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Abstract

Purpose: This study aims to assess the implementation of published research, contra-

indications, and warnings on the prescription of dual renin-angiotensin-hormone sys-

tem (RAS) blockade in ambulatory care in Germany.

Methods: Cohort study based on health claims data of 6.7 million subjects from

2008 to 2015. Yearly prevalence and incidence for dual RAS blockade with

(a) angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers

(ACEI + ARB) and (b) aliskiren and ACEI or ARB (aliskiren + ACEI/ARB) were calcu-

lated. We assessed prescriber specialty and associations between discontinuing dual

RAS blockade with specialist (internal medicine, cardiology, nephrology) visits and

hospital discharge in the previous year.

Results: A total of 2 984 517 patients were included (age 51.4 ± SD 18.4 y, 48.5%

male). Prescription rates for ACEI + ARB decreased from 0.6% (n = 17 907) to 0.4%

(n = 12 237) and for aliskiren + ACEI/ARB from 0.23% (n = 6634) to 0.03% (n = 818).

Incident prescriptions decreased from 0.23% (n = 6705) to 0.19% (n = 5055) (ACE

+ ARB) and from 0.1% (n = 2796) to 0.005% (n = 142) (aliskiren + ACE/ARB); 59% of

ACEI + ARB and 48% of aliskiren + ACE/ARB combinations were prescribed only by

one physician. Of those, 73% (ACEI + ARB) and 58% (aliskiren + ACE/ARB) were pri-

mary care providers (PCPs). Discontinuing dual RAS blockade was associated with

specialist care and hospital discharge in the previous year (specialist care: RR 1.4,

95% CI, 1.3-1.6; hospital visit: RR 1.5, 95% CI, 1.3-1.6).
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Conclusions: Our results suggest a delayed uptake of treatment recommendation for

ACEI + ARB and a higher impact of Dear Doctor letters addressing PCPs directly

compared with published research, contraindications, and warnings. Targeted contin-

uous medical education, practice software alerts, and stronger involvement of phar-

macists might improve the implementation of medication safety recommendations in

ambulatory care.
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1 | INTRODUCTION

Angiotensin-converting enzyme inhibitors (ACEI) and, for patients

with side effects of ACEI, angiotensin-receptor blockers (ARB) are rec-

ommended first-line drugs for hypertension in patients with and with-

out nephropathy and widely used.1 ACEI, ARB, and renin inhibitors

are blockers of the renin angiotensin (RAS) hormone system at differ-

ent levels. In 2007, the direct renin inhibitor aliskiren was approved in

the United States and the European Union. A combination of ACEI

with ARB results in a more complete blockade of the RAS system. A

combination compared with monotherapy was found to result in a

greater reduction of blood pressure in some patient groups including

patients with type 1 diabetes, and positive effects of lowering pro-

teinuria in diabetic and nondiabetic nephropathy were reported.2-6

However, in 2008, the ONTARGET trial showed a higher rate of

hypotensive symptoms, syncope, and renal dysfunction in patients

treated with ACE inhibitors and ARB, compared with monotherapy.7

For people at high vascular risk, a combination therapy was found to

worsen renal outcomes despite a better reduction of proteinuria than

monotherapy.8 The VA NEPHRON-D study and several large clinical

trials and meta-analyses confirmed an increased risk of hyperkalaemia,

hypotension, and impaired renal function for a dual RAS blockade

with ACEI and ARB or a direct renin inhibitor (aliskiren) with ACEI or

ARB compared with monotherapy with RAS blocking agents.9-14

In 2012, in Germany, two Dear Doctor letters (DDLs) informed

physicians about risks of combining aliskiren with another RAS

blocker and new contraindications and warnings for aliskiren-

containing medicines by the European Medicines Agency (EMA). The

EMA recommended (a) physicians to stop prescribing aliskiren-

containing medicines to patients with diabetes or kidney impairment

treated with ACEI or ARB and (b) the inclusion of a warning about

possible adverse outcomes of a combination of aliskiren with ACEI or

ARB in all other patients.15-17 In 2014, the European Medicines

Agency (EMA) issued a statement on restrictions of combining any

two RAS blocker classes in any patient and, in particular, of ACEI with

ARB in patients with diabetes-related kidney problems (diabetic

nephropathy).18 Since this did not affect a single substance, no DDL

was issued. The combined use of ACEI with ARB (candesartan or

valsartan licensed as add-on therapy to ACEI) remained restricted to

supervised specialist use under close monitoring in individual cases of

heart failure patients intolerant to mineralocorticoid antagonists with

persistent symptoms despite optimal treatment.

Previous observational studies have investigated the effects of

regulatory action on prescribing and shown that DDL or Direct

Healthcare Professional Communication letters are only weakly per-

ceived by physicians, differ in format and wording, and do not com-

municate reliable and effective information to health care

providers.19-26

Our study aims to assess the implementation of published

research, published contraindications, and warnings on the prescrip-

tion of a dual RAS blockade in ambulatory care in Germany.

