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Abstract

Background: Diabetes has strongly been linked to atrial fibrillation, ischaemic heart disease and heart failure. The
epidemiology of these cardiovascular diseases is changing, however, due to changes in prevalence of obesity-related
conditions and preventive measures. Recent population studies on incidence of atrial fibrillation, ischaemic heart
disease and heart failure in patients with diabetes are needed.

Methods: A dynamic longitudinal cohort study was performed using primary care databases of the Julius General
Practitioners' Network. Diabetes status was determined at baseline (1 January 2014 or upon entering the cohort) and
participants were followed-up for atrial fibrillation, ischaemic heart disease and heart failure until 1 February 2019. Age
and sex-specific incidence and incidence rate ratios were calculated.

Results: Mean follow-up was 4.2 years, 12,168 patients were included in the diabetes group, and 130,143 individuals
in the background group. Incidence rate ratios, adjusted for age and sex, were 1.17 (95% confidence interval 1.06—
1.30) for atrial fibrillation, 1.66 (1.55-1.83) for ischaemic heart disease, and 2.36 (2.10-2.64) for heart failure. Overall,
incidence rate ratios were highest in the younger age categories, converging thereafter.

Conclusion: There is a clear association between diabetes and incidence of the major chronic progressive heart
diseases, notably with heart failure with a more than twice increased risk.
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Background

Both type 1 and 2 diabetes mellitus (T1DM and T2DM)
are important risk factors for the development of car-
diovascular diseases (CVD), notably atrial fibrillation,
ischaemic heart disease and heart failure [1]. All three
are clearly associated with substantial morbidity, reduced
longevity [2, 3] and decreased health-related quality of
life [4, 5].
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The epidemiology of CVD in the general population
has been reported to decline. For instance, over the last
five decades, the incidence and severity of myocardial
infarction (MI) has substantially declined, due to a reduc-
tion in (second-hand) smoking and better primary and
secondary prevention [6—8]. The incidence of heart fail-
ure seems to be stabilizing as well, in part because of the
decreased incidence of MI [9]. However, the incidence
of atrial fibrillation and heart failure in younger people
(<55 years old) is on the rise [10, 11]. This has, in part,
been explained by the dramatic world-wide increase of
obesity, [12, 13] although improved awareness and better
registration likely also play a role [14, 15].
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Obesity and diabetes are strongly linked, and the immi-
nent rise in obesity and diabetes pose a threat in our
fights against CV disease. Diabetes, especially T2DM, has
strongly been linked to new onset atrial fibrillation, new
onset ischaemic heart disease and to new onset heart
failure [16-18]. A large cohort study including 1.9 mil-
lion individuals, recently reported on the occurrence of
12 cardiovascular diseases in patients with and without
diabetes, and found that heart failure and peripheral arte-
rial disease are the most common initial manifestations
of cardiovascular disease in type 2 diabetes [1].

However, aggregate data on the onset and develop-
ment of CV disease in diabetic subjects is remarkably
scarce. Recent population-based, “real world” estimates
are needed, more so now that there are strong indications
that newer glucose-lowering drugs have an effect on car-
diovascular disease development as well [19]. In this pop-
ulation-based cohort study, we therefore aim to quantify
age- and gender-specific incidence of atrial fibrillation,
ischaemic heart disease and heart failure, comparing pri-
mary care individuals with and without diabetes.

Methods
Data source
We performed a dynamic cohort study using routine
primary care databases from the Julius General Practi-
tioners’ Network (JGPN). The JGPN is a registration net-
work of general practices in the Netherlands, consisting
of nearly 70 general practices and over 370,000 enlisted
individuals with 15 to 20 years of follow-up. Patients reg-
istered at a participating practice are informed by their
GPs and may opt out. The current composition of the
database is representative of the Dutch population at
large [20] and the database is updated every 3 months.
All Dutch residents are enlisted with a general practi-
tioner (GP), who functions as a gatekeeper for special-
ist care. Because health care insurance is mandatory
and consultation with a GP is covered by the insurance,
there is little to no financial threshold for contacting
a GP. Furthermore, the majority (~84%) of patients
with diabetes is enrolled in primary care disease man-
agement programs (DMPs) and visits their GPs on a
regular basis (two to four times a year) for monitoring
of their diabetes and potential cardiovascular compli-
cations. General practice registries therefore give a
good reflection of cardiovascular disease occurrence
in community patients with and without diabetes, at
least in the Netherlands. The JGPN database contains
structured information on every consultation with an
enlisted GP, including information on signs/symptoms,
diagnostic testing and patient management. Diagnoses
are registered by GPs according to international classi-
fication of primary care (ICPC) coding and entered as
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‘episodes, clustering consecutive consultations for the
same disease, which is essential for reliable incidence
estimates. Diagnoses confirmed in secondary care are
reported back to the GP in a digital letter detailing the
findings and are entered as ICPC code by the GP. Drug
prescriptions are automatically entered in international
anatomical therapeutic coding (ATC).

Study cohort

The study cohort included all individuals aged
40-80 years that were enlisted at one of the participat-
ing general practices between January 2014 and February
2019. Because of privacy regulations, only year of birth
was available, and day of birth was set on 1 July by default
for all participants. The cohort was dynamic, and patients
were followed from baseline or from the moment they
first enlisted at a participating practice, until they left the
cohort due to death, relocation to another region, devel-
opment of the outcome or until the end of the study.

The diagnosis of diabetes mellitus was considered to
be present in individuals who received a prescription for
oral or injectable glucose lowering drugs during 6 months
before the inclusion date. HbAlc levels were noted if
available. Patients with an ICPC code for diabetes who
did not receive any kind of glucose lowering drug and
who had completely normal HbAlc levels (<43 mmol/
mol) or in whom HbAlc was never measured, were
removed from the cohort as diabetes status was deemed
too uncertain. Patients with HbAlc levels >43 mmol/
mol, however, were considered to have diabetes mellitus
(see Fig. 1). Because the induction time for cardiovas-
cular diseases due to diabetes is uncertain, patients who
developed diabetes during follow-up contributed time at
risk in the non-diabetes group until the diabetes index
date and were censored at the time of diagnosis.

