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Aim: This study assessed whether a single pill combination (SPC) is associated with lower direct healthcare
costs. Materials & methods: Anonymized claims data of patients ≥18 years treated with drugs for
cardiovascular (CV)-related diseases either as a single pill combination or multi-pill combination (follow-
up to 1 year) were evaluated. After propensity score matching, 59,336 out of 1,369,840 patients were
analyzed. Results: In all cohorts, patients receiving a single pill combination had a lower frequency of
general practitioner and specialist visits. The patients also had a significantly lower ratio of all-cause
hospitalization days and number of CV-related prescriptions as well as all-cause prescriptions (with one
exception) compared with those receiving a multi-pill combination. Conclusion: Direct CV-related costs
were significantly lower in four out of seven comparisons, with a trend toward lower costs in the other
three comparisons.
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In 2015, about 49 million people across Europe suffered from at least one cardiovascular (CV) disease, with a high
prevalence of hypertension and hyperlipidemia throughout the region [1]. Antihypertensives and lipid-lowering
agents are recommended for treatment of these diseases [2], with most patients requiring multi-drug treatments [3].
For specific agent combinations, single pill combinations (SPCs) represent an attractive treatment option [3]. In
existing SPCs, up to three different agents are combined in one pill, reducing the pill burden in comparison
with multi-pill combinations (MPCs). It has been shown that SPCs are associated with improved adherence [4].
However, economic consequences are less clear in this respect, as potential advantages of SPCs (due to better
treatment adherence and favorable clinical outcomes) might not directly translate into healthcare cost-savings. This
is because drug treatments with higher adherence are typically associated with higher medication costs due to more
regular prescriptions for these drugs. In addition, reflecting higher drug development cost, SPCs may be priced
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higher than MPCs. Consequently, in this real-world observational longitudinal study, the authors we aimed at
analyzing direct healthcare costs associated with CV SPCs versus identical MPCs.

Methods
Study design
In this analysis, the authors assessed direct healthcare costs from the perspective of a German payor (Krankenkasse)
for adult patients suffering from CV disorders and treated with a drug combination in the form of an SPC or
identical MPC. The authors used an anonymized claims dataset from AOK PLUS, a German statutory health fund
with 3.2 million insured persons, that covered the period 1/7/2012–30/6/2018. The dataset provided information
on the socio-demographic characteristics of patients, inpatient and outpatient care and all documented diagnoses,
prescription medications and costs (related to all of these items).

Patients

Patients 18 years of age or older were included in the analysis if they were continuously insured during the entire
study period (1/7/2012–30/6/2018), death as the only exception to this rule, and had at least one inpatient or two
outpatient claims measured in two different quarters from 1/7/2012 to 30/6/2017 for at least one of the following
diseases (based on respective International Classification of Diseases, Tenth Revision, codes): hypertension, coronary
heart disease (CHD), hyperlipidemia, myocardial infarction (MI), heart failure (HF), stroke, transient ischemic
attack (TIA) and peripheral artery disease.

Based upon the above-mentioned criteria, patients who received the following agent combinations,
either as an SPC or identical MPC, were selected for further comparison: 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) and acetylsalicylic acid/atorvastatin/ramipril (ASA/ATOR/RAMI). In
addition, the following inclusion criteria were applied to patients in each cohort: for BIS/AMLO, VAL/AMLO,
CAR/AMLO, VAL/AMLO/HCTZ and RAMI/AMLO combinations, a diagnosis of hypertension was required
for comparison; for EZE/ATOR a previous diagnosis of hyperlipidemia was required; and or ASA/ATOR/RAMI,
a previous diagnosis of MI, HF, TIA, stroke or embolism was required.

Comparisons were always made within identical agent combination groups (SPCs vs MPCs), and mul-
tiple assignments of patients to groups were possible. Analysis of one additional cohort was planned
(atorvastatin/perindopril/amlodipine and a diagnosis of CHD) but could not be executed due to low sample
sizes (105 SPC and six MPC patients).

