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Aim: Current guidelines for the treatment of arterial hypertension (AH) or cardiovascular (CV) prevention recommend combination
drug treatments with single pill combinations (SPC) to improve adherence to treatment. We aimed to assess whether the SPC concept
is clinically superior to multi pill combination (MPC) with identical drugs.
Methods and Results: In an explorative study, we analyzed anonymized claims data sets of patients treated with CV drugs for hypertension
and/or CV disorders who were insured by the German AOK PLUS statutory health fund covering 01/07/2012-30/06/2018. Patients at age ≥18
years who received either a SPC orMPCwith identical drugs were followed for up to one year. A one to one propensity score matching (PSM)
was applied within patient groups who started identical drug combinations, and results were reported as incidence rate ratios (IRRs) as well as
hazard ratios (HRs). After PSM, data from 59,336 patients were analyzed. In 30 out of 56 IRR analyses, superiority of SPC over MPC was
shown. In 5 out of 7 comparisons, the HR for the composite outcome of all-cause death and all-cause hospitalizations was in favor of the SPC
regimen (SPC versus MPC): valsartan/amlodipine: HR=0.87 (95% CI: 0.84–0.91, p ≤ 0.001); candesartan/amlodipine: 0.77 (95% CI: 0.65–
0.90, p = 0.001); valsartan/amlodipine/hydrochlorothiazide: HR=0.68 (95%CI: 0.61–0.74, p ≤ 0.001); ramipril/amlodipine: HR=0.80 (95%CI:
0.77–0.83, p ≤ 0.001); acetylsalicylic acid (ASA)/atorvastatin/ramipril: HR=0.64 (95% CI: 0.47–0.88, p = 0.005).
Conclusion: SPC regimens are associated with a lower incidence of CV events and lower all-cause mortality in clinical practice. SPC
regimens should generally be preferred to improve patient’s prognosis.
Keywords: single pill, adherence, cardiovascular outcomes, mortality, prognosis, clinical practice

Introduction
In 2015, about 49 million people across Europe suffered from at least one cardiovascular disease (CVD) including a high
prevalence of hypertension and hyperlipidemia.1 Antihypertensives and lipid-lowering agents are the medical cornerstones of
prevention2 with most patients require multi-drug treatments.3 It is known that adherence to medication decreases with any
additional pill,4 and non-adherence is common in clinical practice.5–8 As non-adherence is associated with poor control of blood
pressure and cholesterol, which might be associated with adverse CV outcomes,9 single pill combinations (SPC) are now
recommended by national and international contemporary guidelines.3
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In currently existing SPC, up to three different agents can be combined to one pill, reducing the pill burden in
comparison to multi pill combination (MPC). A large body of literature showed that adherence with many chronic CV
medications is poor,9–12 and it could be demonstrated that SPC are associated with improved adherence and better blood
pressure control.6,13–16 Our observational longitudinal study aimed to add to this evidence by analyzing whether SPC are
superior to the identical MPC relating to cardiovascular (CV) outcomes and mortality in a real-world setting. We
analyzed data from patients with hypertension, and/or CV disease such has heart failure (HF), coronary heart disease
(CHD) and stroke. We mainly focused on combinations recommended for the treatment of hypertension.

Methods
Study Design
In this analysis, we assessed clinical outcomes for patients aged 18 years or older suffering from CV disorders and treated
with a combination as SPC or identical MPC. We used anonymized claims data sets from AOK PLUS, a German
statutory health fund, with 3.2 million insured persons that covered the period 01/07/2012–30/06/2018. The data set
provided information on socio-demographic characteristics of patients, inpatient and outpatient care as well as all
documented diagnoses, prescriptions of medications, and other data such as prescriptions of outpatient aids and devices.

