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Abstract 

Background: The prevalence of patients with concomitant cardiovascular disease and diabetes mellitus (DM) is 
increasing rapidly. We aimed to compare the effectiveness of current cardiac rehabilitation (CR) programs across 
seven European countries between elderly cardiac patients with and without DM.

Methods: 1633 acute and chronic coronary artery disease (CAD) patients and patients after valve intervention 
with an age 65 or above who participated in comprehensive CR (3 weeks to 3 months, depending on centre) were 
included. Peak oxygen uptake  (VO2 peak), body mass index, resting systolic blood pressure, low‑density lipoprotein‑
cholesterol (LDL‑C), and glycated haemoglobin (HbA1c) were assessed before start of CR, at termination of CR (vari‑
able time point), and 12 months after start of CR, with no intervention after CR. Baseline values and changes from 
baseline to 12‑month follow‑up were compared between patients with and without DM using mixed models, and 
mortality and hospitalisation rates using logistic regression.

Results: 430 (26.3%) patients had DM. Patients with DM had more body fat, lower educational level, more comorbidi‑
ties, cardiovascular risk factors, and more advanced CAD. Both groups increased their  VO2 peak over the study period 
but with a significantly lower improvement from baseline to follow‑up in patients with DM. In the DM group, change 
in HbA1c was associated with weight change but not with change in absolute  VO2 peak. 12‑month cardiac mortality 
was higher in patients with DM.

Conclusions: While immediate improvements in  VO2 peak after CR in elderly patients with and without DM were 
similar, 12‑month maintenance of this improvement was inferior in patients with DM, possibly related to disease pro‑
gression. Glycemic control was less favourable in diabetic patients needing insulin in the short‑ and long‑term. Since 
glycemic control was only related to weight loss but not to increase in exercise capacity, this highlights the impor‑
tance of weight loss in obese DM patients during CR.
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Background
Type 2 diabetes mellitus (T2DM) is a common comor-
bidity in patients with cardiovascular disease, particularly 
in elderly patients, since many risk factors are shared 
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between the two diseases, and DM increases the risk for 
cardiovascular disease (CAD) [1–4].

A recent position paper of the European Associa-
tion of Preventive Cardiology [5] proposed that exercise 
training in cardiovascular patients with DM improves 
glycemic control [6, 7] and may contribute to reducing 
dyslipidaemia and blood pressure [8]. In elderly patients 
with T2DM, studies have commonly employed resistance 
training, in an attempt to address age-related muscle loss 
and fat infiltration into muscle tissue, which is a common 
problem in these patients [9]. These studies have not only 
been successful at improving muscle force but also glyce-
mic control [10, 11]. In a Chinese study in free-dwelling 
elderly T2DM subjects, exercise was found to be associ-
ated with better glycemic control compared to inactive 
subjects particularly in those with greater waist circum-
ference, high fasting blood glucose and high triglycerides 
levels [12]. Clinical benefits of exercise-based cardiovas-
cular rehabilitation (CR) programmes have been assessed 
in younger diabetic populations [13–17] with some stud-
ies finding comparable improvements in cardiovascular 
risk factor management [13, 14, 16, 17], and some find-
ing smaller benefits of CR [15] in patients with DM com-
pared to non-diabetic patients. One retrospective study 
of the nineties following up patients after CR found mor-
tality, and in particular cardiovascular mortality, to be 
increased in diabetic compared to non-diabetic patients 
[18]. However, no studies on clinical benefits of CR or 
hard outcomes have focussed on an elderly population 
with DM, and only one very small study has investigated 
outcomes at 1-year follow-up [19].

The aim of the present study was to compare the 
improvement in exercise capacity (peak oxygen uptake, 
 VO2 peak) with CR programmes offered at the differ-
ent centres who participated in the EU-CaRE study in 
elderly cardiovascular patients between patients with 
and without DM. Further, we were interested to assess 
whether glycemic control and dyslipidemia were affected 
by number of attended exercise training sessions (which 
depended on centre as well as on patient compliance), 
increase in exercise capacity or weight loss in diabetic 
patients. Lastly, we compared cardiac and all-cause mor-
tality as well as major adverse cardiac events between 
patients with and without DM.

Methods
The EU-CaRE observational study was a study on exist-
ing CR programmes provided to elderly cardiac patients 
at eight European centres, namely Bern, Copenhagen, 
Ludwigshafen, Paris, Parma, Nijmegen, Santiago de 
Compostela and Zwolle. The CR program offered at 
each centre has been described previously [20]. In brief, 
centres offered between 10 and 36 endurance training 

sessions on cycling ergometers, mostly as continuous 
moderate intensity exercise, except for two centres who 
performed their cycling training as high-intensity inter-
val training. Four of the eight centres also added between 
15 and 24 sessions of resistance training. CR programmes 
lasted between 3 weeks and 3 months. All centres offered 
dietary counseling. After CR, patients were given guide-
line based recommendations for physical activity [21].

Study population
The study population and baseline data have been 
reported previously [22, 23]. Briefly, patients age 
65+ with recent acute coronary syndrome (ACS), chronic 
coronary artery disease (CAD) with or without revas-
cularization (coronary artery bypass grafting, CABG, 
and percutaneous coronary intervention, PCI) as well 
as patients with surgical or percutaneous treatment for 
valvular heart disease (VHD) participating in CR were 
included. Patients were assessed before commencing CR 
(T0), after completing the CR program (T1), and 1 year 
after completion of CR at 1-year follow-up (T2).

The study was approved by all relevant medical ethics 
committees, registered at trialregister.nl (NTR5306 and 
NTR5308) and funded by the European Union’s Hori-
zon 2020 research and innovation program under grant 
agreement number 634439 and by the Swiss State Sec-
retariat for Education, Research and Innovation for the 
Swiss consortium partner. The participants gave written 
informed consent before they were included in the study.

Data collection
Recorded information included demographics, index 
event, socioeconomic factors, medical history including 
co-morbidities and cardiovascular risk factors, lifestyle, 
and clinical information such as weight, body mass index 
(BMI), blood pressure (BP), resting heart rate and exer-
cise capacity, medication, and patient reported outcomes 
such as physical activity in terms of number of days per 
week with at least moderate physical activity of minimally 
30  min. Low physical activity was defined as less than 
5  days per week with a minimum of 30  min of at least 
moderate activity. Blood samples were taken non-fasting. 
The functional assessment consisted of a cardiopulmo-
nary exercise test (CPET) or 6 min walking test (6MWT). 
Attended number of sessions divided by offered session 
was considered as compliance. Offered sessions ranged 
from 10 to 36. Details on the collected data have been 
provided elsewhere [20, 22].

Patients were grouped according to presence or 
absence of DM as follows: previous diagnosis with DM, 
intake of insulin or oral antidiabetics at start of CR, 
HbA1c at baseline of ≥ 48 mmol/mol.
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CPETs were performed on a cycle with an individual-
ised ramp protocol aiming to achieve voluntary exhaus-
tion within 8 to 12  min. Raw data was analysed in the 
CPET core lab in Bern using MATLAB software from 
 MathWorks®. Gas measures were excluded from the 
analysis in case of suspected mask leakage or equipment 
failure or if the ramp duration was less than 3  min. In 
these cases, as well as for 6MWT, peak  VO2 was calcu-
lated with a formula using the maximum Watt [24].

