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Aims Resting heart rate (RHR) has been shown to be associated with cardiovascular outcomes in various conditions. It is un-
known whether different levels of RHR and different associations with cardiovascular outcomes occur in patients with or
without diabetes, because the impact of autonomic neuropathy on vascular vulnerability might be stronger in diabetes.

...................................................................................................................................................................................................
Methods
and results

We examined 30 937 patients aged 55 years or older with a history of or at high risk for cardiovascular disease and
after myocardial infarction, stroke, or with proven peripheral vascular disease from the ONTARGET and
TRANSCEND trials investigating ramipril, telmisartan, and their combination followed for a median of 56 months.
We analysed the association of mean achieved RHR on-treatment with the primary composite outcome of cardio-
vascular death, myocardial infarction, stroke, hospitalization for heart failure, the components of the composite pri-
mary outcome, and all-cause death as continuous and categorical variables. Data were analysed by Cox regression
analysis, ANOVA, and v2 test. These trials were registered with ClinicalTrials.gov.number NCT00153101. Patients
were recruited from 733 centres in 40 countries between 1 December 2001 and 31 July 2008 (ONTARGET) and
1 November 2001 until 30 May 2004 (TRANSCEND). In total, 19 450 patients without diabetes and 11 487
patients with diabetes were stratified by mean RHR. Patients with diabetes compared to no diabetes had higher
RHRs (71.8 ± 9.0 vs. 67.9 ± 8.8, P < 0.0001). In the categories of <60 bpm, 60 <_ 65 bpm, 65 <_ 70 bpm, 70 <_ 75
bpm, 75 <_ 80 bpm and >_80 bpm, non-diabetic patients had an increased hazard of the primary outcome with
mean RHR of 75 <_ 80 bpm (adjusted hazard ratio [HR] 1.17 (1.01–1.36)) compared to RHR 60 <_ 65 bpm.
For patients with in-trial RHR >_80 bpm the hazard ratios were highest (diabetes: 1.96 (1.64–2.34), no diabetes:
1.73 (1.49–2.00), For cardiovascular death hazards were also clearly increased at RHR >_80 bpm (diabetes [1.99,
(1.53–2.58)], no diabetes [1.73 (1.38–2.16)]. Similar results were obtained for hospitalization for heart failure and
all-cause death while the effect of RHR on myocardial infarction and stroke was less pronounced. Results were
robust after adjusting for various risk indicators including beta-blocker use and atrial fibrillation. No significant
association to harm was observed at lower RHR.

...................................................................................................................................................................................................

* Corresponding author. Tel: þ49 6841 16 15031, Fax: þ49 6841 16 15032, Email: michael.boehm@uks.eu

Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2018. For permissions, please email: journals.permissions@oup.com.

European Heart Journal (2018) 0, 1–9 CLINICAL RESEARCH
doi:10.1093/eurheartj/ehy808 Prevention and epidemiology

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehy808/5259364 by U

niversität des Saarlandes - W
iw

i-Sem
inarbibliothek user on 05 February 2019

mailto:


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

Conclusion Mean RHR above 75–80 b.p.m. was associated with increased risk for cardiovascular outcomes except for stroke.
Since in diabetes, high RHR is associated with higher absolute event numbers and patients have higher RHRs, this
association might be of particular clinical importance in diabetes. These data suggest that RHR lowering in patients
with RHRs above 75–80 b.p.m. needs to be studied in prospective trials to determine if it will reduce outcomes in
diabetic and non-diabetic patients at high cardiovascular risk.

...................................................................................................................................................................................................
Clinical Trial
registration

http://clinicaltrials.gov.Unique identifier: NCT00153101.
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Introduction

