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Abstract

Background High and increasing spending dominates the public discussion on healthcare in Switzerland. However,
the drivers of the spending increase are poorly understood. This study decomposes health care spending by diseases
and other perspectives and estimates the contribution of single cost drivers to overall healthcare spending growth

in Switzerland between 2012 and 2017.

Methods We decompose total healthcare spending according to National Health Accounts by 48 major diseases,
injuries, and other conditions, 20 health services, 21 age groups, and sex of patients. This decomposition is based

on micro-data from a multitude of data sources such as the hospital inpatient registry, health and accident insur-
ance claims data, and population surveys. We identify the contribution of four main drivers of spending: population
growth, change in population structure (age/sex distribution), changes in disease prevalence, and changes in spend-
ing per prevalent patient.

Results Mental disorders were the most expensive major disease group in both 2012 and 2017, followed by muscu-
loskeletal disorders and neurological disorders. Total health care spending increased by 19.7% between 2012 and 2017.
An increase in spending per prevalent patient was the most important spending driver (43.5% of total increase), fol-
lowed by changes in population size (29.8%), in population structure (14.5%), and in disease prevalence (12.2%).
Conclusions A large part of the recent health care spending growth in Switzerland was associated with increases
in spending per patient. This may indicate an increase in the treatment intensity. Future research should show

if the spending increases were cost-effective.

Keywords Health care spending, Spending growth, Cost-of-illness, Switzerland, Spending decomposition
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Introduction
High income countries spend a substantial and increas-
ing share of their income on health care. Health care

Nigg; ;F&Eﬁir Ce‘ spending is particularly high in Switzerland, with a share
stcc@zhaw.ch of 11.8% in gross domestic product (GDP) in 2020, and
' ZHAW Zurich UnliversityoprpHed Sdeﬁces,WinterthurIﬁstitute per Capita spending at 7,179 purchasing power parity
of Health Economics, Gertrudstrasse 8, Winterthur 8401, Switzerland . .

2 Department of Health Sciences and Medicine, University of Lucerne, ad}uSted US dollars, second Only to the United States
Lucerne, Switzerland (US) [1]. Possible drivers of spending growth include
3 SWICA Health Care Organisation CH, Winterthur, Switzerland ageing populations [2, 3], increasing disease preva-

4 Suva Swiss National Accident Insurance Fund, Lucerne, Switzerland . . . . . .
lence, increasing incomes [4, 5], increasing prices [6, 7],
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increasing intensity of treatment, new treatments and
drugs [5], and increasing overuse [8]. However, the con-
tribution of each of these factors to the overall spending
growth remains unknown.

The existing literature has mostly aimed to identify
the drivers of health care spending in highly aggregated
spending data. Only few studies have taken the different
approach of first decomposing health spending by differ-
ent perspectives, in particular by diseases, and only then
assessing the contribution of different drivers to overall
spending growth [9-11]. For simplicity, in this paper we
use the term diseases for all health conditions, including
illness, injuries, impairment, and other reasons for the
use of health services such as well care (e.g., check-ups).

A decomposition of health care spending has several
advantages: First, it allows a more detailed assessment
of spending drivers, as some important drivers are dif-
ficult to operationalize at the aggregate level (e.g., the
prevalence of different diseases) and as the effect of some
drivers can be lost due to composition effects (e.g., con-
trasting price trends in health services). Second, it per-
mits a detailed monitoring of spending by disease and
other perspectives, such as by health services, payers, and
age groups. The combined information of these perspec-
tives may reveal valuable information, such as changes
in the way a disease is treated. Third, the results of the
decomposition may serve as the basis for other research
such as the comparison of spending with health out-
comes at the disease level. Finally, a better and more
detailed understanding of the spending drivers may con-
tribute to the definition of appropriate measures for cost
containment.

Recent research has demonstrated the benefits of
decomposing total health care spending by diseases and
other factors [10-18]. There are only few studies which
decomposed spending in Switzerland by disease [13—15].
A main limiting factor is the lack of diagnostic coding in
outpatient care and long-term inpatient care.

Switzerland has a market-oriented health care sys-
tem with a multitude of service providers and financing
regimens. Mandatory health insurance (MHI) provides a
generous benefits package provided by private non-profit
insurers and is supplemented by other social insurance
schemes, such as accident and disability insurance. The
federal government oversees legislation, but most health
care provision is organized at the sub-federal level in the
26 cantons. This decentralized structure is reflected in
a lack of comprehensive individual-level data on health
service use and spending, with the only exception of
the national hospital inpatient registry (HospReg) [19].
However, the Swiss health care system has an important
strength facilitating the decomposition of spending by
disease: A high uniformity and transparency of the prices
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and coding of health services and products is assured by
several nationally uniform tariffs as well as national tariff
lists (e.g., for drugs) released by the federal government.

This paper has two goals. First, to decompose total
health care spending for 20 distinct services and drugs
according to the Swiss National Health Accounts (NHA)
by an exhaustive set of 48 mutually exclusive diseases or
disease groups, sex, and age groups in 2012 and 2017.
Second, to decompose the change in health care spend-
ing over time into four fundamental factors: population
growth, change in population structure (age/sex distri-
bution), change in disease prevalence, and change in the
average spending per prevalent patient.

We contribute to the existing literature in multiple
ways. First, we improve on previous studies decompos-
ing Swiss health care spending by diseases [14, 15] by
substantially increasing the granularity of the decompo-
sition. Second, we apply a comprehensive approach by
using an exhaustive and mutually exclusive list of medical
conditions, including diseases, injuries, and well care. We
thereby avoid double-counting, which is a well-known
drawback of single cost-of-illness studies [20]. Third, we
use the highly granular spending decomposition in 2012
and 2017 to identify the contribution of four factors to
the increase in health care spending over this period.

