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Background: Long duration of diabetesmellitus (DM) is associatedwith an increased risk of infection, however no
studies have yet focused on the duration of DM and the associated risk of infective endocarditis (IE).
Methods: Patientswith DMwere identified through theDanish Prescription Registry, 1996–2015. Duration of DM
was split in follow-up periods of: 0–5 years, 5–10 years, 10–15 years, and N15 years. Multivariable adjusted
Poisson regression was used to calculate incidence rate ratios (IRR) according to study groups. DM late-stage
complications and the associated risk of IE were investigated as time-varying covariates using the validated
Diabetes Complications Severity Index (DCSI).
Results: We included 299,551 patients with DM. In patients with DM duration of 0–5 years, 5–10 years,
10–15 years, and N15 years, the incidence rates of IE were 0.24, 0.33, 0.58, and 0.96 cases of IE/1000 person
years, respectively. Patients with DM duration 5–10 years, 10–15 years, and N15 years were associated with a
higher risk of IE with an IRR of 1.24 (95% CI: 1.02–1.51), 1.92 (95% CI: 1.52–2.43) and 3.05 (95% CI: 2.11–4.40),
respectively, compared with DM duration 0–5 years. Patients with a DCSI score of 2, 3 and N3 were associated
with a higher risk of IE compared with patients with a DCSI score of 0, IRR = 1.78 (95% CI: 1.34–2.36), IRR =
2.34 (95% CI: 1.73–3.16), and IRR = 2.59 (95% CI: 1.92–3.48), respectively.
Conclusion: This study shows a stepwise increase in the risk of IE with DM duration and severity independent of
age and known comorbidity.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Infective endocarditis (IE) remains a disease with a high morbidity
and mortality and the presence of diabetes mellitus (DM) has been
associated with even worse outcomes in patients with IE [1–4]. The
prevalence of DM among IE-patients is around 17% [5]. However, no
study has yet investigated the duration of DM and the associated risk
of IE [6–11]. This is of considerable interest because the incidence of
IE and DM is increasing and especially with the parallel increase in
hagen, Denmark.
rgaard).
expected lifetime [12,13]. Longduration of DMhas been linked to an im-
paired immune response, late-stage complications, high risk of wounds
with delayed healing process, arteriosclerotic disease with impaired
tissue vascularization and endothelial dysfunction, that all can contribute
to increased risk of infections.

Several studies have shown that patients with DM have an impaired
immune response to infections [6,7]. These studies in basic research are
backed up by population-based studies showing an increased risk of
hospitalization due to infection in patients with DM compared with a
background population [14,15]. However, none of these studies have
focused on IE. Further, patients with DMare prone to severe endothelial
dysfunction, which is one of the central pathophysiologic steps in the
development of IE [10,16,17].
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However, data are sparse on the incidence of IE in patients with DM.
Therefore, we investigated the associated risk of IE in patients with DM
stratified by DM-duration and diabetic late stage complications in a
nationwide cohort.

2. Methods

2.1. Data sources

Every Danish citizen is provided with a unique identifier. This makes it possible to
cross-link different national administrative registries. We used the Danish Prescription
Registry, the Danish National Patient Registry, the Danish Cause of Death Registry, and
the Danish Population Registry. The Danish Prescription Registry holds information on
every filled prescription from a Danish pharmacy since 1994. Drugs are classified accord-
ing to the Anatomic Therapeutical Chemical Classification System (ATC code). Further,
package size, dose of the drug, and date of prescription are registered. The DanishNational
Patient Registry was initiated in 1977, registering every patient admitted to a Danish
hospital. In- and out-patient clinics are registered as well as the primary and secondary
diagnoses of each patient. The discharge summary filled in by the physician is used for
this registry. The International Classification of Diseases version 10 (ICD-10) has been
used since 1994 and before that the ICD-8 was used. Since 1996, surgical procedure
codes have been added to the Danish National Patient Registry, which is classified accord-
ing to the Nordic Medico-Statistical Committee (NOMESCO) classification system and
since 2000 data on medical examinations and treatments were added. The Danish Cause
of Death Registry was used to identify date of death. The Danish Population Registry
holds information on emigration date, birth date, and sex for every Danish citizen. The
Danish registries are completewith highquality andhave beendescribed in further details
in previously published papers [18–20].

