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Abstract
Background Control of major drug-modifiable risk factors for glycated hemoglobin (HbA1c), blood pressure (BP), 
and low-density lipoprotein cholesterol (LDL-C) remains unsatisfactory in the secondary prevention of coronary artery 
disease (CAD). We aimed to analyze patient knowledge and attainment of LDL-C, BP, and HbA1c treatment goals and 
associated factors in German CAD patients with and without diabetes mellitus (DM).

Methods/Results A total of 204 CAD patients (68 ± 8 years; 75.0% male; 84 with DM (41.2%)) completed a 
questionnaire assessing their knowledge of LDL-C (< 55 mg/dL), BP (age-adapted), and HbA1c (< 7.0%) treatment 
goals and levels of information on predefined CAD topics as well as associated factors, including CAD duration, 
adherence to pharmacotherapy, and physician monitoring of secondary prevention. LDL-C, BP, and HbA1c 
were measured. The mean duration of CAD was 9.8 ± 8 years. A total of 98.5% reported good adherence to 
pharmacotherapy. Measurements of LDL-C (81.4%) and HbA1c (71.4%) were predominantly performed by general 
practitioners. LDL-C goals were attained significantly better in patients with DM (39.3% with vs. 16.7% without DM, 
p < 0.01). The attainment of BP goals did not differ between patients with and without DM (71.4% vs. 72.5%, p = 0.87). 
HbA1c goals were attained by 48.8% of DM patients. LDL-C goals were known by 6.0% of patients with vs. 9.2% 
without DM (p = 0.44), and BP goals were known by 36.9% with vs. 30.0% without DM (p = 0.36). Knowledge of HbA1c 
goals was prevalent in 53.6% of DM patients. Subjective levels of information on CAD topics did not differ between 
patients with and without DM. Logistic regression revealed that DM (odds ratio (OR) 3.73, 95% confidence interval (CI) 
1.82–7.63) and knowledge of treatment goals were associated with LDL-C goal attainment (OR 3.84, CI 1.19–12.41); no 
such associations were identified for BP or HbA1c.
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Introduction
Atherosclerotic cardiovascular disease (ASCVD), espe-
cially coronary artery disease (CAD), is the leading cause 
of death worldwide and ranks first in health expenditures 
in developed countries [1, 2]. Hence, cardiovascular risk 
modification is of paramount medical, social, and eco-
nomic importance in secondary CAD prevention. Low-
density lipoprotein cholesterol (LDL-C), blood pressure 
(BP), and glycated hemoglobin (HbA1c) are the most 
important pharmacologically modifiable risk factors. 
In large cardiovascular outcome trials, pharmacologi-
cal interventions to reduce LDL-C, BP, and HbA1c have 
improved the outcomes of patients with cardiovascular 
disease [3–5]. Subsequently, international cardiovascular 
guidelines promote precise treatment goal strategies for 
each risk factor to ensure adequate control [6–8]. How-
ever, treatment goal attainment remains poor in real-
world settings, with considerable differences between 
risk factors [9, 10]. 

The successful implementation of guideline-recom-
mended secondary preventive pharmacotherapy to attain 
treatment goals is challenging: There are several multi-
layered, interacting factors on the physician and patient 
sides, as well as factors related to physician‒patient inter-
actions and external regulations to consider [11]. Differ-
ent physician specialties manage risk factor control in 
patients with CAD: general practitioners and cardiolo-
gists are primarily involved; other specialties, e.g., dia-
betologists in patients with diabetes mellitus (DM), also 
contribute.

Current guidelines give the highest class of recom-
mendation to an informed discussion about cardiovas-
cular risk and treatment benefits with the patient, which 
necessitates an assessment of the patient’s disease-related 
knowledge and respective information needs [12]. A pre-
vious work involving a cohort of patients with ASCVD 
and DM [13] reported a remarkable deficit in knowl-
edge of LDL-C treatment goals and subjective levels 
of disease-related information on ASCVD and LDL-C 
goal attainment, especially compared with knowledge 
and attainment of HbA1c goals. Additionally, patients 
felt better informed about topics related to DM than 
ASCVD. Owing to methodological limitations, the study 

was unable to detect associations of patient knowledge 
with the attainment of treatment goals.

In the present work, we thus aimed to extend our inves-
tigations to a general population of persons with CAD to 
analyze attainment and patient knowledge of LDL-C and 
BP treatment goals, with a focus on differences between 
patients with and without DM. We explored subjective 
levels of information on the topics of CAD as well as 
possibly associated factors of treatment goal attainment, 
including disease duration, adherence to pharmacother-
apy and the specialties of physicians managing risk factor 
control.

Methods
Study design, screening and patient selection
Between July and December 2022, we conducted a 
cross-sectional study (German Clinical Trials Register 
study-ID: DRKS00030703) in patients hospitalized in 
a general ward at Düsseldorf Heart Center in Germany. 
Patients ≥ 18 years of age were eligible after providing 
written informed consent if they were previously diag-
nosed with CAD. The exclusion criteria were suspected 
or diagnosed cognitive impairment, a language barrier 
and ongoing intravenous antihypertensive treatment. The 
study was positively evaluated by the ethics committee of 
the Medical Faculty of Heinrich Heine University Düs-
seldorf (Study No. 2022–1907) and conducted in accor-
dance with the ethical standards of the Declaration of 
Helsinki.

