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Summary

Background: In view of the potential benefit of direct 
renin inhibition, this post-marketing survey was un-
dertaken to assess blood pressure lowering and target 
blood pressure attainment in 905 patients with and 
without metabolic syndrome and with body mass indi-
ces of ≥30 kg/m2 treated with aliskiren or aliskiren/ 
hydrochlorothiazide in the primary care setting. In  
addition, tolerability and the prior treatment were as-
sessed. 

Methods: At an initial visit, physicians assessed 
blood pressure, heart rate, risk factors, signs of end or-
gan damage and prior antihypertensive medication. 
Patients were prescribed aliskiren or aliskiren/hydro-
chlorothiazide. Efficacy and tolerability were meas-
ured by assessing blood pressure, heart rate and side 
effects at a further visit after two months. Blood pres-
sure targets were defined according to the guidelines of 
the Swiss Society of Hypertension. 

Results:Mean sitting systolic blood pressure/mean
sitting diastolic blood pressure was lowered equally ef-
fectively (systolic/diastolic: p = 1.0/0.8) in patients with 
(–22.0 ± 15.3/–11.1 ± 8.7 mm Hg) and without metabo-
lic syndrome (–22.0 ± 15.8/–10.9 ± 9.6 mm Hg), while 
target blood pressure attainment was significantly  
lower in patients with metabolic syndrome (35% vs 
48%; p <0.001). In contrast, blood pressure was lowe-
red to a significantly greater extent in obese subjects 
(bodymass index ≥30 kg/m2; –23.6 ± 16.4/–12.1 ± 9.6mm
Hg) compared to patients with body mass index  
<30 kg/m2 (–21.2 ± 15.1/–10.5 ± 9.1 mm Hg, p = 0.03/ 
0.02) and the blood pressure control rate in this group 
was non-significantly higher (45.3% vs 39.4%,  

p = 0.09). Side effects were reported 
in 1.8% of all cases, none of them 
severe. The treatment approach of 
physicians before the initial visit 
did not differ between patients 
with/without metabolic syndrome.

Conclusion: Aliskiren and 
aliskiren/hydrochlorothiazide are

effective in patients regardless of their metabolic situ-
ation. However, low blood pressure control rates sug-
gest that more than two antihypertensive agents are 
needed to control blood pressure adequately in these 
high risk patients.
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Introduction 

The metabolic syndrome (MetS) is a clinical syndrome 
characterised by altered glucose metabolism (dysgly-
caemia), abdominal obesity and dyslipidaemia [1–3]. 
Because it frequently coincides (25%) with elevated 
blood pressure [1, 4, 5], more than 75% of obese pa-
tients are hypertensive [1]. The pathophysiology of  
the MetS is as yet poorly understood. However, insulin 
resistance is thought to play an important role as it  
activates the renin-angiotensin-aldosterone system 
(RAAS) [6, 7]. As patients with MetS are at increased
cardiovascular risk [8], antihypertensive treatment 
needs to extend beyond mere control of the blood pres-
sure. Intracellular formation of angiotensin II is sus-
pected to occur in human adipocytes [9]. In this con-
text, compounds interfering with the systemic and cel-
lular RAAS [10] are particularly attractive in patients 
with MetS, since they directly address one of the patho-
physiological mechanisms in associated hypertension. 
While current Swiss guidelines do not advise specific 
treatment of patients with MetS [11], ESH-ESC guide-
lines [12] recommend ACE-inhibitors (ACEIs) [13] and 
angiotensin receptor blockers (ARBs) [14] as initial 
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left ventricular hypertrophy, microalbuminuria (30–
300 mg/24h), increased serum creatinine (♂ above  
133 µmol/l, ♀ above 124 µmol/l) and prior antihyper-
tensive medication were assessed. 

Standard devices for blood pressure measurement 
were not provided. An extended set of data was col-
lected (waist circumference, glucose and lipid levels) 
for patients with MetS (as defined in table 1). At the 
physician’s discretion, patients were prescribed A/
AHCT with or without other antihypertensive medica-
tion. 

Drugs were either prescribed or given to the  
patients directly by the physician. No drug delivery 
system of the sponsor was involved.