2.2. Study population

The studypopulationwas defined fromtheDanishPrescriptionRegistry as apatientwho
redeemed at least five prescriptions for a glucose lowering drug (see Supplementary Table 1
for drugs and corresponding ATC codes) in the period from January 1996 – December 2015.
The index datewas calculated from thefifth prescription of a glucose lowering drug. First line
therapy of type 2 DM is life style interventions and change of diet [21,22]. We were able to
followpatients from the initiation of antihyperglycemic treatmentwith drugs and not neces-
sarily from the date of diagnosis. However, in this paper duration of DM will refer to the
duration of DM treated with antihyperglycemic drugs. To investigate the incidence of IE
according to duration of DM we split the follow-up time in periods of four: 0–5 years,
5–10 years, 10–15 years, and N15 years. A patient was thereby able to add risk-time to all
four periods if the patient had DM for 20 years. Patient characteristics were examined at
the initiating time point of every study period. Hence, for those included in the group of
DM duration of 5–10 years, patient characteristics were identified at 5 years post index.
Women under the age of 30 with a first prescription of metformin were defined as patients
with poly cystic ovary syndrome and excluded from the study. Patients with IE prior to the
index date was also excluded, see the Supplemental Figure for the patient selection process.

2.3. Follow-up and covariates

The study population was followed from index until: IE, emigration, end of study
period, or death, whichever came first. Diabetic late-stage complications were defined as
previously validated on ICD-10 codes [23,24]. Overall, diabetic late-stage complications
were defined as retinopathy, nephropathy, neuropathy, cerebrovascular disease, cardio-
vascular disease, and peripheral vascular disease, as previously described and validated
by Glasheen et al. [24] The validation study also included metabolic complications,
however the registry used coded these complications differently compared with the valida-
tion study. Metabolic complications were included using specific codes for diabetes mellitus
with coma and diabetes mellitus with ketoacidosis, see Supplemental Table 1. A late-stage
complication was scored on the Diabetic Complications Severity Index (DCSI) where each
complication could be scored as 1 or 2 depending on the severity of the diagnosis [24].
Diabetic late-stage complications were examined as time-varying covariates. Follow-up
time was split at the diagnosis-date of a diabetic late-stage complication. The DCSI score
was summed up at every date of diagnosis of a diabetic late-stage complication. Thereby, a
patient could add risk-time to several DCSI scores.

2.4. Outcome

The primary outcome was hospitalization due to IE, which was defined as the ICD-10
codes: DI33, DI38, and DI39.8. These codes have been validated in the Danish National
Patient Registry with positive predictive value of 90% for patients with a length of hospital
stay ≥14 days [25,26], which we included as a criterion for having IE. In Denmark IE is
treated in-hospital only.

2.5. Statistics

The follow-up time was split at 5, 10 and 15 years of follow-up. Further, patient
observations were split at the date of a diagnosis of a diabetic late stage complication. In
that way, the final date of one patient observation was the index date of the subsequent
patient observation. Age, calendar year, and patient characteristics were updated at
every split conducted. Patient characteristics for the four study groups (0–5 years DM,
5–10 years DM, 10–15 years DM, and N15 years DM)were presented bymedian, 25 percen-
tile, and 75 percentile for continuous variables and frequency (percentages) for categorical
variables. The incidence rate of IEwas calculated for the four study groups and cumulative in-
cidence curves of IE and Kaplan-Meier plots were included. Multivariable adjusted Poisson
regressionwasused to compare the associated risk of IE for the four studygroups. The follow-
ing covariates were included in the model: sex, age, ischemic heart disease, heart failure,
cerebrovascular disease, chronic obstructive pulmonary disease, renal disease, gastritis,
dementia, cancer, pacemaker, prosthetic heart valve, beta blocker treatment, vitamin K an-
tagonist treatment, renin-angiotensin system inhibitor treatment, corticosteroid treatment,
and calendar year. Multivariable adjusted Poisson regression was also used to assess the as-
sociated risk of IE according to the DCSI score (number of diabetic late-stage complications).
Further, specific late-stage complications (nephropathy, neuropathy, retinopathy, cerebro-
vascular disease, cardiovascular disease, peripheral vascular disease, metabolic complica-
tions) and the associated risk of IE were examined. In a separate model, diabetes treatment
time and DCSI-score were both included. Results were presented with an incidence rate
ratio (IRR) with a 95% confidence interval (CI). To ensure that age was adjusted most
optimally, we conducted a sensitivity analysis where the follow-up time was further split
at every calendar year. We examined if there was an interaction with age on the primary
outcome, IE. Further, we tested if therewas an interactionwith sex on the primary outcome.
A p-value b 0.05was considered statistical significant. All statistical analyseswere performed
using the SAS statistical software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).