Data assessment and treatment goal definitions
Patient characteristics, including comorbidities, history 
of cardiovascular events, and ongoing cardiovascular and 
glucose-lowering pharmacotherapy, were obtained from 
medical records. Peripheral venous blood was collected 
to assess LDL-C and HbA1c serum levels. BP was mea-
sured at rest right after study inclusion via an automated 
clinical digital sphygmomanometer.

The LDL-C goal of < 55  mg/dL was defined for all 
patients as recommended by the 2019 ESC guidelines 
[6]. BP goals were applied according to the 2018 ESC 
guidelines [7], with goals for systolic BP < 130 mmHg in 
patients < 65 years of age and < 140 mmHg for elderly 
patients ≥ 65 years. For all patients, the goal for diastolic 
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currently manage risk factor control.
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BP was < 80 mmHg. The HbA1c treatment goal was 
defined according to 2019 ESC guidelines: [8] the pri-
mary goal of HbA1c was < 7.0%; a secondary goal of 
HbA1c < 8.0% was evaluated separately for elderly 
patients ≥ 65 years of age.

Questionnaire
A questionnaire (in German language) designed by a 
multidisciplinary team of researchers, positively evalu-
ated by external specialists in diabetology and lipidol-
ogy, and used in previous work served as the basis for the 
questionnaire of the present study [13]. 

For assessment of objective knowledge of treatment 
goals, we asked the participants to name their assumed 
treatment goals for LDL (mg/dL), BP (mmHg), and 
HbA1c (%). The participants could state the value or 
answer “I don’t know”.

To assess subjective levels of disease-related informa-
tion and information needs on topics of CAD, we utilized 
an adapted version of the Information Needs in Diabetes 
Questionnaire that was previously extended to ASCVD 
[13, 14]. Predefined disease-related topics of interest were 
cause of the disease, course of the disease, long-term com-
plications, treatment/therapy, lifestyle adjustment, health 
promotion and information sources (lifestyle adjustment, 
etc.), and support, helpline and information sources. Sub-
jective levels of information were measured on a 4-point 
Likert scale (very well, well, not well, and not informed at 
all). Additionally, patients were asked to state the need 
for additional information on every topic (yes or no).

The medical specialty of physicians managing risk fac-
tor control was investigated. We asked patients which 
physician specialty primarily performed laboratory anal-
yses of LDL-C and HbA1c (possible answers: no analyses 
performed, general practitioner, cardiologist, other spe-
cialty, or unknown). In a second step, patients were asked 
to attribute responsibility for risk factor control of LDL-C 
and HbA1c to a physician specialty (possible answers: 
general practitioner, cardiologist, other specialty, patient, 
or unknown).

Moreover, patients were asked to report the time since 
diagnosis of CAD (years) or could answer “I don’t know”; 
likewise, patients with DM were asked about the time 
since the diagnosis of DM.

Self-reported participation preferences in medical 
decision-making were assessed via the Control Prefer-
ence Scale and coded by passive role, collaborative role 
and active role [15]. In addition, the highest educational 
degree reported by patients was recorded. Patient-
reported general adherence to pharmacotherapy was 
measured by the Rief Adherence Index (RAI) [16]. Good 
adherence to pharmacotherapy in general was defined as 
a score of ≤ 8 according to the RAI [16]. 

The questionnaire was distributed to participants dur-
ing their hospital stay and was collected the same day. 
The questionnaire translated into English is available in 
the Supplementary.

Statistics
Given the lack of evidence of patient knowledge on 
LDL-C, BP, and HbA1c treatment goals and the lack of 
disease-related information in the general CAD popula-
tion, we conducted an explorative, hypothesis-generat-
ing study. We set a sample size of approximately n = 200 
to be sufficient. Continuous data are presented as the 
means ± standard deviations, and ordinal/categorical data 
are presented as counts and percentages of the total. In 
the case of missing data, this is indicated accordingly, and 
the number of patients included in the specific analysis 
is evident. Contingency analyses of dichotomous out-
comes of knowledge and respective attainment of treat-
ment goals were performed via chi-square tests and 
Fisher’s exact tests. Dichotomous outcomes of paired 
data were compared via McNemar’s test. The results of 
all six individual 4-point Likert items were summed for 
each participant to compare overall subjective levels of 
disease-related information between patients with and 
without DM via a two-sided unpaired t test. Data analysis 
was performed via SPSS 23.0 (IBM) and GraphPad Prism 
7.0.