Patients
Patients aged 18 years or older were included in the analysis if they were continuously insured (07/2012–06/2018, death
as only exception from this rule) and had at least one inpatient or two outpatient claims (in two different quarters) of at
least one of the following diseases in 01/07/2012–30/06/2017: hypertension, CHD, hyperlipidemia, myocardial infarction
(MI), HF, stroke, transient ischemic attack (TIA), CHD or peripheral artery disease. The International Code of Diseases
(ICD) was chosen for disease classification because validity of recording and coding is high in statutory health fund data,
especially for inpatient and prescription data, as they are directly relevant for reimbursement of hospitals/pharmacies, and
regularly checked by external agencies.

Based on above patients, we subsequently selected different sub-cohorts according to specific drug treatment profile.
The following agent combinations, either as SPC or identical MPC were selected: bisoprolol/amlodipine (BIS/AMLO),
valsartan/amlodipine (VAL/AMLO), candesartan/amlodipine (CAR/AMLO), valsartan/amlodipine/hydrochlorothiazide
(VAL/AMLO/HCTZ), ramipril/amlodipine (RAMI/AMLO), ezetimibe/atorvastatin (EZE/ATOR), acetylsalicylic acid /
atorvastatin/ramipril (ASA/ATOR/RAMI).

Furthermore, at least a diagnosis of hypertension (BIS/AMLO, VAL/AMLO, CAR/AMLO, VAL/AMLO/HCTZ, RAMI/
AMLO) and at least one event as MI or HF or TIA or stroke or embolism or peripheral artery disease (ASA/ATOR/RAMI) or
dyslipidemia (EZE/ATOR) were required for patient inclusion in above mentioned sub-cohorts confirmed by ICD. Multiple
assignments of patients to groups were possible. Analysis of one additional cohort was planned (atorvastatin/perindopril/
amlodipine) but could not be done due to low sample sizes (105 SPC and 6 MPC patients).

Observational Period
Patients were included who started their combination therapy between 01/07/2013 and 30/06/2017. Prescription of
a respective combination therapy in 2012 led to exclusion of a patient (Figure 1). Observation of patients started at the date
of the first prescription of combination therapy (index date), either as SPC or MPC. Index date for the SPC group was the first
prescription of a respective SPC. AMPCwas assumed to have been prescribed if there were claims of all agents of the targeted
combination therapy within 90 days; index date was the prescription date of the last (second/third) agent in that combination.

Propensity Score Matching
To account for baseline differences, a propensity score matching (PSM) was done in each of the subgroups. In the PSM
analysis, patients in the SPC cohort were, per subgroup, separately matched to patients in the MPC cohort. Propensity
scores were calculated using logistic regression (group affiliation as dependent variable) including age, gender, and
Charlson Comorbidity Index (CCI) without age factor as fixed independent variables. All were based on information
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related to index date or a 12 months baseline period. Furthermore, 29 different variables that are plausible as predictors of
CVoutcomes available in the database describing the CV event risk or the general comorbidity profile of above patients,
were included as independent variables (Supplemental Table 1).

A backward elimination approach was used to eliminate any variables that did not reach significance in explaining
group exposition (p>0.1); in such cases these variables were excluded from the specific PSM models. Each PSM was
done using a one to one matching approach and the maximum accepted difference in propensity scores was 0.001. PSM
quality was assessed in two ways: 1) assessment of standardized differences between comparison groups were used to
assess the balance of covariates after matching (number of variables with significant differences between SPC and MPC
patients); and 2) assessment of incidence of a specific event that was expected to be independent of the drug treatment
received (knee/hip replacement surgery) in the follow-up period.

Follow-Up Periods and Study Outcomes
Patients were followed up from index date until one of the following events, whatever came first: End of data availability
(30/06/2018), all-cause death, therapy discontinuation, in line with previous literature, defined as gap in drug supply of at
least 60 days,17,18 based on the defined daily dose (DDD) per agent, in case of a MPC a gap of 60 days for at least one of
the combination agents led to censoring in that respect, switch from SPC to MPC or vice versa.

The following eight acute and non-planned clinical outcomes reported as main diagnoses were captured: hospitaliza-
tions with MI, acute hospitalizations for stroke or TIA, hospitalizations for CHD and hospitalizations for HF. The
outcomes of all-cause death, all-cause hospitalizations within 2 weeks before death and all-cause hospitalizations as well
as the composite were also captured following the ICD paradigm.

