
1Frank- Tewaag J, et al. BMJ Open 2020;10:e042886. doi:10.1136/bmjopen-2020-042886

Open access 

Use of guideline- recommended drug 
therapy in patients undergoing 
percutaneous coronary intervention for 
stable coronary heart disease in 
Germany: a multilevel analysis of 
nationwide routine data

Julia Frank- Tewaag    ,1,2,3 Julian Bleek,4 Dirk Horenkamp- Sonntag,5 
Ursula Marschall,6 Uwe Zeymer,7 Norbert Donner- Banzhoff,8 Leonie Sundmacher9

To cite: Frank- Tewaag J, 
Bleek J, Horenkamp- Sonntag D, 
et al.  Use of guideline- 
recommended drug therapy 
in patients undergoing 
percutaneous coronary 
intervention for stable coronary 
heart disease in Germany: a 
multilevel analysis of nationwide 
routine data. BMJ Open 
2020;10:e042886. doi:10.1136/
bmjopen-2020-042886

 ► Prepublication history and 
additional materials for this 
paper is available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2020- 
042886).

Received 17 July 2020
Revised 15 September 2020
Accepted 25 November 2020

For numbered affiliations see 
end of article.

Correspondence to
Julia Frank- Tewaag;  
 J. FrankTewaag@ lmu. de

Original research

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives To determine the prescription of guideline 
recommended drug therapy in patients with stable 
coronary heart disease (sCHD) prior to percutaneous 
coronary intervention (PCI) in Germany and to examine 
the role of patient characteristics and features of 
regional healthcare supply in a multilevel model.
Design Secondary data analysis of factors associated 
with the prescription of guideline recommended drug 
therapy using a multilevel model to analyse regional- 
level effects, over and above the effects of patient- level 
demographic and health status.
Setting Office- based prescriptions in the year prior to the 
invasive procedure.
Participants A linked nationwide dataset from Germany’s 
three largest statutory health insurance funds of all 
patients receiving PCI in the year 2016.
Main outcome measures Patients’ odds of receiving 
optimal medical therapy and symptom- oriented therapy 
within 1 year prior to PCI.
Results 68.6% of patients received at least one lipid- 
lowering drug and one symptom- oriented therapy prior 
to PCI. 43.6% received at least two agents to control 
their symptoms. Patients who received treatment in 
accordance with the recommendations had a greater 
number of diagnosed risk factors, a more severe 
history of cardiac disease and used a higher volume 
of ambulatory office- based physician services. The 
prescriptions prevalence for the symptom- oriented 
therapies differed significantly between eastern and 
western Germany, with a higher prevalence in the 
eastern districts.
Conclusions Guidelines can only provide 
decision- making corridors, and the applicability of 
recommendations must always be assessed on a case 
by case basis. Nevertheless, our analysis indicates that 
the prevalence of prescriptions in routine practice is 
subject to substantial variation and that conservative 
therapy options are not fully exhausted prior to PCI. This 
suggests that there might be room for improvement in 
the care of patients with sCHD.

BACKGROUND
In addition to lifestyle- modifying measures, 
drug therapy has become the mainstay of 
treatment in patients with stable coronary 
heart disease (sCHD). Comprehensive meta- 
analyses,1 2 the Clinical Outcomes Utilizing 
Revascularization and Aggressive Drug Eval-
uation (COURAGE) study3 and the recent 
landmark International Study of Compara-
tive Health Effectiveness with Medical and 
Invasive Approaches (ISCHEMIA) trial4 5 
provide strong evidence that coronary revas-
cularisation is not associated with an improve-
ment of the prognosis compared with optimal 
drug therapy in this patient group. Current 

Strengths and limitations of this study

 ► We used a linked, comprehensive, nationwide data 
set with patient- level information on prescriptions, 
hospital and ambulatory care from the three largest 
statutory health insurers in Germany, covering ap-
proximately 42.5 million individuals.

 ► We examined the role of the health care supply and 
regional characteristics, in addition to patient- level 
demographic and health status variables, on the 
prescription guideline recommended drug therapy.

 ► The large number of patients examined in the analy-
sis allowed us to generate reliable estimates on the 
regional level.

 ► The prescription data do not include drugs pre-
scribed and administered in hospitals and of over- 
to- counter drugs.