The possible factors associated with the attainment of 
LDL-C, BP, and HbA1c treatment goals were analyzed 
via binary logistic regression. Variable selection included 
sociodemographic and clinical factors (age, sex, highest 
level of education, DM, and disease duration) and was 
based on previous studies reporting associations with the 
attainment of treatment goals [13, 17–19]. Knowledge 
of treatment goals, summed subjective levels of infor-
mation, and participation preferences were additionally 
included because of the assumption of an association 
with increased patient awareness of secondary preventive 
treatment. Additionally, the variable “physician specialty 
primarily responsible for risk factor control” was selected 
to explore the impact of regulatory healthcare factors.

Statistically significant differences in any test result 
were assumed at a two-sided p < 0.05.

Results
Sample characteristics
The sociodemographic and clinical characteristics of the 
study population are displayed in Table 1. Among the 204 
CAD patients who were included (mean age 68 ± 8 years, 
71.4% male), 84 (41.2%) had previously been diagnosed 
with DM, 73 (35.8%) had a history of myocardial infarc-
tion, 176 (86.3%) had a percutaneous coronary interven-
tion, and 45 (23.5%) had previously undergone coronary 
bypass surgery. The mean time since the diagnosis of 
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CAD was 9.8 ± 8 years. The mean duration of DM was 
15.1 ± 10 years since diagnosis (data from six patients 
were missing). Most patients had a previous diagnosis of 
arterial hypertension (91.7%). Compared with patients 
without DM, those with DM were more likely to have 
chronic kidney disease (estimated glomerular filtra-
tion rate ≤ 60  ml/min; 48.8% vs. 31.7%, p = 0.01), a his-
tory of stroke (11.9% vs. 3.3%, p = 0.02), and peripheral 
artery disease (39.3% vs. 20.0%, p < 0.01). The majority 
of patients reported a lower secondary education degree 
(69.1%; International Standard Classification of Educa-
tion level 2); fewer patients with DM reported having a 
university degree (International Standard Classification 
of Education level ≥ 6; 11.9% vs. 23.3%, p = 0.04). With 
respect to participation preference in medical decision-
making, a passive role was most commonly preferred 
(40.0% without DM vs. 46.4% with DM, p = 0.36).

Characteristics of secondary preventive pharmacotherapy
In terms of lipid-lowering therapy, no significant differ-
ences were found between patients with and without 
DM (Table 2): 91.2% were on prescriptions of any statin 
(95.3% patients with DM vs. 88.3% without DM, p = 0.09), 
58.3% were on high-intensity statin therapy (atorvas-
tatin ≥ 40  mg/day or rosuvastatin ≥ 20  mg/day; 61.9% 
patients with DM vs. 55.8% without DM, p = 0.39), and 
24.5% were on a combination of any statin and ezetimibe 
(29.8% with DM vs. 20.8% without DM, p = 0.15). The 
prescription of novel lipid-lowering agents such as bem-
pedoic acid, proprotein convertase subtilisin/kexin type 9 
(PCSK9) inhibitors or inclisiran has rarely been reported 
(2.5% of all patients).

A total of 82.4% of all patients received an angioten-
sin converting enzyme (ACE)-inhibitor or angiotensin-
receptor blocker (77.4% of patients with DM vs. 85.6% 
without DM, p = 0.12), 87.7% received a beta blocker 
(86.4% of patients with DM vs. 88.3% without DM, 
p = 0.76), and 28.9% received a dihydropyridine calcium 
channel blocker (29.8% of patients with DM vs. 28.3% 
without DM, p = 0.83). Patients with DM received diuret-
ics more frequently than those without DM did (73.8% 
vs. 50.0% with DM, p < 0.01; Table 2).

In patients with DM, 50.0% were on the prescription 
of metformin, 6.0% were on a glucagon-like peptide-1 
(GLP-1) receptor agonist, 52.4% were on a sodium‒glu-
cose cotransporter 2 (SGLT2) inhibitor, and 22.6% were 
on a dipeptidyl peptidase-4 (DPP-4) inhibitor. Insulin 
therapy was carried out in 19.6% of patients with DM 
(Table 2).

Good adherence to pharmacotherapy according to the 
RAI was reported by 98.7% (100% with DM vs. 97.5% 
without DM, p = 0.14).

Table 1 Patient characteristics
Baseline characteristics Total

(n = 204)
With DM
(n = 84)

Without 
DM
(n = 120)

p-
value

Age (years) 68 ± 8 66.6 ± 8 68.2 ± 7 0.16
BMI (kg/m²) 28.0 ± 5 28.7 ± 5 27.6 ± 6 0.13
Male 153 

(75.0%)
68 
(81.0%)

85 (70.8%) 0.11

Active smoker 48 (23.5%) 21 
(25.0%)

27 (22.5%) 0.68

CAD 204 (100%)
 Duration (years) 9.8 ± 8 9.6 ± 8 9.74 ± 8 0.92
 Myocardial infarction 73 (35.8%) 33 

(39.3%)
40 (33.3%) 0.38

 Percutaneous coronary 
intervention

176 
(86.3%)

73 
(86.9%)

103 
(85.8%)

0.83

 Coronary bypass 
surgery

45 (23.5%) 24 
(28.6%)