Study outcomes

New cases of atrial fibrillation, ischaemic heart disease
and heart failure were identified by ICPC-coding (see
Table 1). Because the aim was to estimate incidence
of these three target diseases, patients who had preva-
lent atrial fibrillation, ischaemic heart disease and heart
failure (in the GP electronic chart) either at baseline or
developed it during follow-up were excluded from the
cohort for that particular disease from that moment
onwards, but remained in the cohort for the other out-
comes (see also Fig. 2). For the calculation of event-free
survival, patients with prevalent atrial fibrillation, ischae-
mic heart disease or heart failure were removed from the
cohort and the three cardiovascular diseases were com-
bined into a composite outcome.
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Fig. 1 Flowchart of diabetes case validation

Table 1 ICPC-codes used to identify outcomes

Atrial fibrillation Ischaemic heart disease

Heart failure

K78 Atrial fibrillation/ K74
atrial flutter

Ischaemic heart disease with angina K77

Heart failure

K74.01 Unstable angina K77.01 Acutely decompensated heart failure
K74.02 Stable angina K77.02 Chronic decompensated heart failure
K75 Acute myocardial infarction

K76 Ischaemic heart disease without angina

K76.01 Coronary sclerosis

K76.02 Old myocardial infarction

Data analysis

Baseline characteristics are presented as means (with
standard deviations) or frequencies (with percentages).
P-values were calculated using Pearson chi square tests
for categorical variables and independent samples
T-tests for continuous variables. Age- and sex-specific
incidence of atrial fibrillation, ischaemic heart disease
and heart failure are reported as cases per 1000 person-
years according to diabetes status. Groups of 10-year
age intervals were formed to estimate incidence by
age. Incidence rate ratios were calculated with Poisson
regression analysis, adjusting for age and sex, using the
background group as controls and with person-time in
years added as offset. Corresponding 95% confidence
intervals were calculated using Byar’s approximation
based on the Poisson distribution. After exclusion of
patients with prevalent cardiovascular disease on base-
line, Cox proportional hazards regression was used
to investigate disease free survival in naive individu-
als, adjusting for and sex and age at baseline, and for
diabetes as time-varying variable. Atrial fibrillation,
ischaemic heart disease and heart failure were applied
as composite outcome, and the competing risk of death

was taking into account. For the outcome cardiovas-
cular disease, one would expect the hazard to change
more as a function of age than as a function of time on
study. Therefore, age was used as the time scale rather
than follow-up time, so that individuals entered the
analysis at their baseline age and exited at their event or
censoring age. All analyses were conducted using IBM
SPSS Statistics 25 and SAS Studio 3.8 (PROC PHREG).

Results

During the study period, 144,847 participants were
included in the cohort. Mean follow-up was 4.2 person-
years. Diabetes diagnosis was considered uncertain in
1843 individuals. These were removed from the cohort,
which left 130,143 (91%) individuals without diabetes and
12,168 (9%) with diabetes for analysis. Person-time and
numbers of cases per sub-cohort are presented in Fig. 2
(participants with prevalent atrial fibrillation, ischaemic
heart disease or heart failure at entry date were excluded
from the analysis for that particular outcome only).
Table 2 shows the baseline characteristics of patients
with and without diabetes.




Groenewegen et al. Cardiovasc Diabetol (2021) 20:123

Page 4 of 12

144,847 participants aged
40-80 years old

Background group
N =130,143

Participants who developed
diabetes during follow-up were
censored at time of first
diagnosis
N=3112

Person-years AF cohort: 537,720
New cases of AF: 1985

Person-years IHD cohort: 520,126
New cases of IHD: 2616

Person-years HF cohort: 546,653
New cases of HF: 1013

Diabetes group
N =14,704

Removal of uncertain cases (no
glucose lowering drugs and HbA1c
—> <43 mmol/mol or not mentioned).
N =1843

Diabetes group
N=12,168

Person-years AF cohort: 50,692
New cases of AF: 439

Person-years IHD cohort: 43,074
New cases of IHD: 552

Person-years HF cohort: 51,018
New cases of HF: 444

Fig. 2 Flowchart of selection and composition of the cohort and sub-cohorts. AF: atrial fibrillation; IHD: ischaemic heart disease; HF: heart failure

Baseline characteristics of the study cohort

Patients with diabetes were generally older (63.7 years
versus 55.1 years), more often male (52.7% versus 49.3%)
and had more comorbidities at baseline compared to par-
ticipants without diabetes. Of participants with diabe-
tes, 71.4% used oral glucose lowering drugs, 20.3% used
insulin.

Incidence of atrial fibrillation

In men and women combined, incidence of atrial fibril-
lation is higher in subjects with diabetes compared to
subjects without diabetes, although the incidences
seem to converge in the highest age category. In par-
ticipants without diabetes, incidence of atrial fibrilla-
tion is higher in men than in women at any given age. A
similar difference between sexes is seen in the partici-
pants with diabetes, although the confidence intervals
overlap in the youngest age categories, indicating that
these differences are not statistically significant (see
also Table 3 and Fig. 3) The overall incidence rate ratio

of atrial fibrillation in diabetic patients vs. non-diabetic
patients, adjusted for age and sex, was 1.17 (95% CI
1.06-1.30) (see Fig. 4).

Incidence of ischaemic heart disease

Figure 3 and Table 4 show that differences in risk between
patients with and without diabetes are most pronounced
in the lower age categories (Table 4 and Fig. 3). In men
and women with diabetes, the incidence rate reaches its
peak in the 65—74 age category and remains largely stable
afterwards (as evidenced by the flattening curves). In sub-
jects without diabetes, incidence rate of ischaemic heart
disease continues to increase gradually with increasing
age. In both subject with and without diabetes, incidence
of ischaemic heart disease is significantly higher in men
than in women at any given age (except in patients with
diabetes aged 55-64 years old). The overall incidence
rate ratio for ischaemic heart disease in patients with vs.
without diabetes, adjusted for age and sex, is 1.66 (95%
CI 1.51-1.83) (Fig. 4).
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Table 2 The baseline descriptive statistics of the entire study population (aged 40-80 at start of cohort) contained in the Julius
General Practice Network between 2014-2019