Some of the secondary outcomes were dichotomized 
with regard to reaching target levels according to cur-
rent guidelines [25] as follows: systolic BP < 140 mmHg, 
LDL-C < 1.8  mmol/l or lowering of LDL-C by ≥ 50%, 
BMI < 30  kg/m2 (non-obesity) or lowering body weight 
by ≥ 5%, and HbA1c in diabetic patients < 53 mmol/mol. 
Adverse events were recorded by monthly telephone calls 
and assessed individually by an independent Clinical 
Event committee. Major Adverse Cardiac Event (MACE) 
were defined as composite endpoint of all-cause and car-
diovascular mortality, acute coronary syndrome, aborted 
sudden cardiac death and cardiovascular intervention/
surgery, hospital admission or emergency visits between 
T0 and T2.

Statistical analysis
All statistics were performed with R (Version 3.5.1, R 
Core Team, 2017).

Baseline parameters, compliance with CR and hard 
outcome parameters were compared between the patient 
groups with and without DM by Chi squared test, inde-
pendent t-tests or Wilcoxon two sample tests as appro-
priate. Mixed linear models were performed for peak 
 VO2 [ml/min/kg] measured at all time points (lme func-
tion from package nlme) with patients nested within 
centres as random factors and the following fixed fac-
tors: DM, time point, age, sex, index intervention as well 
as baseline parameters found to differ between groups, 
such as BMI, hypertension, hypercholesterolemia, pre-
vious ACS, nephropathy, and peripheral arterial disease. 
Due to multiple testing, alpha level was set at 0.01 for 
all analyses. The interaction between time and DM was 
also entered into the model to assess changes over time 
that differed between groups. The same models were also 
performed for the following secondary outcome param-
eters: First ventilatory threshold, ratio ventilation:carbon 
dioxide output   (VE/VCO2) slope, resting heart rate, 
peak heart rate, heart rate recovery, systolic and diastolic 
BP, pulse pressure, LDL-C, HDL-C, triglycerides, BMI, 
HbA1c, and creatinine.

Within the DM group, a robust linear regression 
model (lmrob function from package robustbase) was 
performed for change in HbA1c between T0 and T2 
and independent variables BMI at baseline, change in 

weight between T0 and T2, change in absolute peak  VO2 
between T0 and T2, and number of attended exercise 
training sessions.

Logistic regression models were performed for all-
cause and cardiac mortality using the glmer function 
(from package lme4) with independent factors DM, age, 
sex, BMI, index intervention (PCI, CABG, valve replace-
ment, stable angina), and previous acute coronary syn-
drome as fixed factors and centre as random factor.

Results
Study population
Of the included 1633 patients, 405 were already diag-
nosed with DM at T0, of whom 10 were diagnosed with 
type 1 DM, and in 3 patients data on presence or absence 
of DM was missing. Of the patients not diagnosed as dia-
betic at T0, 25 patients had HbA1c levels of ≥ 48 mmol/
mol. Consequently, a total of 430 patients were included 
in the group of patients with DM (26.4%) at baseline and 
1200 patients in the group without DM at baseline. Main 
outcomes of the EU-CaRE study have been published 
recently [26].

Of the 430 diabetic patients who completed base-
line testing at T0, 397 (92.3%) completed an exercise 
test at T1 and 368 (85.6%) at T2, while in the non-dia-
betic patients, of the 1200 patients completing T0, 1123 
(93.6%) completed T1 and 1086 (90.5%) T2.

With regard to the different centres, the percent-
age of included patients with DM ranged from 18.8% 
(Nijmegen), 21.9% (Copenhagen), 23.3% (Paris), 23.9% 
(Bern), 25.0% (Zwolle and Ludwigshafen), 29.6% (Parma) 
to 35.8% (Santiago).

Diabetic patients were of comparable age but tended 
to include fewer females (Table 1). At baseline, BMI was 
2 kg/m2 higher in patients with DM, which was reflected 
in a 6 cm greater waist circumference, 4 mm greater skin-
fold thickness and 1% greater body fat. Patients with DM 
had lower educational level, were less physically active, 
had an 8% higher rate of previous ACS, 13% and 12% 
higher rate of hypertension and hypercholesterolemia, 
respectively, as well as more than double the prevalence 
of nephropathy and peripheral arterial disease.

At baseline, 50 diabetic patients (11.6%) were on insulin 
and oral antidiabetics, 64 (14.9%) received only insulin, 
and 203 (47.2%) only oral antidiabetics, while 113 (26.3%) 
had no DM medication. Information on diabetic medica-
tion was missing in 10 patients (2.3%). At T1, information 
on diabetic medication was missing in 22 patients (5.1%). 
Of patients with available data on DM medication at T1, 
88 still had no DM medication (11.6%). At least 18 addi-
tional patients were on oral antidiabetics. At T2, informa-
tion on DM medication was missing in 54 patients with 
DM (of whom 10 patients had died). Eighty-two patients 
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with DM still had no antidiabetic medication. Diabetic 
patients were more commonly on Angiotensin II recep-
tor blockers (Table 1).

Median compliance with CR physical training sessions 
was high overall but lower in patients with DM (94%, IQR 
83–100%) compared to those without DM (100%, IQR 
87–100%, p value from Wilcoxon two sample test 0.006).

Primary outcome
In the mixed model adjusted for index intervention, sex, 
age, BMI, comorbidities and cardiovascular risk factors 
(as well as mean  VO2 peak of each patient due to entering 
patients as random factors), presence of DM significantly 
and independently reduced  VO2 peak by 1.46 ml/kg/min. 
In both groups,  VO2 peak improved over the course of 

Table 1 Baseline characteristics of diabetic and non-diabetic patients

BMI, body mass index; VHD, valvular heart disease; CABG, coronary artery bypass grafting; PCI, percutaneous intervention; ACS, acute coronary syndrome; CVD, 
cardiovascular disease; LV, left ventricular; ACE, angiotensin-converting-enzyme; ARBs, angiotensin II receptor blockers

* Values available of only 351 patients with DM and 979 patients without DM

Parameter Diabetic (430) Non-diabetic (1200) p-value

Physical characteristics

 Female sex (%) 82 (19.1) 292 (24.3) 0.031

 Age (years) 72.6 ± 5.5 73.0 ± 5.4 0.274

 BMI (kg/m2) 28.6 ± 4.1 26.6 ± 4.0 0.0000

 Waist circumference (cm) 104.2 ± 11.4 98.5 ± 11.2 0.0000

 Skinfold thickness (mm) 64.3 ± 23.2 58.7 ± 20.2 0.0000

 Body fat (%) 30.5 ± 6.4 29.5 ± 6.2 0.007

Educational attainment 0.0001

 Primary education 145 (34.0%) 314 (26.3%)

 Secondary education 209 (49.1%) 579 (47.4%)

 Tertiary education 72 (16.9%) 313 (26.3%)

Index intervention 0.003

 VHD 37 (8.6%) 129 (10.8%)

 CABG 136 (31.6%) 344 (28.7%)

 PCI 218 (50.7%) 670 (55.8%)