2 | METHODS

2.1 | Study design and population

This is a cohort study based on anonymised health claims data of 6.7

million Germans with statutory health care insurance (InGef database).27

The database was shown to correspond to general hospitalisation rates,

overall mortality, and prescription rates for the 20 most often reimbursed

drug classes and had a slightly lower overall morbidity burden compared

with German reference data. For this study, a sample of 4 million patients

from January 2008 to December 2015 was drawn and adjusted for age

and sex based on official national statistics (Destatis, 31 December

2014). All patients aged 18 years or older who could be followed for a

period of at least 270 days for each year of the study period or until the

date of death during the study period were identified. A patient observa-

tion was censored, if for an index year the patient could be followed for

less than 270 days. Patients could only be enrolled in one insurance pol-

icy at one time.

For each patient, the following data were available: an anonymised

identification number, birthdate, sex, date of death, periods of cover-

age for the health insurance, diagnoses according to ICD-10-GM

(German modification of the 10th revision of the International Classifi-

cation of Diseases) for ambulatory care and hospital discharge diagno-

ses and prescription data, including all prescriptions by GPs and

specialists from ambulatory care handed in to the pharmacy. Prescrip-

tion data comprise a central pharmaceutical number for each pre-

scribed drug (an identification number providing every detail of the
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finished drug, including an ATC classification for the active substance

and the number of units [tablets, capsules] and DDDs), prescription

dates, ID number, and specialty of the prescribing physician.

2.2 | Data Analysis

Patients with at least one RAS blocker prescription were identified

using ATC code (ACEI: C09A- - C09B-, ARB: C09C- - C09D-, aliskiren:

C09XA-). The yearly prevalence of a dual RAS blockade was calculated

by dividing the number of patients receiving prescriptions for two dif-

ferent classes of RAS blockers within 184 days (6 mo) at least once dur-

ing the index year by the total number of patients under observation

during the index year. An incident dual RAS blockade was defined in

patients with no dual RAS blockade in the previous year but dual RAS

blockade in the index year. Hypertension (I10-I15), cardiovascular dis-

ease (I20-I25 and I70-I74, I77), diabetes mellitus (E10-E14), chronic kid-

ney disease (CKD) (N17-N19), and electrolyte disturbances (E87.0,

E87.5, E87.6) were defined to be present, if at least one ICD-10-GM

code was documented during the study period in ambulatory care or at

hospital discharge. Only diagnoses coded as “confirmed” were included.

We investigated prescription rates and rates of an incident dual

RAS blockade for (a) ACEI with ARB and (b) aliskiren with an ACEI, an

ARB, or both per year. Prescription rates for combinations of aliskiren

with ACEI/ARB were calculated for the total study cohort and for the

subgroup of patients with diabetes or CKD. Based on the anonymised

physician ID and specialty, we categorised prescribers of dual RAS

blockade. Trends and seasonality of observed changes in prescription

rates over the study period were assessed using time series analysis

(autoregressive integrated moving average [ARIMA] modelling using

augmented Dickey-Fuller test for stationarity).

For a subgroup of patients with diabetes, hypertension, cardio-

vascular disease, vascular disease, or CKD, where the primary care

provider (PCP, including general practitioners [GPs] and specialists

internal medicine working as GPs) was the sole prescriber of a dual

RAS blockade, the association between terminating a dual RAS block-

ade (index year 2015) with (a) at least one visit to a specialist (internal

medicine, cardiology, nephrology) during the (previous) year 2014 and

(b) at least one hospital discharge during the year 2014, was investi-

gated using a Poisson regression model. Hospital discharges or admis-

sions were not restricted to specific diagnoses.

Analyses were performed with R, version 3.2.3.

3 | RESULTS

3.1 | Population

A total of 2 984 517 patients were included in the analysis (mean age

51.4 ± SD 18.4 y, 48.5% male). During the study period, n = 337 735

patients died (overall mortality rate 1.47%). At study begin, 34.3% of

patients had hypertension (ICD-10-GM I10-I15), 10.2% diabetes mellitus

(ICD-10-GM E10-E14), and 2.8% CKD (ICD-10-GM N18-N19).

3.2 | Prescription rates for combinations of ACE
inhibitors with ARB

During the study period, 38.4% (n = 1 146 055) of included patients

were prescribed an ACE inhibitor or ARB and 1.9% (n = 56 435) an

ACE inhibitor and ARB (Figure 1). From 2008 to 2015, the prescrip-

tion rates for either an ACE inhibitor or ARB increased from 22.2%

(n = 662 563) to 29.6% (n = 883 417) and decreased for combinations

of ACE inhibitors with ARB from 0.6% (n = 17 907) to 0.4%

(n = 12 237) (Dickey-Fuller −2.3, P = .5). The rate of incident combina-

tions of ACE inhibitor with ARB decreased from 0.23% (n = 6705) in

2009 to 0.19% (n = 5055) in 2015.

Time trend analysis indicates a true decrease in prescription rates

for combinations of ACE inhibitors with ARB in the total cohort.