Statistical Analysis
Based on a patient-specific follow-up period since index date, the following numbers were separately reported for all
outcome categories: First, we counted the number of events per observed 100 patient years and, based on this, calculated
incidence rate ratios (IRRs) for the exposure of a patient to the SPC versus MPC cohorts. Second, we calculated
unadjusted hazard ratios (HRs) based on unadjusted Cox regression models. Third, the percentage of event-free patients
over time with regard to the outcomes of interest as well as with regard to a composite outcome consisting of all-cause
hospitalizations was depicted in Kaplan–Meier (KM) curves using log rank tests for testing statistical significance of
differences between the observed cohorts.

To address the issue of confounding, two additional analyses were conducted: an analysis of number of events in
a Poisson regression and a multivariable Cox regression analysis both based on the unmatched SPC/MPC samples within
above cohorts. Results were reported as coefficients for SPC vs. MPC (Poisson regression) and adjusted HRs (aHRs, Cox
regression). All variables included in the PSM procedure were included in these models as independent variables using
a backward elimination approach.

All reported p-values were two-sided, and 95% CIs were calculated for IRRs, HRs, Poisson-coefficients and aHRs by
applying independent t-tests or Wilcoxon Rank Sum tests, where applicable. For categorical variables, the Chi Squared

Figure 1 Baseline, inclusion and observational periods of the study.
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Test was performed. All descriptive analyses were performed with Microsoft SQL Server 2014 and Microsoft Excel
2016. All other statistical analyses were performed with STATA/MP 13.1 and SPSS 17.0.

Regulatory Aspects
Because the study was non-interventional, had a retrospective design, and was based on anonymized data, informed
consent of patients and ethical approval were not required. This is in accordance with German law and policies of the
institutions assessing patient-level data (IPAM and AOK PLUS). The study was evaluated by a scientific steering
committee to which all the authors belonged and was based on a study protocol approved before start of data analysis.
The scientific steering committee was formed by the authors of the manuscript, that included representatives from the
data provider to align in advance on design and execution aspects of the study.

Results
We identified a total of 1,369,840 continuously insured patients with at least one of the target diagnoses (Figure 2). Of
these, the patient numbers for matched and unmatched cohorts are given in Table 1 and Figure 2.

Figure 2 Consort flow diagram.
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After the defined PSM procedures, patient characteristics were similar between compared patients. Mean age,
percentage of female patients and mean CCI in the seven cohorts are given in Table 2. In terms of PSM quality, we
could not detect any significant differences in number of hip/knee replacement surgeries between compared cohorts, with
the exception of VAL/AMLO (Table 2).

The mean follow-up period since index date in the SPC/MPC cohorts are also given in Table 2. Percentage of patients
still continuing the index therapy after 12 months was as follows (SPC/MPC) in the seven PSM cohorts: BIS/AMLO:
75.7% vs. 20.8% (p ≤ 0.001).; VAL/AMLO: 69.4% vs. 49.2% (p ≤ 0.001).; CAR/AMLO: 71.1% vs. 40.6% (p ≤ 0.001).;
VAL/AMLO/HCTZ: 75.4% vs. 25.9% (p ≤ 0.001); RAMI/AMLO: 76.1% vs. 52.5% (p ≤ 0.001).; EZE/ATOR: 69.5% vs.
47.5% (p ≤ 0.001).; ASA/ATOR/RAMI: 80.6% vs. 28.0% (p ≤ 0.001).

Event Risk Comparisons Between SPC/MPC Patients
In 30 out of the 56 IRR analyses, based on the PSM cohorts, a significant superiority of a SPC over MPC could be
demonstrated in Table 3. The SPC was associated: 1) with a lower risk for CHD in the combinations VAL/AMLO, CAR/
AMLO, VAL/AMLO/HCTZ, and EZE/ATOR; 2) a lower risk for HF in VAL/AMLO, CAR/AMLO, and VAL/AMLO/
HCTZ; 3) a lower risk for stroke in VAL/AMLO, VAL/AMLO/HCTZ; 4) a lower risk for TIA for VAL/AMLO and VAL/
AMLO/HCTZ; and 5) a lower risk for all-cause mortality in VAL/AMLO, CAR/AMLO, and VAL/AMLO/HCTZ. In
RAMI/AMLO a SPC was associated with lower event risk in all observed outcomes including MI.