 ► Because a prescription was recorded only in cas-
es where a patient redeemed it, a low prescription 
prevalence may be due to poor implementation of 
treatment recommendations on the part of providers 
or a lack of adherence or treatment discontinuation 
on the part of patients.  on O
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clinical guidelines recommend drug therapy as the initial 
approach to managing patients with sCHD, with percuta-
neous coronary intervention (PCI) reserved for patients 
whose symptoms persist despite optimal medical therapy 
(OMT).6–8

The translation of these findings and recommenda-
tions into clinical practice, however, might be a subject 
for improvement. Studies in the USA9 and Canada10 
looked at large samples of patients with sCHD who under-
went elective PCI, and therefore, should generally have 
received drug therapy before this invasive intervention. 
They found, however, that the proportion of individuals 
in whom that had indeed been the case was disappoint-
ingly small. The authors of the Canadian study suggested 
several explanations for their findings, including an over-
estimation of the benefits of PCI among patients, the non- 
universal acceptance by doctors of the results of recent 
trials, or knowledge gaps among clinicians regarding 
appropriate management of patients with sCHD.10 
According to a health technology assessment report by 
Gorenoi et al, about two- thirds of PCIs are unnecessary 
because the symptoms could also be managed in a conser-
vative manner using drug therapy.11 While there have 
been no equivalent studies of patients who underwent 
PCI in Germany, researchers have investigated the use of 
drug therapy after hospitalisation or after acute cardio-
vascular events12–17 and found that it has been subop-
timal in patient groups that would have benefited from it 
according to current treatment guidelines.

The aim of the present study is to contribute to this 
evidence base by drawing on a nationwide set of routine 
healthcare data to assess whether patients who under-
went PCI received guideline- recommended drug therapy 
during the year before they underwent the invasive proce-
dure. To do so, we obtained and linked nationwide data 
from three large statutory health insurers (SHIs). First, we 
examined whether clinical practice in Germany reflects 
the recommendations of the German and European 
guidelines among patients with sCHD and if there might 
be opportunities to improve their care. Subsequently, we 
estimated a multilevel model to examine the influence 
of patient characteristics, and the supply of healthcare 
services in different geographies, on the use of drug 
therapy because the literature suggests that both can play 
an important role in this regard.16 18–30

METHOD
Database
Our analysis was based on a set of linked billing data from 
the SHIs AOK, BARMER and Techniker Krankenkasse 
from the years 2014–2016. The dataset comprises patients 
who underwent PCI in 2016 as an inpatient, outpatient or 
in an office- based practice. We supplemented the dataset 
with the anatomical therapeutic chemistry (ATC) classifi-
cation by linking it to the WIdO database of pharmaceu-
tical products.31 Moreover, we added the characteristics 
of regional healthcare supply from the INKAR database32 

and the National Association of Statutory Health Insur-
ance Physicians (Kassenärztliche Bundesvereinigung, 
KBV).32 33

Patient population
We included patients in the study if they were 18 years of 
age or older and had received PCI in 2016 as an inpatient, 
an outpatient or in an office- based practice (EBM: 34292, 
OPS: 8–837). To limit the population to individuals with 
sCHD, our main analysis included only patients treated 
for chronic ischaemic heart disease (I25), stable angina 
pectoris (I20.8 and I20.9) or chest pain (R07) at the time 
of PCI. To avoid any impact from recent coronary events, 
we excluded all patients who had undergone PCI or coro-
nary artery bypass graft surgery (CABG) in 2015 or had 
had an acute myocardial infraction (MI) within the year 
before the index PCI. Furthermore, we considered only 
those patients who had been insured for at least 360 days 
in the years before the index PCI and without missing 
information. Patients who died during or after the PCI 
were not excluded.

In addition, to assess possible differences in the 
prescription prevalence depending on the indication, we 
undertook a sensitivity analysis (1) that included patients 
with unstable angina pectoris (I20.0 and I20.1). The 
main analysis comprised patients who had an inpatient 
or office- based diagnosis of CHD (ICD I20–I25, inpatient 
primary or secondary diagnosis or confirmed office- based 
diagnosis in at least two quarters) during the period from 
2014 to the billing quarter prior to the index PCI. This 
restriction presupposes that patients had contact with 
inpatient medical services at least once or had seen an 
office- based physician more than once. Therefore, in 
a second sensitivity analysis (2), we examined patients 
without a confirmed diagnosis of CHD in the observation 
period.

