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Abstract

Introduction

QUESTION UNDER STUDY: Due to greater life expect-
ancy, costs of medication have increased within the last
decade. This investigation assesses health care expendit-
ures needed to manage the current state of blood pressure
(BP) control in Switzerland. Objectives: a) average day
therapy costs (DTC) of substances, b) actual DTC of cur-
rently prescribed antihypertensive therapy, ¢) monetary dif-
ferences of treatment regimens within different BP-groups
and different high risk patients, d) estimated compliance-
related financial loss/annum and adjusted costs/annum.
Single-pill-combinations appear to be useful to increase pa-
tient’s compliance, to reduce side effects and to bring more
patients to their blood pressure goal.

METHODS: Costs were identified based on data from the
Swiss department of health. We calculated DTC for each
patient using prices of the largest available tablet box.
RESULTS: The average antihypertensive therapy in
Switzerland currently costs CHF 1.198 + 0.732 per day.
On average beta blockers were the cheapest substances,
followed by angiotensin converting enzyme inhibitors
(ARBs), calcium channel blockers and diuretics. The
widest price ranges were observed within the class of
ARBs. Most expensive were patients with impaired renal
function. Throughout all stages, single-pill-combinations
appeared to be significantly cheaper than dual-free-com-
binations. Stage-II-hypertension yielded the highest costs
for dual free combination drug use. The actual costs for
all patients observed in this analysis added up to CHF
1,525,962. Based on a compliance model, only treatment
amounting to CHF 921,353 is expected to be actually
taken.

CONCLUSION: A disproportionately high healthcare cost
is expected due to compliance reasons. The prescription of
monotherapies appears to be a major cost factor, thus, the
use of single-pill-combination therapy can be considered
as a suitable approach to saving costs throughout all BP-
stages.

Key words: costs, antihypertensive therapy,; Switzerland;
hypertension; compliance

Due to a rising life expectancy and early diagnosis of
chronic diseases, costs of antihypertensive therapy have in-
creased remarkably within the last decade [1] while eco-
nomic resources remain limited [2]. Uncontrolled hyper-
tension (HT) increases the risk and incidences of diabetes,
stroke, atherosclerosis and chronic kidney disease [3].
Drug therapy is used as secondary prevention due to high
opportunity costs in case of cardiovascular events.
However, the success of treatment is often lessened by the
lack of adherence [4]. There is evidence that approximately
one-half of patients discontinue their treatment within one
year [5]. Another study showed that non-adherence leads to
health system use costing up to 792 million US-Dollars [6].
It is noteworthy that up to 33% of drug-related admissions
to hospital are caused by non-adherence to medication re-
gimens [7]. One of the main reasons for this phenomenon
is multiple dose regimens, which are inversely correlated
with adherence to medication. Decreasing the amount of
tablets can therefore not only lead to higher adherence but
also to increase in the persistence of the treatment [§].
Comparing therapies based on single-pill-combination
(SPC) and dual free combination (DFC), a study showed
a significant increase (26%) of persistence to medication
after one year of using two substances in one tablet [9].
However, because random clinical trials are designed and
conducted under ideal and monitored conditions, indicating
low non-compliance rates [6] they do not reflect compli-
ance in reality. As a result the estimated investment for
health care systems would probably be much higher and the
preventive benefit remarkably lower.

In Switzerland approximately 84% of hypertensive patients
receive therapy and 54% of patients with uncomplicated
HT attain target blood pressure below 140/90 mm Hg.
These data show that only 28.8% of diabetics meet their
targets in Switzerland [10] while approximately 44% of
the very elderly (above 80 years) appeared to control their
blood pressure (according to the guidelines of the European
Society of Hypertension/European Society of Cardiology)

[11].
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Cost-effectiveness analyses have been introduced in sever-

al countries and form the foundation for reimbursement de-

cisions or the establishment of guidelines. However, these
analyses alone appear to be insufficient as the monetary
value of the measured effect is not taken into consideration

[12]. This effect actually helps to evaluate the desirability

of a certain policy. It is therefore not only relevant if the

right antihypertensive medication is prescribed to patients
but also of interest if the same blood pressure goal can be
accomplished in another, less expensive way.

The prescriptions of SPC appear to be useful in increasing

patient compliance, to reduce side effects and to bring more

patients to their target blood pressure goals [13]. Moreover,
in many health systems these formulations are often avail-
able at prices of monotherapies and an increasing amount
of international recommendations start favouring SPC as
early combination therapy [14]. Despite accessible inform-
ation about current rates of target blood pressure attainment
in Switzerland, it remains unknown which health care ex-
penditures are needed to manage the current control rates.

Therefore, based on data from 3,489 patients this investig-

ation was undertaken to assess:

1. the average day therapy costs of antihypertensive
substances and substance classes;

2. the actual day therapy costs of currently prescribed
antihypertensive therapy regimens;

3. monetary differences due to different treatment
regimens (monotherapies, SPC) within the different
blood pressure groups and high risk patients;

4. the estimated financial loss per annum due to lack of
compliance reasons and the adjusted costs per annum
for the overall population.