24 (20.0%) 0.16

Heart failure with re-
duced ejection fraction

35 (17.2%) 18 
(21.4%)

17 (14.2%) 0.18

Arterial hypertension 187 
(91.7%)

78 
(92.9%)

109 
(90.8%)

0.61

DM 84 (41.2%) 84 (100%) -
 Duration (years)* 15.1 ± 8 15.1 ± 8 -
 Type 1 6 (2.9%) 6 (7.1%) -
 Type 2 78 (38.2%) 78 

(92.9%)
-

Cerebral artery disease 9 (4.4%) 5 (6.0%) 4 (3.3%) 0.49
Stroke 14 (6.9%) 10 

(11.9%)
4 (3.3%) 0.02

Peripheral artery disease 57 (27.9%) 33 
(39.3%)

24 (20.0%) < 0.01

Chronic kidney disease 
(eGFR ≤ 60 ml/min)

79 (38.7%) 41 
(48.8%)

38 (31.7%) 0.01

Highest level of 
education
 University degree 38 (18.6%) 10 

(11.9%)
28 (23.3%) 0.04

 Higher secondary 
degree

19 (9.3%) 7 (8.3%) 12 (10.0%) 0.68

 Lower secondary 
degree

141 
(69.1%)

64 
(76.2%)

77 (64.2%) 0.07

 No degree 6 (2.9%) 3 (3.6%) 3 (2.5%) 0.58
Patient participation 
preference
 Active role 57 (27.9%) 26 

(31.0%)
31 (25.8%) 0.41

 Collaborative role 60 (29.4%) 19 
(22.6%)

41 (34.2%) 0.75

 Passive role 87 (42.6%) 39 
(46.4%)

48 (40.0%) 0.36

Patient characteristics of all included patients (n = 204). Additionally, the 
characteristics of patients with (n = 84) and without diabetes mellitus (n = 120) 
are reported separately. Data are presented as n (%) or as the mean ± standard 
deviation; * data from 6 patients were missing. BMI = body mass index; 
CAD = coronary artery disease; DM = diabetes mellitus; eGFR = estimated 
glomerular filtration rate
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Treatment goal attainment
The mean LDL-C serum level was significantly lower 
in patients with DM than in those without DM 
(69.5 ± 29.7  mg/dL vs. 81.4 ± 36.1  mg/dL, p = 0.01; 
76.5 ± 34.0  mg/dL in all patients). The mean BP was 
125/71 ± 21/11 mmHg in all patients, without signifi-
cant differences between patients with and without 
DM (125/71 ± 20/10 mmHg vs. 124/71 ± 24/12 mmHg, 
p = 0.66). In patients with DM, the mean HbA1c was 
7.1 ± 1.3% (5.6 ± 0.5% in patients without DM).

Figure 1a displays attainment of LDL-C, BP, and HbA1c 
treatment goals: LDL-C treatment goal of < 55  mg/
dL was attained inadequately overall (26.0%), however, 
more frequently by patients with DM than those with-
out (39.3% vs. 16.7%, p < 0.01). Age-adapted treatment 
goals for BP were attained by 72.1% of all patients; no 
differences between patients with and without DM were 
observed (71.4% vs. 72.5%, p = 0.87). A total of 48.8% of 
patients with DM achieved the HbA1c goal. The HbA1c 
level was < 7.0% in 97.5% of patients without known DM. 
Consequently, at least three patients with undiagnosed 
DM were identified. Additional analyses for systolic and 
diastolic goals, as well as treatment goals of HbA1c < 8.0% 
for elderly patients ≥ 65 years, are listed in Supplementary 
Table 1.

Comparing goal attainment between risk factors 
revealed that BP goals were attained more frequently 
than LDL-C goals (72.1% vs. 26.0% for all patients, 71.4% 
vs. 39.3% for patients with DM, and 72.5% vs. 16.7% for 
patients without DM; p for all comparisons < 0.01). In 
patients with DM, BP goals were attained more fre-
quently than HbA1c goals (71.4% vs. 48.8%, p < 0.01), 
without differences in HbA1c vs. LDL-C goals (48.8% 
vs. 16.7%, p = 0.23). When additional treatment goals 
of HbA1c < 8.0% were applied for elderly patients ≥ 65 
years, the HbA1c goal was attained in significantly more 
patients than the LDL-C goal (69.0% vs. 39.3%, p < 0.01; 
Supplementary Table 1).

Knowledge of treatment goals and subjective levels of 
disease-related information
The questionnaire was completed by all 204 patients. 
Knowledge of LDL-C goals was found in 7.8% of all 
patients (6.0% with DM vs. 9.2% without DM, p = 0.44), 
knowledge of BP goals was found in 32.8% of all patients 
(36.9% with DM vs. 30.0% without DM, p = 0.36), and 
knowledge of HbA1c goals was found in 53.6% of patients 
with DM (1.7% in patients without DM; Fig. 1b).

Accordingly, among patients with DM, the proportion 
of patients with knowledge of HbA1c goals was signifi-
cantly greater than those with BP (p = 0.02) and LDL-C 
goals (p < 0.01; Fig. 1b). In contrast, among those without 
DM, significantly more patients could name the correct 
BP goal than the LDL-C goal (p < 0.01; Fig. 1b).

