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Abstract
We assessed the trends, characteristics, and consequences of potentially avoidable hospitalizations (PAH) for hypertension
in Switzerland, for the period 1998 to 2018. Data from 117,507 hospitalizations (62.1% women), minimum age 20 years.
Hospitalizations with hypertension as the main cause for admission were eligible. PAH for hypertension was defined
according to the Organization for Economic Cooperation and Development criteria. The age-standardized rates of PAH for
hypertension increased from 43 in 1998 to 81 per 100,000 in 2004, to decrease to 57 per 100,000 inhabitants in 2018.
Compared to non-PAH, patients with PAH for hypertension were younger, more frequently women (66.9% vs. 56.7%), non-
Swiss nationals (15.9% vs. 10.9%), were more frequently admitted as an emergency (78.9% vs. 59.5%), and by the patient’s
initiative (33.1% vs. 14.1%). Patients with PAH had also fewer comorbidities, as per the Charlson’s index. Patients with
PAH for hypertension were more frequently hospitalized in a semi-private or private setting, stayed less frequently in the
intensive care unit (4.6% vs. 7.3%), were discharged more frequently home (91.4% vs. 73.0%), and had a shorter length of
stay than patients with non-PAH for hypertension: median and [interquartile range] 5 [3–8] vs. 9 [4–15] days. In 2018, the
total costs of PAH were estimated at 16.5 million CHF, corresponding to a median cost of 4936 [4445–4961] Swiss Francs
per stay. We conclude that in Switzerland, PAH have increased, represent a considerable fraction of hospitalizations for
hypertension, and carry a non-negligible health cost.
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Introduction

Hypertension is a major cause of cardiovascular disease,
being responsible for over 10 million deaths and 200 million
disability-adjusted life-years worldwide [1, 2]. Hypertension
can be adequately management in the ambulatory setting, and
international guidelines have been provided for adequate
management of this condition [3]. Still, even in a country

with a strong health system such as Switzerland, control rates
of hypertension are far from optimal [4–6]. As most cases of
hypertension can be managed in clinical practice, hospitali-
zation for hypertension should be limited to patients with
resistant or comorbidity-associated hypertension. Hyperten-
sion is considered as one of the ambulatory care-sensitive
conditions (ACSCs) for which hospitalizations could be
substantially prevented with the timely and effective primary
care. Evidence indicates that comprehensive primary care is
associated with a reduction in hospitalizations for ACSCs,
which are considered as potentially avoidable hospitaliza-
tions (PAH) [7]. The Organization for Economic Cooperation
and Development (OECD) defined PAH for hypertension as
all non-maternal/non-neonatal hospital admissions with
principal diagnosis code of hypertension, without in-hospital
death, not resulting from a transfer from another acute care
institution, not occurring during pregnancy, or not needing
any cardiac procedure [8]. However, the trends in the number
of PAH for hypertension vary globally [9–11]. As the man-
agement of hypertension is still perfectible in Switzerland, we
searched whether PAH for hypertension is also high.
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Hence, we aimed to assess the trends, characteristics, and
consequences of PAH for hypertension in Switzerland,
using data from 1998 to 2018.

Methods

Data

Hospital discharge data from 1998 to 2018 was provided by
the Swiss Federal Office of Statistics (www.bfs.admin.ch)
to conduct this specific study (contract 200291, reference
622.120-00023/00015). The data covers 98% of public and
private hospitals within Switzerland and includes all stays
for each hospital, even those that last less than 24 h [12].
The database contains information on the main cause for
hospitalization, the comorbidities, specific surgical or
medical procedures, vital status at discharge, and some
socio-economic data, but no information regarding