Diabetes mellitus is associated with an increased risk of cardiovascular
disease,1 in particular, in combination with hypertension.2 Elevated
blood pressure (BP) is associated with enhanced resting heart rate
(RHR) in patients with diabetes.3 Resting heart rate is a predictor of
mortality and cardiovascular disease in numerous cohorts as healthy
populations,4,5 hypertensives,6 patients at high cardiovascular risk after
myocardial infarction or stroke,7 and in heart failure patients.8 High
RHR associates with poor physical conditioning9 and cardiovascular
comorbidities, common in diabetes such as chronic kidney disease10

and cognitive impairment.11 Interestingly, it also associates with inci-
dent diabetes.12 Resting heart rate is regulated by the autonomic ner-
vous system13 and influenced by autonomic imbalance caused by
parasympathetic denervation and sympathetic overactivity in patients
with diabetes.14,15 Considering the higher cardiovascular risk in dia-
betes compared with no diabetes, it is important whether high RHR
contributes to high risk in patients with diabetes. Furthermore, RHR
lowering drugs that inhibit hyperpolarization-activated cation channels
are available to potentially modify the RHR risk association and may
provide a potential therapeutic tool.16 The Ongoing Telmisartan
Alone and in Combination with Ramipril Global Endpoint Trial
(ONTARGET)17 and the Telmisartan Randomised Assessment Study
in ACE Intolerant Subjects With Cardiovascular Disease
(TRANSCEND)18 randomized patients with high cardiovascular risk
to ramipril, telmisartan, or their combination in 31 546 patients.
Among those, 11 730 patients had diabetes and 19 806 patients had
no diabetes. No differences between randomized groups were
detected in both trials, and this allowed a direct comparison and pool-
ing of outcome data observed in the treatment strata. The objective
of this analysis was to assess the risk at different on-treatment RHR
levels in patients with or without diabetes after prior stroke, myocar-
dial infarction, peripheral artery disease, and at high-cardiovascular
risk on contemporary cardiovascular treatments.

Methods

In ONTARGET/TRANSCEND, patients with a history of coronary artery
disease or peripheral artery disease or transient ischaemic attack or
stroke or diabetes mellitus complicated by end organ damage were
included. Recruitment took place in 733 centres in 40 countries with a

follow-up of a median of 56 months. Design, treatment allocations, algo-
rithms, and results of these trials were reported previously.17,18 Inclusion
and exclusion criteria are summarized in Supplementary material online,
Table S1. The study protocols were approved by the local Ethics
Committees of all participating centres. All patients gave written
informed consent. In ONTARGET, patients were randomly assigned to
ramipril 10 mg daily, telmisartan 80 mg daily, or the combination of both
daily in a double dummy design after a run-in period where tolerability
to ramipril and telmisartan was tested. In TRANSCEND, patients
were intolerant to ACE-inhibitors and were assigned to either telmisartan
80 mg qd or matching placebo. Standard treatment was provided by the
treating physicians according to best clinical practice and study medication
was given on top of their usual treatments. Investigators were specifically
advised to adjust the existing BP medication according to their clinical
practice. Visits were scheduled at 6 weeks and 6 months after randomiza-
tion and every 6 months thereafter. Randomized treatments of
ONTARGET showed similar results of the primary composite outcome
of cardiovascular death, myocardial infarction, stroke, and hospitalization
for heart failure as well as on secondary outcomes (time to first event).

The primary composite outcome and the individual components be-
tween the treatment groups allowed pooling of data of all patients in
order to perform an adequately powered comprehensive post hoc ana-
lysis of patients with diabetes and no diabetes according to on-treatment
RHR. The primary objective of this study was to explore the association
of RHR and cardiovascular outcomes in patients with or without dia-
betes. Resting heart rate and BP were taken after resting for 3 min in a sit-
ting position using an automated validated device (Omron model HEM
757, Omron Corporation, Kyoto, Japan) in the presence of the study
nurse or investigator. Only patients with complete data on RHR and BP
entered the analysis. The flow of the study, the treatment allocations, and
the exclusion of patients at every step of the analysis is depicted in
Supplementary material online, Figure S1. In total, 31 546 patients were
randomized into ONTARGET and TRANSCEND, 19 806 patients with-
out and 11 730 patients with diabetes mellitus. Information on diabetes
was lacking in 10 patients. Thirty-one patients did not have available base-
line BP measurements. In 242 patients there was no follow-up of BP be-
fore first event. Of the remaining 31 263 patients, there were missing
values of important covariates in 226 patients (BP, RHR, treatments, and
others). Finally, 30 937 patients were analysed (19 450 without diabetes
and 11 487 with diabetes). Allocation of patients to treatment groups of
ONTARGET/TRANSCEND is displayed in Supplementary material on-
line, Figure S1. An average of 8.4 ± 2.5 RHR measurements taken over
55.3 ± 10.2 months was available in patients without diabetes. In patients
with diabetes an average of 8.2 ± 2.6 RHR measurements taken over 54.3
± 11.8 months was available. Clinical diagnostic criteria for diabetes were
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..fasting glucose >_7 mmol/L, elevated HbA1C to >_110% of upper limit
norm of the study centre, the initiation of insulin or oral hypoglycaemic
patients and/or a 2-h glucose >_11.1 mmol/L following a 75 g oral glucose
tolerance test. For patients with diabetes only recruited into the studies,
evidence of end organ damage as retinopathy, left ventricular hyper-
trophy, macro- or microalbuminuria, or any evidence of previous cardiac
or vascular disease had to be present.