3. Results

We included 299,951 patients who initiated glucose lowering treat-
ment in the period from 1996 to 2015. Patient follow-up was split
according to length of DM and categorized in the four study groups
with corresponding patient observations: 0–5 years: 299,951 patient
observations, 5–10 years: 160,424 patient observations, 10–15 years:
70,307 patient observations, and N15 years: 20,576 patient observa-
tions. Patient characteristics are presented in Table 1. Overall, patients
with a long duration of DM were older and had more comorbidities.

3.1. Incidence of infective endocarditis

The crude incidence rate of IE was 0.24/1000 person years (95% CI:
0.22–0.28) in patients with 0–5 years of DM duration, 0.33/1000 person
years (95% CI: 0.29–0.39) in patients with 5–10 years of DM duration,
0.58/1000 person years (95% CI: 0.49–0.69) in patients with 10–
15 years of DM duration, and 0.96/1000 person years (95% CI: 0.70–
1.32) in patients with N15 years of DM duration. Fig. 1 panel A shows
the cumulative incidence of IE for the four study groups, while Fig. 1
panel B shows the mortality rate for the four study groups.

Compared with DM-duration 0–5 years, patients with 5–10 years,
10–15 years and N15 years were all associated with a stepwise increase
in the associated risk of IE, which is shown in Fig. 2.

We found no interaction between age and the associated risk of IE
for the four study groups. Further, no interaction was found between
sex and the associated risk of IE for the four study groups.

3.2. Late-stage DM-complications and infective endocarditis

A stepwise increase in the incidence rate was seen across the DCSI
scores from 0.10 IE cases/1000 person years for a DCSI of score 0 to
0.74 IE cases/1000 person years for DCSI score N 3 as shown in the
Supplemental Table 2. Fig. 3 shows the adjusted associated risk of IE
by DCSI scores. From Fig. 3, an exposure-response relationship is seen
between increasing DCSI score and an increased associated risk of IE.
Adjusting for DM treatment time did not change the association
between DCSI score and the risk of IE. Further, DM treatment time of
10–15 years and N15 years remained significantly associated with IE
when including the DCSI score in the multivariable adjusted model.
When examining specific DM-complications, we identified that neurop-
athy, nephropathy, cardiac arrhythmias, and heart failure were compli-
cations associatedwith an increased risk of IE, IRR=1.36 (95% CI: 1.07–
1.73), IRR = 1.54 (95% CI: 1.11–2.14), IRR = 1.38 (95% CI: 1.12–1.70),
and IRR = 1.54 (95% CI: 1.14–2.08) compared with patients without
the corresponding specific DM-complication.



Table 1
Patient characteristics for patients by diabetes mellitus duration.

DM duration
0–5 years

DM duration
5–10 years

DM duration
10–15 years

DM duration N

15 years

Demographics
Number of patients contributing 299,951 160,424 70,307 20,576
Female, % 43.5 44.0 44.1 45.1
Age (years), median (IQR) 62.5 (52.1–72.0) 64.6 (54.6–73.4) 66.8 (57.2–75.1) 68.2 (57.5–76.2)
DCSI score, mean (SD) 1.26 (1.79) 1.47 (1.90) 1.73 (2.00) 1.83 (2.04)

Medical history
IHD, % 14.6 17.7 20.7 22.8
Heart failure, % 6.9 7.4 8.6 9.8
Aortic valve disease, % 1.5 1.9 2.6 3.3
Mitral valve disease, % 0.7 0.8 0.8 0.9
Rheumatic heart disease, % 0.2 0.2 0.2 0.2
Peripheral artery disease, % 4.5 5.9 7.7 9.1
CVD, % 8.2 9.4 11.1 12.4
COLD, % 6.7 6.6 6.9 6.9
Renal disease, % 1.6 2.6 4.4 6.4
Dialysis treatment, % 0.1 0.1 0.3 0.5
Gastritis, % 6.7 7.7 8.9 9.4
Dementia, % 0.3 0.3 0.4 0.6
Cancer, % 10.1 9.7 11.1 11.9
Pacemaker, % 1.1 1.6 2.3 3.1
Prosthetic heart valve, % 0.4 0.6 0.9 1.1