Variable Diabetes No diabetes P-value
N 12,861 130,143
Age in years (SD) 63.7 (10.3) 55.1(10.7) <0.001
Female sex 47.3% 50.7% <0.001
Comorbidities at baseline
Hypertension 7379 (57.4%) 25,484 (19.6%) <0.001
Atrial fibrillation 769 (6.0%) 2791 (2.1%) <0.001
Vascular disease
Peripheral artery disease 923 (7.2%) 2627 (2.0%) <0.001
Any ischaemic heart disease/ angina pectoris 2479 (19.3%) 6601 (5.1%) <0.001
Prior myocardial infarction 1046 (8.1%) 2844 (2.2%) <0.001
Stroke 647 (5.0%) 2124 (1.6%) <0.001
TIA 462 (3.6%) 1829 (1.4%) <0.001
AAA 494 (3.8%) 1881 (1.4%) <0.001
Heart failure 767 (6.0%) 1273 (1.0%) <0.001
COPD 1286 (10.0%) 5342 (4.1%) <0.001
Impaired glucose tolerance NA 1530 (1.2%)
Medication use at baseline
Oral glucose lowering drugs 9183 (71.4%) NA
Insulin 2611 (20.3%) NA
Antithrombotics, total 4073 (31.7%) 11,909 (9.2%) <0.001
Anticoagulants 928 (7.2%) 2785 (2.1%) <0.001
Vitamin K antagonists 911 (7.1%) 2660 (2.0%) <0.001
NOACs 21 (0.2%) 157 (0.1%) 0.191
Antiplatelet therapy 3255 (25.3%) 9022 (6.9%) <0.001
Aspirin 3112 (24.2%) 8621 (6.6%) <0.001
Clopidogrel 299 (2.3%) 812 (0.6%) <0.001
Prasugrel, ticagrelor 85 (0.7%) 292 (0.2%) <0.001
Diuretics 4337 (33.7%) 10,502 (8.1%) <0.001
Beta-blockers 4167 (32.4%) 12,758 (9.9%) <0.001
ACE-inhibitors/angiotensin-Il-antagonists 6893 (53.6%) 14,515 (11.2%) <0.001
Calcium channel antagonists 2713 (21.1%) 6020 (4.6%) <0.001
Other antihypertensive drugs 186 (1.4%) 309 (0.2%) <0.001
Thyroid drugs
Thyroid mimetics 680 (5.3%) 3373 (2.6%) <0.001
Thyroid inhibitors 20 (0.2%) 165 (0.1%) 0.387
Lipid lowering drugs/statins 8407 (65.4%) 12,813 (9.8%) <0.001
Antiarrhythmic drugs
Class | 115 (0.9%) 541 (0.4%) <0.001
Class I 4167 (32.4%) 12,758 (9.9%) <0.001
Class il 52 (0.4%) 145 (0.1%) <0.001
Class IV 2713 (21.1%) 6020 (4.6%) <0.001

TIA: transient ischaemic attack; AAA: abdominal aortic aneurysm; COPD chronic obstructive pulmonary disease; NOAC: novel oral anticoagulant; ACE: angiotensin-
converting enzyme; NA: not applicable

Incidence of heart failure incidence rate ratio for heart failure in patients with
The incidence of heart failure is significantly higher diabetes vs. patients without diabetes, adjusted for age
in individuals with diabetes across all age categories, and sex, is 2.36 (95% CI 2.10-2.64) (Fig. 4). Incidence
for both men and women (see Table 5 and Fig. 3). The
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Table 3 Incidence rate of atrial fibrillation per 1000 person-years
Men
Age Without diabetes With diabetes
IR 95% ClI Cases Person-time IR 95% CI Cases Person-time IRR (95% Cl)
40-54 1.00 0.84-1.18 135 134,774.42 1.88 0.95-3.35 10 5327.89 1.87 0.99-3.56
55-64 434 3.87-4.85 301 69,410.39 561 4.08-7.54 41 7307.20 1.30 0.93-1.79
65-74 945 8.55-10.42 391 41,381.03 12.58 10.40-15.08 112 8904.65 133 1.08-1.64
>75 20.84 18.66-23.20 324 15,549.86 20.21 16.50-24.52 98 4849.16 097 0.77-1.22
Women
Age Without diabetes With diabetes
IR 95% ClI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
40-54 0.54 0.43-0.68 72 132,156.27 1.13 0.41-2.50 5 4430.37 2.07 0.84-5.19
55-64 1.76 1.48-2.09 129 73,165.99 3.56 231-525 23 6466.80 2.02 1.30-3.14
65-74 6.55 5.86-7.29 325 49,643.81 9.60 7.64-11.92 78 8122.77 147 1.15-1.89
>75 14.30 12.77-1597 308 21,538.37 13.63 10.74-17.06 72 5283.53 0.95 0.74-1.23
Men and women
Age Without diabetes With diabetes
IR 95% ClI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
<54 0.78 6.75-8.87 207 266,930.69 154 0.89-2.8 15 975827 1.98 1.17-3.35
55-64 3.01 2.74-3.31 430 142,676.38 4.65 3.61-5.90 64 13,773.99 154 1.19-2.01
65-74 7.87 7.31-846 716 91,024.84 11.16 9.67-12.83 190 17,027.42 142 1.21-1.67
>75 17.04 15.75-1841 632 37,088.23 16.78 14.39-19.45 170 10,132.69 0.98 0.83-1.17
Cl: confidence interval; IR: incidence rate; IRR: incidence rate ratio
Incidence rate per 1000 person-years. Person-time in years
Atrial fibrillation Ischaemic heart disease Heart failure
25| —Men, diabetes 25 25
o -=Women, diabetes
+ 20| —Men, no diabetes 20
= --Women, no diabetes
8 15 15
c P
3
s 10 10
£
5 5
0' Tt 0 0
<54 55-64 65-74 >75 <54 55-64 65-74 >75 <54 55-64 65-74 >75
Age category Age category Age category
Fig. 3 Incidence of cardiovascular diseases per 1000 person-years, for patients with and without diabetes, per age category

of heart failure reaches its peak in the oldest age cat-
egory and is fairly similar for men and women.

Overall, the highest incidence rate ratio was observed
for heart failure (2.36), followed by ischaemic heart dis-
ease (1.66) and atrial fibrillation (1.17) (Fig. 4).