Data and methods

Figure 1 gives an overview of data and methods used in
the two steps of the study. We first decomposed total
NHA spending by five perspectives using various sources
of micro-data. The results of this decomposition were
then used to assess the contribution of four spend-
ing drivers on the overall and disease-specific spending
increase from 2012 to 2017. Parts of this approach have
been previously described [13, 14].

Data

We used a variety of data sources to identify diseases
and estimate spending by diseases and other perspec-
tives. Table 1 provides an overview of the data used. Fur-
ther details are reported in Estimation of disease-specific
spending by type of health service section and in the sup-
plementary material (Online resource 1).

The overall envelope of our spending decomposition
was given by the NHA provided by the Swiss Federal Sta-
tistical Office (FSO) according to OECD standards [21].
The Swiss NHA assess total yearly spending by the four
perspectives of health services, health service providers,
financing regimes, and payers. We calibrated our esti-
mates of diseases-specific spending by health service to
the total of each health service according to NHA. This
ensured that the spending proportions attributed to each
disease were the same in total and in the micro-data used



Stucki et al. BMC Health Services Research (2023) 23:1149

Data holding information on disease identification and/or spending

NHA National Health Accounts €< overall spending envelope
HospReg inpatient hospital registry < ICD10 diagnostic coding
HospRegZH Inpatient hospital registry from canton of Zirich
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SUVA accident insurance claims data
IV national disability insurance claims data
SHS Swiss Health Survey

SWICA health insurance claims data < diagnostic clues

L

Decomposition of total NHA spending by 5 perspectives

2 years (2012 & 2017)

2 sexes

21 age groups

20 health services € sub-spending envelopes
48 health conditions at GBD level 3

(41 diseases, 5 injuries, well care, prevention)

80’640 cells

Result 1

Year-sex-age-disease-service specific spending
(e.g., specialist care for asthma for 15-19-year-old women)

Decomposition of spending increase
from 2012 to 2017 by 4 spending drivers

population size
sex and age population structure
disease prevalence

spending per prevalent patient

GBD study Switzerland
&disease prevalence
STATPOP population

statistics

Result 2

Contribution of drivers to spending increase
(e.g., contribution of change in population
structure to increased spending on dementia)

Fig. 1 Overview of data and methods. GBD: Global Burden of Disease Study

for spending attribution. This calibration was particu-
larly important when the micro-data did not cover the
full population, as in the case of claims data from a single
insurer.

Overview: methods of spending decomposition
We defined a decomposition framework of all five per- .
spectives (year, sex, age groups, diseases, health services):

+ The decomposition was carried out for the years 2012
and 2017, as all data was available for both years, and
in particular the SHS performed only every 5 years.

+  We distinguished 21 age groups: O years, 1-4 years,
5-year age groups from 5 to 94 years, 95+ years.

+ Health services were defined based on the NHA
classification [21] and distinguished by five broad
service categories and 20 more specific health ser-
vices (Table 2). 16 of these corresponded to NHA

service types. In addition, we split the NHA ser-
vice physician outpatient by general practitioners
(GP) / specialists and the NHA service rehabilita-
tion outpatient by physiotherapists / occupational
therapists. Total spending for each service and year
according to NHA is provided in the supplemen-
tary material (Online resource 1).

Diseases were classified according to the exhaustive
and mutually exclusive Global Burden of Disease
(GBD) classification [25]. This classification has
several advantages: First, it allows for a mapping
of ICD-10 codes to the disease categories. Second,
it has been used in similar research [11, 15], which
enables a comparison of our results to previous
studies. Third, the GBD study includes sex and age
specific estimates of disease prevalence rates which
we used for the decomposition of the spending
changes over time.
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Table 2 Classification of health services based on National Health Accounts

Broad health service categories More specific health services

Comment

Outpatient
Physician services (specialists)
Hospital outpatient
Drugs outpatient
Psychotherapy and psychiatry
Physiotherapy
Occupational therapy
Dental care
Medical devices and products
Long-term home-care
Other outpatient care
Other outpatient care Laboratory tests
Radiology
Ambulance and rescue
Acute somatic care
Rehabilitation

Inpatient care

Psychiatry
Long-term care in nursing homes
Administration Administration

Prevention Prevention

Physician services (general practitioners)

prescription and over-the-counter

we distinguished between nursing homes and institutions for people
with addictions

includes health and accident insurers and public health care adminis-
tration

includes prevention and health promotion by public and private agen-
cies, but not by health service providers

The GBD study classifies diseases hierarchically at four
different levels. GBD level 1 makes a broad distinction
between communicable diseases (including nutritional
deficiencies and maternal/neonatal disorders), non-
communicable diseases (NCDs), and injuries. We added
well care at this level, as health services are also used for
other reasons than diseases, such as pregnancy without
complications. GBD level 2 distinguishes between major
diseases within level 1, such as cardiovascular diseases or
neoplasms within NCDs. GBD levels 3 and 4 distinguish
single diseases within major diseases, such as ischemic
heart disease or stroke within cardiovascular diseases.

We used a simplified GBD classification as, due to a
lack of diagnostic coding, it was impossible to identify
all the 369 diseases of the GBD study. Our simplified
exhaustive and mutually exclusive disease classification
consisted of 16 major disease categories at GBD level 2,
and 41 diseases, five injuries and well care at GBD level 3.
Prevention was defined as an additional reason for health
care spending. Our classification of injuries differed from
the GBD classification, as Swiss accident insurance data
distinguish between road injuries and other injuries,
each split by their context into occupational or non-occu-
pational injuries. A fifth injury type comprises residual
injuries that we could not assign to one of the other four

types.