Prescription prevalence and measures of guideline-
concordant care
Our analysis considers the recommendations of both the 
German and European guidelines on the management 
of sCHD.6–8 Using data on prescriptions, we divided 
patients into users and non- users of the recommended 
drug therapies in the year before PCI using the ATC 
classification (see online supplemental file 1, table 1 for 
the ATC codes is used). Lastly, we grouped the classes of 
substances, according to the guideline recommendations, 
as preferred or alternative treatments and classified these 
as having been prescribed with the aim of improving a 
patient’s prognosis or relieving his or her symptoms. For 
the purpose of our analysis, we considered beta- blockers 
as belonging to the latter of these categories even though 
they can also enhance prognosis (see figure 1).

Based on these classifications, we defined ‘OMT’ as a 
combined measure that reflected the guideline recom-
mendations. For this measure, we defined a patient as 
a user if, within the year before PCI, he or she had had 
received at least one prescription for a lipid- lowering 
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Table 1 Individual characteristics and prescription prevalence

Total (n=22 551)
n, (%)

Optimal medical therapy* Symptom- oriented therapy†

Criterion fulfilled 
(n=15 473)
n, (%) P value

At least one 
(n=9805)
n, (%)

At least two 
(n=9824)
n, (%) P value

Under 50 years 300 (1.33) 220 (73.33) <0.001 148 (49.33) 99 (33) <0.001

50–59 years 2100 (9.31) 1468 (69.9) 1061 (50.52) 693 (33)

60–69 years 5081 (22.53) 3636 (71.56) 2229 (43.87) 2125 (41.82)

70–79 years 9803 (43.47) 6756 (68.92) 4258 (43.44) 4296 (43.82)

Over 80 years 5267 (23.36) 3393 (64.42) 2109 (40.04) 2611 (49.57)

Male 16 381 (72.64) 11 302 (68.99) 0.04 7317 (44.67) 6752 (41.22) <0.001

Female 6170 (27.36) 4171 (67.6) 2488 (40.32) 3072 (49.79)

No participation in DMP CHD 13 052 (57.88) 8289 (63.51) <0.001 5739 (43.97) 5325 (40.8) <0.001

Participation in DMP CHD 9499 (42.12) 7184 (75.63) 4066 (42.8) 4499 (47.36)

No prior MI 13 753 (60.99) 8669 (63.03) <0.001 5846 (42.51) 5815 (42.28) <0.001

Prior MI 8798 (39.01) 6804 (77.34) 3959 (45.00) 4009 (45.57)

No PCI or CABG 20 003 (88.7) 13 546 (67.72) <0.001 8667 (43.33) 8694 (43.46) 0.007

Prior PCI or bypass 2548 (11.3) 1927 (75.63) 1138 (44.66) 1130 (44.35)

No heart failure 14 956 (66.32) 10 008 (66.92) <0.001 6573 (43.95) 6145 (41.09) <0.001

Heart failure 7595 (33.68) 5465 (71.96) 3232 (42.55) 3679 (48.44)

No hypertension 1486 (6.59) 782 (52.62) <0.001 720 (48.45) 281 (18.91) <0.001

Hypertension 21 065 (93.41) 14 691 (69.74) 9085 (43.13) 9543 (45.3)

No lipid metabolism disorder 4253 (18.86) 2066 (48.58) <0.001 1926 (45.29) 1626 (38.23) <0.001

Lipid metabolism disorder 18 298 (81.14) 13 407 (73.27) 7879 (43.06) 8198 (44.8) <0.001

No diabetes mellitus 11 665 (51.73) 7572 (64.91) <0.001 5302 (45.45) 4499 (38.57) <0.001

Diabetes mellitus 10 886 (48.27) 7901 (72.58) 4503 (41.37) 5325 (48.92)

No PAD 19 054 (84.49) 12 880 (67.6) <0.001 8445 (44.32) 8081 (42.41) <0.001

PAD 3497 (15.51) 2593 (74.15) 1360 (38.89) 1743 (49.84)

No dementia 21 391 (94.86) 14 735 (68.88) <0.001 9319 (43.57) 9287 (43.42) 0.133

Dementia 1160 (5.14) 738 (63.62) 486 (41.9) 537 (46.29)