Material and methods

For this survey 450 Swiss general practitioners were
chosen randomly from a list and asked in a letter to include
every adult patient (above 18 yrs.) who visited the doctor’s
practice within one week with diagnosed HT. One hundred
and fifty physicians responded to this call and submitted
data from 4,594 patients using a web-database. Based on
the estimation of approximately 5,800 primary care phys-
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Figure 1

Comparison of day therapy costs according to geographical regions
and corresponding target blood pressure attainment. Blood-
pressure control rates were calculated pooling threshold attainment
of <140/90 mm Hg for uncomplicated hypertension, <130/80 mm
Hg for patients with diabetes mellitus and <125/75 mm Hg for
patients with impaired renal function.

icians working in Switzerland [15] and estimating that
221,500 patients are treated in primary care for HT (es-
timated compliance-related financial loss per annum) this
paper roughly represents 2.5% of the physician population
who manage approximately 5,537 patients with elevated
blood pressure. Screening of patients was not recommen-
ded in order to prevent a possible bias. Demographic in-
formation (age, sex, weight, height), systolic/diastolic
blood pressure (SBP/DBP) assessed in sitting position with
either the auscultatory or oscillatory method), and heart
rate were recorded. General practitioners were asked to re-
port the presence of microalbuminuria (30-300 mg/24h)
and the increase of serum creatinine (for males up to 133
pumol/l, for females up to 124 pmol/l). Other clinical meas-
urements were not required. We assessed risk factors in-
cluding diabetes mellitus, pack years of nicotine abuse and
dyslipidaemia (cholesterol >6.5 mmol/l, HDL <1.0 mmol/
1, LDL >4.0 mmol/l, triglyceride >1.7 mmol/l). Laboratory
values were processed when they were available (fasting
glucose, total and HDL cholesterol, potassium, creatinine,
triglyceride, urea). Concomitant therapies could be men-
tioned (antidiabetic therapy, aspirin or lipid lowering ther-
apy) when relevant. Patients were determined to be diabetic
if fasting glucose levels were >7 mmol/l or if antidiabetic
treatment was prescribed. For the documentation of the
current therapy, substances or trademarks of both mono-
therapy and SPC were selected interactively. The data con-
cerning daily dosage and treatment duration was recorded
using three time categories (<3 month, 3—6 month, >6
month).

Due to potential treatment adjustment during the initial es-
tablishment of an antihypertensive therapy, patients who
received an unchanged treatment regimen of less than 3
months (N = 134) were excluded. Furthermore, patients not
receiving any antihypertensive therapy (N = 738) were not
reflected in this analysis. Finally N = 233 could not have
been reflected in this analysis due to a termination of the
medication production or the disappearance of the product
from the market they were on, leaving a total patient popu-
lation of 3,489.

Costs for antihypertensive therapy were identified based on
data from the Swiss department of health (Spezialitdtenliste
2012). We calculated current day and year therapy costs for
each patient using prices of the largest available (and there-
fore cheapest) tablet box. Day therapy costs were defined
as the actual costs that occurred on average for all patients
treated with antihypertensive therapy under current condi-
tions and independently of target blood pressure attainment
reflecting frequency of doses and substances. In total ther-
apy cost was calculated from 408 different boxes, whereby
the box sizes ranged from seven tablets up to 200. Mainly
(92.4% resp. 377 out of the 408 tablet boxes) taken into ac-
count were boxes with 90, 98 or 100 tablets, representing a
long-term treatment.

We assumed, that in general patients with a stable regimen
will receive prescriptions, upon which cost calculation ap-
pears to be valid. Based on this approach, we have ex-
cluded patients receiving antihypertensive therapy within
the last three months, because it can be assumed that these
patients may be treated with smaller and more expensive
tablet boxes and treatment change is more likely to happen
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when a small tablet box has been prescribed. Tablet prices
(unit prices) were investigated by dividing the number of
available units/packed by the price of the tablet box (table
1). In a second step we multiplied the unit price with the
number of daily prescribed doses. This procedure has been
performed for all additional antihypertensive substances in
order to calculate the day therapy costs (table 2), which
were analysed with regards to target blood pressure at-
tainment thresholds and blood pressure staging to Swiss
society of hypertension [16]. In addition, we investigated
therapy costs in the light of concomitant cardiovascular
diseases and demographic factors (table 3).