Combining the 2 years, 2 sexes, 21 age groups, 20 health
services and 48 conditions resulted in a multi-dimen-
sional grid of 80,640 cells to be filled with estimates.
Some cells were left empty because the combination was
unfeasible (e.g., prostate cancer in women) or because the
decomposition was not possible for one or more perspec-
tives (e.g., prevention by diseases and sex/age). Whenever
useful, we included the payer’s spending share for each
service type according to NHA in the decomposition. We
evaluated the number of observations used in the estima-
tion of spending in cells for which we only had a sample
of the population (e.g., claims data from MHI).

We applied a bottom-up approach to assign spend-
ing to diseases, complemented with top-down assign-
ments when no micro-data was available. Bottom-up
assignment was based on patient-level micro-data, such
as health and accident insurance claims data. Whenever
the sum of spending assigned based on micro-data was
different from the total for that service type given by the
NHA, we re-scaled the spending to meet the total. Top-
down assignment was based on disease-specific spend-
ing information contained in NHA. This was the case
for outpatient dental care, which was assigned to oral
disorders, and expenditures by the mandatory disability
insurance covering spending for the treatment of congen-
ital birth defects until the age of 20 years. Spending for
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administration in NHA was assigned in proportion to the
disease-specific spending resulting from the bottom-up
assignment.

Estimation of disease-specific spending by type of health
service

The micro-data-based assignment of spending to dis-
eases required two steps for each type of health service:
First, the identification of the relevant diseases and, sec-
ond, the allocation of the ‘right’ amount of spending to
each disease. Online resource 1 provides the details on
the methodology for each health service.

Outpatient care and diagnostics, and drugs

The disease assignment of spending for outpatient ser-
vices and drugs covered by MHI was based on claims
data from SWICA, a major supplier of MHI with a mar-
ket share of 8.1% in 2017. The SWICA insured population
was fairly representative of the total insured population:
the sample had a similar age-sex structure as the full pop-
ulation and average per capita spending in MHI was only
slightly below the Swiss average. Moreover, two morbid-
ity indicators showed that the sample was comparable
to the general population. The proportion of the popu-
lation hospitalized at least once as well as the propor-
tion of the population with a nursing home stay by age
groups and sex were very similar as the ones in the gen-
eral population. A table in the supplementary material
(Online resource 1) compares the two populations. Due
to the lack of diagnostic coding in outpatient care, dis-
eases were identified based on diagnostic clues included
in claims data. These clues included disease-specific
drugs or treatments and the specialization of the treating
physician. Spending was assigned to diseases using direct
assignment and regression-based methods. The method-
ology is described in Stucki et al. [14].

Spending for the treatment of injuries was based on
the claims data from SWICA and accident claims pro-
vided by Suva, the largest supplier of accident insurance
with a market share of about 50%. MHI insurers like
SWICA provide accident insurance to those who do not
have compulsory accident insurance under the Accident
Insurance Act through their employer. The data allowed
for a separation of injury-related spending from illness-
related spending by MHI at the individual level. A further
distinction by types of injuries was not possible.

The Suva claims hold information on the health service
type, the type of damage (accident or occupational dis-
ease), the type of accident (at work/occupational or lei-
sure time), a flag for traffic accidents, as well as sex and
age of patients. We used pooled claims data from 2011 to
2013 for 2012 and from 2016 to 2018 for 2017 to assign
spending to diseases. Total spending on each claim was
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summed up by condition and the resulting spending
shares for each health service and by sex and age were
applied to the total spending covered by the accident
insurance as reported in the NHA.

Health care spending for the treatment of congenital
birth defects up to age 20 is covered by mandatory dis-
ability insurance IV. NHA report the spending by IV for
each health service. We directly assigned this spending to
congenital birth defects in the age groups below 20 and
further split by sex and age groups based on IV expendi-
ture data provided by the Federal Social Insurance Office.
Treatment of congenital birth defects above the age of 20
years is covered by MHI. It was not possible to identify
the relevant outpatient treatments in MHI claims data
due to a lack of specific diagnostic clues. We thus esti-
mated spending on outpatient treatments of congenital
birth defects above the age of 20 by assuming the same
ratio between inpatient and outpatient care of those
below 20 and those above 20 years. These spending esti-
mates by service were subtracted from the MHI spending
totals to avoid double counting.

Total dental care according to NHA, which was mainly
financed out-of-pocket (78.9% in 2017) and by supple-
mentary insurance (14.3%), was assigned to oral disor-
ders. The distribution of out-of-pocket spending over sex
and age groups was based on the frequency of dentist vis-
its according to the SHS for those above age 15. Spend-
ing covered by supplementary insurance was assigned
according to information by SWICA about the distribu-
tion of dental spending by sex and age of their popula-
tion enrolled in supplementary insurance. Out-of-pocked
financed dental care for those below the age of 15 was
imputed from the SWICA data.

Inpatient acute somatic care

Disease identification was straightforward for inpatient
somatic care, as HospReg includes ICD-10-GM coding
of the main diagnosis and up to 49 secondary diagno-
ses for every inpatient stay. Except for treatments cov-
ered by accident insurance (which was assigned in the
same way as the outpatient care spending) we assigned
spending’ based on the case-specific DRG and the cor-
responding cost weights in HospReg. Unlike a previous
study for Switzerland [15], we accounted for comorbidi-
ties, coded as secondary diagnoses. This procedure was
developed in previous research [26]. As the actual impact
of comorbidities on costs cannot be determined if only

! The spending includes cantonal subsidies to hospitals for teaching and
research (“Gemeinwirtschaftliche Leistungen” GWL). Based on NHA data,
we split these subsidies across inpatient acute somatic care, inpatient reha-
bilitation, and inpatient psychiatry. GWL were assigned to diseases top-
down using the spending shares resulting from the bottom-up estimation.
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the DRG cost weight is known, we used similar case-level
data from the cantonal health department of Zurich that
also included the reported production costs for each
case. HospRegZH is a sub-sample of the national Hos-
pReg holding this additional cost information. We esti-
mated regression models for all cases with the same main
diagnosis with the cost per case as the dependent variable
and the up to 46 disease indicators for the comorbidities
as the independent variables. We then reattributed part
of the case costs from the main diagnosis to the comor-
bidities. Based on the model coefficients from the regres-
sion models in HospRegZH, we computed inflows (the
cost part flowing in from that disease coded as comor-
bidity) and outflows (the cost part flowing out to comor-
bidities) for each disease in HospReg. Finally, we applied
these inflows and outflows to the DRG cost weights in
HospReg. The cost weight proportions attributed to each
disease were multiplied with the service-specific spend-
ing according to NHA to obtain spending estimates.