3.3 | Prescription rates for combinations of
aliskiren with ACEI, ARB, or ACEI and ARB

During the study period, 0.37% (n = 11 025) of included patients were

prescribed aliskiren with ACE inhibitor or ARB. Prescription rates for a

dual RAS blockade with aliskiren and either ACE inhibitor or ARB in

the total study population increased from 0.07% (n = 2116) in 2008

to 0.23% (n = 6634) in 2011 and decreased subsequently to 0.03%

(n = 818) in 2015 (Dickey-Fuller −2.3, P = .4). The rate for incident

prescriptions was 0.1% (n = 2796) in 2009 and 2011 (n = 2927) and

decreased to 0.005% (n = 142) in 2015. Correspondingly, in patients

with diabetes (ICD-10-GM E10-E14) or CKD (ICD-10-GM N18-N19)

prescription rates for a dual RAS blockade with aliskiren and either

ACE inhibitor or ARB increased from 0.05% (n = 1575) in 2008 to

0.16% (n = 4713) in 2011 and decreased subsequently to 0.01%

KEY POINTS
• Prescription rates of a dual RAS blockade in Germany

declined from 2008 to 2015 but incident prescriptions

for ACE inhibitors with ARB were unchanged.

• The decline for combinations of aliskiren with ACE inhibi-

tor and/or ARB was greater.

• Our results suggest a higher impact of Dear Doctor Let-

ters and contraindications addressing primary care pro-

viders directly, compared with publications of study

results or EMA warnings.

• Factors as medication budgets might be important for

discontinuation of potentially inappropriate medication.

• Targeted continuous medical education, alerts from prac-

tice software, better access to medication plans and

stronger involvement of pharmacists might improve the

implementation of medication safety recommendations

in ambulatory care.

532 ANGELOW ET AL.



(n = 375) in 2015 (Dickey-Fuller −2.3, P = .5). The rate for incident

prescriptions increased from 0.05% (n = 1528) in 2009 to 0.06%

(n = 1695) in 2011 and decreased to 0.003% (n = 72) in 2015.

Time trend analysis indicates a true decrease in prescription rates

for a dual RAS blockade with aliskiren and either ACE inhibitor or ARB

in the total cohort and in the subgroup of patients with diabetes

or CKD.

3.4 | Dual RAS blockade prescriptions, specialty of
prescribers, and association with specialty care/
hospital admissions

In 59% (n = 30 377) of cases, combinations of ACE inhibitors with

ARB were continuously prescribed only by one physician (Figure 2).

Of those, 73% (n = 22 045) were PCPs. Correspondingly, aliskiren

combinations with ACE inhibitors or ARB were continuously pre-

scribed only by one physician in 48% (n = 5311) of cases; 58%

(n = 3066) of those were PCPs.

After adjusting for age and sex, a discontinuation of a dual RAS

blockade was associated with specialist care and hospital visits in

the previous year for patients with diabetes or CKD where the PCP

was the sole prescriber of dual RAS blockade (specialist care: RR

1.4, 95% CI, 1.3-1.6; hospital visit: RR 1.5, 95% CI, 1.3-1.6)

(Table 1). A discontinuation of a combined treatment of aliskiren

with ACE inhibitor or ARB was only weakly associated with special-

ist care and hospital visits in the previous year for patients where

the PCP was the sole prescriber of dual RAS blockade (specialist

care: 1.7, 95% CI, 1.0-3.0; hospital visit: RR 1.8, 95% CI, 1.1-3.1)

(Table 1).

F IGURE 1 Prescription rates and
incident prescriptions for a dual RAS
blockade with ACEI and ARB in the total
study population

F IGURE 2 Prescription rates and
incident prescriptions for a dual RAS
blockade with aliskiren and ACEI and/or
ARB in the total study population and in
patients with contraindications
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4 | DISCUSSION

4.1 | Summary of the main results

From 2008 to 2015, prescription rates for combinations of ACE

inhibitors with ARB declined slowly and rates of incident prescrip-

tions remained stable, suggesting a delayed uptake of treatment

recommendations. For combinations of aliskiren with ACE inhibi-

tors or ARB, treatment rates declined markedly. Despite the publi-

cation of study results, DDLs, and recommendations by

authorities, in 2015, still a significant proportion of patients con-

tinued treatment or was started on a dual RAS blockade. A high

rate of dual RAS blockade was continuously prescribed by the

same physician, the largest proportion of those being PCPs. In

patients where the PCP was the sole prescriber of a dual RAS

blockade, discontinuing treatment was associated with visits to a

specialist and hospital discharge.

4.2 | Prescription rates for combinations of ACEI
with ARB and aliskiren with ACEI or ARB