Study outcomes
The primary outcome was defined as a composite of cardiovascular
death, myocardial infarction, stroke, and hospital admission for heart fail-
ure. The composite and the individual components of the composite as
well as all-cause death were used in this secondary analysis. All primary
and secondary outcomes events were evaluated by a blinded central
committee according to standard criteria.17,18 Patients with non-fatal
events were not censored for other outcomes; e.g. patients with an MI
were still on risk for stroke.

Statistical analysis
All outcome events were combined for this analysis as outcomes were
not different in ONTARGET and TRANSCEND between randomized
treatments. Patients with diabetes or without diabetes were divided
into subgroups according to their baseline RHR and to their mean
achieved in-trial RHR. The following cut-offs were chosen: <60 b.p.m.,
60 b.p.m. to <65 b.p.m., 65 b.p.m. to <70 b.p.m., 70 b.p.m. to <75
b.p.m., 75 b.p.m. to <80 b.p.m., and >_80 b.p.m. Patient characteristics
are displayed according to baseline RHR (Supplementary material on-
line, Table S2) as well as to mean achieved in-trial RHR (Supplementary
material online, Table S3). Continuous data are presented as mean ±
standard deviation and categorical data as percentages. Groups were
tested for differences using ANOVA for continuous data and the v2

test for categorical data. Yearly event rates and cumulative incidence
curves for the composite outcome and its individual components as
well as all-cause death were presented according to the RHR criteria
as described above separated by the presence of diabetes. Cumulative
incidence curves were adjusted for the competing risk of death or
non-cardiovascular death, whatever appropriate. Relative differences
between RHR categories for patients with or without diabetes were
analysed using Cox regression including the interaction between
prevalence of diabetes and RHR categories. The analysis was adjusted
for all variables in Supplementary material online, Table S2, and the
competing risk of death was also considered. The results were pre-
sented as hazard ratios (HRs) with 95% confidence intervals (CIs) using
non-diabetics with RHR 60 b.p.m. to <65 b.p.m. as reference. The as-
sociation between hazard and mean achieved RHR as continuous vari-
able was analysed non-parametrically using restricted cubic splines
allowing for non-linear relationships.19 Four knots (5th, 35th, 65th, and
95th percentile of in-trial RHR) were chosen for the analysis.
Prevalence of diabetes and the interaction of diabetes with mean
achieved RHR were included in the model. Hazard ratios and 95% con-
fidence bands depending on mean achieved RHR and prevalence of
diabetes were presented, using non-diabetics with a RHR of 60 b.p.m.
as reference (HR = 1). Also in this analysis the competing risk of death
was considered. All analyses were done with the SAS version 9.4 (SAS
Institute, NC, USA).

Results

From the overall population of 30 937 patients, 11 487 patients with
diabetes and 19 450 without diabetes were identified. Supplementary

material online, Tables S2 and S3 show the demographic and clinical
characteristics according to baseline and mean in-trial RHR in dia-
betes and no diabetes. Patients in the different randomization strata
were similarly distributed between the RHR groups. Figure 1 shows
the distribution of mean in-trial RHR in those with or without dia-
betes. Patients with diabetes (red) had a slightly higher RHR com-
pared with patients without diabetes (blue) (71.8 ± 9.0 vs. 67.9 ± 8.8,
P < 0.0001). Females tended to have higher baseline and in-trial RHR,
while males had lower baseline and in-trial RHR. This was not different
between patients with or without diabetes. Figure 2A–F depicts the as-
sociation of mean in-trial RHR in patients with and without diabetes
with cardiovascular outcomes. In general, cardiovascular outcomes
were more frequent in patients with diabetes independent of RHR.
The primary outcome (Figure 2A), cardiovascular death (Figure 2B), hos-
pitalization for heart failure (Figure 2E), and all-cause death (Figure 2F)
were observed most frequently in those patients with a RHR >_80
b.p.m. The difference according to the risk associated with higher RHR
was greatest for the primary outcome, heart failure hospitalization, and
all-cause death, while the difference was less pronounced for myocar-
dial infarction and absent for stroke (Figure 2C and D).