Inpatient rehabilitation and psychiatry

Disease identification in inpatient rehabilitation and psy-
chiatry was also based on ICD-10 codes in HospReg. We
computed spending for each disease for both services
based on the sum of the length of stay of all episodes
where the disease was coded as the main diagnosis. By
dividing this sum by the total sum of the length of stay of

48 42 .
population,

prevalent, ,;
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home and ranked the diseases according to the size of the
regression coefficients. For each individual in the SWICA
claims data who had positive nursing home spending,
we determined from all clues-based diagnoses the main
diagnosis based on the disease ranking from HospReg.
Individuals who had the disease on rank 1 received that
disease as main diagnosis. Individuals who did not have
this disease received as main diagnosis the disease with
the highest rank among all the diseases that were present
in that individual. We assigned all the spending for nurs-
ing homes at the individual level to the main diagnosis.

Methods of decomposition of disease-specific spending
increases

We used the Das Gupta decomposition method for
aggregate measures [27] to identify which factors
accounted for the change in spending by diseases and
other perspectives over time. The method corrects for
compositional effects when comparing multiple popula-
tions, such as those from different years. We decomposed
the observed spending difference between 2012 and 2017
into four additive components: population size, sex and
age population structure, disease prevalence, and spend-
ing per prevalent patient.

The yearly aggregate spending can be written as the
sum over the spending observed in each of the 42 age/
sex groups (a) and 48 disease (d) cells. These costs are a
product of the four factors:

spending , 4

spending = Z Z population *

i population

population,,

prevalent,, ,

all episodes in rehabilitation and psychiatry, we obtained
the spending share for each disease.

Inpatient long-term care

Disease identification in patients living in nursing homes
was especially challenging, as there is no nationwide data
collection of diagnoses affecting those patients. HospReg
contains information about where a patient was admit-
ted from and referred to after the inpatient stay. We
used this information and combined it with the SWICA
claims data. We selected all patients from HospReg in
2012 and 2017 who were not discharged to another hos-
pital and defined a binary indicator variable equal to 1
if the patient was discharged to a nursing home for the
first time (i.e., not admitted from a nursing home). This
indicator was used as the dependent variable in a logis-
tic regression model with disease indicators defined
based on the main and the first secondary diagnoses as
independent variables. We assessed the effect of each dis-
ease on the probability of being discharged to a nursing

where spending, , is the sum of the spending over all 20
health services ngl spending .

We used prevalence rates by disease, age group, sex,
and year from the GBD study [23] and combined it with
population data from FSO [24]. For injuries and neo-
plasms, we used incidence instead of prevalence rates.
Those were retrieved from insurers (injuries) and from
the GBD (neoplasms). As osteoporosis was not included
in the GBD, we used prevalence rates from the SHS [22].
Prevalence rates of ‘other’ (residual) disease categories
and well care were taken from health insurance claims
data (clues-based approach).

Results
Spending by disease in 2012 and 2017
We present the spending by disease for major disease
groups (GBD level 2) and for specific diseases (GBD
level 3).

The major disease groups with the highest spending
in both years were mental disorders (2012: 16.1%, 2017:
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Table 3 Spending by major disease groups (GBD level 2), percentage change 2012-2017 and spending shares by year

Disease group (GBD level 2) Spending in m CHF

Change 2012-2017 Spending shares (%)

2012 2017 m CHF % 2012 2017

Mental disorders 10,734 11,371 636 59 16.1 143
Musculoskeletal disorders 8497 11,007 2511 295 12.8 13.8
Neurological disorders 6240 6753 512 8.2 94 8.5
Injuries 5883 0681 798 13.6 8.8 8.4
Cardiovascular diseases 5240 6094 855 16.3 79 7.7
Other NCDs 4718 5303 585 124 7.1 6.7
Neoplasms 3685 5157 1472 399 55 6.5
Oral disorders 4414 4772 358 8.1 6.6 6.0
Communicable diseases 3005 3838 834 27.7 4.5 4.8
Sense organ diseases 2508 3607 1099 438 38 45
Digestive diseases 2710 3546 836 30.8 4.1 44
Well care 2278 2837 559 245 34 36
Prevention 1700 1937 237 14.0 26 24
Skin and subcutaneous diseases 1279 1717 438 342 1.9 22
Diabetes and kidney diseases 1120 1659 540 48.2 1.7 2.1
Nutritional deficiencies 790 1311 522 66.0 1.2 1.6
Chronic respiratory diseases 1047 1205 158 15.1 16 1.5
Maternal and neonatal disorders 665 847 182 274 1.0 1.1
Total health care spending 66,513 79,642 13,129 19.7 100.0 100.0

14.3%), followed by musculoskeletal disorders (12.8%,
13.8%) and neurological disorders (9.4%, 8.5%). Table 3
shows the spending in million Swiss Francs (m CHF) as
well as the spending shares in both years, along with the
absolute and percentage increase in spending between
2012 and 2017.

The highest increase between 2012 and 2017 was
observed for nutritional deficiencies (66.0%). This
increase was mostly driven by an increase in acute
somatic inpatient spending and a rise in the number of
prescriptions of iron supplementation in the outpatient
setting. The spending growth was much below average
for mental disorders (5.9%), oral disorders (8.1%), and
neurological disorders (8.2%).