The subjective levels of information and information 
needs of the overall population on the topics of CAD are 
displayed in Fig. 2. The highest levels of information were 
found for the topic of cause of the disease, without differ-
ences for patients with and without DM (91.6% vs. 90.0% 
very well or well informed, p = 0.27). The lowest (although 
still relatively high) levels of information were found for 
support, helpline, and information sources (51.2% very 
well or well informed with DM vs. 60.0% without DM, 
p = 0.42). An overall comparison of summed subjective 

Table 2 Treatment characteristics
Treatment Total

(n = 204)
With DM
(n = 84)

Without 
DM
(n = 120)

p-
value

Lipid-lowering therapy
 Any statin 186 

(91.2%)
80 (95.2%) 106 

(88.3%)
0.09

 High-intensity statin 119 
(58.3%)

52 (61.9%) 67 (55.8%) 0.39

 Ezetimibe 53 (26.0%) 25 (29.8%) 28 (23.3%) 0.30
 Statin + ezetimibe 50 (24.5%) 25 (29.8%) 25 (20.8%) 0.15
 Bempedoic acid 2 (1.0%) - 2 (1.7%) -
 PCSK9-inhibitor 2 (1.0%) - 2 (1.7%) -
 Inclisiran 1 (0.5%) 1 (1.2%) - -
Antihypertensive 
therapy
 ACE-inhibitor / 
angiotensin-receptor
blocker

168 
(82.4%)

65 (77.4%) 103 
(85.6%)

0.12

 Betablocker 179 
(87.7%)

73 (86.4%) 106 
(88.3%)

0.76

 Dihydropyridine cal-
cium channel blocker

59 (28.9%) 25 (29.8%) 34 (28.3%) 0.83

 Diuretic 122 
(59.8%)

62 (73.8%) 60 (50.0%) < 0.01

 Mineralcorticoid 
receptor antagonist

46 (22.5%) 24 (28.6%) 22 (18.3%) 0.09

Diabetes mellitus 
therapy
 Metformin 42 (20.6%) 42 (50.0%) - -
 GLP-1 receptor 
agonist

5 (2.5%) 5 (6.0%) - -

 SGLT2 inhibitor 65 (31.9%) 44 (52.4%) 21 (25.0%) < 0.01
 DPP-4 inhibitor 19 (9.3%) 19 (22.6%) -
 Sulfonylurea 2 (1%) 2 (1%) - -
 Insulin 40 (19.6%) 40 (19.6%) - -
Antiplatelet/anticoagu-
lant therapy

202 (99%) 82 (97.6%) 120 
(100%)

0.09

Good adherence 
(patient-reported; Rief 
adherence index ≤ 8)

201 
(98.5%)

94 (100%) 117 
(97.5%)

0.14

Characteristics of cardiovascular and diabetes mellitus pharmacotherapy in 
all included patients (n = 204). Additionally, the characteristics of patients with 
(n = 84) and without diabetes mellitus (n = 120) are reported separately. The 
data are presented as n (%). GLP-1 = glucagon-like peptide-1; SGLT2 = sodium/
glucose cotransporter 2; DPP-4 inhibitor = dipeptidyl peptidase-4 inhibitor; 
ACE = angiotensin converting enzyme; PCSK9 = proprotein convertase 
subtilisin/kexin type 9
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Fig. 1 Attainment and knowledge of treatment goals.(a) Attainment of treatment goals (in %) in all patients (n = 204) and in patients with (n = 84) and 
without diabetes mellitus (DM, n = 120) in terms of low-density lipoprotein cholesterol (LDL-C), blood pressure (BP), and glycated hemoglobin A1c 
(HbA1c, patients with DM only). (b) Objective knowledge of treatment goals (in %) in all patients (n = 204) and in patients with (n = 84) and without DM 
(n = 120) of LDL-C, BP, and HbA1c (patients with DM only)
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levels of information on CAD topics revealed no dif-
ferences between patients with and without DM (mean 
summed score of answers to all topics on a 4-point Likert 
scale 17.3 with DM vs. 17.6 without DM, p = 0.44; Supple-
mentary Table 1).

Among all patients, information needs were highest 
for the topic of support, helpline and information sources 
(47.5%), without significant differences between patients 
with and without DM: 44.0% with DM compared with 
50.0% of patients without DM wished to receive more 
information on this topic (p = 0.40; Fig. 2 and Supplemen-
tary Fig. 1). The lowest need for information was reported 
for lifestyle adjustment (41.7% overall; 39.3% with DM vs. 
43.3% without DM, p = 0.56; Fig.  2 and Supplementary 
Fig. 1). For all other topics assessed by the questionnaire 
(cause of the disease, course of the disease, long-term com-
plications, treatment/therapy, and support, helplines, and 
information sources), information needs did not signifi-
cantly differ between patients with and without DM (p 
for all > 0.1; Supplementary Fig. 1).