The second visit was timed to suit the physician’s 
routine, within two months after the initial consulta-
tion, as Swiss Ethics Committee guidelines do not  
allow a fixed visit time schedule in a survey in order to 
prevent interference with daily practice. The efficacy of 
the antihypertensive treatment was assessed by meas-
uring blood pressure and heart rate. If necessary, an 
adjustment of the therapy (dosage and/or drugs) could
be performed and documented in the questionnaire. 

Side effects were recorded and forwarded to the 
sponsor’s Drug Safety Department. In addition, seri-
ous/adverse events were reported to Swissmedic in 
accordance with national regulations. The efficacy 
and tolerability of the new antihypertensive regimen 
was assessed using two 4-item Likert scales (very 
good, good, sufficient, insufficient). 

The design of this investigation (CSPH100ACH02) 
was approved by the Ethics Committees of Basel (Pro-
tocol no. 55/10) and Geneva (Protocol no. 10–07) to de-
lineate this survey from a clinical study. Target blood 
pressures were defined according to SSH guidelines 
[11] (<140/90mmHg; <130/80mmHg for patients with
diabetes and impaired kidney function, <150 mm Hg 
for patients with isolated systolic hypertension). 

We performed a descriptive statistical analysis us-
ing SPSS Statistics 18 software. For the subsequent 
analysis, parametric methods (ANOVA and Bonferroni 
post-hoc-test) and non-parametric methods (Chi2-Test 
and Mann-Whitney-U-Test) were used. Correlation 
analysis was performed using a two-sided Pearson co-
efficient and a significance level of p <0.05.

treatment options. Although no comparative studies 
examining characteristics of different RAAS-inhibitors 
(ACEIs, ARBs or direct renin inhibitors) have yet been 
carried out, various trials show that aliskiren is partic-
ularly effective in patients with MetS and may lower 
blood pressure even more than ARB-based therapies 
[15]. Direct renin inhibitors (DRIs) have shown greater 
blood pressure reductions than irbesartan, amlodipine 
or placebo combination therapy with hydrochlorothi-
azide (HCT) [16]. In view of the potential benefit of  
direct renin inhibition on the extracellular and intra-
cellular RAAS, this survey was primarily undertaken 
to assess whether in a primary care setting:
1. The use of aliskiren (A) and aliskiren/hydrochloro-

thiazide (AHCT) leads to equally effective blood 
pressure lowering in patients with MetS compared 
to patients without MetS.

2. The use of A and AHCT leads to equally effective 
target blood pressure attainment in patients with 
MetS compared to patients without MetS.

Secondarily we examined whether:
3. A and AHCT lead to similar blood pressure target 

attainment in patients with BMI ≥30 kg/ m2 and 
BMI <30 kg/m2.

4. Treatment approaches and substances prescribed 
for patients with/without MetS differ in primary
care.

Methods

Swiss general practitioners were contacted by the Me-
dical Department of Novartis Pharma Switzerland and 
asked to participate in a survey on the blood pressure 
lowering effect of A and AHCT and to include patients 
with either essential hypertension (>140/>90 mm Hg)
and obesity, dyslipidaemia, impaired glucose tolerance 
or patients with normal metabolism and essential  
hypertension. 

At an initial visit, blood pressure (measured seated 
according to the guidelines of the Swiss Society of Hy-
pertension (SSH) [11]), heart rate, demographic data 
(age, sex, weight, height), risk factors (physical inacti-
vity, smoking, genetic predisposition), signs of end or-
gan damage (such as impaired renal function, stroke, 
heart failure, myocardial infarction, atherosclerosis, 

Table 1
Definition of metabolic syndrome according to [17].

Metabolic syndrome* was defined as Men Both Women

Waist circumference >102 cm  >88 cm

Elevated triglycerides  ≥1.7 mmol/l  

Low HDL <1.0 mmol/l  <1.3 mmol/l

Elevated BP  ≥130 / ≥80 mm Hg (and/or)  

Impaired fasting glucose or Diabetes mellitus  ≥5.6 mmol/l  

* Metabolic syndrome has to be considered if 3 or more criteria apply.
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Prior treatment
At the time of inclusion, 2.5% of patients with MetS 
and 2.7% without MetS had target blood pressure le-
vels. More patients with MetS were already receiving 
antihypertensive therapy (52%) than patients without 
MetS (49%). There was no difference between the two 
groups with regard to the substance classes used before 
switching to A and AHCT (fig. 1). 