Figure 2 shows the percentage contributions of each
of four aggregated health service categories to the total
spending increase by disease. For many disease groups,
the largest increase was observed in outpatient care.
The only exception was mental disorders, which showed
a decrease in outpatient care (including psychotherapy)
over the period. Drugs in outpatient care contributed to
the increase in spending in all disease groups except car-
diovascular diseases, well care, and maternal and neona-
tal disorders.

Table 4 lists the single diseases at GBD level 3 and
their spending share by year as well as the percentage
change in spending between 2012 and 2017. Among the

conditions with the highest spending share was depres-
sion (2012: 4.7%, 2017: 4.1%) and the residual other con-
ditions within each level 2 disease category (e.g., other
communicable diseases, 2012: 3.9%, 2017: 4.1%).

Only few diseases showed a decrease in spending over
time. Examples are schizophrenia (-5.2%) and Parkinson’s
disease (-12.9%). Spending for most diseases increased
between 2012 and 2017. The largest increase was
observed for hepatitis (+589.0%), which was driven by
the approval of a new drug within that period. Trachea,
bronchus and lung cancer also showed a strong rise in
spending of 84.6%. Prostate cancer (+66.4%), colon and
rectum cancers (+58.6%), and multiple sclerosis (+58.7%)
also belonged to the conditions with increases of more
than 50%.

Spending by age, sex, and service
Figure 3 shows the decomposition of total spending in
2017 by broad age categories, health service categories,
and disease categories. The share of outpatient care of
total spending was higher in younger individuals. The
share of inpatient care, on the other hand, increased with
increasing age. From a disease perspective, NCDs were
the dominant category, accounting for 80.0% of total
spending (excluding prevention).

The relevance of disease groups for total spending
differed across age groups. Figure 4 displays the total
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mental disorders -206 BB 211 54.5
musculoskeletal disorders 60.7 7ol 7.3 24.1
neurological disorders 21.8 B 154 54.1
injuries -0.5| 438 51.6 42
cardiovascular diseases v 69.3 18.5 7.7
other NCDs -22.7 254 74 445
neoplasms -0.3 254 X 32.2
oral disorders 1.7 97.9 05
communicable diseases -0.5 80.4 A 4
sense organ diseases -2.1 80.9 200 8
digestive diseases 74.1 e 9.6
well care -3 84.4 14.3
skin and subcutaneous diseases 725 6.7 20.7
diabetes and kidney diseases 80.4 I 2.3
nutritional deficiencies 35.6 104 41.0 13.0
chronic respiratory diseases 56.3 zoem 117 114
maternal and neonatal disorders -0.5§0:8 44.0 54.7
T T T T T T T
-20 0 20 40 60 80 100

cost change 2012-2017 (% of total change)

Outpatient care w/o drugs

Inpatient care

. Drugs outpatient

Inpatient long—-term care

Fig. 2 Spending increase for each major disease group (GBD level 2) by type of health service category

spending by age group for the five NCD with the high-
est spending in 2017, along with the other NCD summed
up in all other non-communicable diseases and the other
three aggregated categories injuries, communicable dis-
eases (including maternal/neonatal disorders and nutri-
tional deficiencies), and non-diseases (well care). Total
spending was highest in the age group 70-74 (men)
and 85-89 (women), respectively. The higher spending
in women in older age groups was mostly due to neuro-
logical disorders (such as Alzheimer’s disease and other
dementia), as well as mental disorders and injuries (e.g.,
falls). Well care spending, which is mostly pregnancy-
related spending, explains the differences in the spending
pattern in the age groups up to age 40. Men in age groups
below 65 had higher spending for injuries than women.

Decomposition of the spending change between 2012
and 2017
We observed significant heterogeneity in the magni-
tude of spending changes over time across diseases (see
Table 4). The decomposition of the changes in disease-
specific spending showed that almost half (43.5%) of the
aggregate spending increase between 2012 and 2017 was
due to increases in spending per prevalent patient. The
change in population size (29.8%), the change in popula-
tion structure (14.5%) and the changes in the prevalence
of the included diseases and injuries (12.2%) accounted
for the remainder.

The relevance of each factor varied substantially
between the disease groups (Fig. 5). For all but three

disease groups (mental disorders, neurological disorders,
injuries), spending per prevalent patient was associated
with an increase in disease-specific spending. In most
cases, it was also higher than the overall 43.5%. For nutri-
tional deficiencies, the factor’s association with the total
disease-specific spending increase was 80.5%. For mental
disorders (-41.6% of total change), neurological disorders
(-7.9%), and injuries (-2.7%), we observed a decrease in
spending per prevalent patient.

The changes in prevalence were generally associated
with spending increases in most cases, with the biggest
contributions in injuries (36.8% of the total spending
change), mental disorders (34.7%) and digestive diseases
(29.7%). The association was negative for communicable
(-16.6% of total change), neurological (-6.8%), cardiovas-
cular (-12.6%), and musculoskeletal diseases (-3.7%), as
well as for well care (-1.5%).

The association of the changing age/sex structure of the
population with the disease-specific spending was high-
est for neurological disorders (37.1% of the total spend-
ing change) and cardiovascular diseases (23.4%). It was
lower for diseases which were more frequently prevalent
in younger age groups, such as mental disorders (7.8%) or
communicable diseases (5.5%).