Furthermore, we investigated differences in therapy costs
in three geographical regions (western Switzerland, south-
ern Switzerland and central/eastern Switzerland). Based on
a review from Claxton et al. [17] we then estimated the
costs of prescribed but unused drugs in patients receiving
unchanged treatment for more than 3 months (table 4A).
Claxton and colleagues have investigated compliance rates
of 76 studies that used electronic monitoring devices in-
cluding bottle caps, pillboxes or blister cards. The authors
included 26 cardiovascular trials but also other treatments
that allowed extrapolation to other medications, formula-

tions and medical disorders. The rates of dose-taking com-
pliance by frequency of regimen are shown in table 4B
which formed the basis for the calculation of estimated
costs of unused medication. Statistics were performed de-
scriptively and with classical tests of hypotheses using the
statistical software package R, version 2.12. Unpaired
means were compared using one-way ANOVA. Comparis-
ons of dichotomous outcomes were performed with the chi-
square test. Correlations were calculated with Pearson’s
moment correlation. For all results according to comparis-
ons or relations of variables mean comparisons are estim-
ated, whereby the significance is shown by the p-values
(with p=0.000 for highly significant up to p = 0.010 for
error probability of 10.0%).

Results

Patients’ characteristics

The gender distribution in this survey was balanced while
the average body mass index was marginally higher in the
male population than in the female population (table 1).
While males had lower SBP (135.2 + 13.9 mm Hg) than

Table 1: Substance/substance class therapy costs in Swiss Francs (CHF) (unit price)*
Substance class/substance Substance therapy costs in CHF

Avg ‘ Min Max Median
Monotherapy
Diuretics 0,6445 0,1440 3,5275 0,4425
Hydrochlorotiazide 0,1808 0,1440 0,2080 0,1850
Furosemide 0,4598 0,1660 2,2100 0,1750
Torasemide 0,6065 0,1895 1,7360 0,4630
ACEls 0,4697 0,2030 0,9730 0,4425
Enalaprile 0,4715 0,3183 0,7020 0,4507
Lisinoprile 0,4298 0,2045 0,8930 0,3885
ARBs 1,0056 0,3592 2,0286 1,0306
Losartan 0,6371 0,3592 1,4684 0,5393
CCBs 0,6167 0,2795 1,0990 0,5857
Amlodipine 0,6356 0,3930 0,9445 0,6355
Diltiazem 0,5363 0,4030 0,8545 0,4393
Felodipine 0,6704 0,5085 0,9165 0,6083
Nifedipine 0,5487 0,2795 0,9080 0,4875
BBs 0,4316 0,1565 1,0385 0,3985
Atenolol 0,2873 0,1565 0,4480 0,2645
Carvedilole 0,5051 0,3150 1,0385 0,4000
DRIs 1,4227 1,3128 1,5327 1,4227
Dual-SPC
ARB/Ds 1,2159 0,5806 1,9495 1,1518
Losartan/HCTZ 0,9128 0,5806 1,4684 0,8628
ACEI/IDs 0,6517 0,3690 2,1092 0,5492
Enalapril/HCTZ 0,6811 0,5536 0,7745 0,6895
Lisinopril/lHCTZ 0,4771 0,3690 0,6060 0,5235
ARB/CCBs 1,2351 0,9673 1,5449 1,2403
DRI/Ds 1,3166 1,2158 1,4173 1,3166
CCB/BBs 1,0428 0,7910 1,4220 0,9155
BB/Ds 0,5151 0,2689 1,1732 0,4750
Atenolole/ Chlortalidone 0,3817 0,2689 0,5230 0,3793
Triple-SPC
ARB/CCB/Ds 1,6279 1,5694 1,6571 1,6571
ACEIs angiotensin converting enzyme inhibitors, BBs beta blocker, DRIs direct renin inhibitors, ARBs angiotensin receptor subtype | inhibitors, CCBs calcium channel
blockers, Ds diuretics, Avg average, CHF Swiss Francs, SPC single-pill-combinations, HCTZ hydrochlorothiazide
*Substances that occurred at least three times in the survey are displayed in this table. Cost calculations of substance classes reflect all prescribed substances in this
survey.
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females, their DBP was slightly higher than in the other
gender (80.8 £ 9.1 vs 79.9 £ 9.1 mm Hg). Most patients
could be assigned to Stage-I-HT (36.67%) according to the
Swiss society of hypertension [16] followed by high nor-
mal staging (35.88%). Slightly more females than males
showed Stage-1, -II and -III HT as well as normal blood
pressure, while this relationship appeared to be reversed in
high normal and optimal blood pressure.

Target blood pressure was attained by 58.29% of patients
with uncomplicated HT (<140/90 mm Hg) while only
27.26% reached their targets in the population of patients
with diabetes mellitus (<130/80 mm Hg). Only a small
amount of the 19.69% patients with impaired kidney func-

Ooverall BT of one substance
' free combination of two or more MT  free combination of two or more MT with at least one SPC

20000 18776 T
18000 17040
16000 15357 15182 677

050
& 14000 29 303 308 13755
3 12359 12433 12529 643
£ 11428 12483

0.4000

0.2000

0.0000
Optimal Normal High Normal stage stage I stage Il
Hypertension staging according to SSH

Figure 2

Current day therapy costs in Swiss Francs (CHF) according to
SSH-staging: optimal (<120/180 mm Hg), normal (120-129/80-84
mm Hg), high normal (130-139/85-89 mm Hg), stage | (140-159/
90-99 mm Hg), stage Il (160—-179/100—109 mm Hg), stage Il
(2180/2110 mm Hg).