Time between events and disease-free survival

After exclusion of patients with any cardiovascular dis-
ease at baseline, 5420 participants developed at least
one cardiovascular disease during the average 4.1 years
of follow-up. The mean follow-up after the initial
manifestation of CVD was another 2.2 years, during
which 476 individuals developed a second CVD and
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Initial presentation of Events Incidence rate ratios
cardiovacular disease (95% Cl)

No Diabetes

diabetes
Ischaemic heart disease 2616 552 o o 1.66 (1.51-1.83)
Atrial fibrillation 1985 439 Fi- 1.17 (1.06-1.30)
Heart failure 1013 444 —a— 2.36(2.10-2.64)

0.5 0 0.5 1 15 2 25 3
Incidence rate ratios

Fig. 4 Age- and sex-adjusted incidence rate ratios for diabetics vs. non-diabetics of atrial fibrillation, ischaemic heart disease and heart failure

Table 4 Incidence rate of ischaemic heart disease per 1000 person-years

Men
Age Without diabetes With diabetes

IR 95% ClI Cases Person-time IR 95% Cl Cases Person-time IRR 95% Cl
<54 3.06 2.77-3.37 406 132,643.08 9.14 6.64-12.28 44 4812.71 299 2.19-4.08
55-64 7.74 7.08-8.44 510 65,918.29 1411 11.27-17.45 85 6024.63 1.82 145-2.29
65-74 11.93 10.85-13.09 446 37,381.03 19.18 16.07-22.72 134 6984.80 161 1.33-1.95
>75 14.48 12.52-16.65 196 13,538.92 20.55 16.19-25.72 76 3698.83 1.42 1.09-1.85
Women
Age Without diabetes With diabetes

IR 95% CI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
<54 147 1.27-1.69 193 131,169.68 4.05 2.36-6.49 17 4194.19 276 1.69-4.52
55-64 428 3.82-4.79 305 71,182.35 10.22 7.78-13.19 59 5771.95 2.39 1.81-3.15
65-74 740 6.65-8.21 353 47,722.13 11.72 9.33-14.52 83 7084.93 158 1.25-2.01
>75 10.06 8.74-11.53 207 20,57143 11.99 9.01-15.65 54 4502.30 1.19 0.88-1.61
Both
Age Without diabetes With diabetes

IR 95% CI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
<54 227 2.09-2.46 599 263,812.76 6.78 5.18-8.70 61 9006.90 298 2.29-3.88
55-64 595 5.54-6.37 815 137,100.64 12.21 10.29-14.37 144 11,796.57 2.05 1.72-2.45
65-74 939 8.75-10.06 799 85,103.16 1543 13.44-17.62 217 14,067.73 1.64 141-191
>75 11.81 10.96-13.03 403 34,110.35 15.85 13.24-18.82 130 8201.13 134 1.10-1.64

Cl: confidence interval; IR: incidence rate; IRR: incidence rate ratio

Incidence rate per 1000 person-years. Person-time in years

27 developed a third CVD (Fig. 5 and Additional file 1:
Table S1).

Ischaemic heart disease was the most common first
presentation in patients with and without diabetes. How-
ever, of the 940 patients with type 2 diabetes who had
cardiovascular events, heart failure was the first presen-
tation in 191 (20%) patients (compared to 13% in patients

without diabetes). Time between first and second CVD
was relatively short; 6—12 months (Additional file 1:
Table S2).

Figure 6 A and B show the cumulative incidence curve
for men and women with or without diabetes, estimating
the proportion of patients with events up to 80 years for
patients with and without diabetes at age 40.
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Table 5 Incidence rate of heart failure per 1000 person-years

Men
Age Without diabetes With diabetes

IR 95% ClI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
<54 0.38 0.27-0.50 52 135,654.03 1.50 0.65-2.96 8 5322.10 3.92 1.86-8.25
55-64 142 1.16-1.73 101 70,976.84 4.63 321-647 34 7343.78 3.25 2.21-4.80
65-74 3.75 3.19-437 163 43,530.38 10.34 837-12.64 95 9185.63 2.76 2.15-3.56
>75 13.03 11.37-14.87 220 16,880.96 2040 16.62-24.79 101 4951.17 1.57 1.28-1.98
Women
Age Without diabetes With diabetes

IR 95% ClI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
<54 0.33 0.24-045 44 132,338.64 2.04 0.93-3.87 9 4412.07 6.14 3.00-12.57
55-64 1.09 0.86-1.35 80 73,697.06 6.23 4.46-851 40 6400.99 5.76 3.94-841
65-74 2.96 2.51-348 151 50,947.58 8.92 6.98-11.23 72 8072.97 3.01 2.27-3.99
>75 8.93 7.74-10.25 202 22,628.39 15.59 12.74-19.72 85 5329.83 1.79 1.39-2.30
Both
Age Without diabetes With diabetes

IR 95% ClI Cases Person-time IR 95% ClI Cases Person-time IRR 95% ClI
<54 0.36 0.29-0.44 96 267,992.67 1.75 1.02-2.80 17 9734.17 4.88 291-8.17
55-64 1.25 1.08-1.45 181 144,673.90 538 4.23-6.76 74 13,744.77 430 3.28-5.64
65-74 332 2.97-3.71 314 94,477.96 9.68 826-11.26 167 17,258.61 2.91 241-351
>75 10.68 9.69-11.75 422 39,509.35 18.09 15.58-20.89 186 10,281.00 1.69 143-2.01

Cl: confidence interval; IR: incidence rate; IRR: incidence rate ratio

Incidence rate per 1000 person-years. Person-time in years

120% A. Men
100% 061 Diabgtes
. - No diabetes
Heart failure
80%
Z
60% 5 04
: Atrial fibrillation s
o
40% £ 02
20% M Ischaemic heart
disease 0.0
0% 0 20 40 60 80
No diabetes Diabetes Age in years
Fig. 5 Distribution of the initial manifestation of cardiovascular
disease in individuals with and without diabetes. Total percentage 0.6 B Women
exceeds 100% because some individuals were diagnosed with more Diabetes
than one cardiovascular disease at initial presentation (i.e. atrial 0.5 No diabetes
fibrillation and heart failure) 0.4l
0.3
. . 0.2
Discussion
Our results, based on primary care data of 130,143 indi- 0.1
viduals without diabetes and 12,168 diabetes patients 0.0
followed-up for a mean of 4.2 years, reaffirm that the 0 20 40 60 80
.. . . . . . . Age in years
incidence of atrial fibrillation, ischaemic heart disease . , ) ) ,
Fig. 6 Proportion of patients with at least one cardiovascular event
up to 80 years, for patients with and without diabetes
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and heart failure is higher in individuals with diabetes
than in individuals without diabetes. The highest inci-
dence rate ratio was observed for heart failure (2.36),
followed by ischaemic heart disease (1.66) and atrial
fibrillation (1.17).