Adaptation of treatment 
Prior treatment was replaced by A/AHCT in 43% of
patients. In 3% of cases a prior treatment with A or 

Results

1343 patients were included within six months (Febru-
ary 2010 to July 2010), 526 of whom were diagnosed 
with MetS according to the AGLA guidelines (tab. 1)
[17]. Due to missing information (baseline characteris-
tics, blood pressure data, information about treatment 
modification), 62 patients were excluded, which led to 
a data pool of 503 patients with MetS and 778 patients
without MetS. 187 patients with MetS and 189 pa-
tients without MetS received other antihypertensive 
medications and were therefore excluded from analy-
sis, resulting in a total of 905 patients analyzed. There 
were 287 patients with BMI ≥30 kg/m2 and 618 with 
BMI <30 kg/m2. 

Patient characteristics
Included patients (n = 905) had an average age of 60.3 
± 11.9 yrs (see tab. 2 for further baseline characteris-
tics] and a blood pressure of 160.1 ± 15.9 / 94.8 ± 9.7 mm
Hg. 756 (84%) patients had at least one additional risk
factor. Physical inactivity (>50%) was more common in 
patients with MetS than in patients without MetS 
(72% vs 49%). In addition end organ damage was diag-
nosed significantly more often (p <0.001) in patients 
with MetS. These patients were most often described 
by grade II obesity (30%) and a waist circumference of 
103–115 cm (56%) also occurred in this subgroup. Al-
though 46% of patients with MetS had normal blood 
glucose levels, approximately 30% had type 2 diabetes. 
Cholesterol levels between 5.2 and 6.2 mmol/l were
present in 42%. Over 50% of patients with MetS had 
HDL levels between 1.01 and 1.40 mmol/l.

Table 2 
Baseline characteristics of the patients included in the analysis.

 Patients without metabolic syndrome Patients with metabolic syndromea

Age 60.6 ± 12.2 yrs 59.6 ± 11.3 yrs

Weight 78.6 ± 13.7 kg 89.1 ± 19.4 kgb

Height 170.5 ± 8.5 cm 169.3 ± 9.1 cm

BMI 27.0 ± 4.2 kg/m2 31.0 ± 5.9 kg/m2

Male 353 (60%) 156 (49.4%)c

New hypertension 284 (48.2%) 135 (42.7%)

msSBP 159.6 ± 15.5 mm Hg 161.0 ± 16.6 mm Hg

msDBP 94.4 ± 10.0 mm Hg 95.6 ± 9.2 mm Hg

Patients with target BP 16 (2.7%) 8 (2.5%)

Heart rate 76.6 ± 9.9 bpm 78.2 ± 10.1 bpmd

Patients with prior antihypertensive therapy 286 (49%) 165 (52%)

1 drug 151 (26%) 78 (25%)

2 drugs 31 (5%) 26 (8%)

≥3 drugs 41 (7%) 27 (9%)

Not stated 63 (11%) 34 (11%)
a Metabolic syndrome has to be considered if 3 or more criteria apply; b Patients with metabolic syndrome vs patients without: p <0.001;  
c Patients with metabolic syndrome vs patients without: p = 0.002; d Patients with metabolic syndrome vs patients without: p = 0.02.

Figure 1 
Antihypertensive drugs used at time of inclusion.
ARB = angiotensin receptor blocker; CCB = calcium channel blocker; 
ACEI = angiotensin converting enzyme inhibitor; DIU = diuretic;  
BB = beta blocker; DRI = direct renin inhibitor.
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was –22.0 ± 15.3 / –11.1 ± 8.7 mm Hg (fig. 2), while
heart rate was reduced by –3.5 ± 8.5 bpm. Despite  
similar blood pressure reductions, significantly  
(p <0.001) fewer patients with MetS attained blood 
pressure targets (35%). On the other hand 48% of  
patients without MetS reached their targets with  
A/AHCT (fig. 3). Blood pressure goals were achieved
more often by MetS patients treated with A 150 mg 
(45%) than by those treated with A 300 mg (21%,  
p = 0.09). 