No depression 17 387 (77.1) 12 033 (69.21) <0.001 7623 (43.84) 7525 (43.28) 0.129

Depression 5164 (22.9) 3440 (66.62) 2182 (42.25) 2299 (44.52)

Low use of office- based 
services‡

6097 (27.04) 3869 (63.46) <0.001 2638 (43.27) 2403 (39.41) <0.001

GP or primary care internist 5861 (25.99) 3828 (65.31) 2525 (43.08) 2583 (44.07)

Cardiologist 10 593 (46.97) 7776 (73.41) 4642 (43.82) 4834 (45.67)

No ASA/clopidogrel 11 850 (52.55) 7240 (61.1) <0.001 5188 (43.78) 4770 (40.25) <0.001

ASA/clopidogrel 10 701 (47.45) 8233 (76.94) 4617 (43.15) 5054 (47.23)

No ACE/ARB 4546 (20.16) 2295 (50.48) <0.001 1994 (43.86) 1298 (28.55) <0.001

ACE/ARB 18 005 (79.84) 13 178 (73.19) 7811 (43.38) 8526 (47.35)

No molsidomine 20 967 (92.98) 14 226 (67.85) <0.001 9380 (44.75) 8742 (41.69) <0.001

Molsidomine 1584 (7.02) 1247 (78.72) 425 (26.83) 1082 (68.31)

No diuretics 9828 (43.58) 6112 (62.19) <0.001 4511 (45.9) 3366 (34.25) <0.001

Diuretics 12 723 (56.42) 9361 (73.58) 5294 (41.61) 6458 (50.76)

No polymedication§ 6095 (27.03) 3004 (49.29) <0.001 3225 (52.91) 1399 (22.95) <0.001

Polymedication§ 16 456 (72.97) 12 469 (75.77) 6580 (39.99) 8425 (51.20)

Continued
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agent (ie, a statin, fibrate, anion exchanger or cholesterol 
absorption inhibitor) and at least one prescription for a 
recommended symptomatic therapy (ie, a beta- blocker, 
calcium channel blocker, ivabradine, ranolazine or 
organic nitrate).

Because (1) the prescription prevalence of antiplatelet 
agents could not be reliably estimated due to the over- to- 
counter (OTC) availability of acetylsalicylic acid (ASA), 
(2) molsidomine is not recommended as an alternative to 
nitrates and (3) the indication for the use of angiotensin- 
converting enzyme (ACE) inhibitors and angiotensin II 
receptor blockers (ARB) could not be clearly derived, we 
did not consider the use of these agents in our analysis 
of the two combined measures. We do, however, present 
the prescription prevalence of these and of other active 
substances with intersecting indications descriptively.

Because the symptomatic relief of chest pain plays an 
important role, especially when PCI is considered as a 

subsequent treatment option, we examined symptom- 
oriented therapy alone in a separate analysis and paid 
special attention to whether the options for conservative 
treatment had been exhausted. For this purpose, we clas-
sified patients as users if they received a prescription for 
at least two classes of symptom- oriented therapy within 
the year before PCI.

Study variables
There are many reasons why patients may fail to receive 
a recommended drug therapy or not follow a recom-
mended regimen. Obstacles can exist at the level of the 
patient, the provider and the health system. We, there-
fore, undertook a multilevel analysis to examine how 
patient- specific and regional health services supply factors 
might affect the use of the recommended drug thera-
pies. In doing so, we considered factors for which there 
is evidence of an association with poor use of guideline- 
recommended drug therapies or high rates of treatment 
discontinuation16 18–30 (see online supplemental file 2, 
for the description of the variable selection and table 1 
for the International Classification of Diseases, 10th Revi-
sion,German Modification (ICD-10- GM) codes that were 
used).

Statistics
We presented prescription prevalence in a descrip-
tive manner. The patient characteristics were stratified 
according to drug therapy and compared using χ2 test. In 
a logistic regression model, we examined the influence of 
patient- specific study variables on prescription prevalence. 
Subsequently, within a multilevel model, we considered 
variation at the level of the administrative districts and 
examined the influence of the variables related to features 
of local healthcare supply. For the purpose of multilevel 
analysis, we mean centred age. We assessed the specific and 
general context effects by intraclass correlation coefficient 
(ICC), median OR (MOR), proportion change in variance 
(PCV), proportion of opposite odds (POOR), 80%-interval 
OR (80%-IOR) and ROC AUC curve comparisons. We 
considered a p<0.05 to be statistically significant. Analyses 
were performed with StataSE V.15.