Comparison to other studies

Several other cohorts have investigated incidence of car-
diovascular disease in patients with diabetes. However,
now that newer glucose lowering drugs are used more
frequently, our data provide much needed up-to-date
estimates of cardiovascular disease incidence in the gen-
eral population. In addition, earlier studies have often
excluded individuals who had experienced any type of
cardiovascular disease before the outcome of interest and
are therefore expected to find lower estimates, especially
since heart failure is strongly associated with age and pre-
existing cardiovascular disease [1].

In a Danish cohort study including over 5 million
inhabitants, the incidence rate ratio of atrial fibrillation
adjusted for calendar year, age, hypertension, chronic
obstructive pulmonary disease, ischaemic heart dis-
ease, chronic heart failure, chronic kidney disease, val-
vular heart disease and hyperthyroidism was 1.17 (95%
CI 1.16-1.19) for both men and women with diabetes,
compared to a background population without diabe-
tes [17]. As is the case in the present study, the risk was
more pronounced in the younger diabetes patients, who
had a more than twofold increase in risk. Similarly, in
2018, a meta-analysis including 31 cohort studies showed
an overall increased risk of 1.28 (95% CI 1.22-1.35) for
developing atrial fibrillation with diabetes, although the
included studies were conflicting and there was substan-
tial heterogeneity. These discrepancies may be attrib-
uted to differences in study populations, as the studies
included in the meta-analysis were often smaller and, in
some cases, performed in selected cohorts.

Since the Framingham Heart Study first demonstrated
this in 1978, other cohorts have consistently shown that
diabetes confers an increased risk for ischaemic heart dis-
ease as well as cardiac mortality, although incidences dif-
fer based on population studied and validation methods
used. Incidence is ideally estimated in long term com-
munity-based cohorts (or representative samples of such
a cohort) defined by a certain geographical area. One
such cohort is the population-based Atherosclerosis Risk
in Communities (ARIC) study, in which patients with-
out prior MI were followed up for an average of 9 years
(125,998 person-years). The event rate of fatal coronary
heart disease or non-fatal MI was 10.8/1000 person-years
in patients with diabetes compared to 3.9/1000 person-
years in patients without diabetes [21]. Our cohort
showed slightly higher incidence rates, as our definition
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of ischaemic heart disease was broader, including angina
pectoris as well. A very large, recent cohort with 1.9 mil-
lion individuals, which included linked data from pri-
mary care, hospital admissions, disease registries, and
death certificate records, found that type 2 diabetes was
associated with higher incidence of stable angina (1.62
[95% CI 1.49-1.77]) and non-fatal myocardial infarction
(1.54 [1.42-1.67]) [1].

Diabetes and heart failure are strongly connected, as
has been reported by several others: diabetes is associ-
ated with higher rates of heart failure, [22] while heart
failure is also associated with a higher incidence of new
onset diabetes [23]. Risk factors for heart failure (older
age, obesity, hypertension, chronic kidney disease, sleep
apnoea, dyslipidaemia) also cluster in patients with dia-
betes, and heart failure is remarkably often the first
presentation of CV disease in this population [1]. Inter-
estingly, glucometabolic abnormalities and obesity
portend a stronger risk factor for heart failure with a pre-
served ejection fraction (HFpEF) than for heart failure
with a reduced ejection fraction (HFrEF) [24]. Biomark-
ers of myocardial stretch, inflammation or injury confer
comparable predictive value in subjects with and without
diabetes [25]. In the Framingham Heart Study, frequency
of congestive heart failure was doubled in diabetic men
(aged 45 to 74 years) compared to the nondiabetic
cohort, and diabetic women had a fivefold increased
risk [26]. Results of later studies have been variable
with regards to the difference in relative risk between
the sexes. A recent meta-analysis of 47 cohort studies,
including 12 million individuals, found that relative risks
for heart failure associated with type 2 diabetes were 1.95
(1.70, 2.22) in women and 1.74 (1.55, 1.95) in men, with
a pooled men- to-women ratio of 1.09 (1.05, 1.13), indi-
cating a significant difference [27]. In the current cohort,
incidence rate ratios adjusted for age were 2.13 (95% CI
1.82-2.49) in diabetic vs. non-diabetic men and 2.65
(95% CI 2.24-3.13) in diabetic vs. non-diabetic women,
with overlapping confidence intervals. Our finding that
younger diabetes patients are also at risk of heart failure
was reported previously in the U.K. Prospective Diabetes
Study (UKPDS) including 4,585 patients with newly diag-
nosed diabetes younger than 65 years at diagnosis found
heart failure incidence rates of 2.3-11.9 per 1000 patient-
years during 10 years of follow-up [28].

Our data reiterate that diabetes confers very strong—
if not the strongest—risk for new onset heart failure, in
comparison to other diseases in the CV spectrum.

Cardiovascular disease by age and sex

Although the absolute incidence rates of all three car-
diovascular diseases in this study increased steadily with
age for both diabetics and non-diabetics, the incidence
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rate ratios declined with ageing, with the highest relative
rates in the youngest diabetes patients. A stronger asso-
ciation between diabetes and cardiovascular diseases in
younger patients was also noted in other studies, includ-
ing the meta-analysis of cohort studies in the Emerging
Risk Factors Collaboration [1, 18]. This demonstrates that
diabetes may not only increase the risk of cardiovascular
disease, but also accelerate its development and progres-
sion. A growing disease burden is to be expected, as the
years lived with symptoms increase while the young dia-
betes population ages.

In patients without diabetes, the incidence of CV dis-
eases was consistently higher in men than in women, as
reported previously. In diabetics, this sex difference was
present but not significant, except for ischaemic heart
disease. In fact, ratios of CVD incidence rates in diabet-
ics vs. non-diabetics are as high in women as they are in
men, suggesting that diabetes negates some of the cardio-
vascular protection that (premenopausal) women nor-
mally have.