Our results show marked differences in the decline of prescription

rates both for continuous and incident prescriptions between combi-

nations of ACEI with ARB and aliskiren with ACEI or ARB. For both

treatment combinations, a range of study results and institutional rec-

ommendations including DDLs were published. In Germany, following

international publications, information about risks of a dual RAS block-

ade with ACEI and ARB was published starting in 2009 in the freely

available journal of the Drug Commission of the German Medical

Association along with journals and drug bulletins available on sub-

scription.28-31 Information on restrictions of the combined use of RAS

blockers in 2014 by the EMA at European level were published in the

journal of the German Medical Association and National Association

of Statutory Health Insurance Physicians, journals of regional associa-

tions of Statutory Health Insurance Physicians, and followed by an

official recommendation of the Federal Institute for Drugs and Medi-

cal Devices (BfArM) in October 2014.18,32-34

Prescriptions of aliskiren increased rapidly starting with market

release in Germany in 2007.35 In Germany, information on the ratio-

nale use of aliskiren and an increased risk of hyperkalaemia when

combined with ACEI or ARB was published in 2008 in the drug bulle-

tin of the Drug Commission of the German Medical Association/

National Association of Statutory Health Insurance Physicians (freely

available) and in the yearly report on medication prescriptions follow-

ing international publications of study results.9,35,36 Two DDLs in

2012 followed recommendations of the EMA and publications of

adverse effects of a combined treatment with aliskiren and ACEI or

ARB in patients with type 2 diabetes and CKD including the ALTI-

TUDE study.10 According to our results, after the DDLs in 2012, con-

tinuous treatment prescriptions declined markedly and rapidly by 87%

from the peak value in the total cohort and by 94% in patients with

contraindication (decline new prescriptions in both groups: 95%).

However, numbers amount to a still significant proportion of patients

at the population level who are at increased risk of potentially life

threatening side effects including renal failure, especially in the pres-

ence of multimorbidity (diabetes, chronic renal insufficiency).

We assume several factors to have affected the different uptake

of recommendations on the use of (a) a combined therapy of ACEI

and ARB and (b) aliskiren with ACEI or ARB. First, compared with

aliskiren, there was no DDL for combinations of ACEI with ARB.

Because of the time scope of our study, we cannot directly investigate

differences between implementing national DDL recommendations

and recommendations published by EMA, BfArM, and medical

journals. However, despite we observed a certain decline in combina-

tions of ACEI with ARB before regulatory actions, our findings suggest

that international and national publications in subscription journals

are only weakly perceived by PCPs compared with DDLs, addressing

TABLE 1 Association of specialist visit and hospital admission with discontinuation of dual RAS blockade for patients with dual RAS blockade
prescriptions from only one primary care provider

RR 95% CI P RR 95% CI P

Discontinuation of combined ACEI with ARB treatmenta

Specialist visitb 1.44 1.28-1.60 .000 Hospital admissionc 1.47 1.31-1.64 .000

Age 1.00 1.00-1.01 .37 Age 1.00 1.00-1.01 .48

Male 0.87 0.78-0.98 .02 Male 0.90 0.80-1.01 .06

Discontinuation of combined aliskiren with ACEI or ARB treatmenta

Specialist visitb 1.72 1.00-3.02 .05 Hospital admissionc 1.83 1.05-3.14 .03

Age 1.02 0.99-1.05 .19 Age 1.02 0.99-1.05 .18

Male 1.11 0.63-1.99 .71 Male 1.22 0.68-2.21 .51

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin-receptor blockers.
aDiscontinuation of a dual RAS blockade in 2015 in the subgroup of patients with diabetes, hypertension, cardiovascular disease, vascular disease or

chronic renal insufficiency, where the primary care provider was the sole prescriber of a dual RAS blockade.
bDefined as at least one visit to a specialist (internal medicine, cardiology, nephrology) in 2014.
cDefined as at least one hospital admission in 2014.
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physicians directly. This might be due to limited access to interna-

tional publications or subscription journals, insufficient language skills,

or lack of time. In an Irish study on co-prescribing of ACEI and ARB

for 2000 to 2008, the authors reported an increase of co-prescribing

and conclude that published trials with negative results did not affect

co-prescribing, although the study period after ONTARGET was too

short.37

Secondly, while ACEI and ARB were established first-line antihy-

pertensives available as low cost generics (mean DDD-cost 2008:

ACEI: 0.06-0.22 Euro, ARB: 0.58 Euro, aliskiren: 0.91 Euro), aliskiren

was an expensive treatment option with limited data on long-term

results and side effects. Due to budgets on prescription medications

and accountability and liability of prescribers, it is assumed that drug

costs have a substantial impact on the uptake of prescribing recom-

mendations. Similar impact of cost on prescription rates of two SSRI

(citalopram, escitalopram) following DDLs was suggested by a German

study, where the authors attributed the more pronounced decline

with escitalopram to concurrent measures leading to increased costs

for treated patients.24 In a study by Hanatani et al, comparing the

effect of a DDL on the prescription of oseltamivir with effects of a

label change for omeprazole regarding comedication with clopidogrel,

authors suggest, that it might be more difficult to change prescribing

with drugs commonly used or long term users.23

Because of aliskiren market release in 2007, the proportion of

aliskiren prescriptions compared with ACEI or ARB prescriptions was

initially lower, resulting in a lower number of prescribers. Further-

more, while a combination of aliskiren with ACEI/ARB was con-

traindicated, combinations of ACEI with ARB remained a treatment

option for selected cases of heart failure patients without improve-

ment despite optimal medication. Similar declining trends for preva-

lence (2009-2014) and incidence of RAS blocker co-prescribing were

reported by Allen et al for the United Kingdom in 2017. In line with

our findings, the authors report a relatively constant incidence after

publication of 2014 EMA warnings and suggest a prescription of

valsartan/candesartan licensed for an add-on therapy in selected

patients with heart failure to be a possible cause.26 A German study

based on claims data assessing the prevalence of dual RAS blockade

in nursing home residents from 2010 to 2014 observed a similar

decline in dual RAS blockade prevalence from 9.6 per 1000 to 4.7 per

1000 RAS-inhibiting drug users.38

4.3 | Association with number of prescribers

In Germany, a current and accurate medication plan is frequently not

available.39 Treating physicians are depending on patients recall and

referral documents to assess medication. Therefore, we investigated if

prescriptions on dual RAS blockade were associated with visits to dif-

ferent prescribers. Our analysis shows that the majority of prescrip-

tions of dual RAS blockade were issued by the same prescriber. For

patients with multiple prescribers, storing of prescriptions on an

accessible central data base or patient insurance card might be a solu-

tion to avoid inadvertent dual RAS blockade. Among those patients

with only one prescriber, the highest proportion of prescribers were

PCPs. Physicians could have been aware of prescribed co-medica-

tions. Possible solutions to overcome unawareness of drug warnings

or inertia to adjust medication could be automated warning alerts

from the practice software. Such tools exist but have to be purchased

and are not mandatory. Another helpful source could be the pharma-

cist alerting prescribing physicians. This is sometimes done by phar-

macists but has so far no formal role in medication review in

Germany. Because of high prescription cost and the existing prescrip-

tion budget, we assume that especially combinations of aliskiren with

ACEI or ARB were initiated on hospital discharge. However, our data

does not allow concluding where the treatment was initiated.

4.4 | Association of visits to specialists/hospital
admissions with discontinuation of dual RAS blockade

Our results suggest that especially in patients with a combined treat-

ment of ACEI with ARB, where the PCP is the sole prescriber, visits to

specialists and hospital admission are associated with a discontinua-

tion of treatment. The association was stronger for a combined treat-

ment of ACEI with ARB and weak for a combined treatment of

aliskiren and ACEI or ARB. Since no specific admission diagnoses were

considered, it is possible that rates of discontinuation might have been

even higher, if only patients with cardiovascular primary admission

diagnoses were analysed. These results might reflect higher levels of

awareness of research results including international publications of

specialist and hospital doctors and highlight the importance of contin-

uous medical education (CME). However, current mandatory CME

activities in Germany are not oriented to patient or public health

needs. Physicians can freely choose topics and content according to

their preferences.

4.5 | Strengths and limitations

This is the largest study of prescription rates for a dual RAS blockade

in Germany. Due to our definition of a dual RAS blockade with a

period of up to 184 days between subsequent prescriptions, we might

overestimate the rate of dual RAS blockade because we could not

account for patients switching between two monotherapies. Not

every dual RAS blockade we observed necessarily reflects an inappro-

priate continuation or initiation of drug therapy. Few patients might

have been started purposefully on dual RAS blockade by a specialist,

which we cannot exclude. We analysed only data on prescriptions

from primary care handed in to the pharmacy and are not able to

account for patient compliance. No data on patients on private health

insurance were available. Due to patients switching between statutory

health insurances or patient death, the denominator in our analysis

varied between years. We did not analyse the duration of RAS block-

ade. Patients with a combined prescription of ACEI with ARB and

aliskiren were included in both analysis groups (ACEI with ARB and

aliskiren with ACEI and/or ARB).
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5 | CONCLUSIONS

Our study shows a slow decline in prescription rates for combinations

of ACEI with ARB and unchanged incident prescriptions, suggesting a

delayed uptake of treatment recommendation, while prescription

rates and incident prescriptions of aliskiren with ACEI and/or ARB

declined markedly from 2008 to 2015. A high proportion of dual RAS

blockade was issued by the same prescriber, mostly PCPs. Our results

suggest a higher impact of DDLs and contraindications addressing

PCPs directly compared with publications of study results or EMA

warnings. Additionally, factors as medication budgets might be impor-

tant, favouring the discontinuation of potentially dangerous medica-

tion. Targeted continuous medical education, alerts from practice

software, better access to medication plans, and stronger involvement

of pharmacists might improve the implementation of medication

safety recommendations in ambulatory care.

ETHICS STATEMENT

No informed consent has to be obtained and no formal approval by

an ethic review board is needed for the anonymised analysis of health

claims data according to German Social Code (SGB X).

ORCID

Aniela Angelow https://orcid.org/0000-0003-1027-231X

REFERENCES

1. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH guidelines for

the management of arterial hypertension. Eur Heart J. 2018;39(33):

3021-3104.

2. Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines for the

management of arterial hypertension: the task force for the manage-

ment of arterial hypertension of the European Society of Hyperten-

sion (ESH) and of the European Society of Cardiology (ESC).

J Hypertens. 2007;25(6):1105-1187.

3. Jacobsen P, Andersen S, Rossing K, Jensen BR, Parving HH. Dual

blockade of the renin-angiotensin system versus maximal rec-

ommended dose of ACE inhibition in diabetic nephropathy. Kidney

Int. 2003;63(5):1874-1880.

4. Jacobsen P, Parving HH. Beneficial impact on cardiovascular risk fac-

tors by dual blockade of the renin-angiotensin system in diabetic

nephropathy. Kidney Int Suppl. 2004;92:S108-S110.

