringmedicationandseemedalso tobe
associated with increasing BMI, long di-
abetes duration, and higher HbA1c. The
medical community should therefore rec-
ognize that patients with type 2 diabetes
comprise a high-risk group for developing
bradyarrhythmias with a subsequent need
for PM treatment.
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