Strengths and limitations
The well-organized nature of health care in the Nether-
lands, with GPs in gatekeepers’ positions, makes routine
primary care data well suited for estimation of incidence
of cardiovascular diseases. As patients increasingly
receive care in an primary care setting and may not visit
a hospital for cardiovascular diseases unless an acute
event occurs, primary care data is far more inclusive than
hospital care data, making our data generalizable to the
overall population. Furthermore, because consecutive
hospitalizations of the same individual for the same dis-
ease are often counted as separate events in hospital reg-
istries, hospital data are unsuited to inform on incidence.
Some limitations should be noted. Firstly, we relied on
ICPC-coding for the evaluation of presence or absence
of outcome, without applying further case validation.
However, previous studies have shown that the database
produces reliable quantitative estimates of symptom inci-
dence, disease prevalence, referral and prescription rates
[20]. Nevertheless, a risk of misclassification exists and
the numbers presented here are likely to be an underes-
timation of the true incidence and prevalence of cardio-
vascular diseases in patients with diabetes. Opportunistic
screening studies have shown that a full diagnostic work-
up (including symptom questionnaires, natriuretic pep-
tide measurement and echocardiography) can reveal
previously unrecognized heart failure in up to 27% of
diabetes patients (85% HFpEF and 15% HEFrEF, cut-off
LVEF45%) [29]. Previously unrecognized ischaemic heart
disease is even more prevalent, found in up to 60% of dia-
betes patients screened with coronary CT-scanning [30].
In the prospective DIAD study, 522 diabetes patients
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were assigned to adenosine stress myocardial perfusion
imaging and silent ischaemia was found in 22 percent of
patients, with large defects identified in 6 percent [31].
Of the general population, about 7% has silent ischaemia
[32]. Atrial fibrillation may similarly remain undiagnosed,
especially when it has a paroxysmal character or when it
is asymptomatic, commonly in patients with new-onset
atrial fibrillation or in patients using beta-blockers. The
exact incidence of ‘silent’ atrial fibrillation is unknown,
but the Belgrade Atrial Fibrillation study showed that a
history of diabetes is an independent predictor of asymp-
tomatic presentation of first-diagnosed non-valvular
AF [33]. Another possible reason for underdiagnosis of
atrial fibrillation, ischaemic heart disease and heart fail-
ure in diabetes patients is the similarity between symp-
toms suggestive of cardiovascular disease and those that
commonly accompany diabetes (e.g. exercise intolerance,
fatigue, dyspnea on exertion).

Secondly, even though the cohort was large, numbers
of events in lower age categories were relatively small
particularly in the diabetes group, resulting in rather
wide confidence intervals.

Also, we did not adjust for use of medication, even
though clear baseline differences were noted. Patients
with diabetes are typically treated with statins and anti-
hypertensive medication, which will have a beneficial
effect on the risk of developing cardiovascular diseases.
As such, our data can only be interpreted as a reflection
of the incidence of CVD in real world patients, rather
than as an argument for diabetes as an independent risk
factor.

Lastly, although type 1 and type 2 diabetes are different
pathological entities, they were not analyzed separately.
This is because of coding issues; the ICPC code for diabe-
tes (T90) can be used for both types and further classifi-
cation into type 1 (T90.01) or type 2 (T90.02) is optional
and not routinely or accurately done, so that some
patients are classified as neither of both subtypes. Includ-
ing both types of diabetes minimizes the risk of misclas-
sification of exposure status but may have influenced
the incidence estimates. Based on previous studies car-
diovascular disease in type 1 diabetes differs from type 2
diabetes mellitus, in that it presents at a younger age and
affects men and women equally [34]. However, of adults
with diagnosed diabetes, type 1 accounts for around 5%
of the cases, and type 2 for 95% [35] so the influence of
these differences on the estimations presented here is
likely limited.
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Conclusion

There is a clear association between diabetes and the
incidence of major chronic CV disease, notably heart
failure has a more than twice increased incidence rate.
Patients with diabetes develop cardiovascular diseases
not only more often, but also at a younger age. Our data
may prompt physicians caring for patients with diabe-
tes to pro-actively screen for CVD, and heart failure in
particular.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512933-021-01313-7.

[ Additional file 1: Additional Tables. }

Acknowledgements
Not applicable.

Authors’ contributions

FHR, RAB, AWH, MH, MR, VWZ and AG designed the study. FHR, VWZ, BC and
AG analysed and interpreted the data. AG drafted the first version of this
manuscript. All authors read and approved the final mauscript.

Funding
This work was supported by the Dutch Heart Foundation [CVON2017-11].

Data availability

Following Dutch privacy regulations and JGPN terms and conditions, our data
will be returned to the JGPN or destructed. Requests for data sharing can be
made from the JGPN committee, which will make data available under strict
conditions.

Declarations

Ethical approval and consent to participate

JGPN research is observational and non-interventional, data used consists
solely of anonymized and non-traceable routine care data. Therefore, accord-
ing to Dutch laws on privacy and research on human subjects (WMO), the
Medical Ethics Committees in the Netherlands do not rank our research as
subject to the WMO conditions and the need for approval was waived. [20]
Data was handled according to Good Clinical Practice standards and Dutch
privacy legislation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Dept. General Practice, Julius Center for Health Sciences and Primary Care,
University Medical Center Utrecht, Utrecht University, Universiteitsweg 100,
3584 CG Utrecht, The Netherlands. 2Department of Cardiology, University
Medical Center Groningen, University of Groningen, Groningen, The Neth-
erlands. 3University Medical Center Utrecht, Utrecht University, Utrecht, The
Netherlands.

Received: 15 March 2021 Accepted: 3 June 2021
Published online: 16 June 2021

Page 11 of 12

References

1. Shah AD, Langenberg C, Rapsomaniki E, et al. Type 2 diabetes and inci-
dence of cardiovascular diseases: A cohort study in 1-9 million people.
Lancet Diabetes Endocrinol. 2015;3(2):105-13. https://doi.org/10.1016/
S2213-8587(14)70219-0.

2. Naghavi M, Abajobir AA, Abbafati C, et al. Global, regional, and national
age-sex specifc mortality for 264 causes of death, 1980-2016: A system-
atic analysis for the Global Burden of Disease Study 2016. The Lancet.
2017;390(10100):1151-210. https://doi.org/10.1016/5S0140-6736(17)
32152-9.

3. Mensah GA, Wei GS, Sorlie PD, et al. (2017) Decline in Cardiovascular Mor-
tality: Possible Causes and Implications. In. Vol 120. Lippincott Williams
and Wilkins, pp 366-380

4. Moradi M, Daneshi F, Behzadmehr R, Rafiemanesh H, Bouya S, Raeisi M
(2020) Quality of life of chronic heart failure patients: a systematic review
and meta-analysis. In. Vol 25. Springer, pp 993-1006

5. Schweikert B, Hunger M, Meisinger C, Kénig HH, Gapp O, Holle R. Quality
of life several years after myocardial infarction: Comparing the MONICA/
KORA registry to the general population. Eur Heart J. 2009. https://doi.
0rg/10.1093/eurheartj/ehn509.