The IRR for all-cause hospitalization was significantly in favor in all SPC except EZE/ATOR, which also showed
a tendency for less hospitalizations under SPC (Figure 3).

For the pre-defined composite outcome consisting of all-cause death and all-cause hospitalizations, in five out of
seven of the comparisons, the HR was in favor of the SPC regimen. The generalized linear model (Poisson regression) as
well as the multivariable Cox regression based on the unmatched cohorts generally confirmed the above analysis results.
Except BIS/AMLO and EZE/ATOR, all SPC are significant superior over MPC (Figure 4).

Discussion
Current guidelines for the management of hypertension and CV disease protection recommend drug combination
treatments to reduce CV events and mortality.2 The evidence for recommended combinations is based on randomized
controlled trials (RCTs) that are conducted in a highly controlled environment in which adherence to the prescribed

Table 1 Number of Patients in Unmatched and Matched Cohorts

Number of Patients
on SPC Before PSM

Number of Patients on
MPC Before PSM

Number of Patients in
Each Group After PSM

Total Number of Patients* 52,517 142,720 29,668

Combination

Bisoprolol/amlodipine 338 37,172 317

Valsartan/amlodipine 12,296 25,424 10,801

Candesartan/amlodipine 2,256 15,756 1,026

Valsartan/amlodipine/hydrochlorothiazide 17,682 4,419 1,823

Ramipril/amlodipine 16,806 52,288 15,349

Ezetimibe/atorvastatin 2,864 999 141

ASA/atorvastatin/ramipril 275 6,662 211

Notes: *111 patients that could not be matched due to low sample sizes are not shown (105 SPC and 6 MPC patients).
Abbreviations: SPC, single pill combination; MPC, multi pill combination, PSM, propensity score matching.
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Table 2 Patient Characteristics After PSM

Mean Age in
Years SPC/
MPC
(p-value)

% Female
Patients
SPC/MPC
(p-value)

Mean
CCI
SPC/
MPC
(p-value)

Mean CHA2

DS2-VASc-
Score
SPC/MPC
(p-value)

Mean Number
of Prescribed
Agents
SPC/MPC
(p-value)

Mean nb. of CV
Hospitalizations
SPC/MPC
(p-value)

Mean Number
of Any
Hospitalizations
SPC/MPC
(p-value)

Mean Number of
Knee-/Hip-
Replacements
SPC/MPC
(p-value)

Mean
Observational
Period in Days
SPC/MPC
(p-value)

BIS/AMLO

n=317/317

64.91/64.76

(p=0.896)

55.21%/57.14%

(p=0.631)

2.12/1.99

(p=0.485)

3.03/3.11

(p=0.531)

4.26/4.02

(p=0.379)

0.02/0.02

(p=0.794)

0.32/0.36

(p=0.562)

0.01/0.01 (p=1.000) 352.46/272.88

(p=0.001)

VAL/AMLO

n=10,801/10,801

69.74/69.62

(p=0.491)

57.12%/56.70%

(p=0.640)

3.28/3.29

(p=0.873)

3.66/3.65

(p=0.741)

5.85/5.86

(p=0.798)

0.12/0.12

(p=0.882)

0.89/0.92

(p=0.153)

0.02/0.01 (p=0.703) 601.15/501.24

(p<0.001)

CAR/AMLO

n=1,026/1,026

66.36/65.47

(p=0.144)

56.02%/55.12%

(p=0.657)

2.29/2.25

(p=0.765)

3.09/3.07

(p=0.833)

4.44/4.47

(p=0.821)

0.05/0.05

(p=0.948)

0.49/0.49

(p=0.784)

0.01/0.02 (p=0.823) 386.12/427.94

(p=0.005)

