SWISS

SMW - i
weekly

Original article | Published 12 January 2023 | doi:10.57187/smw.2023.40028
Cite this as: Swiss Med WKkly. 2023;153:40028

The Swiss neighbourhood index of socioeconomic
position: update and re-validation

Radoslaw Panczak, Claudia Berlin, Marieke Voorpostel, Marcel Zwahlen, Matthias Egger

a
b
c
d

Prof. Dr. med. Matthias
Egger

Institute of Social and Pre-
ventive Medicine
University of Bern
Mittelstrasse 43

CH-3012 Bern
matthias.egger[at]
ispm.unibe.ch

Institute of Social and Preventive Medicine, University of Bern, Bern, Switzerland
Swiss Centre of Expertise in the Social Sciences (FORS), Lausanne, Switzerland
Population Health Sciences, Bristol Medical School, University of Bristol, UK

Centre for Infectious Disease Epidemiology and Research, University of Cape Town, Cape Town, South Africa

Summary

BACKGROUND: The widely used Swiss neighbourhood
index of socioeconomic position (Swiss-SEP 1) was based
on data from the 2000 national census on rent, household
head education and occupation, and crowding. It may now
be out of date.

METHODS: We created a new index (Swiss-SEP 2)
based on the 2012-2015 yearly micro censuses that have
replaced the decennial house-to-house census in Switzer-
land since 2010. We used principal component analysis
on neighbourhood-aggregated variables and standardised
the index. We also created a hybrid version (Swiss-SEP
3), with updated values for neighbourhoods centred on
buildings constructed after the year 2000 and original val-
ues for the remaining neighbourhoods.

RESULTS: A total of 1.54 million neighbourhoods were
included. With all three indices, the mean yearly equiv-
alised household income increased from around 52,000 to
90,000 CHF from the lowest to the highest index decile.
Analyses of mortality were based on 33.6 million person-
years of follow-up. The age- and sex-adjusted hazard ra-
tios of all-cause mortality comparing areas in the lowest
Swiss-SEP decile with areas of the highest decile were
1.39 (95% confidence interval [CI] 1.36-1.41), 1.31
(1.29-1.33) and 1.34 (1.32-1.37) using the old, new and
hybrid indices, respectively.

DISCUSSION: The Swiss-SEP indices capture area-
based SEP at a high resolution and allow the study of SEP
when individual-level SEP data are missing or area-lev-
el effects are of interest. The hybrid version (Swiss-SEP
3) maintains high spatial resolution while adding informa-
tion on new neighbourhoods. The index will continue to be
useful for Switzerland’s epidemiological and public health
research.

Introduction

The association of socioeconomic position with health has
long been recognised. The civil servant turned social re-
former Edwin Chadwick reported that in 1842 Great
Britain, the average age at death was 45 years in “gentle-
men and persons engaged in professions, and their fami-
lies”, but only 16 years in “mechanics, servants and labour-

ers, and their families” [1]. The health of populations has
improved dramatically since then, but mortality and so-
cioeconomic position continue to be associated [2]. For
example, during the first decade of the 21st century, an
analysis using the original Swiss neighbourhood index of
socioeconomic position (Swiss-SEP 1) found substantial
variation in life expectancy depending on the social stand-
ing of neighbourhoods [3, 4].

Area-based measures of socioeconomic position (SEP) are
used to examine the impact of the socioeconomic charac-
teristics of an area on health-related outcomes beyond in-
dividual characteristics and behaviours. They can also be
used as a proxy for missing individual-level data, such as
in the context of adjusting for socioeconomic factors that
affect health in epidemiological studies. The Swiss-SEP 1
index was developed using data from the 2000 census. It
is based on four domains that measure different aspects
of the socioeconomic situation of Swiss households: rent
per square metre, education level, occupation and over-
crowding [3, 5]. Rent is related to income, which in turn
influences exposures that affect health and health services
access [5—7]. Households with higher levels of education
may lead healthier lifestyles. Occupation captures occupa-
tional exposures such as work stress and specific work-
place exposures [8]. Crowded households tend to have
fewer economic resources. Direct impacts of crowding on
health may also exist, such as spreading infectious dis-
cases. The Swiss-SEP 1 [3] includes 1.27 million overlap-
ping neighbourhoods of around 50 households.

