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Abstract

Background Patients with coronary heart disease (CHD) with and without diabetes mellitus have an increased risk of
recurrent events requiring multifactorial secondary prevention of cardiovascular risk factors. We compared prevalences of
cardiovascular risk factors and its determinants including lifestyle, pharmacotherapy and diabetes mellitus among patients
with chronic CHD examined within the fourth and fifth EUROASPIRE surveys (EA-IV, 2012-13; and EA-V, 2016-17) in
Germany.

Methods The EA initiative iteratively conducts European-wide multicenter surveys investigating the quality of secondary
prevention in chronic CHD patients aged 18 to 79 years. The data collection in Germany was performed during a compre-
hensive baseline visit at study centers in Wiirzburg (EA-IV, EA-V), Halle (EA-V), and Tiibingen (EA-V).

Results 384 EA-V participants (median age 69.0 years, 81.3% male) and 536 EA-IV participants (median age 68.7 years,
82.3% male) were examined. Comparing EA-IV and EA-V, no relevant differences in risk factor prevalence and lifestyle
changes were observed with the exception of lower LDL cholesterol levels in EA-V. Prevalence of unrecognized diabetes
was significantly lower in EA-V as compared to EA-IV (11.8% vs. 19.6%) while the proportion of prediabetes was similarly
high in the remaining population (62.1% vs. 61.0%).

Conclusion Between 2012 and 2017, a modest decrease in LDL cholesterol levels was observed, while no differences in
blood pressure control and body weight were apparent in chronic CHD patients in Germany. Although the prevalence of
unrecognized diabetes decreased in the later study period, the proportion of normoglycemic patients was low. As pharma-
cotherapy appeared fairly well implemented, stronger efforts towards lifestyle interventions, mental health programs and
cardiac rehabilitation might help to improve risk factor profiles in chronic CHD patients.
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Introduction

Coronary heart disease (CHD) is the leading cause of death
in Germany [1]. Modifiable risk factors contribute sub-
stantially to the development, recurrence, and outcome of
cardiovascular diseases [2—4]. Particularly, lifestyle factors
and comorbidities play an important role in primary and

S. Stork and P. U. Heuschmann Joint last authors.

P4 K. Ungethiim
Ungethuem_K@ukw.de

Extended author information available on the last page of the article

secondary CHD prevention [5], and appropriate control by
lifestyle interventions might reduce recurrence, rehospitali-
sation, disability, and mortality in CHD patients [6, 7].
Targets of secondary CHD prevention are the promotion
of weight loss in overweight and obese patients and con-
trol of blood pressure, lipid and glucose levels, by means
of lifestyle and pharmaceutical treatment [5]. However, the
importance of complimentary lifestyle interventions is often
neglected in CHD patients [§-10]. As a consequence, comor-
bidities, such as hypertension, hyperlipidemia, or especially
diabetes mellitus remain insufficiently controlled [8, 11]. In
particular, diabetes mellitus represents a major risk factor for
cardiovascular events, associated with unfavorable outcome
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including a negative impact on life expectancy [12, 13].
However, diabetes and its precursor states remain frequently
undiagnosed in CHD patients [14—19]. Data on the dynamics
of risk factor control in CHD patients in Germany are scarce.
The European Action on Secondary and Primary Prevention
by Intervention to Reduce Events (EUROASPIRE) survey
program regularly evaluates medical treatment and risk fac-
tor control of chronic CHD patients in clinical practice in
European countries. Within the German EUROASPIRE IV
(EA-IV) subset, target levels of risk factor control includ-
ing blood pressure, cholesterol levels, body weight and, in
diabetic patients, HbAlc concentrations were frequently
not achieved, although drug treatment appeared well imple-
mented in the investigated population [11].

We compared prevalences of cardiovascular risk factors
in chronic CHD patients based on the German subsets of the
EA-IV (2012-13) and EA-V (2016-17) studies and analyzed
determinants of prevalent overweight, hypertension, elevated
LDL cholesterol and unrecognized dysglycemia. As diabetes
mellitus is a major risk factor for recurring vascular events
in CHD patients, analyses were also run stratified by known
history in diabetes.