VAL/AMLO/HCTZ

n=1,823/1,823

71.55/71.30

(p=0.555)

59.21%/58.61%

(p=0.711)

3.95/3.99

(p=0.661)

3.98/4.01

(p=0.526)

7.04/7.14

(p=0.496)

0.19/0.12

(p=0.766)

1.30/1.27

(p=0.591)

0.02/0.02 (p=1.000) 598.09/212.56

(p<0.001)

RAMI/AMLO

n=15,349/15,349

64.88/64.72

(p=0.307)

48.24%/48.42%

(p=0.740)

2.04/2.02

(p=0.443)

2.92/2.93

(p=0.338)

4.06/4.01

(p=0.166)

0.04/0.04

(p=0.062)

0.41/0.43

(p=0.053)

0.01/0.01 (p=1.000) 642.39/505.46

(p<0.001)

EZE/ATOR

n=141/141

64.81/64.03

(p=0.569)

31.22%/32.63%

(p=0.799)

3.77/3.97

(p=0.436)

3.62/3.69

(p=0.714)

6.37/6.40

(p=0.954)

0.02/0.03

(p=0.703)

1.01/0.99

(p=0.845)

0.01/0.00 (p=0.393) 479.35/274.80

(p<0.001)

ASA/ATOR/RAMI

n=211/211

68.34/69.21

(p=0.432)

29.45%/30.31%

(p=0.832)

3.72/3.43

(p=0.191)

3.63/3.68

(p=0.708)

5.63/5.53

(p=0.758)

0.02/0.01

(p=0.412)

0.82/0.84

(p=0.412)

0.01/0.01 (p=1.000) 476.68/282.20

(p<0.001)

Abbreviations: BIS/AMLO, bisoprolol/amlodipine; VAL/AMLO, valsartan/amlodipine; CAR/AMLO, candesartan/amlodipine; VAL/AMLO/HCTZ, valsartan/amlodipine/hydrochlorothiazide; RAMI/AMLO, ramipril/amlodipine; EZE/ATOR,
ezetimibe/atorvastatin; ASA/ATOR/RAMI, ASA/atorvastatin/ramipril; CCI, Charlson Comorbidities Index.
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Table 3 Main Results: Event Risk Comparison Between SPC and MPC Patients, Based on Matched Cohorts

MI
IRR (95%-CI)
p-value

Coronary Artery
Disease
IRR (95%-CI)
p-value

HF
IRR (95%-CI)
p-value

Stroke
IRR (95%-CI)
p-value

Transient Ischemic
Attack
IRR (95%-CI)
p-value

All Cause
Mortality
IRR (95%-CI)
p-value

CV
Hospitalization
IRR (95%-CI)
p-value

BIS/AMLO
n=317

0.774 (0.056–10.677)
p=0.810

0.387 (0.007–7.433)
p=0.488

0.929 (0.236–3.847)
p=0.899

1.032 (0.175–7.045)
p=0.981

0.774 (0.056–10.677)
P=0.810

0.580 (0.166–1.908)
p=0.325

0.633 (0.184–2.305)
p=0.473

VAL/AMLO
n=10,801

0.964 (0.767–1.21)
p=0.745

0.768 (0.621–0.948)
p=0.012

0.683 (0.623–0.750)
p=0.001

0.767 (0.635–0.926)
p=0.005

0.698 (0.500–0.970)
p=0.026

0.761 (0.683–0.848)
p≤0.001

0.693 (0.614–0.782)
p≤0.001

CAR/AMLO
n=1,026

0.879 (0.129–5.195)
p=0.883

0.270 (0.049–0.984)
p=0.029

0.402 (0.190–0.793)
p= 0.004

0.721 (0.259–1.877)
p=0.478

0.586 (0.010–11.256)
p=0.716

0.538 (0.284–0.980)
p=0.031

0.599 (0.346–1.011)
p=0.043

VAL/AMLO/

HCTZ

n=1,823

0.739 (0.395–1.428)

p=0.322

0.314 (0.183–0.532)