Management of risk factor control: medical specialties
Patients reported that risk factor control (i.e., laboratory 
measurements of LDL-C and HbA1c and respective ther-
apy adjustments) was predominantly performed by their 
general practitioner (LDL-C: 85.1% general practitioner; 
11.2% cardiologist, 3.6% other specialties; HbA1c: 76.9% 

general practitioner, 8.6% cardiologist, 14.2% other spe-
cialties; Supplementary Table 2).

With respect to HbA1c, more patients without DM 
reported that no measurements of HbA1c were per-
formed prior to study inclusion than DM patients did 
(95.2% with DM vs. 30.8% without DM, p < 0.01; Supple-
mentary Table 2).

In addition, patients most frequently attributed respon-
sibility for risk factor control to their general practitioner 
(LDL-C: 75.0% general practitioner; 16.7% cardiologist, 
3.4% other specialty, 2.9% patient, 2.0% unknown; HbA1c: 
73.5% general practitioner, 5.9% cardiologist, 9.8% other 
specialty, 1.5% patient, 9.3% unknown; Supplementary 
Table 3).

Associated factors of treatment goal attainment
Multivariate logistic regression identified factors associ-
ated with LDL-C goal attainment: coexisting DM (odds 
ratio (OR) 3.73, 95% confidence interval (CI) 1.82–7.63; 
p < 0.01), a lower level of subjective disease-related 
information for CAD (OR 1.18, CI 1.04–1.35; p = 0.01), 
and knowledge of LDL-C treatment goals (OR 3.84, CI 
1.19–12.41; p = 0.02; Table 3). Age, sex, duration of CAD, 
highest level of education, participation preferences, and 
specialty of physician performing LDL-C and HbA1c 
control were not associated with attainment treatment 
goals (Table 3).

Fig. 2 Subjective level of disease-related information and information needs. Graphical display of the subjective level of disease-related information 
and the subjective need for more disease-related information on topics related to coronary artery disease (CAD) in the overall population (n = 204). The 
subjective level of information was measured on a 4-point Likert scale (very well, well, not well, and not informed at all). Additionally, patients were asked to 
state the need for additional information on every topic (yes or no)
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The same analysis did not identify factors associated 
with BP or HbA1c treatment goal attainment. For anal-
ysis of factors associated with HbA1c goal attainment 
in patients with DM, six of 84 patients with DM were 
excluded because data on the duration of DM were miss-
ing (Table 3).

Discussion
In this cross-sectional study, we investigated risk factor 
knowledge with drug-modifiable risk factor control in 
CAD patients with and without DM. The main findings 
are as follows: (1) knowledge of HbA1c and BP treat-
ment goals was found more frequently than knowledge of 
LDL-C treatment goals, in conjunction with goal attain-
ment; (2) knowledge of LDL-C goals was associated with 
LDL-C goal attainment, which was not found for HbA1c 
and BP; (3) patients with DM attained LDL-C treatment 
goals more frequently than patients without DM; and (4) 
general practitioners rather than cardiologists or other 
specialties predominantly perform risk factor manage-
ment of LDL-C and HbA1c.

Risk factor control by optimal medical therapy in 
patients with ASCVD and CAD is of paramount impor-
tance for improving patient outcomes, especially since 
the benefits of percutaneous coronary interventions in 
chronic coronary syndrome patients have been ques-
tioned by the results of RCTs in recent years [20, 21]. 
However, the results of the present study and data from 
international large-scale registries show poor rates of 
attaining secondary preventive treatment goals, with 
considerable differences between risk factors. Whereas 
BP goals were attained by approximately 70% of CAD 
patients, HbA1c goal attainment was found in 45–60% 
of CAD patients [9, 22, 23]. LDL-C goal attainment of 
approximately 20% in the present study and in general 
CAD populations certainly indicates a unsatisfactory 
state of control of a risk factor [24], which is acknowl-
edged as causal for the pathogenesis and progression 
of CAD [25]. Given that several drug classes, such as 

Attainment of LDL-C treatment goalsa

Variable Odds 
ratio

95% 
confidence 
interval

p-
value

Age (years) 1.01 0.97–1.05 0.74
Sex (male/female) 0.70 0.30–1.65 0.41
Duration of CAD (years) 0.98 0.94–1.03 0.42
DM 3.73 1.82–7.63 < 0.01
Highest level of education (no >
lower secondary > higher secondar >
university degree)

1.18 0.87–1.59 0.29

Summed subjective level of
information on topics of CAD (1–24
points)

0.85 0.74–0.96 0.01

Knowledge of LDL-C treatment goal 3.84 1.19–12.41 0.02
Participation preferences (ac-
tive > collaborative > passive role)

0.87 0.57–1.32 0.52

Measurement of LDL-C: General
practitioner

0.94 0.39–2.28 0.89

Attainment of BP treatment goalsb

Variable Odds 
ratio

95% 
confidence 
interval

p-
value

Age (years) 1.02 0.98–1.06 0.36
Sex (male/female) 1.15 0.55–2.44 0.71
Duration of CAD (years) 1.02 0.98–1.07 0.29
DM 1.07 0.56–2.04 0.84
Highest level of education (no >
lower secondary > higher secondar >
university degree)