Methods
EUROASPIRE

The EUROASPIRE surveys are cross-sectional studies
in patients with acute or chronic CHD, initiated by the
EURObservational Research Programme (EORP) as part
of the European Society of Cardiology. The EA-IV survey
was carried out in 24 European countries with methodology
and results published previously [10, 20-23]. The data of the
EA-V survey were collected in 27 European countries, and
methods and principal results of the hospital arm have been
published previously [8].

Study population

In brief, participants of EA-IV were enrolled in the geo-
graphical region of Wiirzburg representing one tertiary
care hospital (University Hospital Wiirzburg) and one pri-
mary care hospital (Klinikum Kitzinger Land). In EA-V, for
improving generalizability of the study results of the par-
ticipating countries, data collection was expanded to addi-
tional geographical regions based on the size of the country.
In Germany, patients were recruited in three geographical
regions comprising one tertiary care hospital and one pri-
mary care hospital each: Halle/Saale (University Hospital
Halle/Saale and Carl-von-Basedow Klinikum Merseburg),
Tiibingen (University Hospital Tiibingen and medius Klinik
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Ostfildern-Ruit) and Wiirzburg (University Hospital Wiirz-
burg and Klinikum Kitzinger Land).

Inclusion and exclusion criteria

Patients with chronic CHD, aged between 18 and 79 years
at baseline, who had been hospitalized within 6 to 24 (for
EA-V) or within 36 (for EA-IV) months prior to study
inclusion, were invited to participate in the study. Reasons
for admission (index event) were (i) elective or emergency
coronary artery bypass grafting (CABG), (ii) elective or
emergency percutaneous coronary intervention (PCI), (iii)
acute myocardial infarction (MI) or (iv) acute myocardial
ischemia (defined as acute coronary syndrome or angina
pectoris). Eligible patients were identified through review
of hospital records and were invited to participate by up to
three postal letters. Prior study inclusion, all participants
provided written informed consent.

Data collection

Data collection was performed according to
EUROASPIRE standards, defined by the comprehensive
EA-IV and EA-V study protocols, standard operation pro-
cedures and training sessions provided to all participating
study centers by EORP. In each region, one study center
(University Hospital Halle, University Hospital Wiirzburg,
University Hospital Tiibingen) offered personal study vis-
its. During the study visit, information on demographic
characteristics, lifestyle factors, comorbidities, medical
treatment and family history of diabetes and cardiovascu-
lar diseases were assessed during a standardized personal
interview. Physical measurements included an oral glucose
tolerance test (blood draw at 0 and 120 min), blood draw
for determination of blood lipids and HbAlc, measure-
ments of carbon monoxide in exhaled air, urine sampling
to determine albumin/creatinine ratio and anthropometrics.
Additional information on the index hospital stay, risk fac-
tors, medication prior the index event and diagnostics was
collected by review of medical records. Detailed defini-
tions for risk factors and comorbidities are given in the
supplement. Prevalent diabetes mellitus was defined by
self-report, intake of antidiabetic medication or documen-
tation in medical records. According to the current guide-
lines by the German Diabetes Association, newly diag-
nosed diabetes at study visit was defined by fasting plasma
glucose levels > 126 mg/dl (7.0 mmol/1), or a 2-h post-load
plasma glucose levels >200 mg/dl (11.1 mmol/l) during
oral glucose tolerance test, or an occasional plasma glu-
cose levels >200 mg/dl (11.1 mmol/l). A prediabetic state
was defined by impaired fasting glucose (fasting glucose
100 to 125 mg/dl (5.6—6.9 mmol/l)) (IGT) and/or impaired
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glucose tolerance (IGT and 2-h post-load plasma glucose
140-199 mg/dl (7.8—11.0 mmol/l) during the study visit.
Patients with glucose levels within the physiological/pre-
diabetic spectrum and HbAlc levels ranging from 6.5 to
7% were not considered as diabetic [24].

Data management

All data contained in the EUROASPIRE IV and V study
protocol were collected using electronic case report forms
by subject-specific unique identifiers. The central database
was located at the data management center (EURObserva-
tional Research Program (EORP), ESC, Sophia-Antipolis,
France), where data was initially reviewed for completeness
and plausibility, before a copy of the German dataset was
provided for the analyses presented.