 Stable angina 39 (9.1%) 57 (4.8%)

Cardiovascular risk factors

 Smoking (active/former/never) 44/76/309 110/193/897 0.543

 Days with > 30 min physical activity 3.3 ± 2.8 4.0 ± 2.7 0.0000

 Previous ACS 104 (24.3%) 200 (16.7%) 0.0007

Comorbidities

 Hypertension 333 (77.4%) 775 (64.6%) 0.0000

 Hypercholesteremia 326 (76.0%) 770 (64.2%) 0.0000

 Family history of CVD 111 (26.0%) 383 (32.0%) 0.024

 Nephropathy 57 (13.3%) 67 (5.6%) 0.0000

 Chronic heart failure 16 (3.7%) 26 (2.2%) 0.115

 Peripheral arterial disease 57 (13.3%) 68 (5.7%) 0.0000

 Obstructive sleep apnea 19 (4.4%) 24 (2.0%) 0.012

 Anaemia 200 (57.0%)* 484 (49.4%)* 0.018

 Atrial fibrillation 34 (7.9%) 79 (6.6%) 0.408

 LV ejection fraction < 35% 19 (4.4%) 46 (3.9%) 0.290

Medication

 Insulin 114 (26.5%)

 Oral antidiabetics 253 (58.8%)

 Beta blocker 359 (83.5%) 965 (80.4%) 0.184

 Statins 394 (91.6%) 1063 (88.6%) 0.095

 ACE inhibitors 198 (46.0%) 609 (50.8%) 0.103

 ARBs 110 (25.6%) 198 (16.5%) 0.0000
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CR but with a significantly smaller change (− 0.6 ml/kg/
min) from T0 to T2 in patients with DM (Fig. 1, top left 
panel, and Additional file 1: Table S1).

Secondary outcomes
Reported results are from mixed models adjusted for age, 
sex, BMI, index intervention (surgery vs. non-surgery), 
comorbidities and cardiovascular risk factors, however, 
results shown in Figs. 1 and 2 are unadjusted. Similar to 
 VO2 peak, the first ventilatory threshold was − 0.48 ml/
kg/min lower in diabetic compared to non-diabetic 
patients, and long-term maintenance was significantly 
worse in diabetic patients (Fig. 1, top middle panel), while 
the improvement of VE/VCO2 slope over time was not 
affected by DM (Fig.  1, top right panel). Resting heart 
rate was overall 2.2 bpm higher in patients with DM but 
was improved similarly in patients with and without DM 
by − 3.5 bpm from T0 to T2 (Fig. 1, bottom left panel). 
Peak heart rate was 3.9 bpm lower in patients with DM, 
but improved similarly over time by 8.9 bpm at T2 (Fig. 1, 
bottom middle panel). Consequently, heart rate reserve 
was reduced by 6.2 bpm in diabetic patients but improved 
similarly over time by 12.4  bpm at T2. In parallel with 

heart rate reserve, heart rate recovery was also reduced 
in diabetic patients by 2.3  bpm and improved similarly 
to non-diabetic patients by 3.7 bpm at T2 (Fig. 1, bottom 
right panel).

Patients with DM had comparable systolic BP, sig-
nificantly lower diastolic BP (by 2  mmHg), and signifi-
cantly higher pulse pressure (by 3  mmHg), with all BP 
parameters increasing from T0 to T2 by 3.9  mmHg, 
1.4 mmHg and 2.7 mmHg, respectively (Fig. 2, top pan-
els). LDL-C and HDL-C were significantly lower in dia-
betic patients at all time points compared to non-diabetic 
patients (Fig.  2 middle left and central panels). LDL-C 
decreased significantly by a negligible of 0.09  mmol/l 
between T0 and T1 with no difference between patients 
with and without DM. At T2, LDL-C had significantly 
increased from T0 by 0.06 mmol/l. There was a consist-
ent increase in HDL-C over time, however, this increase 
was significantly smaller at T2 in the DM group. Tri-
glycerides remained stable over time but were higher at 
all time points in diabetic patients (Fig.  2, middle right 
panel). BMI decreased significantly but negligibly in both 
groups by 0.15  kg/m2 between T0 and T1, but was sig-
nificantly higher by 0.15  kg/m2 at T2 compared to T0 

Fig. 1 Primary outcome parameter  VO2 peak and other parameters from cardiopulmonary exercise testing at baseline (T0), end of CR (T1) and 
1‑year follow‑up (T2) in patients with and without DM. Shown are medians and interquartile ranges. Black lines indicate significant differences in the 
adjusted mixed models with asterisk indicating p ≤ 0.01 for main group or time effects and x for p ≤ 0.01 for group x time interaction effect
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(Fig. 2, bottom left panel). In the adjusted models, BMI of 
diabetic patients was 1.7 kg/m2 higher than BMI of non-
diabetic patients. Unadjusted body weight was approxi-
mately 5  kg or 7% of predicted weight higher in DM 
patients compared to non-DM patients at T0 and T2.

No parameters were found to significantly account for 
changes in LDL-C within the DM group. However, within 
the DM group, change in triglycerides was inversely 
related to weight change, while change in HDL-C was 
related to change in  VO2 peak.

In the adjusted model, HbA1c was on average 
12.9  mmol/mol higher in patients with DM compared 
to those without. From T0 to T1 HbA1c decreased 
by a median of − 1.0  mmol/mol in patients with DM, 
but increased by a median of 0.1  mmol/mol in patients 
without DM (Fig.  2, bottom central panel). From T1 
to T2, HbA1c increased by a median of 1.1  mmol/
mol in patients with DM, and remained stable in 
patients without DM. 36.3% of patients with DM had 
HbA1c ≥ 53  mmol/mol at T0 (data of 47 patients with 
DM missing), 33.1% at T1 (68 missing) and 46.6% at T2 

(104 missing). Amongst patients without DM, 2.2% had 
HbA1c ≥ 48 mmol/mol at T1 and 2.1% at T2. HbA1c was 
related to BMI and was 6.0 mmol/mol higher in diabetic 
patients taking insulin  (Fig. 3). In the model for change 
in HbA1c between T0 and T2, HbA1c at T0, BMI at T0, 
insulin, and weight change between T0 and T2 were sig-
nificant factors, with every 1 mmol/mol higher HbA1c at 
T0 reducing the increase in HbA1c between T0 and T1 by 
0.5 mmol/mol, and for every kg increase in body weight 
between T0 and T2, HbA1c increased by 0.4 mmol/mol 
more. Neither number of attended exercise training ses-
sions nor change in  VO2 peak were significantly related 
to HbA1c. Patients on insulin increased their HbA1c by 
3.4  mmol/mol more than patients without insulin. Of 
the diabetic patients, 183 (44.4%) attended group dietary 
counselling sessions and 125 (30.3%) attended individual 
dietary counselling. However, attending dietary counsel-
ling had no effect on changes in HbA1c.

Creatinine was comparable between patients with and 
without DM and did not change over time (Fig. 2, bottom 
left panel).