Since its publication in 2012 [3], the index has become a
valuable tool in epidemiological and clinical research to
examine the importance of socioeconomic position or ad-
just for its potential confounding effect. For example, in re-
cent months, it has been used in studies of DNA methyla-
tion profiles associated with vegetation (greenness) around
the residential address [9], dietary patterns across Swiss
language regions [10] and respiratory health in school-
children [11]. The continued use of an index of socioeco-
nomic position based on data from 2000 raises the ques-
tion of whether the tool is still fit for purpose. Over the past
two decades, Switzerland’s population has grown from
7.20 million to 8.67 million [12]. Some areas might have
changed their status, for example, due to the construction
of new residential areas, the ‘gentrification’ of existing
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neighbourhoods, or new roads or public transportation
links.

In 2010, Switzerland moved from decennial censuses to a
system of yearly surveys (micro censuses) [3]. Therefore,
the individual- and household-level information used to
construct the Swiss-SEP is no longer collected for the en-
tire population but only for a random sample of around
200,000 residents per year. This prevents an automatic up-
date of the index. Here, we describe the changing data
ecosystem, construct new versions of the Swiss-SEP index,
and validate the old and new versions against independent
income and mortality data.

Materials and methods

We followed the five steps undertaken in the original work
to develop the revised version of the index (Swiss-SEP 2)
[3]: (1) define neighbourhoods of around 50 households,
(2) characterise these neighbourhoods socioeconomically,
(3) develop the index, (4) examine the index’s construct
validity using independent income data and (5) examine
mortality by index levels. Full details of the data prepara-
tion steps, exclusion and inclusion criteria, and the size of
datasets are provided in the online appendix.

Definition of neighbourhoods

As in developing the original index, we used all residential
buildings in Switzerland as centres of neighbourhoods.
For each building, a neighbourhood was identified consist-
ing of the nearest (based on the road network) 50 house-
holds. In rare cases where fewer than 50 households were
found within a 20-kilometre radius, the neighbourhood
could consist of fewer households. If the 50th household
was in a building with more than one household, the other
households in that building were also included, resulting
in a neighbourhood with more than 50 households. Since
each building was in turn the centre of the neighbourhood,
neighbourhoods with overlapping boundaries were
formed. We then collected the data from four annual waves
of micro censuses from 2012 to 2015. We decided against
using data from 2010 and 2011, the first two micro census-
es, due to data quality issues and missing information. The
combined dataset from the four micro censuses allowed us
to replicate the original procedure for defining and charac-
terising neighbourhoods. Naturally, using a sample of in-
dividuals and their households instead of a complete cen-
sus meant that the geographical size of areas had to be
increased to still include the 50 closest households includ-
ed in the surveys.

Socioeconomic standing of neighbourhoods

We used the same four domains that were the basis of the
original index to describe neighbourhoods. Housing and
income domains remained unchanged, based on the rent
per square metre in three- to five-room flats, and crowding
defined as the mean number of persons per room, count-
ing bed- and living rooms [3]. The micro census did not
specify the head of the household. Instead, the information
on the adult respondent was used. In addition, the original
categorisation of occupations developed by the Swiss Fed-
eral Statistical Office was no longer available for all sur-
vey years. Therefore, we used the International Standard
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Classification of Occupations data to categorise occupa-
tions [13].

Construction and combination of indexes

As for the previous index version, we used principal com-
ponent analysis on neighbourhood-aggregated indicators
to construct the Swiss-SEP 2. The four variables described
were combined using principal component analysis. We
combined the loadings of the first principal component to
obtain a value for the socioeconomic position of a neigh-
bourhood. The loadings were similar to the original index
and positive for occupation, education and persons per
room, with values of 0.6054, 0.5902 and 0.2401, respec-
tively, and negative for rent (-0.4770). Higher values repre-
sented neighbourhoods of higher socioeconomic position.
The analysis was weighted by the number of households to
account for differences in area size and standardised to a
range of 0 to 100. In addition to the new index, we created
a hybrid version of the index (Swiss-SEP 3), which includ-
ed updated values for new neighbourhoods around build-
ings built after 2000 and the original values for the remain-
ing areas.

Validation using household panel data

We re-examined the construct validity of the new Swiss-
SEP 2 and hybrid Swiss-SEP 3 indices by exploring their
association with income data collected by the Swiss
Household Panel, a longitudinal study following a random
sample of Swiss households [14]. We included the partic-
ipants from the 1999, 2004 and 2013 recruitment waves
and geocoded the residences of 7,252 (98.6%) households
that participated in one or several waves and completed
the questionnaire in 2014. The geocoding was based on
the Swiss federal register of buildings and dwellings [15].
We used the same variables as in the original study [3],
i.e. self-reported equivalised yearly household income in
Swiss francs (CHF), and calculated the yearly mean equiv-
alised household income, which adjusts for family size
[16]. Information about equivalised income was available
for 7,193 households (99.1%), including 588 with imputed
income data. Imputation of missing income data in the
Swiss Household Panel uses cross-sectional and longitudi-
nal methods, as described in detail in a working paper [17].
In further analyses presented in the online appendix, we
examined data on expenses, contributions to tax-free pri-
vate pension schemes and reception of financial help.