Patient and public involvement
Patients and public were not involved.

Total (n=22 551)
n, (%)

Optimal medical therapy* Symptom- oriented therapy†

Criterion fulfilled 
(n=15 473)
n, (%) P value

At least one 
(n=9805)
n, (%)

At least two 
(n=9824)
n, (%) P value

*At least one lipid- lowering and one symptom- oriented therapy.
†At least two classes of drugs or combination.
‡Patients with fewer than two visits to a physician per year.
§Patients with more than five long- term (DDD lasting for 90 days or more) prescriptions according to ATC code.
ACE, angiotensin- converting enzyme; ARB, angiotensin II receptor blockers; ASA, acetylsalicylic acid; ATC, Anatomical Therapeutic Chemistry; 
CABG, coronary artery bypass graft; CHD, coronary heart disease; DMP, disease management program; GP, general practitioner; MI, myocardial 
infraction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention.

Table 1 Continued

Figure 1 Systematisation of drug therapy based on 
guideline recommendations. For the purpose of our analysis, 
beta- blockers were considered as belonging to the symptom- 
oriented therapy. *Not included in the combined endpoints. 
ACE, angiotensin- converting enzyme; ARB, angiotensin II 
receptor blockers; ASA, acetylsalicylic acid.
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RESULTS
Study sample
The dataset comprised nationwide linked billing data 
from approximately 42.5 million individuals. In 2016, a 
total of 147 272 patients in the dataset received at least 
one PCI. The selection yielded a study population for the 
main analysis consisting of 22 551 patients. In addition, 
we performed a sensitivity analysis (1) including patients 
with unstable angina pectoris and a further sensitivity 
analysis (2) with patients who did not have a confirmed 
CHD diagnosis prior to the index PCI (see figure 2).

Prescription prevalence
Within the year before the index PCI in 2016, the crite-
rion of OMT was met in 68.61% of patients. 25.40% 
were prescribed only one of these therapies, and 5.99% 
received no OMT- prescriptions. Of the 17 044 (75.58%) 
patients who received a prescription for a lipid- lowering 
drug, the majority (98.04%) were prescribed a statin. Of 
the 19 629 (87.04%) patients who received a prescrip-
tion for at least one of the symptom- oriented therapies, 
43.56% were prescribed at least two symptom- oriented 
drugs. The majority of patients received a prescription 
for a beta- blocker (75.36%), 33.87% a prescription for 
a calcium channel blocker and 26.02% a prescription 
for a regimen consisting of both agents. 26.47% were 
prescribed an organic nitrate. Ivabradine was prescribed 
in fewer than 2%, ranolazine in just over 5% of patients 
(see figure 3 and table 1 for individual characteristics and 
prescription prevalence).

Sensitivity analysis including patients with unstable 
angina pectoris revealed minor differences in prescrip-
tion prevalence. Patients without a confirmed diagnosis 
of CHD prior to PCI had a lower prescription prevalence 

for all drug classes. The criterion of OMT was fulfilled 
in 31.13% of these patients. Seventy- six per cent received 
a prescription for at least one of the two therapies, and 
24.00% receive no OMT- prescriptions. 63.81% of the 
patients received a prescription for at least one of the 
symptom- oriented therapies, and 24.07% of the patients 

Figure 2 Selection of the patient population. AP, angina pertoris; CABG, coronary artery bypass graft; CHD, coronary heart 
disease; CP, chest pain; ICD, International Classification of Diseases; MI, myocardial infarction; N, number of patients; PCI, 
percutaneous coronary intervention.

Figure 3 Prescription prevalence of the active substances. 
Percentage of patients with at least one prescription within 
1 year prior to PCI. ACE, angiotensin- converting enzyme; 
AP, angina pertoris; ARB, angiotensin II receptor blockers; 
ASA, acetylsalicylic acid; CHD, coronary heart disease; PCI, 
percutaneous coronary intervention.
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received a prescription for at least two classes of these 
drugs.