Influence of BMI on BP reduction and BP control
Comparing patients treated with A/AHCT and BMI
≥30 kg/m2 vs BMI <30 kg/m2, SBP/DBP decreased 

HCT was replaced by AHCT; A/AHCT was prescribed
to 55% of treatment-naïve patients.

The frequency of AHCT use was similar in both 
groups (58% without MetS vs 60% with MetS). 

Change in blood pressure and target blood  
pressure attainment 
Regardless of treatment regimen, a systolic (SBP) and 
diastolic (DBP) blood pressure reduction of –22.0 ± 15.6 /
–11.0 ± 9.3 mm Hg could be shown at visit 2 (baseline: 
160.1 ± 15.9/94.3 ± 9.7 mmHg) and an equally marked 
blood pressure reduction (p = 1.0 for SBP and p = 0.8 
for DBP) was found in both patient groups. The abso-
lute SBP/DBP lowering effect in patients with MetS

Figure 2 
Reduction of systolic/diastolic blood pressure and heart rate in patients with and without metabolic syndrome and patients 
with BMI <30 kg/m2 and BMI ≥30 kg/m2.

Figure 3 
Patients achieving target blood pressure.
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may justify their use despite daily treatment costs of A 
300 mg: 1.53 CHF and AHCT 300/25 mg: 1.95 CHF.
Various trials show that aliskiren lowers blood pres-
sure equally effectively with or without the presence of 
obesity [25–27]. In addition, our results show superior
BP reduction in patients with BMI ≥30 kg/m2 and cor-
relation of the blood pressure lowering effect with in-
creasing BMI. However, patients with BMI ≥30 kg/m2 
had higher initial baselines and were most probably 
treated with higher dose formulations. On the other 
hand, MetS is a complex syndrome and every contribu-
ting factor increases the cardiovascular risk indepen-
dently. As a result, not only adipose tissue but also im-
paired glucose tolerance and dyslipidaemia seem to 
have major influences on its pathophysiology. 

The blood pressure control rate in this survey ap-
pears to be lower than that found in randomized trials. 
This can be explained by the following points: First of 
all, blood pressure goals of 130/80 mmHg are more dif-
ficult to accomplish. In addition, physicians often fail 
to increase therapy when blood pressure goals are un-
met, a phenomenon known as ‘therapeutic inertia’, and 
treatment for hypertension is often initiated too late. 
Furthermore, patients with MetS are often treated for 
diabetes, dyslipidaemia and other comorbidities which 
increase the burden of tablets and might also reduce 
adherence and persistence.

Unlike the ESH-ESC [10], the SSH [11] does not 
include treatment recommendations for patients with 
MetS [12]. Although the use of high-dose HCT [12] is 
not recommended in MetS, HCT 25 mg was used in 
22.2% as combination therapy to A. Disregarding the 
diabetogenic effect [10] of DIUs, it can be argued that 
target blood pressure attainment is more important 
than the aggravation of pre-existing diabetes or shifts 
of electrolytes. Furthermore, marginal elevations of 
blood potassium levels with A300 mg, shown in clinical 
trials [16] can be counteracted by the administration of 
thiazides [16]. As the ESH [10] recommend RAAS-inhi-
bitors as treatment options, the combination of a DRI 
with a low dose thiazide for the enhancement of anti-
hypertensive efficacy can be assumed to be an optimal 
treatment approach. Surprisingly, general practitio-
ners treated patients similarly in this survey regard-
less of the existence of a MetS (fig. 1). Although the 
number of administered substances reflects physici-
ans’ risk-awareness [8], treatment is not adequate with 
regard to the choice of drug classes. 