Mortality across deciles of indices

Finally, we updated all-cause and cause-specific mortality
analyses [3]. We used the data from the Swiss National co-
hort, a population-based cohort of the Swiss resident pop-
ulation based on census data linked to mortality, live birth
and emigration records [18-20]. The dataset consisted of
5,714,470 individuals aged 30 years or older. We exclud-
ed 400,357 (7.0%) individuals with no link to a residential
building, 61,453 (1.1%) individuals with missing building
ID and 2,944 (0.05%) individuals with missing civil sta-
tus. Finally, we excluded 627 (0.2%) of 304,789 deaths
due to ineligible death dates (deaths recorded before 2012).
The final dataset consisted of 5,249,089 individuals and
304,162 deaths.
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We examined mortality from lung cancer (ICD-10 codes
C33-C34), breast cancer (ICD-10 code C50), prostate can-
cer (ICD-10 code C61), respiratory diseases (ICD-10
codes J00-J99), cardiovascular diseases (ICD-10 codes
100-199), myocardial infarction (ICD-10 codes 121-122),
stroke (ICD-10 codes 160-164), traffic accidents (ICD-10
codes VO1-V99) and suicide (ICD-10 codes X60—X84).
The updated analysis was based on 304,162 deaths record-
ed from 2012 to 2018 among 5.25 million individuals aged
30 years or older. We used Cox proportional hazard regres-
sion to compare mortality by deciles of the three versions
of the Swiss-SEP index. We measured time from January
1, 2012, to the earliest of death, emigration or December
31, 2018. Models were adjusted for age (by using age as
the time scale) and sex to compare them with the previous
analyses. Fully adjusted analyses were no longer possible
due to a lack of individual-level education and professional
status information. In the online appendix, we present ad-
ditional models adjusted for age, sex, nationality, civil sta-
tus, language region and level of urbanisation of place of
residence. The results are presented as hazard ratios with
95% Cls. We did not test for proportional hazards or inter-
pret hazard ratios obtained from Cox models as a weighted
average of the true hazard ratios over the entire period of
follow-up [21].

We performed analyses in Stata (version 15, Stata Cor-
poration, College Station, TX, USA), R (version 4.2.0, R
Foundation for Statistical Computing, Vienna, Austria) and
ArcGIS (version 10.5, Environmental Systems Research
Institute, Redlands, CA, USA) software. The external li-
braries used included ISKO in Stata [22] and tidyverse
1.31 [23] and sf 1.08 [24] in R. The study was performed
within the framework of the Swiss National Cohort, with
ethics approval from the Ethics Committee of the Canton
Bern (No. 153/2014).

Results

The dataset of residential buildings consisted of 1,560,993
records. We excluded 20,405 (1.3%) non-residential build-
ings and two buildings without neighbours on the road net-
work and combined 13,411 (0.9%) duplicate entries. The
final dataset comprised 1,527,175 residential buildings and
neighbourhoods. The dataset of the four micro censuses
from 2012 to 2015 comprised 1,125,356 individuals. We
excluded 167,726 (14.9%) individuals not linked to any el-
igible household or building, 56,367 (5.0%) children and
adolescents below the age of 19 years and 2,597 (0.2%)
people with temporary residence permits. Additionally, we
excluded 6,539 (0.6%) duplicate records of individuals
who participated in more than one micro census, retaining
the latest record. The mean size of overlapping neighbour-
hoods was 50.5 households (SD 1.31) and 131 individuals
(SD 16.0), similar to the old index [3]. Compared to the
old index [3], the median of the mean distance by road be-
tween the reference building and the other buildings with-
in the neighbourhood of around 50 households increased,
from 131 m to 272 m.

The first principal component retained to construct the in-
dex explained 48.9% of the total variance, with similar
loadings to those obtained previously [3]. The hybrid ver-
sion of the index (Swiss-SEP 3) retained values of the orig-
inal index for 1.31 million neighbourhoods. It updated the
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values for 235,161 (15.3%) areas centred on buildings con-
structed after 2000 (see online appendix for further de-
tails). As expected, the two variables used in constructing
the index — educational and professional status — showed
a steep gradient across the index deciles (table 1; using
Swiss-SEP 3).