Data analysis

To describe the study population and analyse differences
between different subgroups, XZ test, Fisher’s exact test,
Mann—Whitney U test and Kruskal-Wallis test were applied
as appropriate. To assess determinants of risk factor control
and unrecognized diabetes mellitus, the EA-IV and EA-V
study populations were pooled for increasing power of the
models, and logistic regression models were calculated. The
probability of having diabetes in the EA-IV and EA-V study
population was estimated by logistic regression including
sex, age and the type of the index event, and probabilities
were estimated strata-wise [25]. To analyze factors associ-
ated to reach the target levels for BMI, blood pressure and
LDL cholesterol, a previously published model by Cooney
et al. [26] was adapted and modified based on univariate
analyses in the present study population and clinical knowl-
edge. The final model included age, sex, institution (ter-
tiary vs. primary care), education, symptoms of depression,
symptoms of anxiety, previous diagnosis of CHD prior to the
index event, type of the index event, completion of cardiac
rehabilitation, professional support (cardiologist, general
practitioner, physician), and study affiliation. For determin-
ing potential predictors of unrecognized diabetes, a model
of Rathmann et al. [27] was used as basic model and also
modified based on analyses in the present population and
clinical knowledge. The final model included age, sex, BMI,
LDL cholesterol, lipid-lowering medication, family history
in diabetes, hypertension, ever smoking, months between the
index event and interview, regular vigorous physical activity,
change of diet, type of the index event and study affiliation.

Determinants are given as Odds Ratio (OR) with 95%
confidence intervals (CI). Statistical significance was set
at a=0.05 (two-tailed). Statistical analysis was performed
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and
R 3.5.1 (RFoundation for Statistical Computing, Vienna,
Austria).

Sensitivity analyses

As the study participants were recruited in different regions
in EA-V, while in EA-IV patients were exclusively recruited
in the region of Wiirzburg, we repeated the comparison of
prevalences including patients from the Wiirzburg region,
only (n=215).

Sample size considerations

Sample size calculations were based on the assumption to
allow the estimation of country-specific prevalences with
at least 5% precision and 95% confidence level. To achieve
this precision, it was aimed to recruit at least 400 patients
in each study, in EAV (200 in the region of Wiirzburg, and
100 in the regions of Halle and Tiibingen, each) and EA-IV
(400 in the region of Wiirzburg) in Germany.

Ethical approval

EA-IV and EA-V were approved by the Ethics Committee
of the Medical Faculty of the University of Wiirzburg (vote
58/12) and the ethics comittees of the corresponding centers
(Halle vote 2016—72; Tiibingen vote 385/2016B0O2). The
data protection officers of the University Wiirzburg and the
University Hospital Wiirzburg approved the data protection
concept. The international study was registered at Clinical-
trials.gov (NCT03511885).

Results
Study population

From 08/2012-03/2013, 536 EA-IV study participants from
Wiirzburg (n=498) and Kitzingen (n=38), median age 68.7
(quartiles 61.7, 74.3) years, 82.3% men, were interviewed
and examined [11]. In EA-V, out of 1323 invited patients,
384 patients were included between 10/2016-06/2017:
from Halle (n="75), Merseburg (n=25), Tiibingen (n=60),
Ostfildern-Ruit (n=9), Wiirzburg (n=202), and Kitzingen
(n=13). Median age was 69.0 years (quartiles 63.9, 75.8),
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Fig. 1 Flowchart of the

EUROASPIRE V study popula- Identified patients

tion n=1323 No answer
Patient died (N = 24)
> Patient moved away (N = 40)
No response to invitation/unknown (N = 552)
v n=616

Eligible patients

n =707
»| Refuse of participation
n=319
v
Patients at study visit
n =388
Drop-outs
> (withdrawal of informed consent)
A 4 n=4

n =384

Patients included in analyses

and 81.3% were men (Fig. 1). The study populations are
characterized and compared in Table 1.