Table 5 lists the corresponding results for the sin-
gle diseases at the GBD level 3. In neoplasms, spending
per prevalent patient was the factor that was associated
most with the spending increase over time. The associa-
tions ranged from 9.0% of spending in 2012 (other neo-
plasms) to 87.9% (trachea, bronchus, and lung cancers).
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65-79 (18.3 b)

drugs (8.9 b)

Fig. 3 Spendingin 2017 by age, health service, and disease (GBD level 1). b: billion; communicable diseases include maternal/neonatal disorders
and nutritional deficiencies

Age group
&
3
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cardiovascular || neoplasms [ all other NCD
[ communicable [l injuries [ well care

Fig. 4 Spending by age, sex, and diseases (top 5 GBD level 2 NCD and the remaining GBD level 1 diseases)
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Fig. 5 Factor decomposition results for major disease groups (GBD level 2; sorted by total spending share in 2017)

Spending per prevalent patient was associated with a
spending decrease for hypertensive heart disease (-17.2%)
and atrial fibrillation and flutter (-10.8%), even though
for their aggregate category cardiovascular diseases the
association was positive. The contrary was true for Alz-
heimer’s and other dementias (+23.8%) and multiple scle-
rosis (+53.0%) within neurological disorders, for which
the factor had a negative association with the spending
change.

Discussion

Interpretation of disease-specific spending

This study estimated disease-specific health care spend-
ing by age, sex, and health services in Switzerland in 2012
and 2017. We found that mental diseases accounted for
the highest share of spending, followed by musculoskel-
etal disorders and neurological disorders.

We estimated the direct medical spending for treat-
ment of a disease which may differ from the overall medi-
cal spending triggered by a disease. The case of diabetes
illustrates this point, as diabetes is a well-known risk fac-
tor for cardiovascular diseases, sense organ diseases
and other diseases. From an etiological perspective the
spending triggered by diabetes is likely to be higher than
our estimate of 1.3% in 2017.

Tracking disease-specific spending over time helps
to understand the drivers of spending. While the
total spending increased by 19.7% between 2012
and 2017, the growth rates at the disease level were

heterogenous. Interestingly, cardiovascular diseases
showed a decrease in total outpatient drug spend-
ing over time. One possible explanation is a decrease
in drug prices due to patent expiration, leading to a
decrease in spending, even without a change in the
number of treated patients.

For certain conditions, the increase in drug spending
was a major driver of disease-specific spending. That was
especially true for diseases for which new drugs were
introduced within the 5-years period, such as grazoprevir
for hepatitis or nivolumab for lung cancer.

Spending on Alzheimer’s and other dementias is likely
to increase further with ageing population [28]. The same
is true for other diseases like stroke and hypertensive
heart disease, for which age is an important risk factor.
We were able to show that the changing age/sex struc-
ture was associated with a spending increase of 6-7% in
stroke, Alzheimer’s and other dementias and Parkinson’s
disease.

Our results also show which services are most affected
by the demographic transition and the associated changes
in the disease burden. One example is Alzheimer’s and
other dementias, for which spending arises mostly in
inpatient long-term care (share of 82.3% of spending in
2017). Accordingly, most of the spending increase was
due to that type of care. In contrast, spending for cardio-
vascular diseases arises mostly in somatic inpatient care
(e.g., stroke or atrial fibrillation and flutter) and drugs
(e.g., hypertensive heart disease).
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Table 6 Comparison with the results of similar studies
previous present study study
study for for Switzerland for the USA
Switzerland [11]
[15]
2011 2012 2017 2016

% rank | % |rank| % |rank| % |rank
Mental disorders 11.0 4| 16.6 1| 146 1|1 7.0 6
Musculoskeletal disorders 13.9 2| 13.1 2| 14.2 2| 14.7 1
Injuries 8.4 5 9.1 3| 8.6 3| 8.9 4
Cardiovascular diseases 16.2 1| 8.1 4 7.8 41 9.9 2
Communicable diseases (incl. maternal/neonatal, nutritional) 6.4 6 6.9 70 7.7 5/ 9.3 3
Other NCDs* 11.9 3| 80 5| 7.7 6| 8.2 5
Neoplasms 6.2 8| 5.7 9| 6.6 7| 4.8 9
Oral disorders 6.3 7| 6.8 8| 6.1 8| 3.0 15
Neurological disorders excl. dementia 2.1 12| 7.2 6| 6.0 9| 3.7 12
Sense organ diseases 1.8 14 3.9 11| 4.6 10| 25 16
Digestive diseases 4.9 9 4.0 10| 4.4 11| 5.2
Well care 2.5 11| 35 12| 3.7 12| 6.5
Alzheimer’s and other dementias 1.8 15| 2.4 13| 2.7 13| 3.1 14
Skin and subcutaneous diseases 2.0 13| 2.0 14| 2.2 14| 33 13
Chronic respiratory diseases 2.6 10| 1.6 15| 1.6 15| 4.5 10
Diabetes mellitus 1.6 16| 1.1 16| 1.3 16| 4.3 11

Cirrhosis

o [l 12 [

Swiss studies without prevention, US study without treatment of risk factors
Diseases are ordered according to their rank in the present study in 2017

" Other NCDs include urogenital, blood, endocrine disorders, and congenital defects

Comparison with previous studies
Our general cost-of-illness approach differs from the
many single cost-of-illness studies which focus on only
one disease. There are some studies for Switzerland and
other developed countries which took a similar approach.

Table 6 compares the results of the present study with
a study for the US by Dieleman et al. [11] and a previ-
ous study for Switzerland by Wieser et al. [15]. Both stud-
ies used the GBD disease classification. The US study
decomposed spending from 1996 to 2016 using the full
GBD level 3 disease classification [11, 12] while the Swiss
study decomposed spending in 2011 by major diseases
at GBD level 2. We limit the comparison to diseases
included in all studies and exclude spending for preven-
tion (Switzerland) and the treatment of risk factors (US).
The spending shares for the present study thus differ
slightly from those reported in the Results section of this
paper.

We compare the results of the US study with our results
for 2017, as it is closest to 2016. The six top conditions
were the same in both countries, but the ranking differed.