p≤0.001

0.432 (0.322–0.579)

p≤0.001

0.538 (0.338–0.862)

p=0.007

0.179 (0.057–0.497)

p≤0.001

0.515 (0.375–0.709)

p≤0.001

0.450 (0.328–0.620)

p≤0.001

RAMI/AMLO

n=15,349

0.623 (0.493–0.784)

p≤0.001

0.579 (0.462–0.723)

p≤0.001

0.468 (0.409–0.534)

p≤0.001

0.746 (0.627–0.886)

p≤0.001

0.693 (0.496–0.963)

p=0.023

0.526 (0.463–0.596)

p≤0.001

0.596 (0.519–0.685)

p≤0.001

EZE/ATOR

n=141

0.870 (0.147–5.938)

p=0.849

0.077 (0.009–0.323)

p≤0.001

4.567 (1.049–41.402)

p=0.024

0.000 (0.000–25.444)

p=0.395

N/A 1.631 (0.267–17.128)

p=0.597

0.870 (0.147–5.938)

p=0.849

ASA/ATOR/RAMI

n=211

0.459 (0.071–2.362)

p=0.304

0.602 (0.247–1.427)

p=0.213

1.340 (0.525–3.687)

p=0.521

0.511 (0.043–4.457)

p=0.493

0.766 (0.010–60.115)

p=0.867

0.383 (0.062–1.793)

p=0.182

0.511 (0.150–1.606)

p=0.209

Abbreviations: BIS/AMLO, bisoprolol/amlodipine; VAL/AMLO, valsartan/amlodipine; CAR/AMLO, candesartan/amlodipine; VAL/AMLO/HCTZ, valsartan/amlodipine/hydrochlorothiazide; RAMI/AMLO, ramipril/amlodipine; EZE/ATOR,
ezetimibe/atorvastatin; ASA/ATOR/RAMI, ASA/atorvastatin/ramipril; IRR, incidence rate ratios; CI, confidence interval.
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Figure 3 The number of all-cause hospitalizations per observed 100 patient years in the respective cohorts. Comparisons are done between matched SPC versus MPC
cohorts.

Figure 4 KM curves for the time to the first event regarding the pre-defined composite outcome of all-cause death and all-cause hospitalizations based on a comparison of
propensity-score matched SPC versus MPC cohorts. Statistical differences are expressed in terms of Log Rank tests. Censoring was done in case of the following events:
switch from SPC to MPC or vice versa, therapy discontinuation defined as gap in drug supply of at least 60 days, end of data availability (31/12/2017).
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treatment regimen might not reflect the real-life situation.2 Under conditions of daily practice, adherence decreases with
any additional pill a patient has to take, even in indications with a lack of physical cues for the patient.3,19 Thus, SPC are
recommended to improve adherence13,14 and blood pressure or lipid control.15 Weisser et al could show in a meta-
analysis that in hypertension and/or dyslipidemia a SPC leads to better persistence and adherence, an improvement in
systolic blood pressure reduction, less outpatient visits, reduced emergency room visits and hospitalizations when
compared with the identical MPC.20 Our data show for the first time, that a SPC regimen not only leads to
a reduction of CV events and all-cause hospitalizations but also to a reduction of mortality. This is in line with
a previous study conducted in the US which analyzed the impact of the type of antihypertensive combination therapy
(single-pill triple combination, fixed-dose dual combination plus a third agent, and free triple combination) on the risk of
CV hospitalizations. The study demonstrated both for the fixed-dose dual combination plus a third agent group (HR:
3.82) and the free triple combination therapy (HR 3.65) a significantly higher CV event risk than for the single-pill triple
combination.21

We minimized confounding on patients’ data by using PSM in the population analyzed. By comparing identical drug
combinations, we also excluded an influence of different compounds on the clinical outcomes by the expectation, that all
drugs prescribed were properly taken by the patient. So, the only relevant difference between the treatment groups was
the route of administration either as SPC or as MPC.