Start of observation (index date)
Patients who initiated combination therapy between 1/7/2013 and 30/6/2017 were included. The prescription
of a respective combination therapy in 2012 or the first half of 2013 resulted in patient exclusion

(Figure 1). Observation of patients started on the date of the first prescription of combination therapy (index
date), either as an SPC or MPC. The index date for the SPC group was the first prescription of a respective SPC.
An MPC was assumed to have been prescribed if there were claims of all agents of the targeted combination therapy
within 90 days; the index date was the prescription date of the last (second/third) agent in that combination.

Inclusion period – diagnosis

Inclusion period – therapyPre-index

Baseline period

Minimum
follow-up

Observational
period

Primary objective

Secondary objective

01.07.2012 01.07.2013 01.07.2014 01.07.2015 01.07.2016 30.06.2017 30.06.2018

Figure 1. Main study methodology: baselines, inclusion and observational periods of the study.
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Propensity score matching
To account for baseline differences, propensity score matching (PSM) was performed for each of the subgroups.
In the PSM analysis, patients in the SPC cohort were separately matched to patients in the MPC cohort for
each respective agent group. Propensity scores were calculated using logistic regression (group affiliation as the
dependent variable), including age, gender and Charlson Comorbidity Index (CCI) score (without age factor)
as fixed independent variables. All were based on information captured on the index date or during the 12-
month baseline period. Furthermore, additional variables (measured during the 12-month baseline period) were
interpreted to be potential predictors of CV outcomes and thus were incorporated as independent variables;
these included CHA2DS2-VASc score; documented level of care; number of prescribed medications (counting
each agent with at least two prescriptions, based on anatomical therapeutic chemical [ATC] classification system
[ATC code] level 5; number of general practitioner [GP] visits; number of specialist visits; use of antihypertensive
agents, oral antidiabetic agents, insulin, antiarrhythmic agents, nonsteroidal anti-inflammatory drugs, antiplatelets,
lipid-lowering agents, drugs for peptic ulcer and gastroesophageal reflux disease [GORD], cardiac glycosides,
oral corticosteroids and benzodiazepine derivatives; adherence to CV medications [ACT code C*]; weighted
prescription-based medication possession ratio [MPR] and number of documented inpatient days; number of
hospitalizations with any CV diagnosis as the main diagnosis; number of hospitalizations with any non-CV
diagnosis as the main diagnosis; participation in a disease management program; and confirmed diagnosis of
dementia, affective disorders or mental and behavioral disorders due to psychoactive substance/alcohol use).

A backward elimination approach was used to eliminate any variables that were not statistically significant in
explaining group membership (p > 0.1); in such cases, these variables were excluded from 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: assessment of standardized differences between comparison
groups to evaluate the balance of covariates after matching (number of variables with significant differences between
SPC and MPC patients) and incidence assessment of a specific negative control event in the follow-up period (here:
knee/hip replacement surgery) that was expected to be unrelated to the type of drug treatment received.

Follow-up periods, study outcomes & statistical analysis
Patients were followed from the index date until censorship. Patients were censored at one of the following events,
whichever came first: the end of data availability (30/6/2018); all-cause death and therapy discontinuation defined
as a gap in the observed drug supply of at least 60 days, based on the defined daily dose (DDD) per agent; a switch
from SPCs to MPCs or vice versa; and the end of 12 months. Costs were always expressed as cost per patient-year
(PPY).

The following health–economic outcomes were compared between the SPC and MPC cohorts: all-cause health-
care resource use (HCRU), direct CV-related costs and direct all-cause costs. For HCRU items, the following were
considered: number of GP visits, number of specialist visits, number and duration of inpatient stays and number
of outpatient drug prescriptions with ATC class C (CV-related drugs) and, alternatively, with any ATC class. For
direct CV-related costs, the following were considered: the cost of outpatient visits (outpatient cases with a CV
diagnosis), the cost of drug prescriptions within ATC group C and costs related to any inpatient stay with a main
diagnosis of CV disease, based on a list of 48 different ICD-10 codes, which are available on request. For all-cause
costs, all documented direct costs reimbursed by AOK PLUS were counted.