6. Dégano IR, SalomaaV, Veronesi G, et al. Twenty-five-year trends in
myocardial infarction attack and mortality rates, and case-fatality, in six
European populations. Heart. 2015;101(17):1413-21. https://doi.org/10.
1136/heartjnl-2014-307310.

7. Smolina K, Wright FL, Rayner M, Goldacre MJ. Determinants of the decline
in mortality from acute myocardial infarction in England between 2002
and 2010: linked national database study. BMJ (Clinical research ed).
2012;344:d8059-d8059. https://doi.org/10.1136/bmj.d8059.

8. Unal B, Critchley JA, Capewell S. Explaining the Decline in Coronary Heart
Disease Mortality in England and Wales between 1981 and 2000. Circula-
tion. 2004;109(9):1101-7. https://doi.org/10.1161/01.CIR.0000118498.
35499.B2.

9. GerberY, Weston SA, Redfield MM, et al. A contemporary appraisal of
the heart failure epidemic in Olmsted County, Minnesota, 2000 to 2010.
JAMA Intern Med. 2015;175(6):996-1004. https://doi.org/10.1001/jamai
nternmed.2015.0924.

10. Christiansen MN, Kaber L, Weeke P, et al. Age-Specific Trends in Incidence,
Mortality, and Comorbidities of Heart Failure in Denmark, 1995 to 2012.
Circulation. 2017;135(13):1214-23. https://doi.org/10.1161/CIRCULATIO
NAHA.116.025941.

11. MiyasakaY, Barnes ME, Gersh BJ, et al. Secular trends in incidence of atrial
fibrillation in Olmsted County, Minnesota, 1980 to 2000, and implications
on the projections for future prevalence. Circulation. 2006;114(2):119-25.
https://doi.org/10.1161/CIRCULATIONAHA.105.595140.

12. Krijthe BP, Kunst A, Benjamin EJ, et al. Projections on the number of
individuals with atrial fibrillation in the European Union, from 2000 to
2060. Eur Heart J. 2013;34(35):2746-51. https://doi.org/10.1093/eurheartj/
eht280.

13. Huxley RR, Lopez FL, Folsom AR, et al. Absolute and attributable risks
of atrial fibrillation in relation to optimal and borderline risk factors:

The atherosclerosis risk in communities (ARIC) study. Circulation.
2011;123(14):1501-8. https://doi.org/10.1161/CIRCULATIONAHA.110.
009035.

14. Palmieri L, Veronesi G, Corrao G, et al. Cardiovascular diseases monitoring:
Lessons from population-based registries to address future opportunities
and challenges in Europe. Archives of Public Health. 2018;76(1):31-31.
https://doi.org/10.1186/513690-018-0283-3.

15. Pfeffer MA, Shah AM, Borlaug BA. Heart Failure With Preserved Ejection
Fraction In Perspective. Circ Res. 2019;124(11):1598-617. https://doi.org/
10.1161/CIRCRESAHA.119.313572.

16. Gottdiener JS, Arnold AM, Aurigemma GP, et al. Predictors of congestive
heart failure in the elderly: The cardiovascular health study. J Am Coll Car-
diol. 2000;35(6):1628-37. https://doi.org/10.1016/50735-1097(00)00582-9.

17. Pallisgaard JL, Schjerning AM, Lindhardt TB, et al. Risk of atrial fibrilla-
tion in diabetes mellitus: A nationwide cohort study. Eur J Prev Cardiol.
2016;23(6):621-7. https://doi.org/10.1177/2047487315599892.

18. Sarwar N, Gao P, Kondapally Seshasai SR, et al. Diabetes mellitus,
fasting blood glucose concentration, and risk of vascular disease: A
collaborative meta-analysis of 102 prospective studies. The Lancet.
2010;375(9733):2215-22. https://doi.org/10.1016/S0140-6736(10)
60484-9.


https://doi.org/10.1186/s12933-021-01313-7
https://doi.org/10.1186/s12933-021-01313-7
https://doi.org/10.1016/S2213-8587(14)70219-0
https://doi.org/10.1016/S2213-8587(14)70219-0
https://doi.org/10.1016/S0140-6736(17)32152-9
https://doi.org/10.1016/S0140-6736(17)32152-9
https://doi.org/10.1093/eurheartj/ehn509
https://doi.org/10.1093/eurheartj/ehn509
https://doi.org/10.1136/heartjnl-2014-307310
https://doi.org/10.1136/heartjnl-2014-307310
https://doi.org/10.1136/bmj.d8059
https://doi.org/10.1161/01.CIR.0000118498.35499.B2
https://doi.org/10.1161/01.CIR.0000118498.35499.B2
https://doi.org/10.1001/jamainternmed.2015.0924
https://doi.org/10.1001/jamainternmed.2015.0924
https://doi.org/10.1161/CIRCULATIONAHA.116.025941
https://doi.org/10.1161/CIRCULATIONAHA.116.025941
https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1093/eurheartj/eht280
https://doi.org/10.1093/eurheartj/eht280
https://doi.org/10.1161/CIRCULATIONAHA.110.009035
https://doi.org/10.1161/CIRCULATIONAHA.110.009035
https://doi.org/10.1186/s13690-018-0283-3
https://doi.org/10.1161/CIRCRESAHA.119.313572
https://doi.org/10.1161/CIRCRESAHA.119.313572
https://doi.org/10.1016/S0735-1097(00)00582-9
https://doi.org/10.1177/2047487315599892
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9

Groenewegen et al. Cardiovasc Diabetol

20.

21

22.

23.

24.

25.

26.

27.

28.

(2021) 20:123

. AcharyaT, Deedwania PC. (2018) The Role of Newer Anti-Diabetic Drugs

in Cardiovascular Disease - American College of Cardiology. Available
from https://www.acc.org/latest-in-cardiology/articles/2018/05/22/16/
59/the-role-of-newer-anti-diabetic-drugs-in-cv-disease. Accessed 11 Nov
2020.