Medication prior to index
Insulin, % 6.7 11.0 27.1 62.5
Beta blocker, % 20.8 23.3 25.8 27.6
Aspirin, % 26.8 35.9 41.1 41.2
VKA, % 5.0 5.3 5.7 5.6
Lipid lowering medication, % 40.2 54.6 62.0 63.0
RAS inhibition, % 41.0 55.3 62.2 63.2
Corticosteroids, % 6.9 4.3 4.2 3.7

A patient was able to participate in several study groups dependent on the duration of DM. Patient characteristics were examined at the initiating time point of the study period.
Abbreviations: DM: diabetes mellitus; DCSI: diabetes complications severity index; IHD: ischemic heart disease; IQR: interquartile range; CVD: cerebrovascular disease; COLD: chronic
obstructive lung disease; VKA: vitamin K antagonist; RAS: renin angiotensin system.
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3.3. Sensitivity analysis

Follow-up time was further split at every new calendar year as a
sensitivity analysis to ensure improved adjustment of age. Patients
with a DM duration of 5, 10, and 15 years were associated with an
increased risk of IE, IRR = 1.10 (95% CI: 0.90–1.34), IRR = 1.69 (95%
CI: 1.33–2.14), and IRR = 2.84 (95% CI: 1.93–4.19), respectively,
compared with patients with a DM duration of 0 years.

4. Discussion

This study investigates the duration and late-stage complications of
DM and the associated risk of IE and has two major findings. First, we
identified a stepwise increase in the associated risk of IEwith increasing
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Fig. 1. Cumulative incidence of infective endocarditis and mortality rate by study groups. Pane
study groups. IE: infective endocarditis.
duration of DM – an effect independent of age. Second, we found an in-
crease in the associated risk of IEwith an increased severity andnumber
of diabetic late-stage complications.

Few population-based studies have investigated DM as a risk factor
for IE [27,28]. In a population-based case-control setting, Strom et al.
identified DM as a risk factor for IE [28]. The study by Strom et al. was
not conducted with DM as the main focus and an analysis of the dura-
tion of DM and DM-late-stage complications were not assessed [28]. A
study by Cooper et al. investigated the number of patients with diabetes
in a cohort of Staphylococcus aureus bacteremia. The authors found that
almost half of the patients had DM and that the DM-group had a statis-
tically significant higher risk of IE [27]. Our study is able to extend the
knowledge on this area and address the duration of DM and late-stage
complications in a larger sample size.
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IRR 95% CI
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Fig. 2.DMduration and the associated risk of IE. Thefigure shows the associated risk of infective endocarditis by duration of diabetesmellitus. Adjusted for: sex, age, ischemic heart disease,
heart failure, cerebrovascular disease, chronic obstructive pulmonary disease, renal disease, gastritis, dementia, cancer, pacemaker, prosthetic heart valve, beta blocker treatment, vitamin
K antagonist treatment, renin-angiotensin system inhibitor treatment, corticosteroid treatment, and calendar year. IRR: incidence rate ratio, CI: confidence interval, DM: diabetesmellitus.
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Several studies have shown that DM leads to endothelial dysfunc-
tion [10,29,30]. This can lead to the adhesion of bacteria and has been
suggested to play a vital part in the development of IE [31]. Our study
takes the in-vitro findings to a broader population-based scale where
we identified that increasing duration and late-stage complications of
DM increase the associated risk of IE. Further, in-vitro studies have
shown that patients with DM are associated with an impaired immune
response [32,33]. These studies are backed up by data from a large
population based study from theUS,which identified thatDMwas asso-
ciatedwith a higher risk of soft and skin tissue infections comparedwith
a matched background population [34]. Further, the authors observed
that patients with DM had a higher rate of complications to skin and
soft tissue infections (e.g. bacteremia, osteomyelitis, and IE) [34].
These data are supported by a population-based study from Canada,
which identified a higher associated risk of infections among patients
with DM compared with a matched background population [15].
Another population-based study investigated the risk of IE in patients
with DM compared with patients with hypertension. The authors iden-
tified a higher associated risk of DM comparedwith the populationwith
hypertension (OR = 1.9, 95% CI: 1.8–2.1) [11]. These well-conducted
studies had a large sample size, however our study supplement the
current knowledge in a unique way: 1) we included patients above
65 years of age, 2) Patients with DM were compared by duration of
DM and the number of late-stage complications and 3) the main focus
of the analysis was IE and not infections in general.