Figure 3 depicts HRs (left) and yearly event rates (right) in patients
with (red) and without diabetes (blue). The hazard for the primary
outcome (Figure 3A) was generally increased in patients with diabetes,
as well as in patients without diabetes but with a RHR of 75 b.p.m. to
<80 b.p.m.; it was further enhanced at RHR >_80 b.p.m., all compared
with the reference group of non-diabetics with RHR of 60 b.p.m. to
<65 b.p.m. Also for the other outcomes there was a general increase
in hazard for patients with diabetes, and a significant effect of RHR
(but less pronounced for stroke). Also non-diabetics with RHR >_80
b.p.m. had an increased hazard compared with the reference, for the
composite outcome and heart failure hospitalization already an RHR
>_75 b.p.m. led to an increased hazard, and for all-cause death the
threshold was even 70 b.p.m. The tests for interaction between
presence of diabetes and mean achieved in-trial RHR did not
reveal significant findings. However, for the composite outcome,
heart failure hospitalization and all-cause death at least there was
a trend for heterogeneity (respective P < 0.2), meaning that the

Figure 1 Distribution of mean resting heart rate in diabetes (red)
and no diabetes (blue).
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impact of in-trial RHR may be different between patients without
and with diabetes.

In order to add further plausibility, we evaluated patients with
high-risk diabetes. Within the group of patients with diabetes a sub-
group with end organ damage was identified suffering from myocar-
dial hypertrophy, retinopathy, and macro- or microalbuminuria. In
agreement with the previous finding, the hazards were further
increased in patients with diabetes and complications (Supplemen-
tary material online, Figure S2).

There was an apparent non-linear relationship between RHR
and cardiovascular outcomes, which was different between the

different types of outcomes. Figure 4 shows the relative hazard de-
pending on presence of diabetes and in-trial RHR compared with
no diabetes with 60 b.p.m. as reference. The association of risk to
RHR was similar in patients with or without diabetes with a
threshold of an increased risk above on treatment RHR >75
b.p.m. for the primary outcome, hospitalization for heart
failure, and all-cause death and with a threshold >_80 b.p.m. for
myocardial infarction, while there was no association to stroke.
A typical J-curve was not observed except for a trend for the
primary outcome (Figure 4A) and stroke (Figure 4D). Over the
entire mean on-treatment RHR spectrum the hazards were

Figure 2 Cumulative incidence curves for the primary outcome (A), cardiovascular death (B), myocardial infarction (C), stroke (D), hospitalization
for chronic heart failure (E), and all-cause death (F) according to mean achieved resting heart rate of the groups <60 b.p.m., 60 b.p.m. to <65 b.p.m.,
65 b.p.m. to <70 b.p.m., 70 b.p.m. to <75 b.p.m., 75 b.p.m. to <80 b.p.m., and >_80 b.p.m. The primary outcome included cardiovascular death, myo-
cardial infarction, stroke, and hospitalization for heart failure. Filled lines depict diabetes and dotted lines depict no diabetes.

4 M. Böhm et al.
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Figure 3 Hazard ratios (left) and yearly event rates (right) for mean achieved resting heart rate in diabetes (red) and no diabetes (blue) for the pri-
mary endpoint (A), cardiovascular death (B), myocardial infarction (C), stroke (D), hospitalization for chronic heart failure (E), and all-cause death (F).
The primary outcomes were cardiovascular death, myocardial infarction, stroke and hospitalization for heart failure. The hazard ratios (Cox regres-
sion) were adjusted for the variables diastolic blood pressure, systolic blood pressure, heart rate at baseline, age, sex, body mass index, renal function,
physical activity, education, alcohol consumption, tobacco use, history of hypertension, history of diabetes, myocardial infarction, stroke/transient is-
chaemic attack, heart rhythm, comedications, study, and study medications.
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..higher for individuals with diabetes compared with those without
diabetes (Figure 4A–F). All data were adjusted for risk indicators
accounting also for the presence of atrial fibrillation on beta
blocker use.