1.20 0.90–1.60 0.21

Summed subjective level of
information on topics of CAD (1–24
points)

1.05 0.95–1.18 0.35

Participation preferences (ac-
tive > collaborative > passive role)

0.93 0.64–1.36 0.71

Knowledge of BP treatment goal 1.15 0.58–2.28 0.68
Attainment of HbA1c treatment goals (patients with DM)c

Variable Odds 
ratio

95% 
confidence 
interval

p-
value

Age (years) 0.99 0.93–1.05 0.72
Sex (male/female) 2.73 0.77–9.69 0.12
Duration of CAD (years) 0.94 0.87–1.01 0.71
Duration of DM (years) 0.97 0.93–1.03 0.06
Highest level of education (no >
lower secondary > higher secondary
> university degree)

0.75 0.46–1.23 0.25

Summed subjective level of
information on topics of CAD (1–24
points)

1.00 0.83–1.20 0.96

Knowledge of HbA1c treatment goal 0.76 0.25–2.31 0.62

Table 3 Factors associated with the attainment of HbA1c, BP, 
and LDL-C treatment goals Attainment of LDL-C treatment goalsa

Variable Odds 
ratio

95% 
confidence 
interval

p-
value

Participation preferences (ac-
tive > collaborative > passive role)

0.81 0.44–1.51 0.51

Measurement of HbA1c: General
practitioner

1.71 0.48–6.12 0.41

Factors associated with attainment of low-density lipoprotein cholesterol 
(LDL-C), blood pressure (BP), and glycated hemoglobin A1c (HbA1c) treatment 
goals according to multivariate logistic regression (n = 210). For patients with 
diabetes mellitus (DM) (n = 78), six of the 84 patients with DM were excluded 
because of missing data on the duration of DM. CAD = coronary artery disease; 
aHosmer-Lemeshow for goodness of fit of the model X2 = 3.68, df = 8, p = 0.89; 
bHosmer-Lemeshow for goodness of fit of the model X2 = 11.59, df = 8, p = 0.17; 
cHosmer-Lemeshow for goodness of fit of the model X2 = 18.34, df = 8, p = 0.19

Table 3 (continued) 
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high-intensity statins [26], ezetimibe [27], bempedoic 
acid [28], and PCSK9 inhibitors [29, 30], improve patient 
outcomes and are capable of lowering LDL-C to target 
patients, health services research on LDL-C risk fac-
tor management is urgently needed to find measures to 
ensure that patients actually receive and adhere to guide-
line-recommended lipid-lowering therapy.

Risk factor management entails a complex process that 
involves patient‒physician interactions and factors that 
affect patients and physicians individually [11, 23]. With 
respect to patients, we identified an alarming deficit in 
knowledge of LDL-C goals (< 8%, Fig. 1b) compared with 
HbA1c and BP goals in CAD patients with and without 
DM, which is similar to the results of a previous study 
in a cohort of DM patients with ASCVD [13]. Similarly, 
we again found a remarkable discrepancy between the 
subjective level of disease-related information and objec-
tive knowledge of LDL-C treatment goals in a general 
CAD population. The majority of patients felt at least 
well informed about the topics of CAD, while less than 
8% could name the correct LDL-C treatment goal. Addi-
tionally, we observed that knowledge of LDL-C goals was 
associated with goal attainment (Table  3). This finding 
represents a promising starting point for further inves-
tigations of disease-related patient knowledge and its 
interactions with the implementation of optimal second-
ary preventive pharmacotherapy. Prior positive evidence 
on associations between knowledge of HbA1c and gly-
cemic control in DM patients underlines the potential 
of an informed patient for success in drug-modifiable 
risk factor control [19, 31]. Subsequently, further char-
acterization of goal knowledge and associated factors is 
necessary. It should be clarified whether treatment goal 
knowledge results from effective patient‒physician risk 
factor communication (with good health information 
potentially leading to better adherence to lipid-lowering 
therapy) or whether it rather relates to the internal health 
locus of control in patients actively approaching their 
physician to improve risk factor control, among other 
factors [32]. 

The reporting of good adherence in 98.5% of patients 
assessed by the RAI requires cautious interpretation [16]. 
Data from other studies in CAD patients revealed high 
rates of nonadherence to cardiovascular pharmacother-
apy [33]. Although the RAI is considered an established 
tool for assessing general adherence to pharmacotherapy, 
it relies on patient self-reports that might be inadequate 
[16, 34]. To overcome this limitation, novel methods, 
such as direct measurement of drug metabolites in urine, 
could contribute to objective measurements of drug 
adherence [35]. 