For instance, the proportion of individuals with primary
education or less was four and half times higher in the
neighbourhoods of decile 1 than in decile 10. On the other
hand, the highest professional category of employment
was nearly four times less prevalent. Variables not used in
the construction of the index directly but also connected
to socioeconomic position also varied — for instance, the
proportion of foreign residents in the neighbourhood de-
creased from 31.8% to 18.3% from decile 1 to decile 10.
These results were similar across the other versions of the
index (see online appendix) and resembled findings from
the original work [3]. Additionally, the spatial distribution
of the new (Swiss-SEP 2) and hybrid (Swiss-SEP 3) in-
dices largely followed the original study’s findings (fig. 1).
Neighbourhoods of higher SEP continued to be concentrat-
ed around the urban centres of Basel, Bern, Geneva, Lau-
sanne and Zurich and their surroundings and along Lake
Leman and both sides of Lake Zurich. The areas of low-
er SEP were concentrated in rural areas of northeast and
central Switzerland, in the arc of the Jura and most of the
Alpine valleys.

For all three versions of the Swiss-SEP index, the yearly
equivalised household income from the Swiss Household
Panel increased with increasing Swiss-SEP decile (fig. 2).
For instance, the median income in 2013 for the analysis of
the hybrid index rose from 55,000 CHF among households
in the 1st Swiss-SEP decile to 88,000 CHF in the 10th
decile. The corresponding range in the previous analysis
was slightly less extreme (from 42,000 CHF to 72,000
CHF). The other financial characteristics analysed were
closely similar to the original analysis [3] (see online ap-
pendix).

The Swiss National Cohort dataset used for the mortality
analyses consisted of 5,714,470 individuals aged 30 years
or older. We excluded 400,357 (7.0%) individuals with no
link to a residential building, 61,453 (1.1%) individuals
with missing building ID and 2,944 (0.05%) individuals
with missing civil status. Finally, we excluded 627 (0.2%)
of 304,789 deaths due to an ineligible date of death (death
recorded before 2012). The final dataset consisted of
5,249,089 individuals and 304,162 deaths, with 33.6 mil-
lion person-years of follow-up. Both the old and updated
Swiss-SEP indices were associated with all-cause mortal-
ity and cause-specific mortality. The age- and sex-adjust-
ed hazard ratios of all-cause mortality comparing areas in
the lowest decile of the Swiss-SEP with areas in the high-
est decile were 1.39 (95% CI 1.36-1.41),1.31 (95% CI
1.29-1.33) and 1.34 (95% CI 1.32—-1.37), using the Swiss-
SEP 1, Swiss-SEP 2 and Swiss-SEP 3 indices, respective-
ly. A gradient existed across deciles (fig. 3).

Slightly stronger associations were observed in the fully
adjusted models. In the cause-specific mortality analyses,
markedly stronger associations in the same direction were
observed for lung cancer, respiratory diseases and traffic
accidents (table 2).
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Table 1:

Little evidence existed for an association with breast can-
cer mortality. Notably, the association of the new index
tended to be slightly weaker than the association with ei-
ther the old or hybrid index. Estimates based on the old
index were similar for the earlier (2001-2008) and later
(2012-2018) periods, except for suicide. In the earlier pe-
riod, suicide was less common in areas with higher socioe-
conomic status, whereas in the later period, suicide was
more common in these areas.

Discussion

We updated the Swiss-SEP index, an area-based index of
socioeconomic position widely used in Switzerland. We
developed a new version of the index based on the micro
census data with reduced spatial resolution. A hybrid ver-
sion uses the original index values for buildings construct-
ed up to 2000 and new values for buildings constructed
since then. An update was deemed necessary because the
old version of the index was based on census data collected
in 2000, more than 20 years ago. It was complicated by
the fact that Switzerland, like several other European coun-
tries, changed from a complete, house-to-house census
every 10 years to an administrative register—based census

combined with annual surveys (micro censuses) of around
200,000 persons at the 2011 census round [25].

Here, we demonstrate the feasibility of creating a new in-
dex using more limited information than what was avail-
able in the national house-to-house census conducted in
2000. All three versions of the index had construct validity,
with household income increasing with higher socioeco-
nomic position. Further, a gradient existed across Swiss-
SEP index deciles for all-cause mortality and mortality
from several specific causes, independently of the version
of the index used: old (Swiss-SEP 1), new (Swiss-SEP 2)
or hybrid (Swiss-SEP 3).