Concluding remarks
Our survey shows that A or AHCT is non-inferior in re-
ducing blood pressure in patients with MetS compared 
to patients without MetS and is superior in patients 
with a BMI ≥30 kg/m2 vs patients with a BMI <30 kg/
m2. Our findings suggest a possible benefit of the direct 
renin inhibition in patients with an altered lipid me-
tabolism such as in obesity and MetS. However, the 

significantly in both groups (p <0.001) and more in pa-
tientswithBMI ≥30 kg/m2 (–23.6 ±16.4 / –12.1 ± 9.6mm
Hg vs –21.2 ± 15.1 / –10.5 ± 9.1 mmHg; p = 0.03/0.02).
Subjects with BMI ≥30 kg/m2 had significantly higher 
baselines (162.3 ± 17.3 / 96.3 ± 9.8 mm Hg) than pati-
ents with BMI <30 kg/m2 (159.1 ± 15.1 / 94.1 ± 9.6 mm
Hg) (SBP/DBP: p = 0.005/0.002, [fig. 2]). The amount
of BP reduction correlated positively with BMI (Pear-
son = 0.069 / 0.071 p = 0.04 / 0.03). Target blood pres-
sure rate was non-significantly higher in patients 
with BMI >30 kg/m2 (45.3% vs 39.4%, p = 0.09). 

Adverse events 
Side effects were reported in 1.8% of all cases included 
in the analysis, although none of the side effects were 
severe. The most commonly reported side effect was 
nausea (0.6%), followed by headache (0.3%), diar-
rhoea (0.2%) and fatigue (0.1%). There was no statis-
tical difference between patients with or without 
MetS. 64% of participating physicians rated the toler-
ability of A/AHCT as very good. Therapy with A and
AHCT was continued in 63% of patients at the end of 
this survey. If treatment adjustment (31%) was neces-
sary at visit 2, the dosages of A and AHCT were  
modified in 79% of patients. Beta-blockers (BBs) and 
calcium channel blockers (CCBs) were chosen as an 
alternative treatment in 4% and 7% respectively.

Discussion 

This survey provides evidence for the efficacy of the  
direct renin inhibitor aliskiren with/without HCT in
patients with MetS and elevated BMI. Data show that 
angiotensinogen mRNA levels are elevated in the sub-
cutaneous tissue of obese patients [18]. This leads to 
higher local production of angiotensin II and other  
angiotensin peptides in the adipose tissue [19]. The  
observed reduction of BP may be explained by involve-
ment of the cellular RAAS in adipocytes [20]. This un-
derlying concept was previously proven in a study with 
renin-knock-out mice (with reduction of angiotensin II) 
which showed a prevention of the fat-mass enlarge-
ment and reduction of blood pressure [21]. HOPE [22] 
and CAPPP [13] confirmed the antihypertensive effect 
in humans. An increase in BMI of 5 kg/m2 leads to a 
higher mortality of up to 30% [23]. As a result, strict 
treatment is essential in patients with MetS. Despite 
the fact that ARBs and ACEIs are recommended by 
European guidelines [10], it is assumed that their in-
tracellular effects are limited. As DRIs most likely in-
hibit the genesis of angiotensin I in the cell, various 
studies have shown the superiority of DRIs compared 
to ARBs [15] in patients with MetS. Although ALLHAT 
[24] has shown that modern blood pressure lowering 
drugs are not superior to older thiazide diuretics and 
health policy makers advocate the widespread use of 
cheaper compounds, the metabolic advantages of DRIs 



original article

Cardiovascular Medicine 2011;14(9):258–263 263

12 Mancia G, De Backer G, DominiczakA, Cifkova R, Fagard R, Germano
G, et al. 2007 Guidelines for the Management ofArterial Hypertension:
The Task Force for the Management of Arterial Hypertension of the 
European Society of Hypertension (ESH) and of the European Society 
of Cardiology (ESC). J Hypertens. 2007.

13 Hansson L, Lindholm LH, Niskanen L, Lanke J, Hedner T, Niklason 
A, et al. Effect of angiotensin converting-enzyme inhibition compared 
with conventional therapy on cardiovascular morbidity and mortality 
in hypertension: the Captopril Prevention Project (CAPPP) randomised 
trial. Lancet. 1999;353:611–6.

14 Scheen AJ. NAVIGATOR: A trial of prevention of cardiovascular com-
plications and type 2 diabetes with valsartan and/or nateglinide. Rev
Med Liege. 2010;65(4):217–23.

15 W Krone, M Hanefeld, H-F Meyer, T Jung, M Bartlett, C-M Yeh, et al. 
Comparative efficacy and safety of aliskiren and irbesartan in patients 
with hypertension and metabolic syndrome. J Hum Hypertens. 2010; 
doi:10.1038/jhh.2010.38, Epub 2001 Apr 8.