MT: monotherapy; SPC: single pill combination; SSH: Swiss
Society of Hypertension.

tion (<125/75 mm Hg) met the desired target blood pres-
sure.

Significantly more males than females had a history of
myocardial infarction (14.95% vs. 7.37%; p = 0.000). SPC
was used slightly more in males than in females. The op-
posite holds true for mono-substance-prescriptions indic-
ated by a mono-substance SPC-Ratio of 2.06 in males and
2.34 in females.

Substance therapy costs of antihypertensive substances
and classes in Swiss Francs (CHF)

Beta blocker (BBs) were the cheapest substances (CHF
0.43) in the Swiss market, followed by angiotensin con-
verting enzyme inhibitors (ACElIs), calcium channel block-
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Figure 3

Current costs of unused medication in Swiss Francs (CHF)
according to SSH-staging: optimal (< 120/180 mm Hg), normal
(120—129/80—-84 mm Hg), high normal (130-139/85-89 mm Hg),
stage | (140-159/90-99 mm Hg), stage Il (160-179/100—109 mm
Hg), stage Il (=180/2110 mm Hg).

N: amount of drugs; SSH: Swiss Society of Hypertension.

Table 2: Day therapy costs in Swiss Francs (CHF) according to gender differences.

Day therapy costs in CHF

All N = 3489 Males N = 1753 Females N = 1736
Mm Hg (overall population) 1.1983 + 0.7329 1.2295 + 0.7367 1.1667 + 0.7280
According to staging (SSH)
Optimal (<120/80) 1.2359 + 0.8340 1.2764 £ 0.7927 1.1798 + 0.8888
Normal (120-129/80-84) 1.1428 + 0.6832 1.1293 + 0.6693 1.1572 + 0.6986
High normal (130-139/85-89) 1.1483 + 0.6776 1.2011 £ 0.7094 1.0930 + 0.6384
Stage | (140-159/90-99) 1.2433 £ 0.7707 1.2671 £ 0.7665 1.2209 + 0.7746
Stage Il (160-179/100-109) 1.3755 + 0.8296 1.4606 + 0.8270 1.3108 + 0.8291
Stage Il (=180/2110) 1.2529 + 0.6966 1.4963 + 0.7292 1.1166 + 0.6530
According to duration of HT
0-3 years 1.0352 + 0.5991 1.1224 + 0.6231 0.9148 + 0.5436
4-10 years 1.0944 + 0.6642 1.1386 + 0.6563 1.0450 + 0.6699
>10 years 1.3101 £ 0.7878 1.3369 £ 0.8111 1.2866 + 0.7665
According to concomitant cardiovascular diseases
Diabetes mellitus 1.4177 £ 0.8680 1.4246 + 0.8817 1.4081 + 0.8497
History of myocardial infarction 1.3684 + 0.8387 1.3480 + 0.8166 1.4103 + 0.8938
History of stroke 1.2642 + 0.7481 1.2451 £ 0.7435 1.2853 + 0.7557
Impaired renal function 1.5105 + 0.9248 1.5322 + 0.9666 1.4831 £ 0.8721
Heart failure 1.4913 + 0.8456 1.5375 + 0.8832 1.4512 + 0.8082
According to age
<65 years 1.1513 £ 0.7240 1.1993 £ 0.7332 1.0800 + 0.7048
65-79 years 1.2329 + 0.7337 1.2647 £ 0.7225 1.2011 £0.7439
280 years 1.2093 + 0.7418 1.2215 £ 0.7752 1.2022 + 0.7225
According to regions
Southern CH' 1.1498 + 0.7779 1.1669 + 0.8158 1.1323 £ 0.7381
Central/Northern/Eastern CH? 1.1717 £ 0.7232 1.2126 £ 0.7175 1.1304 + 0.7268
Western CH 1.2879 +0.7215 1.3055 £ 0.7270 1.2702 £+ 0.7163
N number, CH Confederatio Helvetica, HT hypertension
1 Innerschweiz, Tessin; 2 Bern, Oberwallis, Ostschweiz, Aargau, Basel, Zirich, Thurgau
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ers (CCBs) and diuretics (Ds, CHF 0.64). The fairly new
direct renin inhibitor (DRI) costs CHF 1.42 daily, while the
median price of Ds and ACEIs was similar (CHF 0.44).
Price differences in the substance class of Ds could be ob-
served. While the cheapest hydrochlorothiazide (HCTZ)-
formulation costs CHF 0.181 per day, the highest dose
of furosemide was CHF 2.21 (table 2). The widest range
of prices could be observed within the substance class
of ARBs while the maximal and minimal dose of DRIs
differed by only 0.21 Rp. Dual SPC ACEI/Ds yielded the
widest price ranges (CHF 1.74) while DRI/Ds showed flat-
pricing with a marginal difference of CHF 0.20 between
the highest and lowest available dose. The combination
of BB/Ds appeared to be the cheapest combination fol-
lowed by ACEI/Ds (CHF 0.65). Most interestingly, the av-
erage cost of triple combination therapy (ARB/CCB/Ds)
was only CHF 0.41 and CHF 0.39 more expensive than
the corresponding SPC of ARB/Ds and ARB/CCB respect-
ively (table 2).