Optimal medical therapy
Patients with a previous MI, a diagnosed lipid metabo-
lism disorder, previous CABG or PCI, diabetes mellitus, 
PAD, heart failure or hypertension had higher odds of 
receiving the OMT within the year before the index 
PCI (see table 2). Above average age and a diagnosis 
of dementia or depression were associated with lower 
odds of receiving a prescription for the OMT. The sex 
of the patient showed no significant association with 
such prescriptions. Although symptom- oriented therapy 
was prescribed more frequently in women, the propor-
tion of men who were prescribed a lipid- lowering drug 
was 76.54% compared with 73.03% in women (p<0.001). 
Participation in a disease management program (DMP) 
for CHD was associated with a higher odds of being 
prescribed the OMT. Patients who made at least two visits 
to the general practitioner (GP) or primary care internist 
per year or who had an additional contact with a cardiol-
ogist had higher odds of being prescribed the OMT or 
primary care internist per year or who had an additional 
contact with a cardiologist had higher odds of being 
prescribed the OMT compared with patients who made 
fewer visits. The variables at the regional level showed no 
statistically significant effect. Although likelihood- ratio 
tests suggest that the differences between the districts 
is not zero, the ICC points to a low correlation within 
each of the districts. The measures of the general and 
specific context effects suggest that the variables charac-
terising the regional healthcare supply had little explan-
atory power and accounted for only a small proportion 
(PCV=4.9%) of variance at the district level.

Symptom-oriented therapy
Prior MI, above average age, female gender and diag-
nosed risk factors and comorbidities, were associated with 
a higher odds of receiving a prescription for symptom- 
oriented therapy in the year before the index PCI. 
Enrolment in a DMP for CHD, regular visits to the GP 
or primary care internist and additional contact with a 
cardiologist also showed a positive association compared 
with patients who used fewer healthcare services. A 
previous PCI or CABG, or a diagnosis of dementia or 
depression showed no significant influence on such 
prescriptions. The variables we considered for regional 
healthcare supply also showed no significant association. 
However, patients in eastern Germany had higher odds of 
being prescribed symptom- oriented therapy after consid-
ering patient characteristics. The comparison of eastern 
and western German districts suggests that there is, on 
average, a positive association for the former, with an 
OR of 1.19 (95% CI 1.09 to 1.30). However, unmodelled 
interdistrict variability remained, which is reflected in the 
broad 80% IOR(95% CI 0.86 to 1.64). The POOR was 
moderate (24.5%). The model, including the regional 
variables, explains 14.20% of the variance at district level. 

Considering the patient characteristics and the multi- 
level structure, the MOR is 1.20, or 1.18 if the district vari-
ables are included—that is, if a person moves to another 
district with a higher prescription likelihood, their risk of 
getting a prescription in median increases 1.20 or 1.18 
times.

Table 2 Multilevel model of influencing factors

Optimal medical 
therapy†

Symptom- oriented 
therapy‡

OR 95% CI OR 95% CI

Individual level

Age§ 0.99 (0.98 to 0.99)** 1.01 (1.01 to 1.02)**

Female 1.06 (0.99 to 1.13) 1.37 (1.29 to 1.46)**

DMP CHD 1.58 (1.49 to 1.69)** 1.23 (1.17 to 1.31)**

Prior MI 1.71 (1.60 to 1.82)** 1.13 (1.07 to 1.20)**

Previous PCI/
CABG

1.23 (1.11 to 1.36)** 1.01 (0.92 to 1.10)

Heart failure 1.08 (1.01 to 1.15)* 1.13 (1.07 to 1.20)**

Hypertension 1.66 (1.48 to 1.86)** 2.8 (2.44 to 3.21)**

Lipid metabolism 
disorder

2.46 (2.29 to 2.64)** 1.15 (1.07 to 1.24)**

Diabetes mellitus 1.34 (1.26 to 1.42)** 1.38 (1.30 to 1.46)**

PAD 1.22 (1.12 to 1.33)** 1.23 (1.14 to 1.32)**

Dementia 0.75 (0.66 to 0.86)** 0.89 (0.78 to 1.00)

Depression 0.81 (0.76 to 0.88)** 0.97 (0.90 to 1.03)

GP or primary 
care internist

1.17 (1.08 to 1.27)** 1.16 (1.08 to 1.26)**

Cardiologist 1.47 (1.37 to 1.59)** 1.19 (1.11 to 1.27)**

District level

Pharmacies 
per 100 000 
inhabitants

1 (0.99 to 1.01) 1.01 (1.00 to 1.02)