Fig. 2 Secondary outcome parameters at baseline (T0), end of CR (T1) and 1‑year follow‑up (T2) in patients with and without DM. Shown are 
medians and interquartile ranges. Black lines indicate significant differences in the adjusted mixed models with asterisk indicating p ≤ 0.01 for main 
group or time effects and x for p ≤ 0.01 for group × time interaction effect
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MACE
All assessed hard outcome parameters tended to be 
higher in diabetic patients (Table  2). Only cardiac mor-
tality reached statistical significance, however, incidence 
was low in both groups (2.3% in diabetic and 0.6% in non-
diabetic patients). DM was the only significant factor for 
cardiac mortality also in the adjusted logistic regression 
models with an odds ratio of 4.4 (99% CI 1.08–18.2).

Discussion
This study compared the short and long-term 
(12 months) benefits with CR in elderly patients with and 
without DM. Patients with DM had higher BMI, higher 
pulse pressure, lower heart rate reserve, a higher preva-
lence of previous ACS, more comorbidities and a lower 
 VO2 peak.  VO2 peak improved in both groups over the 
course of the study but 1-year improvement was poorer 
in patients with DM. Short term changes were signifi-
cantly better in patients with than in patients without 
DM for HbA1c, however, there was a comparable long-
term increase in HbA1c in both groups.

This is the first study on clinical benefits with CR in 
exclusively elderly diabetic patients. Our results confirm 
findings of previous studies in younger populations that 
have shown comparable clinical benefits of CR between 
cardiovascular patients with and without DM [13, 14, 16, 
17], although some found smaller benefits [15, 27, 28]. 
Our study showed that benefits with CR may be compa-
rable between elderly patients with and without DM over 
the duration of CR, but were poorer over 1 year follow-
up in diabetic patients with regard to exercise capacity 
and HDL-C. Only one previous small study has assessed 
1-year maintenance of the improvement in exercise 
capacity by CR [19]. They found it maintained in patients 
with and without DM, however, that study was based on 
12 diabetic (and 25 non-diabetic) patients only. Since 

Fig. 3 Boxplots of HbA1c levels in diabetic patients at baseline (T0), end of CR (T1) and 1‑year follow‑up (T2) according to patients with insulin 
therapy with or without oral antidiabetic medication (OAD, n = 114), OAD without insulin (n = 203) or no antidiabetic treatment (n = 113)

Table 2 Hard outcome parameters at 12 months follow-up 
for  CAD patients. Shown are number of  patients (percent 
of all patients in this group) with event

MACE, major adverse cardiac event

p-values are from Chi squared test

Parameters Diabetic 
patients 
N = 393

Non-diabetic 
patients 
N = 1071

p-value

MACE 71 (18.1) 142 (13.3) 0.026

Cardiac mortality 9 (2.3) 6 (0.6) 0.009

Acute coronary syndrome 9 (2.3) 19 (1.8) 0.672

Hospitalisation for cardiac 
reason

43 (10.9) 85 (7.9) 0.089

Cardiac related emergency 
visits

39 (9.9) 77 (7.2) 0.108

Cardiac intervention 39 (9.9) 87 (8.1) 0.325

All cause mortality 9 (2.3) 13 (1.2) 0.209
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the present study did not include a control group (not 
undergoing CR), we cannot infer whether there was a 
lesser long-term benefit of CR in patients with compared 
to those without DM, as the lesser improvement in  VO2 
peak at 1-year in the diabetic patients may have also been 
due to the natural progression of disease.

VO2
Similar  VO2 peak values compared to ours were found in 
a recent single centre study, with similar pre- and post-
CR values and similar deficits of diabetic compared to 
non-diabetic patients [14]. The deficit in  VO2 peak found 
in our DM population was also reflected in lower  VO2 at 
the first ventilatory threshold and the VE/VCO2 slope, 
consistent with what was documented previously [29, 
30]. Likewise, in our diabetic patients compared to those 
without DM, median peak heart rate was 4  bpm and 
7 bpm lower at baseline and 12-month follow-up, respec-
tively, and resting heart rate 2  bpm and 3  bpm higher, 
resulting in a 6 bpm and 10 bpm lower heart rate reserve, 
which may have, at least in part, accounted for the lower 
 VO2 peak. Chronotropic incompetence has been found 
to be prevalent in diabetic populations [31, 32], and both, 
DM and chronotropic incompetence are additive predic-
tors for all-cause mortality [32]. The chronotropic incom-
petence may, at least in part, also explain the reduced 
heart rate recovery in our as well as in previous popula-
tions with DM [33]. Other factors that potentially con-
tribute to lower  VO2 peak in patients with DM may be 
reduced diastolic function [34] and lower oxygen extrac-
tion by skeletal muscles [35], with the latter being sup-
ported by the higher VE/VCO2 slope [36].

A larger improvement of just over 1 MET, correspond-
ing to 28% was found in a similarly large population of 
diabetic cardiovascular patients after a 6-week CR [14]. 
A retrospective study in patients who completed a mini-
mum of 7 weeks of a 12-week CR found an improvement 
of over 1.5 METs in diabetic and non-diabetic patients 
[17]. In accordance to our results, these studies found 
similar improvements in diabetic compared to non-dia-
betic patients, albeit at a lower level of  VO2 peak. How-
ever, all of these studies were based on younger cardiac 
patients. Our 12-month follow-up assessment revealed 
that the further improvement after end of CR was 
reduced in diabetic patients when compared to non-dia-
betic patients. The poorer long-term development of  VO2 
peak in our elderly diabetic patients was also found previ-
ously [37] and may reflect the natural disease progression 
that is associated with reduced cardiovascular fitness 
[38]. The previously reported relationship between gly-
cemic control with gain in  VO2 peak [39] was not found 
in the present study, however, the assessment of HbA1c 
may not have allowed us to assess short term changes in 

glycemic control. Furthermore, the causality and direc-
tion of this relationship is unclear.

Blood pressure
Systolic blood pressure was similar in patients with and 
without DM, was overall well controlled, but increased 
significantly at 1-year follow-up in both groups. Due to 
a lower diastolic BP, diabetic patients had a significantly 
higher pulse pressure than non-diabetic patients at all 
time points. This is in contrast to a large German registry 
study that found a 3 mmHg higher systolic and diastolic 
BP in diabetic patients compared to non-diabetic CAD 
patients [13]. The reason for the conflicting results may 
be the older mean age of the patients of our compared to 
the German registry study. The association of pulse pres-
sure and arterial stiffness [40] may imply that our diabetic 
patients had higher arterial stiffness than the non-dia-
betic patients [40], which has also been suggested in pre-
vious studies [41–43]. The reason for this may be early 
ageing of the vessel properties due to the latent chronic 
inflammation in patients with DM [44, 45]. A decrease 
in diastolic pressure as a result of increased arterial stiff-
ness may only become apparent at a more advanced 
age, as apparent in our population, but not in previously 
investigated younger populations. Increased pulse pres-
sure has also been found to be associated with increased 
risk for CAD in patients with DM [46–48]. The relation-
ship between pulse pressure and risk of coronary artery 
events is J-shaped [46] with an increased risk with higher 
pulse pressure in the initial disease state. With advanc-
ing coronary artery disease, pulse pressure first increases. 
However, at a more advanced stage with concomitant 
systolic dysfunction, pulse pressure may drop while the 
risk for coronary artery events increases even further. 
Similarly, in a large study on patients with type 2 DM 
and renal impairment, the association of cardiovascu-
lar events, cardiovascular deaths and all-cause mortality 
with systolic BP was also J-shaped with optimal outcome 
at a systolic BP of 135–139 mmHg [49]. While endothe-
lial function has been found to improve with exercise in 
diabetic populations [50], we did not measured this in the 
present study, however, pulse pressure did not improve 
neither in the short- nor long-term.