Monetary costs of treatment regimens with regards to
blood pressure staging and according to high-risk
patients

The average antihypertensive therapy (average daily in-
take) in Switzerland currently costs CHF 1.19 + 0.73 (table
3), therefore working out to CHF 437.36 per annum by cal-
culating non balanced daily therapy costs (representing 365
days). Overall blood pressure staging, the antihypertens-
ive therapy of male patients (CHF 1.22 + 0.73) appeared
to be significantly (p =0.011) more expensive than for fe-
males (CHF 1.16 + 0.72). Major differences were found in
Stage-1II1 HT in which day therapy costs for males were ap-
proximately CHF 1.49 + 0.72 while treatment regimens for
women only accounted for CHF 1.11 + 0.65 (p = 0.103).
Our results show that overall, the most expensive groups
in Swiss primary care were patients with impaired renal
function (CHF 1.51 £ 0.92). Paradoxically, costs for pa-
tients with a history of stroke were similar to the costs
for the overall population and therefore relatively low. The
most expensive high-risk group was males with heart fail-
ure (CHF 1.53 + 0.88). In this analysis N = 38 and N =
171 patients received furosemide and torasemide respect-
ively. The vast amount of these patients had either heart
failure or an impaired renal function. Patients with stroke
and myocardial infarction also received loop diuretics in a
moderate manner. Regardless of gender, there were highly
significant (p = 0.000) average differences of costs compar-
ing patients treated for hypertension between 0-3 and 4-10
years and the group, which received antihypertensive med-
ication for more than 10 years. Most interestingly, male pa-
tients between 65-79 years received the most expensive
treatment while women were most cost-intensive in the age
group older than 79 years. With regards to the geographical
region (fig. 1) and irrespective of gender, our results show
that western Switzerland had the highest average day ther-
apy costs (CHF 1.28 + 0.72, p = 0.000) compared to the
other two regions (CHF 1.17 = 0.72 and CHF 1.14 £ 0.77
respectively). Even though western Switzerland had a re-
latively high rate of blood pressurecontrol (51.79%) their
costs for medication invested in patients not attaining target
blood pressure were the highest in Switzerland (CHF 1.41).

According to the overall costs, Stage-1I comprised the most
expensive patients (CHF 1.37) while the expenses for pa-
tients with normal blood pressure were the lowest (CHF
1.14, p = 0.000). Throughout all stages, the use of SPC ap-
peared to be significantly cheaper than dual monotherapies
(p = 0.000). Stage-1I-HT yielded the highest costs for DFC
drug use (CHF 1.88), while the average costs for SPC were
only CHF 1.57 (p = 0.000). In stage III the average costs of
SPC (free combination of two or more monotherapies with
at least one SPC) equalled the average costs of overall pre-
scribed therapies (fig. 2), while the mean monetary differ-
ence between SPC (CHF 1,26) and DFC (CHF 1,83) was
the highest (CHF 0.57).

Estimated compliance-related financial loss per annum
Based on the data from Claxton et al. [17] compliance de-
creases from 79% to 69% (1 dose/d, 2 doses/d) and from
65% to 51% comparing three doses/d and four doses/d. Ac-
cording to these rates of dose taking compliance by fre-
quency of regimen (table 4b), we estimated the waste cost
by taking the ratio of compliance per number of prescribed
antihypertensive drugs (number of daily tablets), which
leads to a financial loss of CHF 604,607 for all patients
observed in this survey (table 4a). Therefore, we should
consider that the financial loss might be rather under-than
overweighed, since the estimated waste relatively weighted
to the daily drug amount does not cover the overall med-
ication per patient in regards of additional drug use for the
treatment of other diseases. This amount corresponds to a
total waste of 39.26%. Given the fact, that the actual cost
for all patients observed in this analysis added up to CHF
1,525,962, only treatment amounting to CHF 921,353 was
expected to be actually taken. Figure 3 illustrates the daily
costs of unused medication and the corresponding day ther-
apy costs. With approximately 8 million inhabitants [18] it
is estimated that in Switzerland approximately every fourth
adult patient has HT [19]. This assumption is based on
data from the 2007 health questionnaire leaving a total of
41,2000 patients that possibly profit from treatment. (In
2011 20.6% of the Swiss population was under 20 years of
age [20]).