In EA-V, patients were older and the predominant rea-
sons for admission were acute MI and elective PCI, while in
EA-IV, the index event was most frequently an elective PCI.
Determined by respective inclusion criteria, time between
index event and study visit was shorter in EA-V than in
EA-IV. Further, EA-V patients were more frequently physi-
cally active, and less likely to have tried changing diet during
the 6 months prior baseline investigation. EA-V participants
had a lower proportion of manifested CHD prior the index
event and, in this case, a shorter duration of CHD. Symp-
toms of anxiety were more frequently prevalent in EA-IV
than in EA-V. In EA-IV and EA-V, 167 (31.1%) and 107
(27.9%) patients had a history of diabetes, respectively.

Differences in risk factor control between EA-IV
and EA-V

The use of medication and measures of risk factor control
are given in Table 2. The use of single aspirin was lower in
EA-V as compared to EA-IV, but the use of aspirin com-
bined with clopidogrel or another platelet inhibitor was
higher. The proportion of anticoagulation was higher, while
the use of cardioprotective/antihypertensive medication and
lipid-lowering drugs was lower in EA-V. Regarding risk fac-
tor control, overweight/obesity, elevated blood pressure, and
elevated LDL cholesterol had a high prevalence in EA-V,
but no statistically significant differences between the entire
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study populations were observed for BMI and elevated blood
pressure at baseline. However, median LDL cholesterol lev-
els were substantially lower in EA-V and target levels of
LDL cholesterol <2.6 mmol/l and < 1.8 mmol/l were more
frequently reached. In line, target levels of LDL cholesterol
were more frequently reached under lipid-lowering therapy.

Differences in use of platelet inhibitors, overall use of
antihypertensive medication, and statins as well as BMI
were only observed in patients without known history in
diabetes but not in diabetic patients.

HbA 1c levels were slightly, but statistically significantly
lower in EA-V in patients without a history of diabetes. The
proportion of patients without a positive history, but with
evidence for existing diabetes based on glucose measure-
ments during an oral glucose tolerance test, was significantly
lower in the EA-V study population compared to EA-IV.
Of them, 52.8% in EA-IV and 48.4% in EA-V were older
than 70 years. In EA-V, in total, 62.1% of nondiabetics were
prediabetic. In EA-IV, the proportion of prediabetic patients
was 61.0%. The probability of unrecognized diabetes in dif-
ferent subgroups, stratified by age, gender and type of the
index event, was substantially lower in EA-V across all strata
(Fig. 2, Supplemental Table S2). Men and patients with an
acute index event had a higher probability of suffering from
diabetes than women and patients with an elective index
event.