The US study assigned 14.7% of total spending to mus-
culoskeletal disorders (14.2% in our study). We assigned
a lower share (7.8%) to cardiovascular diseases than the
US (9.9%), which might be driven by differences in preva-
lence rates. In comparison to the US, we found a higher
spending share of neoplasms (6.6% vs. 4.8%), sense organ
diseases (4.6% vs. 2.5%), and oral disorders (6.1% vs.
3.0%). On the other hand, our spending estimates were
lower for chronic respiratory diseases (1.6% vs. 4.5% in
the US) and well care (3.7% vs. 6.5%), which may be due
to a broader definition of well care in the US study. We
also found a lower spending share of diabetes (1.3% vs.
4.3%). Different factors such as racial and ethnical com-
position, socio-economic disparities, and health behavior
[29] might contribute to this difference.

Mental disorders were the top condition in Switzerland
(spending share of 14.6%) but accounted for only 7.0% of
US spending. This important difference might be related
to more limited access to mental health care in the US.
Recent results from Norway are more similar to our
spending estimates. Kinge et al. (2023) found that mental
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disorders accounted for 20.7% of health care spending
in Norway in 2019 [30]. Roehrig (2016) concluded that
mental disorders were the costliest group of conditions
in the US in 2013 [31]. However, it is important to note
that this study included dementia in the mental disor-
ders category, which makes a comparison of results dif-
ficult. A substantial part of spending for mental disorders
in Switzerland occurred in inpatient long-term care (see
Table 4). Consequently, the total spending depended
heavily on that service type. As the attribution of spend-
ing for long-term care to diseases was based on sparse
data, there is some uncertainty around the spending esti-
mate for mental disorders.

The previous Swiss study had a similar scope and
decomposed total NHA health care spending in 2011 by
21 major diseases. We compare it to our results for 2012,
as it is closest to 2011. The most striking difference is the
substantially higher spending for cardiovascular diseases,
with spending share of 16.2% vs. 8.1% in the present
study. This difference is probably driven by methodologi-
cal differences in the spending assignment in outpatient
care, where the previous Swiss study focussed on high-
prevalence conditions and thus tended to overestimate
the spending for these. The remaining spending estimates
were surprisingly similar, e.g., injuries (8.4% vs. 9.1% in
the present study), neoplasms (6.2% vs. 5.7%), or skin and
subcutaneous diseases (2.0% vs. 2.0%).

There are other studies with a similar scope but a dif-
ferent decomposition framework. Rachas et al. (2022)
decomposed French health care expenditures in the years
2015-2019 by 58 diseases [32]. For 2019, the French
study estimated a similar spending share for mental dis-
orders (14.0% vs. 14.3% in our study for 2017), and higher
spending shares for cardiovascular diseases (14.0% vs.
7.7%), chronic respiratory diseases (2.1% vs. 1.5%), and
neoplasms (12.0% vs. 6.5%). However, the comparison
with the study is problematic as it assigned 22% of spend-
ing to ‘hospitalizations for other reasons’ and 6.7% to ‘no
condition. Moreover, the study did not report spending
for musculoskeletal diseases. These limitations highlight
the importance of an exhaustive decomposition frame-
work. Interestingly, the study found a very similar yearly
growth rate for lung cancer (11.4%/year vs. 13.0%/year in
our study), the disease with the highest relative spending
increase in our study except for hepatitis.

Interpretation of spending drivers

The results of the decomposition of spending increases
from 2012 to 2017 by four spending drivers must be
interpreted against the background of constant prices of
health care services and products over the entire study
period. According to FSO price statistics the overall index
of health care prices even fell by 2.5% over the 5-year
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period [33]. The spending increases attributed to the four
spending drivers can thus be interpreted as increases in
the amount of health services consumed.

The overall spending increase of 19.7% over the
5-year period corresponds to an annual growth rate
of 3.7%, which can be split into the annual contribu-
tions of the four spending drivers. Spending per prev-
alent patient was the most important driver with an
annual growth rate of 1.6% or a share of 43.5% in over-
all spending increase. Population growth was the sec-
ond most important driver with a growth rate of 1.1%.
Subtracting this from the total growth rate we obtain
a yearly per capita growth rate of 2.6%. Changes in the
population sex-age composition and changes in disease
prevalence contributed 0.5 percentage points each to
the yearly growth rate.

The interpretation of spending per prevalent patient
is less straightforward than the interpretation of pop-
ulation growth, population structure, and disease
prevalence. This factor is also more relevant for policy
makers, as the other three drivers can hardly be influ-
enced by health policy.

The following factors may be influencing the spend-
ing per prevalent patient: First, patients may be receiv-
ing newly developed procedures and drugs, which are
more expensive than the standard of treatment. Second,
the intensity of treatment with existing procedures and
drugs may be increasing (intensive margin). In both
situations, it is crucial for health policy to evaluate if
the increases in spending per patient were cost-effec-
tive, i.e,, led to better health outcomes at reasonable
costs. Comparing the change in spending per patient
and the change in the disease burden is an interesting
extension of the disease-specific spending estimation
that has recently been studied by several researchers
in the United States [9, 34]. In cases in which spend-
ing increases do not lead to much additional value for
patients, it may be appropriate to take measures against
the volume expansion.

Contributions

Our study addressed several shortcomings of the previ-
ous research and contributed to the literature in three
ways. First, by decomposing overall health spending at a
more granular level it generated a detailed description of
spending for many important diseases. Second, by includ-
ing the perspectives of sex and age it generated important
insights into the distribution of disease burden across
demographic groups. Third, and most importantly, by
evaluating the spending decomposition across 2 years it
allowed for the disaggregation of the spending increase
by four underlying cost drivers.
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Spending decompositions by disease may be particu-
larly useful for the evaluation of the health care system
performance when complemented by health outcome
data on productivity growth at the disease level [9] or by
spending-effectiveness ratios (e.g., spending per disabil-
ity-adjusted life year averted) [34]. Such analyses can pro-
vide answers to whether health care spending growth for
specific diseases pays off in terms of health gains or not.