GPs per 100 000 
inhabitants

1 (0.99 to 1.01) 1 (0.99 to 1.00)

Internists 
per 100 000 
inhabitants

1 (1.00 to 1.01) 1 (1.00 to 1.01)

No of cases per 
GP

1 (1.00 to 1.00) 1 (1.00 to 1.00)

No of cases per 
internist

1 (1.00 to 1.00) 1 (1.00 to 1.00)

Eastern Germany 1.01 (0.91 to 1.11) 1.19 (1.09 to 1.30)**

Constant 0.28 (0.18 to 0.43)** 0.12 (0.08 to 0.17)**

Variance of 
districts

0.04 (0.02 to 0.06) 0.03 (0.02 to 0.05)

*P<0.05, **p<0.001.
†At least one lipid- lowering and one symptom- oriented therapy.
‡At least two classes of drugs or combination.
§Mean centred.
CABG, coronary artery bypass graft surgery; CHD, coronary 
heart disease; DMP, disease management program; GP, general 
practitioner; MI, myocardial infraction; PAD, peripheral arterial 
disease; PCI, percutaneous coronary intervention.
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DISCUSSION
Using a comprehensive set of nationwide routine data, 
the present study is the first to analyse patterns of use of 
guideline- recommended drug therapies among patients 
with sCHD in Germany in the time before they undergo 
PCI. The study also explores the association of these 
patterns with characteristics of regional healthcare supply 
and patient characteristics.

Although the European and German guidelines6–8 
recommend drug therapy in patients with sCHD, our find-
ings suggest that the recommendations are only fulfilled 
to a moderate degree that and there is substantial varia-
tion in how they are being implemented in Germany. In 
general, patients in our sample who received treatment 
in accordance with these recommendations were those 
who had a greater number of diagnosed risk factors and 
comorbidities and a more severe history of cardiac disease 
compared with patients who did not.

The associations observed in our analysis are consis-
tent with the results of the Canadian study except that 
Garg et al observed a weak positive association in men.10 
While we found that the use of symptom- oriented therapy 
in women was more frequent, gender showed no signifi-
cant association with the OMT. This can be attributed to 
the lower prescription prevalence of statins in women in 
our sample, which is consistent with the results of a study 
on secondary prevention in CHD in Germany34 and with 
the findings of the EUROASPIRE IV and V surveys.13 17 
We found that patients with diagnosed depression, above 
average age and diagnosed dementia have lower odds 
of receiving the OMT. It might, therefore, be useful to 
pay special attention in consultations with these patients 
when discussing, reviewing and agreeing on individual 
treatment plans.

The volume of ambulatory office- based services used 
by patients and of care provided by GPs and additional 
visits to cardiologists showed a positive association with 
the prescription of OMT. However, the variables included 
at the district level showed no discernible influence on 
the prevalence of OMT prescriptions.

The prevalence of prescriptions for the symptom- 
oriented therapies differed significantly between eastern 
and western Germany, with a higher prevalence in the 
eastern districts. These results are consistent with those 
found in a study in patients with heart failure, which also 
suggest an east- west gradient in the use of beta- blocker 
therapy.35 These differences could be due to several 
factors, such as different patient preferences, historical 
differences in service providers’ experience, preferences 
regarding the prescription, differences in drug budgets 
or variations in the market penetration of certain drugs. 
The role of the physician in the implementation of 
prevention guidelines for CHD and barriers to their 
implementation was studied by Reiner et al. The authors 
found that, although most physicians believe that guide-
lines are useful and necessary, 11.9% of primary care 
physicians, 7.0% of internists and 4.8% of cardiolo-
gists prefer to rely on their own personal experience.36 

Moreover, the frequency of PCI varies widely within 
Germany,37–39 which suggests that the observed differ-
ences might reflect varying preferences in the use of 
invasive therapies.