individual clinical data such as anthropometrics, blood
pressure, or laboratory values, as well as no data regarding
drug treatment. The main cause for hospitalization and
the comorbidities were coded using the 10th revision of
the International Classification of Diseases (ICD-10) of the
World Health Organization (WHO). The procedures were
coded using the Swiss classification of surgical interven-
tions (CHOP) [13]. Besides the ICD-10 and CHOP codes,
the database also contains information regarding gender,
age (categorized into 5-year groups), administrative regions
(26 Swiss cantons), decision of admission (i.e., patient’s or
doctor’s initiative, others), type of admission (planned or
emergency), type of room (infirmary, semi-private or pri-
vate), intensive care unit (ICU) stay and length of stay
(LOS). For this study, the age categories were collapsed
into 10-year groups, and the 26 cantons were attributed to
the seven administrative regions, i.e., Leman, Mittelland,
Northwest, Zurich, Eastern, Central, and Ticino), see sup-
plementary Fig. 1.
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The Charlson index was computed as indicated by
Halfon et al. [14] and was used to assess the importance
of comorbidities. The index was computed using data from
the current hospitalization and patients were categorized
into 0–1, 2–3 and 4+ score values.

Potentially avoidable hospitalizations

The definition for a PAH for hypertension was obtained
according to the international OECD Health Care Quality
Indicators Project criteria [8] (Supplementary Table 1).

Consequences of potentially avoidable
hospitalizations

The total number of days due to PAH was computed for
each year. This number was then divided by 365 to obtain
the number of beds that would be theoretically solely
dedicated to PAH during that year.

Costs were computed using the Swiss Diagnosis-Related
Group (DRG) system. As the value of the DRG point varies
according to canton and it was not possible to obtain the
values for each year from each canton, costs in Swiss Francs
(CHF, 1 CHF= 1.02 € or 1.10 US$ as of 8th May 2024)
were computed by applying the cantons’ DRG value for
year 2018 as performed previously [15].

Inclusion and exclusion criteria

Only data related to adults (i.e., being at least in age group
20–24) and with an ICD-10 code of hypertension as the
main cause of admission were eligible for analysis. Patients
coming from outside of Switzerland or hospitalizations with
missing covariates were excluded.

Statistical analysis

Analysis was conducted using Stata version 18 for Windows®
(Stata Corp, College Station, TX, USA). Descriptive results
were expressed as number of hospitalizations (percentage) or
as median [interquartile range]. Standardized rates of PAH for
each calendar year were computed via direct standardization
using the 2013 standard EU population. Between-group
comparisons were performed using chi-square for categorical
variables and Kruskal–Wallis test for continuous variables.
Multivariable analyses were performed using logistic regres-
sion for categorical variables and results were expressed as
odds ratio and (95% confidence interval). Multivariable ana-
lysis of LOS and costs was performed on log-transformed data
using analysis of variance; values were back-transformed and
expressed as mean ± standard error. Due to the sample size,
statistical significance was considered for a two-sided test with
p < 0.001.

Ethics statement

The data of the Swiss Federal Office of Statistics is avail-
able for research purposes and therefore neither specific
individual consent nor authorization from an Ethics Com-
mittee is needed.

Patient and public involvement statement

Patients or the public were not involved in the design, or
conduct, or reporting, or dissemination plans of our
research.

Results

Potentially avoidable hospitalizations

Of the initial 24,644,299 admissions for period 1998–2018,
130,502 (0.53%) had hypertension as the main cause of
admission. The selection procedure is provided in Supple-
mentary Fig. 2; the main cause for exclusion was missing
data. The yearly distribution of the admissions for hyper-
tension and the corresponding percentage of PAH are
indicated in Fig. 1. The number of admissions for hyper-
tension increased from 2843 in 1998 to 8761 in 2008, to
decrease to 4671 in 2018. The percentage of admissions for
hypertension considered as PAH was 59.3% in 1998,
decreasing to 36.9% in 2008, to increase to 73.0% in 2018.
Similar findings were obtained when the rate of PAH for
hypertension was standardized on the European population,
the rates increasing from 43 in 1998 to 81 per 100,000 in
2004, to decrease to 57 per 100,000 inhabitants in 2018
(Fig. 2).