HbA1c
In line with previous reports, change in HbA1c was 
inversely related to baseline HbA1c, suggesting either 
that patients with high HbA1c at T0 were treated more 
aggressively [6], or that blood loss during surgery may 
have led to lower levels of HbA1c independently of gly-
cemic control with subsequent recovery [51, 52]. In con-
trast to previous studies, we did not find a relationship 
between training volume (number of attended training 
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sessions) or change in  VO2 peak and change in HbA1c 
[6]. A reason for this may have been the overall small 
increases in  VO2 peak which themselves were not asso-
ciated to number of training sessions (will be reported 
elsewhere). In the literature on exercise training in 
elderly diabetic patients, studies showing a decrease in 
HbA1c are approximately balanced with studies show-
ing no effect on HbA1c, and those that showed an effect 
found endurance and resistance training equally effec-
tive at lowering HbA1c, with combined training showing 
the best results [53, 54]. Our study had an observational 
design and included patients who participated in CR 
rather than patients randomised to  exercise. A ran-
domised exercise study would clearly attract fitter and 
more motivated elderly patients and not reflect the gen-
eral elderly CR population. Effects of exercise on HbA1c 
have been rated as small and comparable to the effects of 
dietary, drug and insulin treatment [55]. However, treat-
ment effects of drugs can be considerable when baseline 
HbA1c is high [56]. In our elderly DM population, weight 
loss was related to better glycemic control. This is in line 
with a recent meta-analysis, which found that weight 
loss of > 5% was associated with improved glycemic con-
trol [57]. This suggests that weight loss is an important 
aspect of CR programmes. Nevertheless, exercise train-
ing should not be neglected as it reduces the loss of mus-
cle mass [58].

Triglycerides
In our diabetic group, triglycerides tended to decrease 
by only -0.05 mmol/l between T0 and T1, which is con-
siderably less than the 0.3  mmol/l reported in a meta-
analysis on the effects of 34 exercise training studies in 
patients with T2DM [8]. Again, our population was 
most likely older than the general population of patients 
with DM participating in exercise training studies. Fur-
ther, reduction of anaemia over time, particularly in sur-
gery patients, may have also increased lipid levels [59], 
which was confirmed by a significant positive associa-
tion between the change in haemoglobin and change in 
triglycerides, masking an effect that therapeutic manage-
ment may have had.

LDL-C
LDL-C and HDL-C were found to be lower in diabetic 
compared to the non-diabetic patients at all time-points. 
This is in accordance to previous studies, who also found 
a similar decrease in LDL-C from before to after CR in 
diabetic as well as non-diabetic patients and consist-
ently lower values of LDL-C in diabetic patients [13, 
15]. Lipid lowering drug therapy may have been more 
aggressive, with a trend for higher prescription rate of 
statins in patients with DM (92% vs. 89%, p = 0.095) and 

possibly higher doses of statins. Combination therapy 
with Ezetimibe was similar in patients with and without 
DM (7% vs. 6%, respectively). Other studies have also 
found the reduction in LDL-C to be the same in diabetic 
compared to non-diabetic patients [17, 27].

BMI
In line with previous studies, only negligible changes in 
body weight were found in this study [8, 17]. However, 
some studies found larger changes in BMI compared to 
our study with smaller or comparable changes between 
patients with and without DM [15, 27]. Despite signifi-
cant, the decrease of waist circumference between T0 
and T1 of 8  mm was comparable between our diabetic 
and non-diabetic patients and also negligible, in contrast 
to the 31 mm decrease in waist circumference found for 
combined aerobic and resistance training [8]. In accord-
ance to previous studies [17], the increase in  VO2 peak 
in our study was not accompanied by a decrease in BMI.

MACE
Similar to our study, DM was associated with increased 
risk for cardiovascular mortality but not for total mor-
tality [60]. In contrast, total and cardiovascular mortal-
ity was found to be higher at 1 year after CR in another 
study [18]. Increased all-cause mortality and fatal and 
non-fatal cardiovascular disease in patients with uncon-
trolled DM has also been found in CAD patients of the 
EUROASPIRE IV study [61]. The pathophysiological link 
between DM and increased cardiovascular mortality 
have been suggested to be hyperglycaemia, as it exerts a 
direct effect on endothelial function and on the induction 
and progression of atherosclerosis, hyperinsulinaemia, 
insulin resistance, dyslipidaemia, inflammation, reactive 
oxygen species, endothelial dysfunction, hypercoagula-
bility, and vascular calcification [62]. These may lead to 
heart failure, ACS or stroke [63]. Reductions in all-cause 
mortality by CR has been demonstrated also in patients 
with DM [64]. However, according to the LOOK AHEAD 
lifestyle intervention study in patients with type 2 DM, 
MACE has been found to be reduced in patients who lost 
at least 10% of their body weight and was independent of 
changes in exercise capacity, highlighting the importance 
of weight loss in these patients [65].

Limitations
The biggest limitation of the present study is the lack 
of a control group not undergoing CR, which precludes 
any conclusions about the benefit of CR itself on out-
comes. Glycemic control could only be estimated from 
HbA1c measurements, which may not well reflect 
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changes over CR for those centres with short CR dura-
tion. However, also when the mixed model for HbA1c 
was adjusted for time after index event, results were 
comparable with only insulin therapy and greater BMI 
being associated with higher HbA1c. Last but not least, 
patients with type I diabetes were underrepresented in 
our sample.

Conclusions
While immediate improvements in  VO2 peak after CR 
in elderly patients with and without DM were similar, 
12-month maintenance of this improvement was infe-
rior in patients with DM, possibly related to disease 
progression. Glycemic control was less favourable in 
diabetic patients needing insulin in the short and long-
term. Since glycemic control was only improved by 
weight loss but not by increase in exercise capacity, this 
highlights the importance of weight loss of obese DM 
patients during CR [13, 14, 16, 27].

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1293 3‑020‑01013 ‑8.

Additional file 1: Table S1: Estimates and standard error of mixed models 
for peak  VO2 [ml/kg/min] with patients as random intercept and time (end 
of CR and 1‑year follow‑up), age, sex, BMI, comorbidities and cardiovas‑
cular risk factors as fixed effects (Model 1). Diabetes mellitus and time 
interaction was also entered as fixed effect. Model 2 also included days 
after index event, resulting in different estimates for time points.

Abbreviations
ACS: Acute coronary syndrome; BMI: Body mass index; BP: Blood pressure; 
CABG: Coronary artery bypass grafting; CAD: Coronary artery disease; CR: 
Cardiac rehabilitation; DM: Diabetes mellitus; HbA1c: Glycated haemoglobin; 
HDL‑C: High‑density lipoprotein cholesterol; LDL‑C: Low‑density lipoprotein 
cholesterol; MACE: Major adverse cardiac event; MET: Metabolic equivalent of 
task; PCI: Percutaneous intervention; T2DM: Type 2 diabetes mellitus; VE/VCO2: 
Ventilatory efficiency (ventilation/rate of carbon dioxide production); VO2: Rate 
of oxygen consumption.