5. Fernandez-Juárez G, Barrio V, de Vinuesa SG, Goicoechea M,

Praga M, Luño J. Dual blockade of the renin-angiotensin system in

the progression of renal disease: the need for more clinical trials. J Am

Soc Nephrol. 2006;17(12 Suppl 3):S250-S254.

6. Kunz R, Friedrich C, Wolbers M, Mann JF. Meta-analysis: effect of

monotherapy and combination therapy with inhibitors of the renin

angiotensin system on proteinuria in renal disease. Ann Intern Med.

2008;148(1):30-48.

7. ONTARGET Investigators, Yusuf S, Teo KK, et al. Telmisartan,

ramipril, or both in patients at high risk for vascular events. N Engl J

Med. 2008;358(15):1547-1559.

8. Mann JF, Schmieder RE, McQueen M, et al. Renal outcomes with

telmisartan, ramipril, or both, in people at high vascular risk (the

ONTARGET study): a multicentre, randomised, double-blind, con-

trolled trial. Lancet. 2008 Aug 16;372(9638):547-553.

9. Oparil S, Yarows SA, Patel S, Fang H, Zhang J, Satlin A. Efficacy and

safety of combined use of aliskiren and valsartan in patients with

hypertension: a randomised, double-blind trial. Lancet. 2007 Jul 21;

370(9583):221-229.

10. Parving HH, Brenner BM, McMurray JJ, et al. Cardiorenal end points

in a trial of aliskiren for type 2 diabetes. N Engl J Med. 2012;367(23):

2204-2213.

11. Fried LF, Emanuele N, Zhang JH, et al. Combined angiotensin inhibi-

tion for the treatment of diabetic nephropathy. N Engl J Med. 2013;

369(20):1892-1903.

12. Makani H, Bangalore S, Desouza KA, Shah A, Messerli FH. Efficacy

and safety of dual blockade of the renin-angiotensin system: meta-

analysis of randomised trials. BMJ. 2013;346:f360.

13. Susantitaphong P, Sewaralthahab K, Balk EM, Eiam-ong S,

Madias NE, Jaber BL. Efficacy and safety of combined vs. single

renin-angiotensin-aldosterone system blockade in chronic kidney dis-

ease: a meta-analysis. Am J Hypertens. 2013;26(3):424-441.

14. Esteras R, Perez-Gomez MV, Rodriguez-Osorio L, Ortiz A, Fernandez-

Fernandez B. Combination use of medicines from two classes of

renin-angiotensin system blocking agents: risk of hyperkalemia, hypo-

tension, and impaired renal function. Ther Adv Drug Saf. 2015;6(4):

166-176.

15. Federal Institute for Drugs and Medical Devices (BfArM). (2012).

Wichtige Informationen über potenzielle Risiken kardiovaskulärer

oder renaler unerwünschter Ereignisse bei Patienten mit Typ-

2-Diabetes und Nierenfunktionsstörungen und/oder

kardiovaskulären Erkrankungen, die mit Aliskiren-haltigen

Arzneimitteln behandelt werden. [Important information on potential

risks for cardiovascular or renal adverse outcomes in patients with

type 2 diabetes and renal impairment and/or cardiovascular disease,

treated with aliskiren-containing medicines] www.bfarm.de/

SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/

rhb-aliskiren.pdf?__blob=publicationFile&amp;v=5 . (last accessed

December 13, 2018)

16. Federal Institute for Drugs and Medical Devices (BfArM). (2012).

Wichtige Informationen zu neuen Gegenanzeigen und

Warnhinweisen bei der Anwendung Aliskiren-haltiger Arzneimittel in

Kombination mit Inhibitoren des Angiotensin konvertierenden

Enzyms (ACE-Hemmern) oder Angiotensin-Rezeptor-Blockern (ARB)

[Important information on new contraindications and warnings for

the use of aliskiren-containing medicines in combination with inhibi-

tors of the angiotensin converting enzyme (ACE-inhibitors) or angio-

tensin receptor blockers (ARB)] www.bfarm.de/SharedDocs/

Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-

aliskiren2.pdf?__blob=publicationFile&amp;v=4. (last accessed

December 13, 2018).

17. European Medical Agency. European Medicines Agency recommends

new contraindications and warnings for aliskiren-containing medi-

cines (2012). www.ema.europa.eu/en/news/european-medicines-

agency-recommends-new-contraindications-warnings-aliskiren-

containing-medicines

18. European Medical Agency. Restriction of combined use of medicines

affecting the renin-angiotensin system (RAS) (2014). www.ema.

europa.eu/documents/referral/restriction-combined-use-medicines-

affecting-renin-angiotensin-system-ras_en.pdf (last accessed

December 13, 2018)

19. Weatherby LB, Walker AM, Fife D, Vervaet P, Klausner MA. Con-

traindicated medications dispensed with cisapride: temporal trends in

relation to the sending of ‘Dear Doctor’ letters. Pharmacoepidemiol

Drug Saf. 2001;10(3):211-218.

20. Weatherby LB, Nordstrom BL, Fife D, Walker AM. The impact of

wording in “Dear doctor” letters and in black box labels. Clinical Phar-

macology & Therapeutics. 2002;72(6):735-742.