On the physician side, we observed a need for improve-
ment in the prescription of effective lipid-lowering drugs 
in the management of dyslipidemia control. Less than 

one quarter of patients had been prescribed a combi-
nation therapy of statins and ezetimibe at the time of 
observation, despite low rates of goal attainment. These 
findings correspond to large real-world datasets from the 
United States and Europe [24, 32, 36]. Factors prevent-
ing physicians from prescribing guideline-recommended 
therapy to CAD patients remain to be further investi-
gated. In the present study, risk factor management of 
LDL-C and HbA1c was performed predominantly by 
general practitioners (77%; Table  3). Two decades ago, 
in Germany, a voluntary, structured disease manage-
ment program (DMP) for CAD patients was introduced 
by federal health institutions and bodies of the statutory 
health insurance. The DMP CAD aiming to improve sec-
ondary prevention and reduce health expenditures is pre-
dominantly coordinated by general practitioners with an 
estimated participation of 53–73% of all CAD patients 
[37]. Quality objectives of the DMP for CAD were last 
updated in 2019 [38]. Two parallel LDL-C-lowering 
strategies are promoted: Prescription of high-intensity 
statins for all patients or a goal directed-strategy with a 
goal of < 70 mg/dL for LDL-C [38]. Inconsistent LDL-C 
treatment goals set up among medical specialties reflect 
existing controversy about the quality of evidence sup-
porting the lower LDL-C goals of the ESC [6, 39]. Pos-
sible uncertainty among physicians about the optimal 
LDL-C treatment goal for their patients might have influ-
enced attainment and knowledge of treatment goals in 
this study.

Registry data from the United States identified cardi-
ologist visits as a predictor of receiving intensified lipid-
lowering therapy [40]. However, LDL-C measurement is 
infrequently performed by cardiologists (11%; Table  3), 
which may limit the impact of cardiologists. Interest-
ingly, patients with DM were more likely to attain LDL-C 
treatment goals, which was possibly related to differences 
in management: Cardiovascular risk perceived by treat-
ing physicians may be greater in patients with DM and 
lead to focused attention to risk factor management. In 
Germany, diabetologists manage the treatment of DM in 
many patients and thus may also be a contributing fac-
tor to improved LDL-C risk factor control in patients 
with DM: LDL-C is a target of risk factor control in both 
CAD and DM care, which may increase the likelihood of 
receiving guideline-recommended therapy by any physi-
cian involved. The communication and interplay between 
cardiologists and general practitioners, including diabe-
tologists in DM patients, must be the subject of further 
health services research. Limited evidence exists on dif-
ferences in the adoption of guideline-recommended 
LDL-C treatment goals in CAD among different medical 
specialties in Germany [41]. Reasons previously iden-
tified for provider underuse of high-intensity statins, 
among others, are gaps in knowledge about statin 
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benefits among physicians [42], discrepancies between 
LDL-C goals and generalist and specialist guidelines [43], 
beliefs about statin side effects [44], and clinical inertia 
[45]. Furthermore, a health care system-specific under-
standing of these reasons may help in the development of 
successful interventions aimed at the physician side.

Limitations
This was a single-center cross-sectional study conducted 
in a tertiary care heart center. Its results are thus likely 
not to be extrapolated to other settings, e.g., ambula-
tory CAD patients in primary care. When compared to 
regional patients enrolled in primary care led DMP, the 
present population was younger (mean age 68 vs. 73 
years) and had a higher proportion of male patients (75 
vs. 65%) [37]. Prescription of ACE-inhibitors or angio-
tensin receptor-blockers (82 vs. 71%), betablockers (88 
vs. 75%), and statins (91 vs. 85%) was recorded more fre-
quently while DM as comorbidity (41 vs. 49%) was less 
frequently recorded [37]. However, with regards to mean 
age, proportion of male participants and use of preven-
tive pharmacotherapy the present sample is comparable 
to CAD patients in the EU-wide DA VINCI registry on 
lipid-lowering therapy (mean age 67 years, 76% male, 
statins 94%) as well as to German CAD patients of the 
EUROASPIRE IV and V registries on cardiovascular risk 
factor control (mean age 69 years; 81–82% male, statins 
87–97%, ACE-inhibitors or angiotensin receptor-block-
ers 86–93%, betablockers 79–87%) [24, 46]. The propor-
tions of participants with DM (41%) were similar to DA 
VINCI (38%) and higher compared to EUROASPIRE IV 
and V registries (28–31%) [24, 46]. 

Thus, in this study we identified starting points for 
future research rather than explore the full range of com-
plex interactions in the field of optimal secondary pre-
vention of CAD (on both the patient and physician sides).

We did not further evaluate nonadherence to pharma-
cotherapy and were thus not able to determine how this 
could negatively influence treatment goal attainment; 
however, our results showed that adherence, as measured 
by the RAI, was higher than that reported in the current 
literature.

Conclusion
In German CAD patients with and without DM pre-
senting at a tertiary care center, a remarkable deficit in 
knowledge and attainment of ESC treatment goals of 
the drug-modifiable risk factor LDL-C exists compared 
with BP and HbA1c. DM comorbidity and patient knowl-
edge were significantly associated with treatment goal 
attainment for LDL-C, showing potential for improve-
ment through patient-centered as well as structural 
interventions.
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