Acknowledgements
We would like to thank the following persons for their excellent organisational 
skills and careful work with data acquisition, particularly the acquisition of 
patient care consumption by telephone interviewing: Judith Peterhans, Alina 
Wenger, Michelle Dysli, Annette Holdgaard, Manuela Sestayo‑Fernandez, 
Yasmine Ruschner‑Börner.

Authors’ contributions
Writing of manuscript: PE, TM, MW; Statistical analyses: PE, TM, EK; Conception 
of study design: EP, LFP, WB, AEV, CPG, MCI, DA, UZ, EPM, AWJV, EPK, MW; Data 
acquisition: TM, EP, LFP, EK, WB, AEV, CPG, MCI DA, UZ, EPM, AWJV, EPK, ML, MW. 
All authors read and approved the final manuscript.

Funding
The study was funded by the European Union’s Horizon 2020 research and 
innovation program under Grant Agreement Number 634439 and by the 
Swiss State Secretariat for Education, Research and Innovation for the Swiss 
consortium partner.

Availability of data and materials
The datasets generated and analysed during the current study are not publicly 
available due to restricting patient privacy regulations by the different coun‑
tries but are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by all relevant medical ethics committees and regis‑
tered at trialregister.nl (NTR5306 and NTR5308). The participants gave written 
informed consent before they were included in the study.

Consent for publication
Not applicable.

Competing interests
None of the authors have any competing interests to declare.

Author details
1 Department of Cardiology, Inselspital, Bern University Hospital, University 
of Bern, Bern, Switzerland. 2 Department of Cardiology, Bispebjerg Frederiks‑
berg University Hospital, Copenhagen, Denmark. 3 Diagram B.V., Zwolle, The 
Netherlands. 4 Isala Heart Centre, Zwolle, The Netherlands. 5 Department 
of Cardiology, Hospital Clínico Universitario de Santiago, SERGAS, FIDIS, CIBER 
CV, University of Santiago de Compostela, Santiago, Spain. 6 Department 
of Cardiac Rehabilitation, Assistance Publique Hopitaux de Paris, Paris, France. 
7 Department of Cardiology, Parma University Hospital, Parma, Italy. 8 Klinikum 
Ludwigshafen and Institut für Herzinfarktforschung Ludwigshafen, Ludwig‑
shafen, Germany. 9 Department of Cardiology, Radboud University, Nijmegen, 
The Netherlands. 10 Department of Cardiology, Maastricht University Medical 
Centre, Maastricht, The Netherlands. 11 Department of Cardiology, Zuyderland 
Medical Centre, Heerlen, The Netherlands. 12 Department of Diabetes, Endo‑
crinology, Clinical Nutrition & Metabolism (UDEM), Inselspital, Bern University 
Hospital, University of Bern, Bern, Switzerland. 

Received: 1 February 2020   Accepted: 9 March 2020

References
 1. Dokken BB. The pathophysiology of cardiovascular disease and diabetes: 

beyond blood pressure and lipids. Diabetes Spect. 2008;21(3):160–5.
 2. Vecchie A, Montecucco F, Vecchie F, Dallegri F, Bonaventura A. Dia‑

betes and vascular disease: is it all about glycemia? Curr Pharm Des. 
2019;25:3112–27.

 3. Sena CM, Pereira AM, Seica R. Endothelial dysfunction—a major 
mediator of diabetic vascular disease. Biochem Biophys Acta. 
2013;1832(12):2216–31.

 4. Faria A, Persaud SJ. Cardiac oxidative stress in diabetes: mechanisms and 
therapeutic potential. Pharmacol Ther. 2017;172:50–62.

 5. Kemps H, Krankel N, Dorr M, Moholdt T, Wilhelm M, Paneni F, et al. 
Exercise training for patients with type 2 diabetes and cardiovascular 
disease: what to pursue and how to do it. A position paper of the 
European Association of Preventive Cardiology (EAPC). E J Prev Cardiol. 
2019;26(7):709–27.

 6. Umpierre D, Ribeiro PA, Schaan BD, Ribeiro JP. Volume of supervised 
exercise training impacts glycaemic control in patients with type 2 
diabetes: a systematic review with meta‑regression analysis. Diabetologia. 
2013;56(2):242–51.

 7. Schwingshackl L, Missbach B, Dias S, Konig J, Hoffmann G. Impact of 
different training modalities on glycaemic control and blood lipids in 
patients with type 2 diabetes: a systematic review and network meta‑
analysis. Diabetologia. 2014;57(9):1789–97.

 8. Chudyk A, Petrella RJ. Effects of exercise on cardiovascular risk factors in 
type 2 diabetes: a meta‑analysis. Diabetes Care. 2011;34(5):1228–37.

 9. Cadore EL, Izquierdo M. Exercise interventions in polypathological aging 
patients that coexist with diabetes mellitus: improving functional status 
and quality of life. Age. 2015;37(3):64.

 10. Dunstan DW, Daly RM, Owen N, Jolley D, De Courten M, Shaw J, et al. 
High‑intensity resistance training improves glycemic control in older 
patients with type 2 diabetes. Diabetes Care. 2002;25(10):1729–36.

https://doi.org/10.1186/s12933-020-01013-8
https://doi.org/10.1186/s12933-020-01013-8


Page 11 of 12Eser et al. Cardiovasc Diabetol           (2020) 19:37  

 11. Castaneda C, Layne JE, Munoz‑Orians L, Gordon PL, Walsmith J, Foldvari 
M, et al. A randomized controlled trial of resistance exercise training to 
improve glycemic control in older adults with type 2 diabetes. Diabetes 
Care. 2002;25(12):2335–41.

 12. Zhu HT, Yu M, Hu H, He QF, Pan J, Hu RY. Factors associated with glycemic 
control in community‑dwelling elderly individuals with type 2 diabetes 
mellitus in Zhejiang, China: a cross‑sectional study. BMC Endocr Disord. 
2019;19(1):57.

 13. Voller H, Reibis R, Pittrow D, Jannowitz C, Wegscheider K, Karmann B, et al. 
Secondary prevention of diabetic patients with coronary artery disease in 
cardiac rehabilitation: risk factors, treatment and target level attainment. 
Curr Med Res Opin. 2009;25(4):879–90.

 14. Mourot L, Boussuges A, Maunier S, Chopra S, Riviere F, Debussche X, et al. 
Cardiovascular rehabilitation in patients with diabetes. J Cardiopulm 
Rehabil Prev. 2010;30(3):157–64.

 15. St Clair M, Mehta H, Sacrinty M, Johnson D, Robinson K. Effects of 
cardiac rehabilitation in diabetic patients: both cardiac and noncar‑
diac factors determine improvement in exercise capacity. Clin Cardiol. 
2014;37(4):233–8.

 16. Jeger RV, Jorg L, Rickenbacher P, Pfisterer ME, Hoffmann A. Benefit of 
outpatient cardiac rehabilitation in under‑represented patient subgroups. 
J Rehabil Med. 2007;39(3):246–51.