21. Mazor KM, Andrade SE, Auger J, Fish L, Gurwitz JH. Communicating

safety information to physicians: an examination of dear doctor let-

ters. Pharmacoepidemiol Drug Saf. 2005;14(12):869-875.

536 ANGELOW ET AL.

https://orcid.org/0000-0003-1027-231X
https://orcid.org/0000-0003-1027-231X
http://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-aliskiren.pdf?__blob=publicationFilev=5
http://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-aliskiren.pdf?__blob=publicationFilev=5
http://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-aliskiren.pdf?__blob=publicationFilev=5
http://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-aliskiren2.pdf?__blob=publicationFilev=4
http://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-aliskiren2.pdf?__blob=publicationFilev=4
http://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RHB/2012/rhb-aliskiren2.pdf?__blob=publicationFilev=4
http://www.ema.europa.eu/en/news/european-medicines-agency-recommends-new-contraindications-warnings-aliskiren-containing-medicines
http://www.ema.europa.eu/en/news/european-medicines-agency-recommends-new-contraindications-warnings-aliskiren-containing-medicines
http://www.ema.europa.eu/en/news/european-medicines-agency-recommends-new-contraindications-warnings-aliskiren-containing-medicines
http://www.ema.europa.eu/documents/referral/restriction-combined-use-medicines-affecting-renin-angiotensin-system-ras_en.pdf
http://www.ema.europa.eu/documents/referral/restriction-combined-use-medicines-affecting-renin-angiotensin-system-ras_en.pdf
http://www.ema.europa.eu/documents/referral/restriction-combined-use-medicines-affecting-renin-angiotensin-system-ras_en.pdf


22. Théophile H, Miremont-Salamé G, Robinson P, Moore N, Bégaud B,

Haramburu F. Relevance of a “Dear Doctor letter” to alert healthcare

providers to new recommendations for vitamin D administration. Eur

J Clin Pharmacol. 2011;67(7):681-686.

23. Hanatani T, Sai K, Tohkin M, et al. Evaluation of two Japanese regula-

tory actions using medical information databases: a ‘Dear Doctor’ let-
ter to restrict oseltamivir use in teenagers, and label change caution

against co-administration of omeprazole with clopidogrel. J Clin

Pharm Ther. 2014;39(4):361-367.

24. Schächtele S, Tümena T, Gaßmann KG, Fromm MF, Maas R. Imple-

mentation of warnings from Dear Doctor Letters (Rote-Hand-

Briefe)—an analysis of medication data from a large cohort of elderly

patients. Dtsch Arztebl Int. 2014;111(15):255-263.

25. Bjerre LM, Parlow S, de Launay D, et al. Comparative, cross-sectional

study of the format, content and timing of medication safety letters

issued in Canada, the USA and the UK. BMJ Open. 2018;8(10):

e020150.

26. Allen C, Donegan K. The impact of regulatory action on the co-

prescribing of renin-angiotensin system blockers in UK primary care.

Pharmacoepidemiol Drug Saf. 2017;26(7):858-862.

27. Andersohn F, Walker J. Characteristics and external validity of the

German Health Risk Institute (HRI) database. Pharmacoepidemiol Drug

Saf. 2016;25(1):106-109.

28. Arzneimittelkomission der deutschen Ärzteschaft. Chancen und

Risiken einer dualen Blockade des Renin-Angiotensin-Systems (RAS)?

[Chances and risks of a dual blockade of the renin-angiotensin-system

(RAS)?]. Arzneiverordnungen in der Praxis 2009; 36(6), 134–135.
www.akdae.de/Arzneimitteltherapie/AVP/Ausgaben/2003-2014/

20096.pdf (last accessed March 25, 2019)

29. A.T.I. Arzneimittelinformation Berlin GmbH. Korrespondenz: ACE-

Hemmer Plus AT-II-Blocker: eine sinnvolle Kombination? [Letters:

ACE-inhibitors plus AT-II-blocker: does it make sense?]. Arznei-

telgramm 2011;42: 52–3. www.arznei-telegramm.de/html/

htmlcontainer.php3?produktid=052_01&artikel=1106052_01k (last

accessed March 25, 2019)

30. Pavlicek V. Duale renin-angiotensin-Aldosteron-system-blockade bei

diabetischer Nephropathie [dual renin-angiotensin-aldosteron-sys-

tem-blockade in diabetic nephropathy]. Der Diabetologe. 2014;10(1):

66-68.

31. Zidek W. Duale blockade des renin-angiotensin-systems: aktueller

stand [dual blockade of the renin-angiotensi-system: current status].