For sensitivity analyses, only patients from the Wiirzburg
region were compared. There were no statistically significant
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Table 1 Characteristics of participants in German EA-V and EA-IV surveys by history of diabetes
EA-IV EA-V EA-IV vs. EA-V
All patients No history History of dia-  All No history History of dia- P
(n=536)" of diabetes betes (n=167) patients (n=384) of diabetes betes (n=107)
(n1=369) (n=273)
Age, median 68.7 (61.7- 68.4 (61.7- 69.7(61.7-75.6) 69.0 (63.9-75.8) 68.8 (62.9— 70.3 (64.9- 0.03
(IQR) 74.3) 73.8) 75.5) 76.2)
Age categories, 0.003
n (%)
<65.0 years 192 (35.8) 139 (37.7) 53 (31.7) 109 (28.7) 81 (29.7) 28 (26.2)
65.0-69.9 years 109 (20.3) 73 (19.8) 36 (21.6) 95 (25.0) 71 (26.0) 24 (22.4)
70.0-74.9 years 115 (21.5) 84 (22.8) 31 (18.6) 63 (16.6) 46 (16.9) 17 (15.9)
>75 years 120 (22.4) 73 (19.8) 47 (28.1) 113 (29.7) 75 (27.5) 38 (35.5)
Sex, male, n (%) 441 (82.3) 301 (81.6) 140 (83.8) 309 (81.3) 216 (79.1) 93 (86.9) 0.77
Education, n <0.0001
(%)
Primary school 9 (1.7) 6 (1.6) 3(1.8) 3(0.8) 2 (0.7) 1(0.9)
or less
Secondary 32 (6.0) 22 (6.0) 10 (6.0) 137 (36.2) 100 (36.8) 37 (34.9)
school or high
school
Vocational 395 (73.7) 271 (73.4) 124 (74.3) 146 (38.6) 104 (38.2) 42 (39.6)
or technical
training
University or 100 (18.7) 70 (19.0) 30 (18.0) 92 (24.3) 66 (24.3) 26 (24.5)
postgraduate
Reason for <0.0001
admission, n
(%)
Elective CABG 83 (15.5) 53 (14.4) 30 (18.0) 75 (19.5) 46 (16.9) 28 (26.2)
Elective PCI or 370 (69.0) 261 (70.7) 109 (65.3) 121 (31.5) 86 (31.5) 32 (29.9)
stent
Acute MI 28 (5.2) 19 (5.2) 9(5.4) 142 (36.9) 108 (39.6) 34 (31.8)
Acute myocar- 55 (10.3) 36 (9.8) 19 (11.4) 46 (12.0) 33 (12.1) 13 (12.2)
dial ischemia
or unstable
angina
Years between 1.8 (1.1-2.5) 1.8 (1.1-2.5) 1.8 (1.1-2.5) 1.2 (0.9-1.5) 1.2 (0.8-1.6) 1.0 (0.9-14) <0.0001
index event
and study
visit, median
(IQR)
Completion 263 (49.2) 181 (49.1) 82 (49.4) 190 (49.6) 135 (49.5) 54 (50.5) 0.89
of a cardiac
rehabilitation
program, n
(%)
Smoking, n (%)
Never smok- 182 (34.0) 138 (37.4) 44 (26.4) 113 (29.4) 91 (33.3) 22 (20.6) 0.15
ing
Current smok- 65 (12.1) 47 (12.7) 18 (10.8) 60 (15.6) 46 (16.9) 12 (11.2) 0.13
ing
Regular physi- 46 (13.2) 43 (17.6) 329 48 (21.2) 35 (20.0) 11 (22.0) 0.01
cal activity,
n (%)°
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Table 1 (continued)

EA-IV

EA-V EA-IV vs. EA-V

All patients
(n=536)"

No history
of diabetes
(n=369)

History of dia-
betes (n=167)

All No history
patients (n=384)

History of dia- P
of diabetes betes (n=107)

(n=273)

Change of 530 (98.9) 364 (98.6) 166 (99.4)
diet within
the previous
6 months, n
(%)

Heart failure,
n (%)

Coronary
heart disease
prior the
index event,
n (%)

Duration of
CHD, years,
median
(IQR)

Peripheral
artery dis-
ease, n (%)

79 (14.7) 45 (12.2) 34 (20.4)

353 (65.9) 241 (65.3) 112 (67.1)

29(1.9-9.0)  2.7(1.9-5.6)  3.8(2.1-14.4)

36 (6.7) 19 (5.2) 17 (10.2)

History of 46 (8.6) 25 (6.8) 21 (12.6)
stroke/TIA,
n (%)

Symptoms of
depression
(HADS), n
(%)

Symptoms
of anxiety
(HADS), n

(%)

97 (18.1) 61 (16.5) 36 (21.6)

148 (27.9) 102 (27.8) 46 (28.1)

341 (88.8)

74 (19.4)

2.1(1.4-7.5)

24 (6.3)

58 (15.1)

82 (21.9)

239 (87.6) 100 (93.5) <0.0001

48 (17.7) 25 (23.4) 0.06

140 (36.7) 85 (31.4) 54 (50.5) <0.0001

20(14-3.8)  32(1.5-13.1)  <0.0001

17 (10.9) 10 (10.5) 7(11.7) 0.08

14 (5.2) 10 (9.4) 0.20

35(12.8) 23 (21.5) 0.23

59 (21.9) 23 (22.8) 0.04

Partly published by Wagner et al. [11]; °In patients without long-standing illness, disability or infirmity (EA-V: n=215; EA-IV: n=330); PCI
Percutaneous coronary intervention, CABG Coronary artery bypass graft, MI Myocardial infarction, CHD Coronary heart disease, 7/A Transient

ischemic attack, HADS Hospital Anxiety and Depression Scale

p-values marked in bold are statistically significant at a two-tailed a-level of 0.05

differences in physical activity and symptoms of anxiety, but
the proportion of heart failure was statistically significantly
higher in EA-V (data not shown).