Looking at patients regardless of whether they had a 
confirmed diagnosis of CHD, we found a prescription 
prevalence for most drug classes that was lower than 
that seen by Borden et al in the USA and Garg et al in 
Canada, with the exception of ACE inhibitors/ARB and 
beta- blockers.9 10 In the USA, 62.6% of these patients 
received a beta- blocker compared with 56.9% in Canada 
and 63.61% in Germany. While 64.3% of patients in 
Canada and the USA received a statin, the percentage 
in Germany was 60.10%. Compared with the Canadian 
study, the proportion of patients receiving prescriptions 
was lower by 6.94% for calcium channel blockers, 3.45% 
for nitrates. It should be noted, however, that the observa-
tion period for measuring prescription prevalence in the 
two other studies was shorter than in ours, the composi-
tion of their patient sample may have differed and the 
combined measures they used are not directly compa-
rable to those used in our analysis because they are based 
on different definitions.

The EUROASPIRE cross- sectional surveys have evalu-
ated guideline implementation in European countries 
and found that, a large majority of patients with docu-
mented CHD, fail to achieve the therapeutic targets. 
When comparing the most recent results for Germany 
with those for patients with known CHD in our study, 
we find that the proportion of patients receiving lipid 
lowering medication was 12% lower in our analysis than 
the proportion reported in EUROASPIRE V17 and the 
proportion receiving statins 7% lower compared with 
EUROASPIRE IV.13 Similarly the prescription prevalence 
we found for beta- blockers and for ACE inhibitors/ARB 
was lower than the proportion reported for Germany in 
EUROASPIRE IV, by 8% and 2%, respectively. It should 
be noted, however, that the patient’s sample of the EURO-
ASPIRE surveys differs to the one in our analysis, because 
patients with documented CHD were recruited following 
hospitalisation. Zhao et al40 have investigated medication 
use in patients with documented CHD in Europe, Asia 
and the Middle East and found substantial variations 
between regions and countries. The proportion of medi-
cation use the authors reported for Europe were higher 
than those found in our study with exception of calcium 
antagonist and ARBs. Again, it has to be noted that the 
patient sample differs to the one in our study, because 
participants were recruited from cardiology outpatient 
clinics in participating centres.

Because the results of our study may be considered as 
real- world evidence reflecting current routine practice, as 
opposed to observations made in clinical trials with strict 
control of drug regimens and selected patient popula-
tions, it is not surprising that the medication use reported 
after 5 years in the COURAGE study41 and after 1 year in 
the ISCHEMIA trial42 were higher than the prescription 
prevalence found in our analysis.
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LIMITATIONS
This study has several important limitations. First, our 
prescription data do not include drugs prescribed and 
administered in hospitals,43 which could lead to an under-
estimation of prescription prevalence. Second, because 
we could not rule out the OTC use of ASA, we expected 
the prevalence of its use to be underestimated.44 Third, 
because prescription data in Germany are passed on from 
the pharmacies to health insurers, a prescription was 
recorded only in cases where a patient redeemed it. Thus, 
a low prescription prevalence may be due to poor imple-
mentation of treatment recommendations on the part of 
providers or a lack of adherence or treatment discontin-
uation on the part of patients. Fourth, the drug thera-
pies included in our model are not disease specific, and 
physicians’ decisions to prescribe them may have been 
influenced by patients’ comorbidities. This can lead to 
an overestimation of the prescription prevalence attrib-
utable to the CHD diagnosis. Fifth, our analysis does not 
consider intolerance or contraindications. Although we 
take account of the fact that the guidelines recommend 
alternatives, we cannot exclude the possibility that in 
certain cases both the preferred and alternative therapies 
were not prescribed because both were contraindicated. 
Sixth, the coding behaviour of physicians influences the 
documented diagnoses and there may be regional and 
specialty- specific differences in the coding. This can lead 
to a misclassification of patients in the study sample and 
subgroups. Lastly, our model does not consider the supply 
of care in surrounding districts and therefore only allows 
conclusions to be drawn about the impact of healthcare 
supply in a patient’s district of residence. If care supply 
for the surrounding districts plays an important role, this 
will not be reflected in our findings.

CONCLUSION
The present analysis is the first to provide insights into 
the patterns of use of drug therapy prior to PCI among 
patients with sCHD in Germany while taking patient 
characteristics and characteristics of regional healthcare 
supply into account. We found substantial variation in 
the prescription of guideline- recommended drug thera-
pies for this patient group in routine practice and that 
the conservative therapy options are not fully exhausted 
prior to PCI. Although our study was not designed to 
determine whether poor guideline implementation is 
the cause of this variation, our findings can be used to 
formulate hypotheses to be used in further research on 
this topic and that there might be room for improvement 
in the care of patients with sCHD in Germany.
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