Drug costs were calculated based on documented list prices in the database. Inpatient costs were calculated
based on documented diagnostic-related groups (DRGs), and outpatient costs were evaluated using aggregated-
reimbursement fees per visit. Comparisons of HCRU among the SPC/MPC cohorts were made using rate ratios.
Costs were compared by investigating the rate ratios of the costs PPY for SPC and MPC cohorts, based on
Mann–Whitney tests. Days absent from work (all-cause/related to focus diagnosis) were calculated by onset and
ending of sick certificate and compared between SPC and MPC for persons employed and unemployed if they
were continuously insured during the entire study period (1/7/2012–30/6/2018).

All reported p-values were two-sided. 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.
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Suffered from least one of the defined diseases (n = 1,570,128)

Hypertension (n = 1,225,284)

Coronary heart disease (n = 402,084)

Myocardial infarction/heart failure/stroke/transient ischemic attack/peripheral artery disease (n = 532,543)
Hyperlipidemia (n = 721,951)

Excluded (n = 200,288)

No continuous insurance (n = 193,383)

Age<18 years at index date (n = 6905)

Assessed for eligibility (n = 1,369,840):

Excluded: not meeting predefined
comedication (n = 174,492)

Treatment with predefined combinations

(n = 195,348)

Bisoprolol/amlodipine (n = 338)

Valsartan/amlodipine (n = 12,296)
Candesartan/amlodipine (n = 2256)

Valsartan/amlodipine/HCTZ (n = 17,682)

Ramipril/amlodipine (n = 16,806)
Atorvastatin/perindopril/amlodipine (n = 105)

Ezetimibe/atorvastatin (n = 2864)

ASA/ramipril/atorvastatin (n = 275)

Bisoprolol/amlodipine (n = 37,172)

Valsartan/amlodipine (n = 25,424)
Candesartan/amlodipine (n = 15,756)

Valsartan/amlodipine/HCTZ (n = 4419)

Ramipril/amlodipine (n = 52,288)
Atorvastatin/perindopril/amlodipine (n = 6)

Ezetimibe/atorvastatin (n = 999)

ASA/ramipril/atorvastatin (n = 6662)

Bisoprolol/amlodipine (n = 317)

Valsartan/amlodipine (n = 10,801)
Candesartan/amlodipine (n = 1026)

Valsartan/amlodipine/HCTZ (n = 1823)

Ramipril/amlodipine (n = 15,349)
Ezetimibe/atorvastatin (n = 141)

ASA/ramipril/atorvastatin (n = 211)

Bisoprolol/amlodipine (n = 317)

Valsartan/amlodipine (n = 10,801)
Candesartan/amlodipine (n = 1026)

Valsartan/amlodipine/HCTZ (n = 1823)

Ramipril/amlodipine (n = 15,349)
Ezetimibe/atorvastatin (n = 141)

ASA/ramipril/atorvastatin (n = 211)

Excluded: not meeting
PSM criteria (n = 22,954)

Excluded: not meeting PSM
criteria (n = 113,058)

Single pill group (n = 52,622)

Analysed (n = 29,668) Analysed (n = 29,668)

Multi pill group (n = 142,726)

•
•
•
•

•

•

Figure 2. Patient attrition chart.
ASA: Acetylsalicylic acid; HCTZ: Hydrochlorothiazide; PSM: Propensity score matching.

Regulatory aspects
Since the study used an anonymized dataset, no ethical review and no informed consent from patients were needed.
However, the study protocol was reviewed by the scientific steering committee to which most of the authors
belonged.