Determinants of risk factor control

Determinants for the presence of risk factors were analyzed
over the whole study population (EA-IV and EA-V). The
results are shown in Fig. 3A—C. Overweight/obesity were
positively associated with symptoms of depression, his-
tory of CHD and history of diabetes mellitus, but inversely
associated with female sex, an acute index event and symp-
toms of anxiety. Hypertension at the time of the interview
was positively associated with higher age and inversely
associated with completion of a cardiac rehabilitation pro-
gram. LDL cholesterol levels >2.6 mmol/l were inversely
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associated with history of diabetes mellitus, completion of
a cardiac rehabilitation program, and EA-V study affiliation.

In pooled analyses of both study samples, determinants
of unrecognized diabetes were increasing age, higher BMI,
decreasing LDL cholesterol under lipid-lowering therapy,
an acute index event, and EA-V study affiliation (for details
refer to Fig. 3D).

Discussion

In the EA-V study population, a majority of patients received
pharmaceutical treatment according to current guidelines
in terms of platelet inhibition, cardioprotective and antihy-
pertensive medication, and lipid-lowering drugs, especially
statins. However, treatment targets for body weight, LDL
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Table 2 (continued)

&

EA-IV (n = 167) EAV (n=107) P

History of diabetes

EA-IV (n = 369) EAV (n=273) P

No history of diabetes

EAV (n=384) P

All patients
EA-IV (n = 536)*

Springer

0.17

3(1.2)

10 2.7)

1 (%)

HbAlc >7.0%, n (%)
Newly diagnosed diabetes mellitus, n (%)*

HbAlc >6.5%

0.54

42 (42.9)

64 (39.0)

0.01

31 (11.8)
27 (10.7)
9(3.7)
172 (62.1)
164 (64.8)

72 (19.6)
59 (16.4)
17 (5.7)

225 (61.0)

0.04

Fasting glucose >7.0 mmol/l (126 mg/dl)

0.29
0.77

2-h glucose during OGTT >11.1 mmol/l (200 mg/dl)

Prediabetic state/Gray zone, n (%)¢

0.31

206 (57.2)

Impaired fasting glucose (IFG)

0.02
<0.0001

50 (18.1)

42 (11.4)
164 (44.8)

Impaired glucose tolerance (IGT)

5.7% <HbAlc <6.5%

78 (29.32)
2(0.8)

6.5% <HbAlc <7.0% and fasting glucose <7.0 mmol/l and

2-h glucose during OGTT <11.1 mmol/l

0.76

2(0.6)

4) are included in these analyses. ACE

“Partly published by Wagner et al. [11]; PNitrates, If channel blocker, ranolazine, renin inhibitor;° Patients without information on history in diabetes (n

Angiotensin-converting enzyme LDL-C Low-density lipoprotein cholesterol OGTT Oral glucose tolerance test

p-values marked in bold are statistically significant at a two-tailed a-level of 0.05

cholesterol and blood pressure were frequently not met,
and measures of lifestyle changes were insufficiently imple-
mented. Compared to the earlier EA-IV study, a positive
trend was observed regarding regular vigorous physical
activity, while a negative trend was shown for the attempt
to change diet. Compared with the EA-IV study population,
improvement in reaching treatment targets for LDL choles-
terol and HbAlc, but no differences in weight and blood
pressure control were found. The use of cardioprotective and
antihypertensive medication was lower in EA-V although,
the index event was more often an acute event in this study
population. Differences in risk factor prevalence did not dif-
fer materially between diabetic and nondiabetic patients.

Both studies followed standardized study protocols pro-
vided by the international study coordination. The protocols
differed only slightly between the study periods despite a
longer time span between index event and baseline investiga-
tion in EA-IV and recruitment in three different regions in
EA-V. The variables investigated in the present study were
collected and defined identically. Comparability of the study
populations might be further limited due to differing base-
line characteristics, including higher age, a significant higher
prevalence of an acute index event, and shorter duration of
CHD in EA-V patients.