The characteristics of the PAH for hypertension are
summarized in Table 1. Patients with PAH for hypertension
were younger, more frequently women, non-Swiss nation-
als, were more frequently admitted as an emergency, and by
the patient’s initiative; patients with PAH had also less
comorbidities, as indicated by the Charlson’s index cate-
gories. Regarding administrative regions, Eastern Switzer-
land, Central Switzerland, and Ticino had a higher
frequency of PAH. Those differences were further con-
firmed after multivariable analysis (Table 1).

Consequences of potentially avoidable
hospitalizations

The management and outcome of PAH is summarized in
Table 2. Patients with PAH for hypertension were more
frequently hospitalized in a semi-private setting, stayed less
frequently in the ICU, were discharged more frequently
home, and had a shorter LOS than patients with non-PAH
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for hypertension. The shorter LOS was confirmed after
multivariable adjustment; 5.4 ± 1.0 vs. 4.5 ± 1.0 days for
non-PAH and PAH, respectively, p < 0.001.

The trends in total number of hospital days due to PAH for
hypertension are indicated in Supplementary Fig. 3. PAH for
hypertension represented 17,931 hospital days in 1998, and
this number increased to 27,831 in 2001, with a decreasing
trend afterwards, to reach 13,380 days in 2018. This last
figure represented between 36 and 37 beds fully occupied
during the whole year 2018 for PAH for hypertension.

In the same year 2018, the costs of PAH were estimated
at 16.5 million CHF, corresponding to a median cost of
4936 CHF per stay [interquartile range (IQR): 4445–4961
CHF], lower than for non-PAH: median and (IQR) 8271

(4752–9649) CHF. This difference persisted after adjusting
for gender, age category, nationality, administrative region,
type of admission, Charlson score categories and ICU stay:
average±standard error 5278 ± 1 vs. 7497 ± 1 CHF for PAH
and non-PAH, respectively, p < 0.001.

Discussion

Our results indicate that, in Switzerland, a sizable fraction
of hospital admissions for hypertension could be avoidable.
Our results also indicate that PAH for hypertension have a
significant cost and mobilise health resources which could
be used for other diseases.
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Potentially avoidable hospitalizations:
characteristics and comparison with other countries

The number of PAH for hypertension increased from 1998
to 2008 and decreased afterwards. The reason for such a
decrease is currently unknown; a possible explanation

would be a change in coding procedures, but no precise
reason can be provided. This decrease is comparable to the
one observed for asthma, but not for chronic obstructive
pulmonary disease (COPD) [15]. The standardized rates
varied between 43 and 81 per 100,000 inhabitants, more
than for asthma but less than for COPD [15]. Interestingly,

Table 1 Bivariate and
multivariable analysis of the
characteristics of potentially
avoidable hospitalisations for
hypertension, Switzerland,
period 1998–2018

Other hospitalizations
for hypertension

Potentially avoidable
hospitalizations

P-value OR for
potentially
avoidable

P-value

N 55,372 62,135

Women 31,377 (56.7) 41,565 (66.9) <0.001 1.45 (1.41–1.49) <0.001

Age group <0.001

[20–30] 150 (0.3) 388 (0.6) 1.74 (1.41–2.15) <0.001

[30–40] 458 (0.8) 1244 (2.0) 1.84 (1.63–2.08) <0.001

[40–50] 1339 (2.4) 3984 (6.4) 2.15 (1.99–2.31) <0.001

[50–60] 3990 (7.2) 8013 (12.9) 1.65 (1.57–1.74) <0.001

[60–70] 8060 (14.6) 11,639 (18.7) 1.31 (1.26–1.36) <0.001

[70–80] 16,002 (28.9) 17,017 (27.4) 1 (reference)