Discussion

The results of the present study extend prior data indicating that
in patients with diabetes at high cardiovascular risk the relative

hazard of outcomes associated with high RHRs is similar to patients
without diabetes. However, over the whole spectrum of RHR, the ab-
solute event rates are higher in patients with diabetes and RHRs were
also higher in patients with diabetes. This is further strengthened by
the higher RHR in patients with diabetes potentially related to the
sympathetic activation or parasympathetic withdrawal.14,15

A higher RHR is associated with increased cardiovascular out-
comes in seemingly healthy individuals4,5 and in patients with hyper-
tension,6 high cardiovascular risk,7 or heart failure.8 Herein, we show
that the relative RHR-risk association was not different between

Figure 4 Hazard ratio according to mean achieved resting heart rate of the adjusted hazard ratios for the primary outcome (A), cardiovascular
death (B), myocardial infarction (C), stroke (D), hospitalization for chronic heart failure (E), and all-cause death (F). The analyses used a model with
restricted cubic splines and were adjusted for the same variables as described in Figure 3. The reference (hazard ratio = 1) is the mean achieved rest-
ing heart rate = 60 b.p.m.

6 M. Böhm et al.
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..patients with and without diabetes, while the absolute event rate is
increased over the whole spectrum of RHR except for RHR >_80
b.p.m. for cardiovascular death, myocardial infarction, stroke, and all-
cause death. The association of RHR was different according to the
outcomes of interest with less strong associations for myocardial in-
farction and none for stroke. Cardiovascular death and all-cause
death have previously been associated with RHR in high cardiovascu-
lar risk patients7 and in the large epidemiological Melbourne
Collaborative Cohort Study.20 The close association of RHR to all-
cause death and cardiovascular death in diabetes and no diabetes
might be explained by the strong relationship of RHR to chronic
heart failure reported herein, as well as in dedicated heart failure tri-
als.8 Furthermore, high RHR associates to acute, critical illness such
as hypertensive crises,21 shock,22,23 and stroke outcomes24 as well as
intracerebral haemorrhage.25 Beyond acute critical illness, several
cardiovascular comorbidities like renal impairment,10 cognitive im-
pairment,11 COPD,26 and pulmonary hypertension27 might contrib-
ute to the strong association between RHR and fatal outcomes.
Furthermore, RHR has been associated with the development and
outcome of non-cardiac diseases like cancer28 and incident metabolic
disease12,29 indicating that RHR is a more general risk marker for car-
diovascular and non-cardiovascular disease.30 A difference between
patients with and without diabetes at RHR >_80 b.p.m. was smaller.
One might speculate that this could be due to deconditioning, which
has a collinear effect on outcome and global health. Furthermore, the

difference between patients with and without diabetes was greater
for all outcomes at low RHR <60 b.p.m. Low RHR <60 b.p.m. might
select patients with concomitant sinus node or conduction disease as
a reflection of higher cardiovascular impairment in diabetes mellitus
explaining the higher event rates. However, there is no exercise data
or Holter data available in this large overall population. The sugges-
tion can neither be proven nor rejected.

Consistent with this suggestion, a sensitivity analysis looking at
patients with diabetes and complications (retinopathy, myocardial
hypertrophy, and macro- or microalbuminuria) showed higher event
rates through all heart rate categories indicating that the higher event
rate is causally related to diabetes and its complications.

Hospitalization for heart failure was closely associated with RHR
above a threshold of 75 b.p.m. Resting heart rate reduction with the
If-inhibitor ivabradine-reduced cardiovascular death and heart failure
hospitalization outcomes in a chronic heart failure population.31 This
effect was most pronounced when RHR was above the median of 75
b.p.m.32 This finding demonstrates that in heart failure, RHR is a
modifiable risk factor rather than only a risk marker. This concept
needs to be studied in conditions other than chronic heart failure.33