The results of the German EA-V subset are in line with
the findings of the entire EA-V study population (n=8261)
with participants from 27 countries [8]. In the international
study population, overweight and obesity had a prevalence
of 82% (Germany: 81.6%), 42% had elevated blood pres-
sure (Germany: 41.4%) and 37% had LDL cholesterol lev-
els > 2.5 mmol/l (Germany: 29.3%) [8]. Diabetes was newly
diagnosed at study visit in 12.5% (Germany: 11.8%) [17].

One of the main reasons for not reaching the target lev-
els might be the older age of the patients. The 2016 ESC
guidelines on cardiovascular prevention suggest that the
target levels for management of diabetes, hypertension and
hyperlipidemia in elderly persons (aged 65 years and older)
should be addressed, but eventually modified and relaxed
individually [5]. Lifestyle changes might be more difficult
to implement in these patients due to multimorbidity/frailty,
especially in case of increasing physical activity to reduce
body weight, improve lipid and blood pressure levels and
mortality risk [5, 28]. As hypertension, diabetes mellitus and
dyslipidemia are the main risk factors for recurrent events
and cardiovascular mortality risk [29], their management
in terms of pharmaceutical treatment as well as appropri-
ate lifestyle changes is crucial for secondary prevention and
needs to be stressed — also in elderly chronic CHD patients.

In the German study population, women were less likely
to be overweight or obese compared to men. This is not in
line with the findings from international EA populations,
where the proportion of obesity was constantly higher in
women compared to men [8, 10]. However, the proportion



Clinical Research in Cardiology (2023) 112:285-298

293

Fig.2 Probabilities of having
unrecognized diabetes mellitus
in EA-IV and EA-V, stratified

by age, type of the index event, 50
and gender
40
30
20
10 I
, 1= 1l
Elective Acute
<65.0 years
30
25
20
15
10
o
0 ||
Elective Acute
<65.0 years

of women was lower in the German study population (19%)
compared to the international EA V population (26%), which
might limit the comparability.

In contrast to findings of the EA-III survey [26], symp-
toms of anxiety and depression were associated with over-
weight/obesity in chronic CHD patients in the studied popu-
lation. The association of depression with an increased risk
for overweight/obesity was also described by a previous
meta-analysis of observational studies [30]. In contrast, the
association of anxiety and overweight/obesity was inverse in
the studied population. A recent meta-analysis found a posi-
tive association of anxiety and overweight/obesity, however,
this was not specific for an elderly and chronically diseased
population [31]. Both, depression and anxiety are estab-
lished risk factors for cardiovascular mortality, thus, screen-
ing and interventions are recommended for primary and
secondary prevention of cardiovascular events [5, 32]. As

Men
Elective Acute Elective Acute Elective Acute
65.0-69.9 years 70.0-74.9 years >75 years
H EAIV EEAV
Women
Elective Acute Elective Acute Elective Acute
65.0-69.9 years 70.0-74.9 years >75 years

B EAIV mEAV

manifested risk factors, elevated BMI levels were positively
associated with history in CHD and diabetes mellitus in our
study population. Hypertension was associated with increas-
ing age as expected [33]. Interestingly, the completion of
a cardiac rehabilitation program was associated with both,
reaching a LDL cholesterol level lower than 2.6 mmol/l and
blood pressure levels below the diagnostic level of hyperten-
sion. The type of cardiac rehabilitation was not specified in
the questionnaire, thus, any cardiac rehabilitation program
for CHD might have beneficial effects [34]. Lower LDL
cholesterol levels were moreover associated with history in
diabetes mellitus and EA-V study affiliation. This associa-
tion might partly be explained by the significantly higher use
of statins within diabetic EA-V participants.