The fact that approximately 36% of all hypertensive pa-
tients do not know about their disease [21] and about 16%
of diagnosed hypertensive patients do not receive any treat-
ment in Switzerland [10] it can be expected that the health
cost implication can be calculated on a total amount of ap-
proximately 221,500 Swiss patients. Based on this number
we anticipate that a total amount of CHF 38,383,000 could
be saved per annum if treatment decisions would be shifted
more towards SPC rather than DFC (table 4A).

Discussion

In comparison to developing countries, where approxim-
ately 1.7 drugs/day [22] are prescribed, patients in Switzer-
land receive approximately 2.03 substances, which can be
considered as an intensive treatment approach. Currently,
the daily treatment of hypertension produces an average
cost of CHF 1.198 + 0.732. Similar to our findings, cost
studies of other countries yielded the highest investment
for patients in a HT-stage-II [23]. This might be explained
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by either a low compliance rate or by additional comor-
bidities occurring in this population. A paradox was the
declining day therapy costs in woman comparing stage-I1I1
and-II as well as stage-III and stage-I-HT owing to a high-
er frequency of SPC-prescription in stage-III-HT. Thus,
net-costs for medication were lower than in other stages.
However, the interpretation of this result should reflect the
fact that the patient population in stage-III HT was relat-
ively small. The same holds true for the intergender dif-
ferences in stage-III. Patients treated for longer than 10
years appeared to be more cost-intensive which might be
explained by resilience to change towards alternative and

cheaper combinations once a treatment plan has been es-
tablished. It is especially the older generation of physicians
and general practitioners in rural areas who show more hes-
itation concerning the use of SPC in elderly patients [11].
Surprisingly, elderly and very elderly patients did not gen-
erate remarkably higher financial expenditures compared
to patients who were less than 56 years of age. A Swiss
study showed that less SPCs are prescribed to the very
elderly compared to younger patients [11] which conse-
quently would have an impact on therapy costs in this co-
hort. This paradox is even more striking because anoth-
er study showed that only 20% of patients aged 65 years

Table 3: Patients characteristics according to gender differences.

Patient characteristics
All Males Females
N = 3489 N =1753 N =1736
Sex 50.24% 49.76%
Age 69.0 £ 12.7 66.6 £ 12.5 715+125
Weight 79.2+15.8 85.1+13.9 73.1+153
Height 167.9+9.0 173.8+6.8 161.9+6.8
BMI (kg/m?) 28.9+4.9 28.2+4.2 279+56
BP SBP (mm Hg) 136.1+14.2 135.2+13.9 137.1+£14.5
DBP (mm Hg) 80.3+9.1 80.8 £9.1 79.9+9.1
Heart Rate (bmp) 73.0£10.2 724 +£10.7 73.7+9.7
BP staging in mm Hg (SSH) Optimal (<120/80) 7.25% 8.39% 6.11%
Normal (120—129/80-84) 18.77% 17.28% 18.26%
High normal (130-139/85-89) 35.88% 36.57% 35.20%
Stage | (140-159/90-99) 36.67% 29.55% 31.80%
Stage Il (160—179/100-109) 6.31% 5.42% 7.20%
Stage Il (2180/2110) 1.12% 0.80% 1.44%
TBPA in mm Hg Uncomplicated HT (<140/90) 58.29% 65.18% 52.70%
Diabetes mellitus (<130/80) 27.26% 27.16% 27.40%
IRF (<125/75) 19.69% 23.36% 15.12%
Concomitant cardiovascular diseases History of myocardial infarction 11.18% 14.95% 7.37%
History of stroke 7.05% 7.36% 6.74%
Impaired renal function 11.06% 12.21% 9.91%
Diabetes mellitus 19.66% 22.48% 16.82%
Heart failure 13.24% 13.58% 12.90
Treatment regimens N of overall substances used 2.03 2.02 2.04
N of mono-substances used 1.06 1.03 1.1
N of SPC used 0.48 0.50 0.47
Mono-substance-SPC-ratio 2.21 2.06 2.34

pressure attainment

BMI body mass index, SBP/DBP systolic/diastolic blood pressure, IRF impaired renal function, N number, SPC single pill combination, HT hypertension, TBPA target blood

Table 4a: Potential cost savings in Swiss Francs (CHF) according to occurrence of diabetes mellitus with/without additional comorbidities.

Other comorbidities DM N Potential cost savings within | Potential cost savings within | Potential cost savings in
the analysis the analysis Switzerland
(per annum in total, in CHF) (per annum, per person, in (per annum in CHF)
CHF)
No No 1933 273,671 142
Yes No 719 143,598 200
No Yes 494 91,433 185
Yes Yes 343 95,897 280
total 3489 604,607
221,500 38,383,620

four times per day, N number

CHF Swiss Francs, DM diabetes mellitus, QD administration once per day, BID administration twice per day, TID administration three times per day, QID administration

Table 4b: Applied compliance rates in % according to Claxton et al. 2001 [17].