16 Duggan ST, Chwieduk CM, Curran MP. Aliskiren: a review of its use 
as monotherapy and as combination therapy in the management of hy-
pertension. Drugs. 2010;70(15):2011–49.

17 Arbeitsgruppe Lipide undAtherosklerose (AGLA) der Schweizerischen
Gesellschaft für Kardiologie (SGK). Kardiovaskuläre Risikofaktoren
und Biomarker. Pocket guide 2010.

18 Dusserre E, Moulin P, Vidal H. Differences in mRNA expression of the 
proteins secreted by the adipocytes in human subcutaneous and visce-
ral adipose-tissues. Biochimica et Biophysica Acta. 2000;1500:88–96.

19 Yvan-Charvet L, Quignard-Boulangé A. Role of adipose tissue renin-
angiotensin system in metabolic and inflammatory diseases associated 
with obesity. Kidney Int. 2011;79(2):162–8. Epub 2010 Oct 13.

20 Tuck ML, Sowers J, Dornfeld L, Kledzik G, Maxwell M. The effect of
weight reduction on blood pressure, plasma renin activity, and plasma 
aldosterone levels in obese patients. N Engl J Med. 1981;304:930–3.

21 Takahashi N, Li F, Hua K, et al. Increased energy expenditure, dietary 
fat wasting, and resistance to diet-induced obesity in mice lacking re-
nin. Cell Metab. 2007;6:506–12.

22 Heart Outcomes Prevention Evaluation Study Investigators. Effects of 
an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascu-
lar events in high-risk patients. N Engl J Med. 2000;342:145–53.

23 Prospective Studies Collaboration, Whitlock G, Lewington S, Sherliker
P, Clarke R, Emberson J, et al. Body-mass index and cause-specific mor-
tality in 900000 adults: collaborative analyses of 57 prospective studies.
Lancet. 2009;28;373(9669):1083–96. Epub 2009 Mar 18.

24 The ALLHAT Officers and Coordinators for the ALLHAT Collaborative 
Research Group. Major outcomes in high risk hypertensive patients
randomized to angiotensin-converting enzyme inhibitor or calcium 
channel blocker vs. diuretic. The Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT). JAMA. 2002;288: 
2981–97.

25 Schmieder RE, Philipp T, Guerediaga J, Gorostidi M, Bush C, Keefe
DL. Aliskiren-based therapy lowers blood pressure more effectively 
than hydrochlorothiazide-based therapy in obese patients with hyper-
tension: sub-analysis of a 52-week, randomized, double blind trial.  
J Hypertens. 2009;27:1493–501.

26 Jordan J, Engeli S, Boy SW, Le Breton S, Keefe DL. Direct renin inhi-
bition with aliskiren in obese patients with arterial hypertension. Hy-
pertension. 2007;49:1047–55.

27 Prescott MF, Boye SW, Le Breton S, Keefe DL, Jordan J.Antihyperten-
sive efficacy, safety and tolerability of the orally active direct renin in-
hibitor aliskiren added to hydrochlorothiazide (HCTZ) in patients with 
grade 3 obesity and hypertension. Int J Obes. 2007;31:S99 T2:PO.88.

low rate of blood pressure target attainment leads to 
the conclusion that intensified treatment with more 
than two antihypertensive agents is needed to control 
blood pressure adequately. As currently no direct head-
to-head comparisons of RAAS-blockers are available 
for patients with MetS, randomized controlled trials 
are needed to assess the effect of different drugs includ-
ing DRIs on blood pressure in patients with obesity and 
MetS. 

Limitations
Due to the nature of a survey, the results cannot pro-
vide hard evidence compared to a clinical study. In the 
absence of visit schedules and standard devices, the he-
terogeneity of patients was high. Furthermore, treat-
ment adherence control as in clinical studies was  
not possible and an intention to treat population was 
not calculated previously. The data can show trends 
but must be set in relation to the methodology. On the 
other hand, the general situation of the given setting 
and the number of patients reflect the situation of phy-
sicians in Swiss primary care.
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