[80–90] 20,349 (36.8) 16,602 (26.7) 0.72 (0.69–0.74) <0.001

[90+ 5024 (9.1) 3248 (5.2) 0.50 (0.47–0.53) <0.001

Non-Swiss national 6043 (10.9) 9901 (15.9) <0.001 1.07 (1.03–1.12) 0.001

Administrative
region

<0.001

Leman 8018 (14.5) 6520 (10.5) 0.92 (0.88–0.96) 0.001

Mittelland 13,135 (23.7) 12,415 (20.0) 1 (reference)

Northwest 9990 (18.0) 12,565 (20.2) 1.35 (1.30–1.41) <0.001

Zurich 9860 (17.8) 10,013 (16.1) 1.11 (1.07–1.16) <0.001

Eastern 7408 (13.4) 10,328 (16.6) 1.39 (1.33–1.46) <0.001

Central 3624 (6.5) 5164 (8.3) 1.55 (1.47–1.65) <0.001

Tessin 3337 (6.0) 5130 (8.3) 2.18 (2.06–2.31) <0.001

No health insurance 1418 (2.6) 1734 (2.8) 0.015 1.08 (0.99–1.17) 0.070

Emergency
admission

32,958 (59.5) 49,048 (78.9) <0.001 2.83 (2.74–2.92) <0.001

Decision of
admission

<0.001

Patient’s
initiative

7827 (14.1) 20,550 (33.1) 2.20 (2.12–2.28) <0.001

Ambulance or
police

8596 (15.5) 10,123 (16.3) 1.30 (1.25–1.35) <0.001

Doctor 37,692 (68.1) 31,049 (50.0) 1 (reference)

Other 1257 (2.3) 413 (0.7) 0.42 (0.37–0.47) <0.001

Charlson’s index
categories

<0.001

0–1 26,020 (47.0) 52,067 (83.8) 1 (reference)

2–3 17,786 (32.1) 8121 (13.1) 0.22 (0.22–0.23) <0.001

4+ 11,566 (20.9) 1947 (3.1) 0.08 (0.07–0.08) <0.001

All results are expressed as number of admissions and (%) for bivariate analysis and as odds ratio and (95%
confidence interval) for multivariable analysis. Between-group comparisons performed using chi-square for
bivariate analysis and logistic regression for multivariable analysis. For bivariate analysis, all comparisons
are significant at p < 0.001. Logistic regression model was further adjusted for calendar year

OR odds ratio
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the non-standardized rates for Switzerland (maximum 71.6
per 100,000 inhabitants in 2004) were considerably smaller
than reported for Germany in 2008 (205.66 and 102.65 per
100,000 inhabitants for men and women, respectively) [16],
suggesting a better management of hypertension in Swit-
zerland compared to Germany.

PAH for hypertension corresponded to almost three
quarters of all hospitalizations for hypertension in Swit-
zerland. This percentage is considerably higher than
reported for all PAH in Switzerland (4.3%) [17], in a study
conducted in a single Swiss university hospital (13.1%) [14]
or in a study focusing on Swiss nursing home residents
(42%) [18]. This value is also higher than reported for all
conditions in Mexico (9.26%) [19], Portugal (10.9%) [20]
or the US (20%) [21]. Overall, our results suggest that PAH
for hypertension represent a significant fraction of all hos-
pital admissions for hypertension in Switzerland, and that
there is a potential for decrease.

Patients with PAH were younger, more frequently
women, and with a lower number of comorbidities, a
finding also reported for PAH for asthma [15]. A possible
explanation would be higher anxiety levels as reported for
women with white coat hypertension [22], which would
maintain those levels high and motivate the persons to
attend the emergency ward.

Over three quarters of PAH were admitted on an emer-
gency status, one third of them by the patient’s initiative.
Those values are similar to those reported for other condi-
tions in Switzerland [17]. Still, their LOS was shorter, and
ICU use less frequent, suggesting that the condition was of
a less serious degree.

PAH levels differed significantly between regions, a
finding also reported elsewhere [15–17, 23]. The most

likely explanations are regional variations in health services
such as number of physicians, hospital supply, or access to
those services [16, 17, 24].