Frequency of regimen

QD

BID

TID

QID

Compliance rate in %

79+ 14

69+ 15

65+ 16

51+20
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and above show “good adherence” to their medication [24].
Therefore, the only suitable explanation is in general a
greater adherence to medication, unique to the Swiss set-
ting, reflecting accuracy as a function of mentality.

Even though costs could be reduced by using SPC even fur-
ther in the very elderly cohort it must be considered that for
some conditions, SPC are not practical when adjustments
to medication need to be performed frequently. These spe-
cial conditions are diseases of older age (e.g. heart failure).
In addition it must be mentioned that e.g. cortical dementia
also increases the risk of non-adherence to medication, and
physicians may believe that with twice-daily (BID)-admin-
istration the probability for taking at least one dosage/day
is higher than prescribing SPC where the forgiveness factor
is low when skipping one dosage. Furthermore, it must not
be forgotten that the initial use of a SPC can result in a sub-
stantial drop in blood pressure.

Interestingly, the treatment of males appeared to be more
expensive than the treatment of females, even though wo-
men generally exhibit more non-adherent behaviour com-
pared to men [25]. On the other hand, it can be argued
that the treatment of complicated hypertension with co-
morbidities such as heart failure, impaired renal function
and stroke, diagnosed more frequently in males, requires
a more intensified and therefore more expensive treatment
approach. Surprisingly, our results show that patients with
a history of stroke caused similar health expenses to the
overall population. Because ARBs and Ds are recommen-
ded for these patients and because a Swiss survey showed
ARBs and Ds to be the predominantly prescribed SPC in a
primary care setting, it is understandable that the expenses
for both populations do not differ dramatically. Contrary
to this, patients with impaired renal function generated ex-
ceedingly high costs. Even though blockers of the renin-
angiotensin- aldosteron-system are commonly used in pa-
tients with impaired renal function, loop diuretics might
often be used for volume control. Worthwhile mentioning
is the net benefit of an aggressive treatment with ARBs
in patients in stages of diabetic nephropathy in which a
significant renoprotective effect can be observed. Slowing
the progression of end-stage renal disease, substantial cost
savings can be made [26]. It is assumable that the higher
day therapy costs for patients with impaired renal function
may result from the increased use of ARBs. As per table 1,
costs of these substances are remarkably higher compared
to HCTZ. Due to the fact that loop diuretics are not com-
monly used as combination therapy partners and because
patients with impaired renal function frequently need indi-
vidualised adjustments to their therapy, SPCs may not be
the first choice for these patients.

Possibly also the hope for the results of ALTITUDE [27]
may have induced a more frequent use of DRIs in these pa-
tients, contributing to a pool of factors for higher costs. Pa-
tient management appears to be equally difficult in patients
with heart failure and shows the same monetary implica-
tions.

ARBs exceeded the medication costs for ACEIs. However,
considering the latest cost-efficacy analyses, it must be
noted that despite nominally higher daily treatment costs,
the antihypertensive effect and the adverse side-effect pro-
file for ARBs are more favourable than for older drugs

like Ds or BBs. The increased compliance resulting in sub-
stantial cost savings [28] may therefore justify higher daily
treatment costs. The use of flat priced combination ther-
apies of ARBs within SPCs may lead to a further increase
of compliance compensating additional therapy costs.
Compared to a German study, average day therapy costs
for SPC of either ARB/Ds or ARB/CCB/Ds appeared to be
cheaper (CHF 1.67 — CHF 2.66 [universal currency con-
verter, accessed 11.12.2012, www.xe.com/ucc/] vs. CHF
0.56 — CHF 1.94 in Switzerland) [29]. Despite the findings
of an Italian investigation reporting Ds and BBs to be
highly cost-effective, control rates remained low with these
drugs [30]. Studies show that BBs aggravate insulin resist-
ance (with the exception of carvedilol and nebivolol) and
are therefore not recommended as first-line therapies [31].
Also, highly dosed Ds have diabetogenic potential.

The data from Swiss surveys indicates an exceedingly high
use of Ds in Swiss primary care [32] as Ds are often per-
ceived to be the preferred approach for initial treatment of
mild to moderate hypertension [33]. Considering increased
costs for potential new onset diabetes of 549 US-Dollars
per patient and incremental costs of 30,000 US-Dollars,
the use of Ds/BBs has been shown to be economically and
medically unpropitious [34]. Another analysis yielded sav-
ings of 18,96 Euros in Great Britain and 13,21 Euros in
Sweden for new-onset diabetes mellitus using CCBs in-
stead of BBs [34]. Our data showed only a marginal mon-
etary difference comparing prices of the maximal doses of
either, CCBs (CHF 1.09) and BBs (CHF 1.03).