Results
Patient demographics
The authors identified a total of 1,369,840 continuously insured patients with at least one of the target diagnoses
(Figure 2). After the PSM, the authors included 59,336 patients in the comparisons; patient numbers for matched
and unmatched cohorts are provided in Table 1.
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Table 1. Number of patients in unmatched and matched cohorts.
Cohort 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 2256 15,756 1026

– Valsartan/amlodipine/hydrochlorothiazide 17,682 4419 1823

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

– Ezetimibe/atorvastatin 2864 999 141

– ASA/atorvastatin/ramipril 275 6662 211

ASA: Acetylsalicylic acid; MPC: Multi-pill combination; PSM: Propensity score matching; SPC: Single pill combination.

The patient characteristics were found to be similar across matched cohorts. Mean age, percentage of female
patients and mean CCI in the 14 cohorts (respective SPC/MPC patients in the seven comparisons) are listed in
Table 2. No significant difference in the number of hip/knee replacement surgeries was detected between compared
cohorts (p-values between 0.172 and 1.000), with the exception of VAL/AMLO (p = 0.005), indicating that
matches were generally well balanced and comparable.

The percentages of patients still continuing the index therapy after 12 months (SPCs/MPCs) were as follows
in the seven PSM matched comparison groups: BIS/AMLO: 75.6% versus 20.8% (p < 0.001); VAL/AMLO:
68.9% versus 49.4% (p < 0.001); CAR/AMLO: 71.1% versus 40.7% (p < 0.001); VAL/AMLO/HCTZ: 75.1%
versus 25.7% (p < 0.001); RAMI/AMLO: 76.4% versus 52.1% (p < 0.001); EZE/ATOR: 70.0% versus 47.8%
(p < 0.001); and ASA/ATOR/RAMI: 80.9% versus 27.6% (p < 0.001). Consequently, the mean observation
period for patients in the SPC cohorts was generally longer that in the MPC cohorts.

Healthcare resource use comparisons between single pill combination/multi-pill combinations
patients
Table 3 summarizes the differences in HCRU between the observed SPC/MPC cohorts, expressed as rate ratios,
while Supplemental Table 1 provides absolute numbers. For all cohorts, patients receiving SPCs attended fewer
GP visits than patients receiving MPCs (rate ratios: between 0.904 and 0.981; 95% CIs: between 0.84 and 1.01;
p-values: between <0.001 and 0.048; rate ratio for EZE/ATOR: 0.930; 95% CI: 0.83–1.04; p > 0.100). This
also applied to all-cause specialist visits (rate ratios: between 0.645 and 0.962; 95% CIs: between 0.50 and 1.08;
p-values: between <0.001 and 0.073), with the exception of patients receiving EZE/ATOR (rate ratio: 1.128;
95% CI: 0.92–1.38; p > 0.100). Similarly, the rate ratio of all-cause hospitalization days (SPCs vs MPCs) was
between 0.172 and 0.714 in all seven comparisons, indicating a significantly lower hospitalization duration for all
SPC cohorts (p < 0.001 for all comparisons; 95% CIs: between 0.14 and 0.73). Finally, the number of CV-related
prescriptions as well as all-cause prescriptions was significantly lower (with the exception of CAR/AMLO: 0.979;
p = 0.094; CI: 0.95–1.01) in all SPC cohorts (rate ratios: between 0.358 and 0.930; p < 0.001 for comparisons;
95% CIs: between 0.35 and 0.97).

In six out of seven comparisons, more days absent from work under MPC treatment versus SPC were observed
(BIS/AMLO: 3.89 days SPC vs 6.10 days MPC; VAL/AMLO: 3.04 days SPC vs 3.09 days MPC; CAR/AMLO:
6.71 days SPC vs 4.12 days MPC; VAL/AMLO/HCTZ: 2.65 days SPC vs 2.98 days MPC; RAMI/AMLO:
3.80 days SPC vs 4.25 days MPC; EZE/ATOR: 4.97 days SPC vs 8.02 days MPC; ASA/ATOR/RAMI: 3.19 days
SPC vs 5.50 days MPC) (Supplemental Figure 1).