In 2018, PAH for hypertension represented over 10
admissions per day and between 36 and 37 beds fully
occupied for a whole year. Those values are similar as for
PAH for asthma, but lower than for COPD [15]. The cost of
a PAH was significantly lower than for a non-PAH, likely
due to the more benign condition, as patients with PAH had
less comorbidities, needed ICU less frequently, and had a
shorter LOS. Still, the total cost of PAH amounted to over
16 million CHF per year, a value that could be partly saved
had a fraction of the PAH be prevented.

Implications for policymakers

In the last years of the study period, over two thirds of
hospitalizations for hypertension could be potentially
avoidable. Those PAH represent a significant cost and
mobilize health resources that could be directed to more
severe diseases. As many PAH are motivated by the patients
themselves and occur in an emergency setting, it would be
important that educational measures targeting the whole
population be provided so that patients are advised to call
their general practitioner or to attend an ambulatory con-
sultation before going to the hospital.

Strengths and weaknesses

This study was conducted in a nationwide setting, using
data covering over 95% of all Swiss hospitals. The data was
collected using a standardized procedure throughout time,
thus allowing assessing trends.

Table 2 Consequences of
potentially avoidable
hospitalizations for
hypertension, Switzerland,
1998–2018

Other hospitalizations for
hypertension

Potentially avoidable
hospitalizations

P-value

N 55,372 62,135

Type of hospital stay (%) <0.001

Infirmary 42,941 (77.6) 46,255 (74.4)

Semi-private 8343 (15.1) 10,416 (16.8)

Private 4088 (7.4) 5464 (8.8)

Intensive care unit stay (%) 4038 (7.3) 2865 (4.6) <0.001

Destination at discharge (%) <0.001

Home 40,424 (73.0) 56,776 (91.4)

Medical home 5405 (9.8) 2229 (3.6)

Other 6349 (11.5) 3130 (5.0)

Deceased 3194 (5.8) 0 (0)

Length of stay (days) 9 [4–15] 5 [3–8] <0.001

Results are expressed as number of admissions (percentage) for categorical variables and as median
[interquartile range] for continuous variables. Between-group comparisons performed using chi-square for
categorical variables and Kruskal–Wallis test for continuous variables
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This study also has some limitations. Firstly, although it
was conducted at a nationwide level, its results might not apply
to other health systems, and it would be of interest that similar
studies be conducted in other countries. Secondly, we used the
OECD definition for PAH, and it has been shown that results
vary according to the definition applied [25]. Still, the OECD
definition would apply to many countries, thus allowing
comparisons with other studies. Thirdly, no individual data
regarding several potential confounders such as socio-
economic status or clinical information such as blood pressure
values was available [26]. Still, some variables such as absence
of compulsory health insurance and stay in a semi-private or
private room might serve as proxies for categorizing the
socioeconomic status of patients. Fourthly, the study period
ended in 2019, and it would have been interesting to include
more recent years. Still, given the coronavirus disease pan-
demic and the corresponding changes in the health system, it
would have been difficult to interpret the trends during this
period. Fifthly, due to legal constraints, it was not possible to
associate geographical information with hospital character-
istics; hence, whether some types of health care organizations
had higher rates of PAH could not be ascertained. Finally, it
was not possible to assess if several PAHwere attributed to the
same patient [21]. Still, we believe that this would not radically
change the findings regarding the characteristics of patients
with PAH for hypertension, and it would not impact the health
and economic burden of PAH for hypertension.

Conclusion

In Switzerland, PAH for hypertension increased from 1998
to 2004 and decreased afterwards. Patients with PAH are
younger, with few comorbidities, and many are hospitalized
by their own initiative. PAH for hypertension represented
almost three quarters of all hospital admissions for hyper-
tension, corresponding to 37 beds fully occupied per year,
with an annual cost over 16 million CHF.

Data availability

The existing datasets used are not publicly available as per
contract but can be requested to the Swiss Federal office of
statistics.
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