 17. Hindman L, Falko JM, LaLonde M, Snow R, Caulin‑Glaser T. Clinical profile 
and outcomes of diabetic and nondiabetic patients in cardiac rehabilita‑
tion. Am Heart J. 2005;150(5):1046–51.

 18. Suresh V, Harrison RA, Houghton P, Naqvi N. Standard cardiac rehabilita‑
tion is less effective for diabetics. Int J Clin Pract. 2001;55(7):445–8.

 19. Kim HJ, Joo MC, Noh SE, Kim JH. Long‑term outcomes of cardiac rehabili‑
tation in diabetic and non‑diabetic patients with myocardial infarction. 
Ann Rehabil Med. 2015;39(6):853–62.

 20. Prescott E, Meindersma EP, van der Velde AE, Gonzalez‑Juanatey JR, Iliou 
MC, Ardissino D, et al. A EUropean study on effectiveness and sustainabil‑
ity of current Cardiac Rehabilitation programmes in the Elderly: design 
of the EU‑CaRE randomised controlled trial. Eur J Prev Cardiol. 2016;23(2 
suppl):27–40.

 21. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck‑Brentano C, 
et al. 2019 ESC Guidelines for the diagnosis and management of chronic 
coronary syndromes: the task force for the diagnosis and management of 
chronic coronary syndromes of the European Society of Cardiology (ESC). 
Eur Heart J. 2019;41(3):407–77.

 22. Prescott E, Mikkelsen N, Holdgaard A, Eser P, Marcin T, Wilhelm M, et al. 
Cardiac rehabilitation in the elderly patient in eight rehabilitation units in 
Western Europe: Baseline data from the EU‑CaRE multicentre observa‑
tional study. Eur J Prev Cardiol. 2019;26(10):1052‑1063.

 23. Marcin T, Eser P, Prescott E, Mikkelsen N, Prins LF, Kolkman EK, et al. 
Predictors of pre‑rehabilitation exercise capacity in elderly European 
cardiac patients ‑ The EU‑CaRE study. Eur J Prev Cardiol. 2019;. https ://doi.
org/10.1177/20474 87319 89467 6.

 24. Kokkinos P, Kaminsky LA, Arena R, Zhang J, Myers J. A new generalized 
cycle ergometry equation for predicting maximal oxygen uptake: the Fit‑
ness Registry and the Importance of Exercise National Database (FRIEND). 
Eur J Prev Cardiol. 2018;25(10):1077–82.

 25. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 
2016 European guidelines on cardiovascular disease prevention in clinical 
practice: the Sixth Joint Task Force of the European Society of Cardiol‑
ogy and Other Societies on Cardiovascular Disease Prevention in Clinical 
Practice (constituted by representatives of 10 societies and by invited 
experts) developed with the special contribution of the European Asso‑
ciation for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart 
J. 2016;37(29):2315–81.

 26. Prescott E, Eser P, Mikkelsen N, Holdgaard A, Marcin T, Wilhelm M, et al. 
Cardiac rehabilitation of elderly patients in eight rehabilitation units in 
western Europe: Outcome data from the EU‑CaRE multi‑centre observa‑
tional study. E J Prev Cardiol. 2020;. https ://doi.org/10.1177/20474 87320 
90386 9.

 27. Toste S, Viamonte S, Barreira A, Fernandes P, Lopes Gomes J, Torres S. Car‑
diac rehabilitation in patients with type 2 diabetes mellitus and coronary 
disease: a comparative study. Port J Cardiol. 2014;33(10):599–608.

 28. Verges B, Patois‑Verges B, Cohen M, Lucas B, Galland‑Jos C, Casillas JM. 
Effects of cardiac rehabilitation on exercise capacity in type 2 diabetic 
patients with coronary artery disease. Diabetic Med. 2004;21(8):889–95.

 29. Gurdal A, Kasikcioglu E, Yakal S, Bugra Z. Impact of diabetes and diastolic 
dysfunction on exercise capacity in normotensive patients without 
coronary artery disease. Diabetes Vasc Dis Res. 2015;12(3):181–8.

 30. Vukomanovic V, Suzic‑Lazic J, Celic V, Cuspidi C, Petrovic T, Ilic S, 
et al. Association between functional capacity and heart rate vari‑
ability in patients with uncomplicated type 2 diabetes. Blood Press. 
2019;28(3):184–90.

 31. Hansen D, Dendale P. Modifiable predictors of chronotropic incompe‑
tence in male patients with type 2 diabetes. J Cardiopulm Rehabil Prev. 
2014;34(3):202–7.

 32. Azarbal B, Hayes S, Arbit B, Friedman J, Thomson L, Berman D. Rela‑
tionship between diabetes mellitus and chronotropic incompetence 
in prediction of all‑cause mortality. J Am Coll Cardiol. 2013;61(10 
Supplement):E1115.

 33. Seshadri N, Acharya N, Lauer MS. Association of diabetes mellitus with 
abnormal heart rate recovery in patients without known coronary artery 
disease. Am J Cardiol. 2003;91(1):108–11.

 34. Wilson GA, Wilkins GT, Cotter JD, Lamberts RR, Lal S, Baldi JC. Impaired 
ventricular filling limits cardiac reserve during submaximal exercise in 
people with type 2 diabetes. Cardiovasc Diabetol. 2017;16(1):160.

 35. Baldi JC, Aoina JL, Oxenham HC, Bagg W, Doughty RN. Reduced 
exercise arteriovenous O2 difference in type 2 diabetes. J Appl Physiol. 
2003;94(3):1033–8.

 36. Hayashi H, Iwai K, Tobita R, Matsumoto T, Horie M. The relationship 
between skeletal muscle and ventilatory response to exercise in myocar‑
dial infarction. IJC Metab Endocr. 2016;12(9):14–8.

 37. Armstrong MJ, Martin BJ, Arena R, Hauer TL, Austford LD, Stone JA, et al. 
Patients with diabetes in cardiac rehabilitation: attendance and exercise 
capacity. Med Sci Sports Exerc. 2014;46(5):845–50.

 38. Wahl MP, Scalzo RL, Regensteiner JG, Reusch JEB. Mechanisms of aerobic 
exercise impairment in diabetes: a narrative review. Front Endocrinol. 
2018;9:181.

 39. Verges B, Patois‑Verges B, Iliou MC, Simoneau‑Robin I, Bertrand JH, 
Feige JM, et al. Influence of glycemic control on gain in  VO2VO2 peak, in 
patients with type 2 diabetes enrolled in cardiac rehabilitation after an 
acute coronary syndrome The prospective DARE study. BMC Cardiovasc 
Disord. 2015;15:64.

 40. Kitagawa N, Ushigome E, Matsumoto S, Oyabu C, Ushigome H, Yokota I, 
et al. Threshold value of home pulse pressure predicting arterial stiffness 
in patients with type 2 diabetes: KAMOGAWA‑HBP study. J Clin Hyper‑
tens. 2018;20(3):472–7.

 41. Prenner SB, Chirinos JA. Arterial stiffness in diabetes mellitus. Atheroscle‑
rosis. 2015;238(2):370–9.

 42. Zhang L, Wang B, Wang C, Li L, Ren Y, Zhang H, et al. High pulse pressure 
is related to risk of type 2 diabetes mellitus in Chinese middle‑aged 
females. Int J Cardiol. 2016;220:467–71.