Cost comparisons between single pill combination/multi-pill combinations patients
Table 4 summarizes the results of the comparison of direct CV-related costs in the SPC/MPC cohorts, expressed
as rate ratios; respective absolute numbers are available in Supplemental Table 2.

With regard to CV-related hospitalizations, four out of seven rate ratios demonstrated significantly lower costs
PPY, with ratios of 0.372–0.750 (p < 0.001; 95% CIs: between 0.25 and 0.80). The other three combinations,
EZE/ATOR, ASA/ATOR/RAMI and BIS/AMLO, demonstrated a tendency toward lower costs associated with
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Table 2. Sociodemographic and clinical characteristics of patients after propensity score matching.
Variable BIS/AMLO VAL/AMLO CAR/AMLO VAL/AMLO/HCTZ RAMI/AMLO EZE/ATOR ASA/ATOR/RAMI

SPC n = 317 n = 10.801 n = 1.026 n = 1.823 n = 15.349 n = 141 n = 211

– Mean age in years (SD) 64.91 (13.87) 69.74 (13.22) 66.36 (13.35) 71.55 (11.98) 64.88 (13.83) 64.81 (10.72) 68.34 (11.44)

– Number of females (%) 175 (55.21) 6.163 (57.12) 575 (56.02) 1.079 (59.21) 7.395 (48.24) 44 (31.22) 62 (29.45)

– Mean CCI (SD) 2.12 (2.44) 3.28 (2.89) 2.29 (2.36) 3.95 (3.05) 2.04 (2.32) 3.77 (2.23) 3.72 (2.42)

– Mean CHA2DS2-VASc score
(SD)

3.03 (1.58) 3.66 (1.68) 3.09 (1.59) 3.98 (1.61) 2.92 (1.54) 3.62 (1.45) 3.63 (1.57)

– Mean number of agents (SD) 4.26 (3.78) 5.85 (4.12) 4.44 (3.56) 7.04 (4.13) 4.06 (3.29) 6.37 (3.69) 5.63 (3.65)

– Mean number of CV
hospitalizations (SD)

0.02 (0.16) 0.12 (0.37) 0.05 (0.26) 0.19 (0.52) 0.04 (0.20) 0.02 (0.14) 0.02 (0.14)

– Mean number of any
hospitalizations (SD)

0.32 (0.68) 0.89 (1.26) 0.49 (1.18) 1.30 (1.83) 0.41 (0.91) 1.01 (1.39) 0.82 (1.08)

– Mean number of knee/hip
replacements (SD)

0.01 (0.08) 0.02 (0.14) 0.01 (0.11) 0.02 (0.14) 0.01 (0.11) 0.01 (0.12) 0.01 (0.07)

– Mean observational period in
days (SD)

352.46 (158.24) 601.15 (487.93) 386.12 (246.7) 598.09 (502.85) 642.39 (491.57) 479.35 (316.07) 476.68 (286.12)

– Number of deaths during
follow-up (%)

6 (1.86%) 596 (5.52%) 17 (1.66%) 91 (4.99%) 386 (2.51%) 5 (3.55%) 3 (1.42%)

MPC n = 317 n = 10.801 n = 1.026 n = 1.823 n = 15.349 n = 141 n = 211

– Mean age in years (SD) 64.76 (13.95) 69.62 (13.22) 65.47 (14.02) 71.30 (12.56) 64.72 (14.11) 64.03 (12.10) 69.21 (11.31)

– N female (%) 181 (57.14) 6129 (56.70) 565 (55.12) 1068 (58.61) 7424 (48.42) 46 (32.63) 64 (30.31)

– Mean CCI (SD) 1.99 (2.09) 3.29 (2.82) 2.25 (2.41) 3.99 (2.92) 2.02 (2.23) 3.97 (2.19) 3.43 (2.16)

– Mean CHA2DS2-VASc score
(SD)

3.11 (1.58) 3.65 (1.65) 3.07 (1.55) 4.01 (1.62) 2.93 (1.51) 3.69 (1.46) 3.68 (1.54)