The new Swiss-SEP 2 index uses more recent data from
the micro censuses; the disadvantage is lower resolution
than the old Swiss-SEP 1. In our previous analysis [3], we
repeated analyses using mean values of the index for lo-
cal authorities and urban districts, i.e. much larger areas.
As expected, the association with mortality became con-
siderably weaker. A trend in this direction could also be
observed in the present study when using the new index.
However, the differences were small, and confidence inter-
vals overlapped widely. Among the different dimensions
of socioeconomic position, income appears to be most

Characteristics of the sample of the resident population in Switzerland across the first (lowest SEP), fifth and tenth (highest SEP) deciles of the hybrid version of the Swiss
neighbourhood index of socioeconomic position (Swiss-SEP 3), Switzerland.

Characteristic Index decile Total
1 5 10
N (%) N (%) N (%) N (%)
Gender Male 49782 (48.6) 41660 (47.3) 36229 (47.3) 424130 (47.5)
Female 52601 (51.4) 46325 (52.7) 40309 (52.7) 467997 (52.5)
Age (years) 19-34 26569 (26.0) 20018 (22.8) 13510 (17.7) 200604 (22.5)
35-49 30416 (29.7) 25099 (28.5) 21905 (28.6) 255462 (28.6)
50-64 25016 (24.4) 22338 (25.4) 20522 (26.8) 228477 (25.6)
Above 65 20382 (19.9) 20530 (23.3) 20601 (26.9) 207584 (23.3)
Civil status Single 25912 (25.3) 23574 (26.8) 19571 (25.6) 235941 (26.4)
Married 60671 (59.3) 50077 (56.9) 46283 (60.5) 517255 (58.0)
Widowed 6156 (6.0) 5561 (6.3) 4120 (5.4) 53453 (6.0)
Divorced 9643 (9.4) 8773 (10.0) 6564 (8.6) 85477 (9.6)
(Missing) 1(0.0) 0(0.0) 0(0.0) 1(0.0)
Nationality Swiss 69874 (68.2) 70681 (80.3) 62514 (81.7) 703676 (78.9)
Foreigner 32509 (31.8) 17304 (19.7) 14024 (18.3) 188451 (21.1)
First main language German 40613 (39.7) 52825 (60.0) 53580 (70.0) 518985 (58.2)
French 34020 (33.2) 20684 (23.5) 15712 (20.5) 226063 (25.3)
Italian 12614 (12.3) 7659 (8.7) 1355 (1.8) 69155 (7.8)
Other 15136 (14.8) 6817 (7.7) 5891 (7.7) 77924 (8.7)
Education Primary education or less 37232 (36.4) 18745 (21.3) 6134 (8.0) 188309 (21.1)
Upper secondary level 46845 (45.8) 45382 (51.6) 31333 (40.9) 434965 (48.8)
Tertiary level 18306 (17.9) 23858 (27.1) 39071 (51.0) 268853 (30.1)
Professional status Top management and independent professions 1320 (1.3) 1582 (1.8) 3833 (5.0) 20548 (2.3)
Other self-employed 3480 (3.4) 2872 (3.3) 2491 (3.3) 29047 (3.3)
Professionals and senior management 3599 (3.5) 5233 (5.9) 9250 (12.1) 60297 (6.8)
Supervisors/low-level management and skilled labour 24398 (23.8) 23411 (26.6) 15025 (19.6) 223131 (25.0)
Unskilled employees and workers 7165 (7.0) 3000 (3.4) 749 (1.0) 31914 (3.6)
In paid employment, not classified elsewhere 4005 (3.9) 2648 (3.0) 1545 (2.0) 26426 (3.0)
Unemployed/job-seeking 3319 (3.2) 1981 (2.3) 1293 (1.7) 20377 (2.3)
Not in paid employment 25702 (25.1) 22239 (25.3) 20098 (26.3) 225064 (25.2)
(Missing) 29395 (28.7) 25019 (28.4) 22254 (29.1) 255323 (28.6)
Level of urbanisation Urban 27683 (27.0) 22694 (25.8) 26015 (34.0) 249565 (28.0)
Peri-urban 30417 (29.7) 39056 (44.4) 49218 (64.3) 408700 (45.8)
Rural 44283 (43.3) 26235 (29.8) 1305 (1.7) 233862 (26.2)