Patients with DM are closely followed in out-patient clinics and the
potential risk of health-care interventions must be acknowledged due
to the fact that there has been reported an increased number of
health-care associated endocarditis in the past decades [35]. Further, a
study by Larsson et al. has suggested an increased risk of aortic stenosis
0.5

Diabetes complication severity index 0

Diabetes complication severity index 1

Diabetes complication severity index 2

Diabetes complication severity index 3

Diabetes complication severity index >3

Fig. 3.Diabetes complication score index and the associated risk of infective endocarditis. The fi
Index. Adjusted for: sex, age, ischemic heart disease, heart failure, cerebrovascular disease, chr
prosthetic heart valve, beta blocker treatment, vitamin K antagonist treatment, renin-angiot
Complications Severity Index: Nephropathy = 1 or 2 dependent on severity Retinopathy
dependent on severity Cardiovascular disease = 1 or 2 dependent on severity Peripheral vasc
Table 1 shows specific ICD-10 codes. IRR: incidence rate ratio, CI: confidence interval, DCSI: dia
among patientswith diabetes and patients with aortic stenosis has been
suggested to be at moderate risk of IE [36,37].

Our study is a piece in the puzzle in understanding cross-links within
the pathophysiological mechanisms of DM and IE. A review by Richard
et al. suggested that the pathophysiological cascade leading to foot infec-
tions in patients with DM are found in the diabetology (immunopathy,
neuropathy, angiopathy), the anatomy of the foot, and the pathogen-
related factors (virulence, biofilm, density) [38]. Several of the factors
suggested by Richard et al. are much likely applicable to the risk of IE in
patients with DM as well.

4.1. Strengths and limitations

The study population investigated was derived from the Danish
National Prescription Registry. We believe that this is a more solid
approach than using ICD-10 codes derived from the Danish National
Patient Registry as patients treated by the general physician are not
included in this registry.

ICD-10 codes were used to assess DM late-stage complications using
the Diabetes Complications Severity Index (DCSI) as done previously by
Glasheen et al. [24] However, to the knowledge of the authors, no
validation studies of the diagnostic codes for retinopathy, neuropathy
or nephropathy has been carried out in the Danish National Patient
Registry. This study investigated DM duration and diabetic late stage
complications as individual factors associated with IE. No differences
in the estimateswere seenwhen late stage complicationswere adjusted
for DM treatment time. Although multivariable adjusted models were
performed, the observational design of the study must be acknowl-
edged, and unmeasured confounders may be present. This may explain
why we identified a higher associated risk of IE by increasing DM
1 2 4

Incidence rate ratio

IRR 95% CI

2.59 1.92-3.48
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gure shows the associated risk of infective endocarditis by Diabetes Complications Severity
onic obstructive pulmonary disease, renal disease, gastritis, dementia, cancer, pacemaker,
ensin system inhibitor treatment, corticosteroid treatment, and calendar year. Diabetes
= 1 or 2 dependent on severity Neuropathy = 1 Cerebrovascular disease = 1 or 2
ular disease = 1 or 2 dependent on severity Metabolic complications = 2 Supplemental
betes complications severity index.
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treatment timewhen adjusting for several DM late-stage complications.
However, a diabetic late-stage complication may be seen as a mediator
in the potential causal pathway of the development of IE and not a
confounder.

Data on echocardiography, microbiological etiology and obesity
statuswas not available from the registry. These data could have helped
characterize the study population and patients with IE in more detail.
Finally, we were not able to differentiate between patients with type 1
and type 2 DM.

This study identified a stepwise increase in the risk of IE with DM
duration and severity independent of age and known comorbidity. Fur-
ther,we observed an increased risk of IEwith an increase in theDiabetes
Complications Severity Index. These findings suggest an increased clin-
ical awareness of IE in patients with long DM duration or DM late-stage
complications.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.09.106.
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