– Mean number of agents (SD) 4.02 (3.02) 5.86 (3.96) 4.47 (3.46) 7.14 (4.09) 4.01 (3.26) 6.40 (4.53) 5.53 (3.69)

– Mean number of CV
hospitalizations (SD)

0.02 (0.15) 0.12 (0.36) 0.05 (0.24) 0.12 (0.48) 0.04 (0.20) 0.03 (0.17) 0.01 (0.10)

– Mean number of any
hospitalizations (SD)

0.36 (0.69) 0.92 (1.22) 0.49 (0.84) 1.27 (1.48) 0.43 (0.84) 0.99 (1.0) 0.84 (0.95)

– Mean number of knee/hip
replacements (SD)

0.01 (0.10) 0.01 (0.12) 0.02 (0.14) 0.02 (0.14) 0.01 (0.11) 0.00 (0.00) 0.01 (0.07)

– Mean observational period in
days (SD)

272.88 (353.52) 501.24 (481.11) 427.94 (455.77) 212.56 (298.71) 505.46 (491.33) 274.8 (284.07) 282.2 (371.06)

– Number of deaths during
follow-up (%)

8 (2.52%) 794 (7.35%) 37 (3.61%) 74 (4.06%) 686 (4.47%) 2 (1.42%) 6 (2.84%)

ASA/ATOR/RAMI: Acetylsalicylic acid/atorvastatin/ramipril; BIS/AMLO: Bisoprolol/amlodipine; CAR/AMLO: Candesartan/amlodipine; CCI: Charlson Comorbidity Index; CV: Cardio-
vascular; EZE/ATOR: Ezetimibe/atorvastatin; MPC: Multi-pill combination; RAMI/AMLO: Ramipril/amlodipine; SD: Standard deviation; SPC: Single pill combination; VAL/AMLO:
Valsartan/amlodipine; VAL/AMLO/HCTZ: Valsartan/amlodipine/hydrochlorothiazide.

SPC (rates: between 0.350 and 0.751; p-values: between 0.019 and >0.100; 95% CIs: between 0.01 and 1.59).
Costs (PPY) associated with CV-related outpatient visits showed a lower trend in the SPC cohorts as compared
with the MPC cohorts (significant in three out of seven comparisons; VAL/AMLO, CAR/AMLO, RAMI/AMLO,
rates: between 0.936 and 0.948 with p < 0.001–0.008; 95% CIs: between 0.84 and 1.02). In three out of seven
cohorts (VAL/AMLO, VAL/AMLO/HCTZ, RAMI/AMLO), the rate ratio of CV-related prescriptions (PPY)
indicated higher expenses among the SPC cohorts, with ratios of 1.318–1.953 (p < 0.001; 95% CIs: between 1.27
and 2.09). Finally, overall direct CV-related costs were lower in all comparisons and significantly lower in four out
of the seven observed cohorts (VAL/AMLO, CAR/AMLO, VAL/AMLO/HCTZ, RAMI/AMLO), with ratios of
0.795–0.918 (p-values: between <0.001 and 0.017; 95% CIs: between 0.69 and 0.97). Costs for medication were
lower in five out of seven comparisons for SPCs and costs for curative means and aids (PPY) were lower in the SPC
group in six out of seven comparisons compared with MPCs (Supplemental Figures 2 & 3).

Comparisons of all-cause direct costs (PPY) between SPC/MPC cohorts showed that there was a tendency
toward lower cost in all comparisons; in five out of seven comparisons the respective cost differences reached
statistical significance (VAL/AMLO, CAR/AMLO, VAL/AMLO/HCTZ, RAMI/AMLO, ASA/ATOR/RAMI;
p-values: between <0.001 and 0.021) (Figure 3).
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Figure 3. Comparison of all-cause direct cost in matched single pill combination versus multi-pill combination
cohorts.
ASA/ATOR/RAMI: Acetylsalicylic acid/atorvastatin/ramipril; BIS/AMLO: Bisoprolol/amlodipine; CAR/AMLO:
Candesartan/amlodipine; EZE/ATOR: Ezetimibe/atorvastatin; MPC: multi-pill combination; RAMI/AMLO:
Ramipril/amlodipine; SPC: Single pill combination; VAL/AMLO: Valsartan/amlodipine; VAL/AMLO/HCTZ:
Valsartan/amlodipine/hydrochlorothiazide.