We found that that SPC increase persistence to medication, and reduce frequency of CV events, hospitalizations and
mortality which strongly supports the SPC as a concept. However, this concept does not yet seem to be implemented in
daily practice. This is reflected by another finding of our study: despite the recommendations of clinical guidelines to
prefer SPC, from 195,348 patients that received one of the predefined combinations 142,726 received MPC and 52,622
SPC only before PSM in the population we analyzed. Looking on the demographic data before PSM, patients who
received a SPC regimen were, with the exception of EZE/ATOR, younger and less comorbid than patients receiving an
MPC regimen. With the exception of patients on VAL/AMLO/HCTZ and EZE/ATOR, the number of identified MPC
patients was higher than the SPC patients, and among RAAS-blocker/amlodipine combinations which represent the
majority of patients, number of identified MPC patients was up to seven times higher (CAR/AMLO) than that of SPC
patients. However, these data do not allow to identify a clear rationale for the preference of prescribing physicians for
a SPC or MPC regimen but reflect an undertreatment of patients with SPC. This might be related to physician’s habit to
take one of the combination agents, and then “easily” add the second or third agent. Lázaro and colleagues conducted
a national, multicenter, observational study of data obtained from physicians by questionnaire and from the clinical
records of patients with ischemic heart disease. Main variable was therapeutic inertia during a consultation, defined as
treatment remaining the same despite a change being indicated. They found that 43% of consultations involved
therapeutic inertia. In addition, they observed that an association with coronary risk factors, including diabetes, did
not result in a change in treatment.22

Due to the observational design this study has limitations. To address this, we compared PSM cohorts. We quality-
checked our PSM by comparing hip and knee replacement surgery frequencies as an outcome potentially independent of
exposure to SPC or MPC regimens. We could not detect any major differences in number of hip/knee replacement
surgeries. Nevertheless, we cannot completely rule out the risk that there were remaining differences between compared
patient cohorts, such as percentage of patients receiving primary or secondary CVoutcome prevention. Second, we only
had access to claims-based proxies to identify the outcomes of interest. To address potential weaknesses of the study
resulting from this, we observed multiple outcomes. Third, follow-up periods were significantly different between SPC
and MPC regimens mainly due to the higher persistence of SPC patients with their treatment. To minimize the risk
resulting from misclassification, we only observed included events requiring an acute hospital admission and
a documentation of the event itself as main diagnosis. A potential additional limitation is that due to data limitations,
it was not possible to report patients with “pure” hypertension etc., or primary/secondary prevention. However, we
followed a drug-centric approach by observing and comparing patients who started to receive the very same drug
combination, additionally ensuring that the patients were diagnosed with the diseases which are part of the label of the
target drugs. By using PSM based on 29 different variables potentially associated with the CV risk of a patient, we
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ensured that the patients in the SPC and MPC groups are comparable, that includes most probably the percentage of
primary/secondary prevention.

Another limitation is that we did not install an adjudication committee of endpoints. However, we used ICD to code
diseases and outcomes coded by German claims data, which are a valid and common source of data for analyses of real-
world treatment of patients including health-economic analyses. Validity of recording and coding is high in these data,
especially for inpatient and prescription data, as they are directly relevant for reimbursement of hospitals/pharmacies, and
regularly checked by external agencies. Moreover, study site and patient selection bias are generally absent in these
databases as all insured patients meeting the inclusion criteria. Nevertheless, with a 100% accuracy we could rely on the
outcome parameter “all-cause mortality”.

In conclusion, our study shows improvement of outcomes with SPC versus MPC regimen including lower CV event
risk and a lower mortality. However, CPC are less commonly described than MPC. In line with existing guidelines,
increasing efforts are needed to increase the percentage of patients receiving a SPC to optimize outcome reduction.

One - Sentence Summary
The START study (Effect of SPCs on Treatment Adherence and persistence as well as on clinical and pharmacoeconomic
outcomes in the Real-world Treatment of hypertension, CHD, hyperlipidemia and in secondary prevention of CVevents -
START) demonstrated that a SPC is associated with a lower real-world CV event and mortality risk than a MPC.

Data Sharing Statement
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be shared further.
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