Limitations

This study has several limitations. First, the lack of
diagnostic coding in ambulatory care impedes the iden-
tification of many diseases in health insurance claims
data. In contrast to many comparable studies [11, 12,
30], we did not have access to diagnostic information
at the level of single encounters. Our use of diagnos-
tic clues in claims did not allow for the identification
of diseases with unspecific treatments, such as low back
pain or osteoarthritis. Our study is thus likely to sub-
stantially underestimate the spending on these specific
diseases. For diseases with similar treatments, we might
mis-allocate spending (e.g., asthma and COPD, which
are hard to distinguish based on medication only).
Moreover, our approach leads to an overestimation
of spending for the residual other conditions within
each GBD level 2 category. As an example, other men-
tal disorders accounted for more than half of spending
for mental disorders in 2017. While we were confident
about attributing spending to GBD level 2 categories, a
further attribution to specific diseases (e.g., depression)
was not always possible. Consequently, other mental
disorders may contain both spending for “real other”
conditions (e.g., anxiety) and spending for the four spe-
cific conditions within mental disorders.

A second limitation is related to changes in the diag-
nostic clues in the claims data over time. The introduc-
tion of new disease-specific drugs and treatments may
increase the number of patients identified with a disease,
even if the overall number of patients has not changed. In
our study this might have been the case with hepatitis C
or lung cancer, which saw the introduction of new drugs
between 2012 and 2017. This effect may have contributed
to the strong increase of spending per prevalent case.

A third limitation is related to the lack of data for other
perspectives in the decomposition, such as the sex and
age structure for certain service types. We did not have
access to the spending distribution by sex and age for out-
of-pocket payments. In most cases, we used the sex and
age structure from other health care services for which
we had high-quality micro-data. For others, we derived
the sex/age structure from other data (e.g., the SHS).

A fourth limitation is due to missing micro-data for the
assignment of spending for inpatient long-term care. Due
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to this lack of diagnostic coding, we based our spending
estimation on a combination of claims data and inpa-
tient registry data. However, the HospReg data only cov-
ers the part of the institutionalized population that was
hospitalized. We assumed that diseases identified in
these patients were equally likely to lead to nursing home
admissions in the non-hospitalized patients. However,
the link between the use of long-term care and specific
diseases might be less straightforward than for other
health services, as need of care may be caused by general
frailty.

Fifth, the effect of comorbidities on spending may be
more complex than we were able to capture with our
methodology. We accounted for comorbidities when-
ever possible but were not able to include interaction
terms in the regression-based assignment due to the
type and amount of data at our disposal. However, treat-
ment costs for a patient suffering from two diseases may
deviate significantly from the sum of spendings of two
patients with one of the diagnoses each. This is a poten-
tially major limitation of the regression approach used in
this study.

Sixth, not all data sources used in the estimation were
necessarily representative of the full population. The
potential lack of representativeness of the health insur-
ance claims data is a major limitation of our study. It cov-
ered only around 10% of the population in both years. As
we scaled up the disease-specific spending to the total
given in the NHA, this could lead to a potential bias. A
comparison of several indicators, including the payments
into the risk equalization fund, the proportion of the
population with hospitalization or nursing home stay, the
age-sex structure, and per capita spending, in the sample
and in the general population suggests that our data was
fairly representative of the total population. However, the
study sample may be less representative based on other,
unobserved indicators of morbidity.

Finally, our decomposition of disease-specific spend-
ing over time did not include the number of individuals
actually treated, but only the estimated overall prevalence
according to GBD estimates for Switzerland. These esti-
mates include both treated and untreated individuals.
This limitation must be taken into account when inter-
preting the spending per prevalent patient.

Future research

The change in the average spending per prevalent patient
is driven by multiple factors, such as price changes, med-
ical progress (i.e., new services), or intensity of treatment
at the intensive margin (more of the same treatments for
the same individuals) and extensive margin (extension of
the treatment to previously untreated individuals). From
a health policy perspective, a further decomposition of



Stucki et al. BMC Health Services Research (2023) 23:1149

this factor would be highly relevant, as it would reveal the
underlying drivers of spending growth.

Furthermore, future research should address the limi-
tations mentioned above. One major improvement
would be to include a measure of treated prevalence in
the decomposition. This would enable the distinction of
an epidemiological measure (overall prevalence) from
a health service provision measure (share of prevalent
patients treated). Another important improvement would
be to include claims data from several health insurers.
This would lead to a higher precision as the number of
individuals used in the bottom-up estimation of spending
would increase.

Finally, a spending decomposition at the sub-national
level would be useful for health policy makers and pro-
vide a tool to explain differences in health care spending
across regions.

Conclusions

At present, little is known about how much single dis-
eases contribute to total health care spending in Switzer-
land and on the relative importance of potential drivers
of spending growth. We decomposed total health care
spending by a comprehensive and mutually exclusive set
of diseases and services in 2012 and 2017. Our results
show that mental, musculoskeletal, and neurological dis-
eases accounted for more than one third of total health
care spending in both years. The reasons for the change
in disease-specific spending over time varied significantly
across diseases. Notably, we observed a decrease of the
average spending per prevalent patient for mental and
neurological diseases. For most other diseases, the rising
spending per patient led to an increase in disease-specific
spending.

Spending decompositions by diseases and other per-
spectives may be particularly important from a health
policy perspective, as they may indicate areas for cost
containment policies. Moreover, decomposing the spend-
ing change over time into the contribution of underlying
factors can guide the definition of global spending budg-
ets currently discussed in Switzerland and elsewhere, as
well as health care provision planning. Finally, disease-
specific spending estimates at a granular level and at dif-
ferent points in time can serve as an input to system-wide
cost-effectiveness studies, which would be useful for
value-based health policy.
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