Discussion
Current ESC/ESH guidelines for the management of hypertension and prevention of CV events recommend
the use of drug combination treatments [3]. Specifically, they state that “combination treatment is recommended
for most hypertensive patients as initial therapy. Preferred combinations should comprise a renin-angiotensin system
blocker (either an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker) with a calcium channel
blocker or diuretic. Other combinations of the five major classes can be used” [3]. In clinical practice it is known that
adherence to these treatments decreases with each additional pill a patient takes [3,5]. A previous meta-analysis
showed that in hypertension and/or dyslipidemia, treatment with SPCs leads to better persistence and adherence,
an improvement in systolic blood pressure control, fewer outpatient visits and a reduction in emergency room visits
and hospitalizations when compared with the identical MPC therapy [1]. However, the net effect of using an SPC
versus an MPC regimen on overall direct healthcare costs has yet to be thoroughly explored, specifically as better
adherence/persistence is typically associated with higher drug cost.

This German claims data study aimed to fill this knowledge gap, by comparing HCRU and direct healthcare
spending between matched patients receiving SPCs versus those receiving MPCs for seven different agent combina-
tions. The authors minimized confounding on patients’ data by using PSM methodology. By comparing identical
drug combinations, the authors sought to minimize the impact of different compounds on HCRU and cost. So,
the only relevant difference between the treatment received by each group was the route of administration, either
as an SPC or as an MPC. Since we had access to much larger patient cohorts than in clinical trials and included all
patients in the AOK PLUS database meeting the inclusion criteria, there was no substantial patient/site selection
in this study. Therefore, the authors believe the generalizability of these results to be very high.

The data show that SPCs are associated with a lower HCRU and lower direct outpatient and cost of CV-related
hospitalizations. Even when taking higher drug costs associated with SPCs into account, there was still a cost-
reducing effect for overall direct CV-related and all-cause health expenses in four out of seven cohort comparisons.
In the remaining cohorts, there was a tendency toward lower costs in SPC cohorts; however, these were not found
to be statistically significant, mainly due to low sample sizes.

The authors expected that outpatient costs would be lower in the SPC cohorts, as single pills typically require fewer
prescriptions and, therefore, fewer physician visits. Lower hospitalization costs associated with SPCs are probably
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related to lower CV event rates; respective results are being published in parallel. The authors also expected that
SPCs would be associated with higher drug costs, due to two reasons: better treatment adherence/persistence and
higher drug prices. The authors could confirm this hypothesis partially, as the results indeed showed higher drug
costs in some comparisons. However, the analysis also showed that lower outpatient and CV-related hospitalization
costs in SPC patients mitigate and even remediate these higher drug costs over time, so that overall direct CV-related
and all-cause costs are mainly lower in the SPC cohorts.

Despite a shortage of literature on the impact of SPCs (vs MPCs) on real-world costs, these findings align with the
existing literature on persistence/adherence and healthcare spending. Several authors analyzed the cost–effectiveness
of CV SPCs (vs MPCs) using a cost–effectiveness modeling approach and trial-based data including CV event rates
associated with both treatment strategies. For the USA, Sri Lanka, India, UK and Spain, different authors concluded
that SPC-associated costs are higher than MPC-associated costs, but an SPC is still cost–effective based on known
incremental cost–effectiveness ratio thresholds [6–10]. The present study shows that an SPC represents a cost-
minimizing treatment strategy, due in part to reductions in long-term CV events and associated hospitalizations,
which are typically not covered in clinical trials feeding the cost–effectiveness models.