Nieren- Und Hochdruckkrankheiten 2012; 41(11): 481–485. www.

dustri.com/fileadmin/catalogue/Muster_ZSD_Merksatz.pdf (last

accessed March 25, 2019)

32. German Medical Association and National Association of Statutory

Health Insurance Physicians. EMA warnt vor dualer RAS-Blockade

[EMA warns against dual RAS-blockade]. Deutsches Ärzteblatt 2014.

https://www.aerzteblatt.de/treffer?mode=s&wo=17&typ=1&nid=

58326&s=2014&s=blockade&s=duale (last accessed March 25, 2019)

33. Kassenärztlichen Vereinigung Nordrhein. Duale RAS-Blockade weiter

nur in Einzelfällen [Dual RAS-blockade only in individual cases]. 2014;

08. https://issuu.com/kv_nordrhein/docs/kvno_aktuell_14_08 (last

accessed March 25, 2019)

34. Federal Institute for Drugs and Medical Devices (BfArM). (2014).

Renin-Angiotensin-(Aldosteron-)System (RAS/RAAS) beeinflussende

Arzneimittel: Umsetzung des Durchführungsbeschlusses der EU-

Kommission [Medicines affecting the renin-angiotensi-(aldosteron-)

system (RAS/RAAS): realisation of the implementation decision of the

EU-Commission]. https://www.bfarm.de/SharedDocs/

Risikoinformationen/Pharmakovigilanz/DE/RV_STP/m-r/ras-stp.

html. (last accessed March 25, 2019)

35. Schwabe U, Paffrath D. Arzneiverordnungs-Report 2008 [Pharmaceuti-

cal Prescriptions Report 2008]. Heidelberg: Springer Medizin Verlag;

2008. 54 p.

36. German Medical Association and National Association of Statutory

Health Insurance Physicians. Aliskiren (Rasilez). Wirkstoff Aktuell

2008. https://www.kvwl.de/arzt/verordnung/arzneimittel/info/wa/

aliskiren_rasilez_wa.pdf (last accessed 25.03.19)

37. Wan Md Adnan WA, Zaharan NL, Bennett K, Wall CA. Trends in co-

prescribing of angiotensin converting enzyme inhibitors and angioten-

sin receptor blockers in Ireland. Br J Clin Pharmacol. 2011;71(3):

458-466.

38. Dörks M, Herget-Rosenthal S, Hoffmann F, Jobski K. Combined use

of drugs inhibiting the renin-angiotensin system: prescribing patterns

and risk of acute kidney injury in German nursing home residents. Clin

Interv Aging. 2018;13:1035-1042.

39. Kiel S, Hey E, Haase A, Chaudhuri A, Chenot JF. Patients ability to pro-

vide information about prescribed drugs—a cross-sectional study in ten

general practice. Dtsch Med Wochenschr. 2018;143(21):e188-e196.

How to cite this article: Angelow A, Ploner T, Grimmsmann T,

Walker J, Chenot J-F. Dual renin-angiotensin-aldosterone

blockade: Implementation of published research and Dear

Doctor letters in ambulatory care: A retrospective

observational study using prescription data.

Pharmacoepidemiol Drug Saf. 2020;29:530–537. https://doi.

org/10.1002/pds.4965

ANGELOW ET AL. 537

http://www.akdae.de/Arzneimitteltherapie/AVP/Ausgaben/2003-2014/20096.pdf
http://www.akdae.de/Arzneimitteltherapie/AVP/Ausgaben/2003-2014/20096.pdf
http://www.arznei-telegramm.de/html/htmlcontainer.php3?produktid=052_01&artikel=1106052_01k
http://www.arznei-telegramm.de/html/htmlcontainer.php3?produktid=052_01&artikel=1106052_01k
http://www.dustri.com/fileadmin/catalogue/Muster_ZSD_Merksatz.pdf
http://www.dustri.com/fileadmin/catalogue/Muster_ZSD_Merksatz.pdf
https://www.aerzteblatt.de/treffer?mode=s&wo=17&typ=1&nid=58326&s=2014&s=blockade&s=duale
https://www.aerzteblatt.de/treffer?mode=s&wo=17&typ=1&nid=58326&s=2014&s=blockade&s=duale
https://issuu.com/kv_nordrhein/docs/kvno_aktuell_14_08
https://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RV_STP/m-r/ras-stp.html
https://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RV_STP/m-r/ras-stp.html
https://www.bfarm.de/SharedDocs/Risikoinformationen/Pharmakovigilanz/DE/RV_STP/m-r/ras-stp.html
https://www.kvwl.de/arzt/verordnung/arzneimittel/info/wa/aliskiren_rasilez_wa.pdf
https://www.kvwl.de/arzt/verordnung/arzneimittel/info/wa/aliskiren_rasilez_wa.pdf
https://doi.org/10.1002/pds.4965
https://doi.org/10.1002/pds.4965

	Dual renin-angiotensin-aldosterone blockade: Implementation of published research and Dear Doctor letters in ambulatory car...
	1  INTRODUCTION
	2  METHODS
	2.1  Study design and population
	2.2  Data Analysis

	3  RESULTS
	3.1  Population
	3.2  Prescription rates for combinations of ACE inhibitors with ARB
	3.3  Prescription rates for combinations of aliskiren with ACEI, ARB, or ACEI and ARB
	3.4  Dual RAS blockade prescriptions, specialty of prescribers, and association with specialty care/hospital admissions

	4  DISCUSSION
	4.1  Summary of the main results
	4.2  Prescription rates for combinations of ACEI with ARB and aliskiren with ACEI or ARB
	4.3  Association with number of prescribers
	4.4  Association of visits to specialists/hospital admissions with discontinuation of dual RAS blockade
	4.5  Strengths and limitations

	5  CONCLUSIONS
	  ETHICS STATEMENT
	REFERENCES