In heart failure, comorbid diabetes has multiple actions like promot-
ing fibrosis, changing Ca2þ and Naþ homeostasis, protein glycosyla-
tion, oxidative stress, and others.34 In turn, treatment of diabetes
with SGLT2-inhibitors35,36 reduced cardiovascular outcomes,
HbA1C levels and heart failure-related outcomes indicating that

Take home figure Heart rate association to cardiovascular death, myocardial infarction, stroke, and heart failure hospitalization is related to
heart rate (above, Figure 4A). Pathophysiological mechanisms in the vasculature are oxidative stress, endothelial dysfunction, arterial stiffness, patho-
logical shear stress, plaque instability resulting in microalbuminuria and cognitive dysfunction, and vascular events. In the heart oxygen consumption is
increasing, oxygen delivery and coronary perfusion decreases by a reduction of diastolic length leading to maladaptive hypertrophy and sometimes
tachycardiomyopathy.33 Diabetes enhances event rates (right, above, Figure 4A) involving an augmentation of cardiovascular risk factors. Autonomic
dysfunction contributes to a slightly higher heart rate in individuals with diabetes (right, below, Figure 1). Heart rate is a risk indicator in vascular dis-
ease in diabetes. It has to be scrutinized whether it turns into a modifiable risk factor as shown previously in heart failure and a therapeutic target to
reduce events.
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.
there is a close crosstalk between diabetes mellitus and incident heart
failure.

Interestingly, the association of RHR to myocardial infarction was
less pronounced and only occurring at a RHR above 80 b.p.m. This is
in line with a previous analysis from ONTARGET showing that myo-
cardial infarction in contrast to other cardiovascular outcomes like
cardiovascular death and heart failure was not associated with RHR.7

Consistent with this observation, RHR reduction with ivabradine did
not reduce non-fatal myocardial infarction in a population with stable
coronary artery disease.37 Stroke was not associated with RHR. This
supported by previous analysis from the PROFESS-trial where a se-
cond stroke after an index stroke was not associated with high
RHR.24 However, neurological outcome and cognitive decline was
more favourable at lower compared with higher RHR.24 Improved
cognitive function has been shown to be related to an improvement
of endothelial function and collateral formation at lower RHR and
after RHR reduction.38

Limitations
The present analysis from ONTARGET and TRANSCEND may
have some limitations, but also strengths. It is a retrospective second-
ary analysis of a large outcome trial, which is not subject to random-
ization. Therefore, it is observational and hypothesis generating by
nature. However, the rigorous capture of vital signs like RHR and BP
as well as the large number of patients and outcome events in a broad
population of patients at high cardiovascular risk and on contempor-
ary treatments are the strengths of this analysis.

Conclusion

In conclusion, our study indicates that high mean on-treatment RHR
is associated with cardiovascular death, all-cause death, and heart fail-
ure hospitalization, while it is less associated with myocardial infarc-
tion and not associated with stroke. Relative hazard according to
RHR is not different between diabetes and no diabetes, but event
rates in diabetes are generally higher. Furthermore, the certain de-
gree of autonomic dysbalance involving sympathetic activation and
parasympathetic withdrawal or the increasing HR strengthens the
relevance of this finding. Thus, similar relative risk according to RHR
within the group with diabetes translates into higher event numbers
in diabetes compared with no diabetes at high RHR, which are higher
in diabetes with prevalent end organ damage. The significance of this
association of cardiovascular outcomes to higher RHR is further sup-
ported by the finding that patients with diabetes tend to have higher
RHRs compared with patients without diabetes potentially related to
sympathetic activation and/or parasympathetic withdrawal potential-
ly involving autonomic neuropathy. Interestingly RHR is not men-
tioned in the ESC Guidelines on diabetes,39 cardiovascular disease
prevention,40 or hypertension.41 Therefore, future studies on RHR
reduction may provide insights into a novel therapeutic approach
to patients with a broad spectrum of cardiovascular and
metabolic disease to reduce or even halt morbid and mortal events.
Presently, this needs to be scrutinized by prospective intervention tri-
als, because it is unknown whether RHR is a modifiable risk factor
(like in chronic heart failure) or a risk marker in cardiovascular high-
risk patients.

Supplementary material

Supplementary material is available at European Heart Journal online.
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8 M. Böhm et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehy808/5259364 by U
niversität des Saarlandes - W

iw
i-Sem

inarbibliothek user on 05 February 2019

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy808#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..
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