An Italian study concluded that an antihypertensive SPC leads to lower primary healthcare costs due to a
lower frequency of outpatient visits, a finding that also aligns with the data in the present study [11]. Machnicki
et al. performed a large US Marketscan analysis addressing a single pill combination of AMLO/VAL/HCTZ
versus a multi-pill combination of the same agents. In further support of the present findings, they also identified
a significantly lower mean number of resource utilization events such as outpatient visits, hospitalizations or
emergency room visits [12].

Due to its observational design, this study has some limitations. First, it compared non-randomized cohorts.
To address this, the authors used PSM methodology. Due to different patient characteristics and to the fact that
within some drug combinations patient size in the SPC was higher than in the MPC cohort, the authors were
able to find matching partners for only 57% of the SPC patients. In addition, physicians probably made specific
decisions when and why to prescribe an SPC versus an MPC, and some of the underlying reasons for these
decisions cannot be adjusted in a PSM. The authors nevertheless quality-checked their PSM by comparing patient
characteristics after matching and, as an additional negative control, hip and knee replacement surgery frequencies
as an outcome potentially independent of exposure to SPC or MPC regimens. The authors could not detect any
major differences between SPC and MPC patients after matching and could not observe any difference in the
number of hip/knee replacement surgeries. Second, follow-up periods were significantly different between SPC
and MPC regimens, due mainly to the higher treatment persistence of SPC patients (which impacted censorship).
Both any unobserved remaining differences between SPC and MPC patients and any bias resulting from different
observational periods could only be overcome in a randomized trial design, most probably designed as a pragmatic
trial with randomization of patients to SPC versus MPV and a real-world treatment of patients thereafter. Third,
the cost calculations were based on prices documented in the database, which were mainly list prices. Potential
payor-specific discounts on drug prices, specifically, were not considered. Finally, the present study is based on
German data only. So, unique price structures for specific healthcare items might have led to different results in
other countries, where local pricing factors vary.

In three out of seven comparisons, there were lower patient numbers in the cohorts. This might be related
to the different time point of market entry of the SPCs that were analyzed. The combination BIS/AMLO has
been available in the German market since 1 June 2016, CAR/AMLO since 15 September 2016, VAL/AMLO
since 15 January 2007, RAMI/AMLO since 15 August 2012, VAL/AMLO/HCTZ since 15 November 2009,
ASA/ATOR/RAMI since 15 May 2015 and EZE/ATOR since 1 March 2015.

Conclusion
This study shows that a CV SPC is a cost-minimizing treatment strategy that should be recommended from a
health–economic perspective and underlines the current guidelines for the treatment of arterial hypertension.
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Summary points

• Single pill combinations, compared with multi-pill regimens of the same agents, might lead to better patients
adherence, superior clinical outcomes and, finally, lower cost.

• This study compared single pill versus multi-pill regimens in patients who started the respective treatments.
Comparisons were done within agent-specific patient subgroups and were based on propensity score matched
groups.

• This study showed that single pill regimens lead in most cases to lower healthcare costs, even if typically drug costs
increase due to higher levels of therapy adherence. This is mainly explained by significantly lower inpatient cost.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/

suppl/10.2217/cer-2021-0197
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Spain: a cost–effectiveness study. Rev. Española Cardiol. (English Ed.) 70(1), 42–49 (2017).

11. Putignano D, Orlando V, Monetti VM et al. Fixed versus free combinations of antihypertensive drugs: analyses of real-world data of
persistence with therapy in Italy. Patient Prefer. Adherence 13, 1961–1969 (2019).

12. Machnicki G, Ong SH, Chen W, Wei ZJ, Kahler KH. Comparison of amlodipine/valsartan/hydrochlorothiazide single pill combination
and free combination: adherence, persistence, healthcare utilization and costs. Curr. Med. Res. Opin. 31(12), 2287–2296 (2015).

422 J. Comp. Eff. Res. (2022) 11(6) future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