The results of this study show that DFC implies a higher
burden in the Swiss healthcare system than SPC. Due to
high tablet consumption, it can be estimated that only 60%
of the prescribed pills are actually taken. Currently, an av-
erage compliance-related financial loss of CHF 604,607
per year can be expected for all patients in the analysis. A
study indicated that significant improvements (p <0.001)
in compliance could be accomplished using SPC (mean
compliance 78.1%) compared to DFC (mean compliance
71.5%) leading to a reduction in all-cause hospitalisations
in a real-life general practice [29]. Some authors therefore
state that a general lowdose combination therapy might be
an appropriate cost-effective method to improve tolerab-
ility, efficacy and compliance [30]. As opposed to other
countries where health insurers reimburse only restricted
formularies, Switzerland is less dramatically faced with the
necessity to switch to cheaper but less tolerated substances
[35]. Therefore, this factor may not contribute that much
to extensive add-on treatment decisions if the patient is not
controlled. SPCs not only appear to be cheaper, they also
lower the risk of treatment interruptions due to side effects.
Studies show that patients who have interrupted their anti-
hypertensive treatment within the first year had higher hos-
pitalisation rates and higher healthcare expenses [36].

Conclusions

Day therapy costs for the Swiss antihypertensive treat-
ments differ according to region, substance class, cardi-
ovascular risk and additional diseases. A disproportion-
ately high amount of money is expected to be wasted due
to compliance reasons. The prescription of monotherapies
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appears to be a major cost factor especially in stage-II-and
III-HT and in patients with blood pressure measuring <120/
80 mm Hg due to the preferred prescription of monother-
apies or DFC. The use of a SPC-therapy can be considered
as an intelligent treatment approach throughout all blood
pressure stages and can contribute to major cost savings up
to CHF 38,383,000 per annum. In addition, SPC are known
to increase efficacy and reduce side effects. Therefore their
use in patients with hypertension should be — whenever
possible — and depending on additional comorbidities, the
preferred choice of drug formulation.

Limitations and future work

In our analysis we exclusively used prices of the largest
available tablet-boxes on the Swiss market. Due to obvious
price differences, we had to assume that physicians pre-
scribe these packs more often to patients treated with an
unchanged regimen of more than three months. The calcu-
lation of day therapy costs was based on the largest avail-
able tablet boxes, which implied the cheapest expendit-
ures. Because this is an assumption, the actual day therapy
costs might be higher. Another limitation can be seen in the
nature of the study. Because this is a cross sectional ana-
lysis, calculated annual therapy costs cannot sufficiently re-
flect possible dropouts due to the death of patients. Addi-
tionally, it must be taken into consideration that the cal-
culation of compliance-related financial loss is based on a
model and compliance has not actually been investigated.
As aresult calculated costs are estimations and the validity
of the data cannot be completely assured. It also must be
mentioned that compliance rates investigated by Claxton et
al. [17] were analysed in a controlled setting. Their trans-
ferability in a real world setting, like a cross sectional ana-
lysis may imply limitations especially with regards to the
duration of treated hypertension. Furthermore, loop diuret-
ics account for high daily therapy costs and a vast amount
of patients receiving furosemide and torasemide were dia-
gnosed with heart failure or impaired renal function. There-
fore, this investigation partly reflects a patient population
that has to be treated intensively according to severe cur-
rent conditions other than hypertension. This cost impact
partly distorts calculations and must be taken into consid-
eration.

Based on our data a follow-up investigation should be un-
dertaken to assess the actual savings potential of every pa-
tient receiving more than one monosubstance by assessing
the possibility of switching the patient on SPC compris-
ing the exact same substance (1st level) and on another
substance within the same substance class (2nd level).
However, it must not be forgotten that there are major dif-
ferences in efficacy and safety profiles of compounds with-
in the same substance class. Therefore, an investigation on
2nd level would be more relevant for academic reasons and
less relevant for daily practice. In addition, further research
on the size of prescribed tablet boxes is needed to invest-
igate whether or not the savings potential of choosing the
right package may benefit the Swiss health economy.
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Figure 1

Comparison of day therapy costs according to geographical regions and corresponding target blood pressure attainment. Blood-pressure control
rates were calculated pooling threshold attainment of <140/90 mm Hg for uncomplicated hypertension, <130/80 mm Hg for patients with
diabetes mellitus and <125/75 mm Hg for patients with impaired renal function.
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Figure 2

Current day therapy costs in Swiss Francs (CHF) according to SSH-staging: optimal (<120/180 mm Hg), normal (120—129/80-84 mm Hg), high
normal (130-139/85-89 mm Hg), stage | (140-159/90-99 mm Hg), stage Il (160-179/100-109 mm Hg), stage Ill (=180/2110 mm Hg).
MT: monotherapy; SPC: single pill combination; SSH: Swiss Society of Hypertension.
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Figure 3

Current costs of unused medication in Swiss Francs (CHF) according to SSH-staging: optimal (< 120/180 mm Hg), normal (120—-129/80-84 mm
Hg), high normal (130-139/85-89 mm Hg), stage | (140-159/90-99 mm Hg), stage Il (160-179/100-109 mm Hg), stage Ill (180/2110 mm Hg).
N: amount of drugs; SSH: Swiss Society of Hypertension.
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