 43. Ruckert IM, Baumert J, Schunk M, Holle R, Schipf S, Volzke H, et al. Blood 
pressure control has improved in people with and without type 2 diabe‑
tes but remains suboptimal: a longitudinal study based on the German 
DIAB‑CORE Consortium. PLoS ONE. 2015;10(7):e0133493.

 44. de Oliveira Alvim R, Santos P, Musso MM, de Sa Cunha R, Krieger JE, Mill 
JG, et al. Impact of diabetes mellitus on arterial stiffness in a representa‑
tive sample of an urban Brazilian population. Diabetol Metab Syndr. 
2013;5(1):45.

 45. O’Rourke MF. Arterial aging: pathophysiological principles. Vasc Med. 
2007;12(4):329–41.

 46. Cockcroft JR, Wilkinson IB, Evans M, McEwan P, Peters JR, Davies S, et al. 
Pulse pressure predicts cardiovascular risk in patients with type 2 diabe‑
tes mellitus. Am J Hypertens. 2005;18(11):1463–7 (discussion 8–9).

 47. Schram MT, Chaturvedi N, Fuller JH, Stehouwer CD, Group EPCS. Pulse 
pressure is associated with age and cardiovascular disease in type 1 
diabetes: the Eurodiab Prospective Complications Study. J Hypertens. 
2003;21(11):2035–44.

 48. Nilsson PM, Cederholm J, Eeg‑Olofsson K, Eliasson B, Zethelius B, Gudb‑
jornsdottir S, et al. Pulse pressure strongly predicts cardiovascular disease 
risk in patients with type 2 diabetes from the Swedish National Diabetes 
Register (NDR). Diabetes Metab. 2009;35(6):439–46.

 49. Afghahi H, Svensson MK, Pirouzifard M, Eliasson B, Svensson AM. Blood 
pressure level and risk of major cardiovascular events and all‑cause of 
mortality in patients with type 2 diabetes and renal impairment: an 

https://doi.org/10.1177/2047487319894676
https://doi.org/10.1177/2047487319894676
https://doi.org/10.1177/2047487320903869
https://doi.org/10.1177/2047487320903869


Page 12 of 12Eser et al. Cardiovasc Diabetol           (2020) 19:37 

•
 
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 •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

observational study from the Swedish National Diabetes Register. Diabe‑
tologia. 2015;58(6):1203–11.

 50. Qiu S, Cai X, Yin H, Sun Z, Zugel M, Steinacker JM, et al. Exercise training 
and endothelial function in patients with type 2 diabetes: a meta‑analy‑
sis. Cardiovasc Diabetol. 2018;17(1):64.

 51. Dijkstra A, Lenters‑Westra E, de Kort W, Bokhorst AG, Bilo HJ, Slingerland 
RJ, et al. Whole blood donation affects the interpretation of hemoglobin 
A1c. PLoS ONE. 2017;12(1):e0170802.

 52. Sugimoto T, Hashimoto M, Hayakawa I, Tokuno O, Ogino T, Okuno M, 
et al. Alterations in HbA1c resulting from the donation of autologous 
blood for elective surgery in patients with diabetes mellitus. Blood Transf. 
2014;12(Suppl 1):s209–13.

 53. Church TS, Blair SN, Cocreham S, Johannsen N, Johnson W, Kramer K, 
et al. Effects of aerobic and resistance training on hemoglobin A1c levels 
in patients with type 2 diabetes: a randomized controlled trial. JAMA. 
2010;304(20):2253–62.

 54. Pan B, Ge L, Xun YQ, Chen YJ, Gao CY, Han X, et al. Exercise training 
modalities in patients with type 2 diabetes mellitus: a systematic review 
and network meta‑analysis. Int J Behav Nutr Phys Activ. 2018;15(1):72.

 55. Snowling NJ, Hopkins WG. Effects of different modes of exercise training 
on glucose control and risk factors for complications in type 2 diabetic 
patients: a meta‑analysis. Diabetes Care. 2006;29(11):2518–27.

 56. Gentilella R, Romera I, Nicolay C, Buzzetti R, Vazquez LA, Sesti G. Change 
in HbA1c across the baseline HbA1c range in type 2 diabetes patients 
receiving once‑Weekly dulaglutide versus other incretin agents. Diabetes 
Therapy. 2019;10(3):1113–25.

 57. Franz MJ, Boucher JL, Rutten‑Ramos S, VanWormer JJ. Lifestyle weight‑
loss intervention outcomes in overweight and obese adults with type 2 
diabetes: a systematic review and meta‑analysis of randomized clinical 
trials. J Acad Nutr Diet. 2015;115(9):1447–63.

 58. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, 
et al. Exercise and type 2 diabetes: the American College of Sports Medi‑
cine and the American Diabetes Association: joint position statement 
executive summary. Diabetes Care. 2010;33(12):2692–6.

 59. Shirvani M, Vakili Sadeghi M, Hosseini SR, Bijani A, Ghadimi R. Does Serum 
lipid profile differ in anemia and non‑anemic older subjects? Caspian J 
Intern Med. 2017;8(4):305–10.

 60. Raghavan S, Vassy JL, Ho YL, Song RJ, Gagnon DR, Cho K, et al. Diabetes 
mellitus‑related all‑cause and cardiovascular mortality in a national 
cohort of adults. J Am Heart Assoc. 2019;8(4):e011295.

 61. De Bacquer D, De Smedt D, Kotseva K, Jennings C, Wood D, Ryden L, et al. 
Incidence of cardiovascular events in patients with stabilized coronary 
heart disease: the EUROASPIRE IV follow‑up study. Eur J Epidemiol. 
2019;34(3):247–58.

 62. Low Wang CC, Hess CN, Hiatt WR, Goldfine AB. Clinical Update: cardiovas‑
cular disease in diabetes mellitus: atherosclerotic cardiovascular disease 
and heart failure in type 2 diabetes mellitus—mechanisms, manage‑
ment, and clinical considerations. Circulation. 2016;133(24):2459–502.

 63. Dal Canto E, Ceriello A, Ryden L, Ferrini M, Hansen TB, Schnell O, 
et al. Diabetes as a cardiovascular risk factor: an overview of global 
trends of macro and micro vascular complications. Eur J Prev Cardiol. 
2019;26(2_suppl):25–32.

 64. Jimenez‑Navarro MF, Lopez‑Jimenez F, Perez‑Belmonte LM, Lennon 
RJ, Diaz‑Melean C, Rodriguez‑Escudero JP, et al. Benefits of cardiac 
rehabilitation on cardiovascular outcomes in patients with diabetes 
mellitus after percutaneous coronary intervention. J Am Heart Assoc. 
2017;6(10):e006404.

 65. Look ARG, Gregg EW, Jakicic JM, Blackburn G, Bloomquist P, Bray GA, 
et al. Association of the magnitude of weight loss and changes in 
physical fitness with long‑term cardiovascular disease outcomes in 
overweight or obese people with type 2 diabetes: a post hoc analysis of 
the Look AHEAD randomised clinical trial. Lancet Diabetes Endocrinol. 
2016;4(11):913–21.

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