Dysglycemia, including diabetes but also its preceding
states, are associated with an increased risk for micro- and
macrovascular events, requiring a multifactorial approach

@ Springer
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Fig.3 Determinants of prevalent risk factors at baseline; pooled
analysis of EA-IV and EA-V participants. A, B, C: Model adjusted
for age, sex, institution (tertiary vs. primary care), education, depres-
sion, anxiety previous diagnosis of coronary heart disease prior to
the index event, type of index event (elective/acute), completion of
cardiac rehabilitation, professional support (cardiologist, general
practitioner, physician), study affiliation. Modified model, primar-

to reach the, partly more stringent, target levels of weight,
blood pressure and lipids for cardiovascular prevention [5,
17, 35]. The prevalence of unrecognized diabetes decreased
significantly between 2012—13 and 2016-17. In comparison
with the international study population, the proportion of
patients with undiagnosed diabetes was slightly lower in the
German study population [17]. This trend might be caused
by increasing awareness of the importance to control diabe-
tes in CHD patients [36]. Undiagnosed diabetes was associ-
ated with increasing age, higher BMI, and an acute MI index
event. Moreover, and decreasing lipid levels under use of
lipid-lowering drugs. Statin use is known to be time- and
dose-dependently associated with incident diabetes [37, 38].
These findings emphasize the necessity of regular glucose
monitoring and higher awareness for a healthy lifestyle in
chronic CHD patients, especially in the prediabetic state.
Only a minority of the investigated populations had normal
glucose metabolism.

@ Springer

ily published by Cooney et al. [26]. D: Model adjusted for age, sex,
body mass index, LDL cholesterol, lipid-lowering medication, family
history in diabetes, hypertension, ever smoking, months between the
index event and interview, regular vigorous physical activity, change
of diet, study affiliation. Model based on the KORA basic model for
prediction of diabetes. [27]

The presented data lend support to further enhanced
efforts in health education in Germany, in particular for
patients with CHD, but also for primary prevention. Espe-
cially, support for the adoption of a healthier lifestyle,
respecting factors like age, multimorbidity, disability, but
also socioeconomic factors, might help to improve the situ-
ation. The use of structured cardiac rehabilitation after hos-
pital discharge should be better implemented as it is suited
to improve risk factor control. Currently, only half of the
patients completed such a program.

Strengths and limitations

The major strength of this study is the standardization of
data collection in the investigated study populations over
time due to standardized study protocols, standardized
operation protocols and trainings for the examining study
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personal. The generalizability of the study results for Ger-
many increased in EA-V compared to previous EA projects,
because six sites from three different geographical areas
were jointly investigated allowing to sample CHD patients
with a heterogeneous risk profile, yet fairly representative for
Germany. Nevertheless, the major limitations of this study
include the possibility of selection bias, as patients more
aware of their health status might have been more inclined to
participate after postal invitation, and the response rate was
relatively low. As a consequence, the prevalences of risk fac-
tors might have been underestimated [8]. In EA-V, only 384
patients were included in the analyses (vs. 536 in EA-IV).
Secondly, comparability between the studies (EA-IV and
EA-V) is limited due to different inclusion criteria regard-
ing the time between the index event and study examina-
tions. A previous study with similar inclusion criteria as the
EA studies, has demonstrated that outpatients after an acute
event are more likely to reach risk factor targets compared
to patients with history of an elective CABG or PCI [39].
However, as guidelines on secondary prevention recommend
similar risk factor targets for all chronic CHD patients, and
secondary prevention is a continuous process not limited by
time, comparison of the presented data might be justified.
Thirdly, the analyses were cross-sectional, giving only one
time point between 6 and 24 or 36 months, respectively, after
the index event. To obtain a more general picture of the qual-
ity of secondary prevention in Germany, a longitudinal study
design, starting with hospital discharge would be desirable.

Conclusion

Compared with the EA-IV study population, LDL choles-
terol levels were lower in EA-V. This indicates an important
step towards sufficient secondary prevention in CHD. The
use of pharmacotherapy was high. Nevertheless, targets of
body weight, glucose levels, blood pressure, and comorbidi-
ties were insufficiently controlled over the combined obser-
vation period. As pharmacotherapy is well implemented,
improvements in lifestyle interventions including increased
regular physical activity, successful change of diet and
smoking cessation but also mental health interventions and
cardiac rehabilitation programs might aid to further improve
the cardiovascular risk profile in chronic CHD patients.
Although dysglycemia increases the risk for cardiovascular
re-events and mortality, the prevalence of normoglycemia
was low. The data of the EA-IV and EA-V study popula-
tions demonstrate the urge for improvements in continuous
glucose monitoring and multifactorial CVD prevention.
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