Smeets HM, Kortekaas MF, Rutten FH, et al. Routine primary care data for
scientific research, quality of care programs and educational purposes:
the Julius General Practitioners' Network (JGPN). BMC Health Serv Res.
2018;18(1):735-735. https://doi.org/10.1186/512913-018-3528-5.

Lee CD, Folsom AR, Pankow JS, Brancati FL. Cardiovascular Events in
Diabetic and Nondiabetic Adults With or Without History of Myocardial
Infarction. Circulation. 2004;109:855-60. https://doi.org/10.1161/01.CIR.
0000116389.61864.DE.

Ho JE, Enserro D, Brouwers FP, et al. (2016) Predicting Heart Failure with
Preserved and Reduced Ejection Fraction: The International Collaboration
on Heart Failure Inftypes. Circulation: Heart Failure 9(6): 1-9. https://doi.
org/10.1161/CIRCHEARTFAILURE.115.003116

Amato L, Paolisso G, Cacciatore F, et al. (1997) Congestive Heart Failure
Predicts the Development of Non-Insulin-Dependent Diabetes Mellitus
in the Elderly. Diabetes & Metabolism (Paris)

Savji N, Meijers WC, Bartz TM, et al. (2018) The Association of Obesity and
Cardiometabolic Traits With Incident HFpEF and HFrEF. JACC: Heart Failure
6(8): 701-709. https://doi.org/10.1016/j,jchf2018.05.018

De Boer RA, Nayor M, DeFilippi CR, et al. Association of cardiovascular
biomarkers with incident heart failure with preserved and reduced ejec-
tion fraction. JAMA Cardiology. 2018;3(3):215-24. https://doi.org/10.1001/
jamacardio.2017.4987.

Kannel WB, McGee DL (1979) Diabetes and cardiovascular disease. The
Framingham study. JAMA. https://doi.org/10.1001/jama.1979.03290
450033020

Ohkuma T, Komorita Y, Peters SAE, Woodward M. Diabetes as a risk factor
for heart failure in women and men: a systematic review and meta-
analysis of 47 cohorts including 12 million individuals. Diabetologia.
2019;62(9):1550-60. https://doi.org/10.1007/500125-019-4926-x.

Stratton IM, Adler Al, Neil HAW, et al. Association of glycaemia with mac-
rovascular and microvascular complications of type 2 diabetes (UKPDS
35): Prospective observational study. BMJ. 2000;321(7258):405-12.

29.

30.

31

32.

33

34.

35.

Page 12 of 12

Boonman-De Winter LUM, Rutten FH, Cramer MJ, et al. Efficiently
screening heart failure in patients with type 2 diabetes. Eur J Heart Fail.
2015;17(2):187-95. https://doi.org/10.1002/ejhf.216.

Muhlestein JB, Lappé DL, Lima JAC, et al. Effect of screening for coronary
artery disease using CT angiography on mortality and cardiac events in
high-risk patients with diabetes: The FACTOR-64 randomized clinical trial.
JAMA - Journal of the American Medical Association. 2014;312(21):2234-
43, https://doi.org/10.1001/jama.2014.15825.

Wackers FJT, Young LH, Inzucchi SE, et al. Detection of silent myocardial
ischemia in asymptomatic diabetic subjects: The DIAD study. Diabetes
Care. 2004;27(8):1954-61. https://doi.org/10.2337/diacare.27.8.1954.
Malhotra S, Sharma R, Kliner DE, Follansbee WP, Soman P. Relation-

ship between silent myocardial ischemia and coronary artery disease
risk factors. J Nucl Cardiol. 2013;20(5):731-8. https://doi.org/10.1007/
$12350-013-9708-0.

Potpara TS, Polovina MM, Marinkovic JM, Lip GYH. A comparison of
clinical characteristics and long-term prognosis in asymptomatic and
symptomatic patients with first-diagnosed atrial fibrillation: The Belgrade
Atrial Fibrillation Study. Int J Cardiol. 2013;168(5):4744-9. https://doi.org/
10.1016/j.jcard.2013.07.234.

De Ferranti SD, De Boer IH, Fonseca V, et al. (2014) Type 1 diabetes mel-
litus and cardiovascular disease: A scientific statement from the American
Heart Association and American Diabetes Association. In. Vol 37. Ameri-
can Diabetes Association Inc., pp 2843-2863

Xu G, Liu B, Sun'Y, et al. Prevalence of diagnosed type 1 and type 2 dia-
betes among US adults in 2016 and 2017: Population based study. BMJ
(Online). 2018. https://doi.org/10.1136/bmj.k1497.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.acc.org/latest-in-cardiology/articles/2018/05/22/16/59/the-role-of-newer-anti-diabetic-drugs-in-cv-disease
https://www.acc.org/latest-in-cardiology/articles/2018/05/22/16/59/the-role-of-newer-anti-diabetic-drugs-in-cv-disease
https://doi.org/10.1186/s12913-018-3528-5
https://doi.org/10.1161/01.CIR.0000116389.61864.DE
https://doi.org/10.1161/01.CIR.0000116389.61864.DE
https://doi.org/10.1161/CIRCHEARTFAILURE.115.003116
https://doi.org/10.1161/CIRCHEARTFAILURE.115.003116
https://doi.org/10.1016/j.jchf.2018.05.018
https://doi.org/10.1001/jamacardio.2017.4987
https://doi.org/10.1001/jamacardio.2017.4987
https://doi.org/10.1001/jama.1979.03290450033020
https://doi.org/10.1001/jama.1979.03290450033020
https://doi.org/10.1007/s00125-019-4926-x
https://doi.org/10.1002/ejhf.216
https://doi.org/10.1001/jama.2014.15825
https://doi.org/10.2337/diacare.27.8.1954
https://doi.org/10.1007/s12350-013-9708-0
https://doi.org/10.1007/s12350-013-9708-0
https://doi.org/10.1016/j.ijcard.2013.07.234
https://doi.org/10.1016/j.ijcard.2013.07.234
https://doi.org/10.1136/bmj.k1497

	Incidence of atrial fibrillation, ischaemic heart disease and heart failure in patients with diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Data source
	Study cohort
	Study outcomes
	Data analysis

	Results
	Baseline characteristics of the study cohort
	Incidence of atrial fibrillation
	Incidence of ischaemic heart disease
	Incidence of heart failure
	Time between events and disease-free survival

	Discussion
	Comparison to other studies
	Cardiovascular disease by age and sex

	Strengths and limitations
	Conclusion
	Acknowledgements
	References