Source: micro censuses 2012—-2015. The professional status categories shown are those used for the construction of the original Swiss-SEP 1. For the Swiss-SEP 2, the Interna-
tional Standard Classification of Occupations was used.
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strongly associated with health, particularly in older age ~ The Swiss-SEP is the only small-area index of socioeco-
[26]. Interestingly, in our evaluation of construct validity, = nomic position available for Switzerland. The Socioeco-
the association of the Swiss-SEP index with independent  nomic Deprivation Index (SDI) developed by Spycher et
household income data from a panel study was similar for  al. was based on the much larger MedStat regions (705 re-
all three versions of the Swiss-SEP index [3]. gions with mean populations of 12,000 people) [27]. The

Figure 1: Map of the new (Swiss-SEP 2) and hybrid (Swiss-SEP 3) indices. The original values of 1.54 million neighbourhoods were aggregat-
ed into a hexagonal grid with a cell size of 500 m to improve the figure’s clarity. Each grid displays the median value of index deciles.
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objective was to examine the association of socioeconom-  chronic and acute conditions. Vallarta-Robledo et al. used
ic and cultural factors with avoidable hospitalisations for ~ household income data from Lausanne’s 2009 census to

Figure 2: Box plots of the distribution of equivalised yearly household income across the deciles of three indices. Data from 7,193 Swiss
Household Panel participants who provided information or had imputed information on the income questions in 2014. Boxplots exclude outliers
for better visibility of the central distribution. See online appendix for more details.

200.000

150.000 - |
™
T
o, ]
(]
E
Q
O
£ 100.000
E l ll lll l
o]
£
P | il
0
3
Qo
X

50.000 | I

| Index version
HEl Old
B New
0 B Hybrid

Figure 3: Hazard ratios of all-cause mortality across deciles of the three versions of the Swiss-SEP indices. Analyses based on Swiss Nation-
al Cohort data on 304,000 deaths between 2012 and 2018 among 5.25 million individuals aged 30 or older. Fully adjusted analyses included
age, sex, nationality, civil status, language region and level of urbanisation. Group 10 (highest SEP index) on the Y-axis is the reference group
for all models.
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Hazard ratios of death from all causes and selected causes in the Swiss resident population comparing the first decile (lowest SEP) of different versions of the Swiss neighbour-
hood index of socioeconomic position (Swiss-SEP) to the tenth decile (highest SEP). Source: Swiss National Cohort, 2001-2008 [3] and 2012-2018.

Previous analysis (2001-2008) |Updated analysis (2012-2018)

Swiss-SEP 1 Swiss-SEP 1 Swiss-SEP 2 Swiss-SEP 3
All causes 1.38 (1.36-1.41) 1.39 (1.36-1.41) 1.31 (1.29-1.33) 1.34 (1.32-1.37)
Lung cancer 1.83 (1.71-1.95) 1.93 (1.79-2.08) 1.79 (1.67-1.92) 1.82 (1.69-1.96)
Breast cancer 0.93 (0.85-1.02) 1.09 (0.97-1.22) 1.01 (0.91-1.13) 1.04 (0.93-1.17)
Prostate cancer 1.17 (1.07-1.28) 1.15 (1.03-1.29) 1.13 (1.02-1.26) 1.14 (1.02-1.27)
Cardiovascular disease 1.48 (1.44-1.51) 1.49 (1.44-1.54) 1.38 (1.34-1.43) 1.44 (1.39-1.49)
Myocardial infarction 1.68 (1.57-1.80) 1.64 (1.48-1.80) 1.53 (1.40-1.67) 1.55 (1.41-1.70)
Stroke 1.28 (1.20-1.36) 1.25 (1.14-1.36) 1.25(1.15-1.35) 1.22 (1.12-1.33)
Respiratory disease 1.99 (1.87-2.12) 1.81(1.68-1.94) 1.63 (1.53-1.74) 1.72 (1.60-1.85)
Traffic accidents 2.42 (1.94-3.01) 1.80 (1.36-2.39) 2.13 (1.59-2.86) 1.89 (1.43-2.51)
Suicide 0.86 (0.78-0.95) 1.32 (1.14-1.51) 1.31 (1.15-1.49) 1.29 (1.12-1.48)

Results from age- and sex-adjusted models.

examine the spatial association of neighbourhood socioe-
conomic position with tobacco consumption and changes
in consumption [28]. Similarly, Mongin et al. used income
and other data from the statistical office of Geneva to char-
acterise the socioeconomic position of neighbourhoods of
around 1,000 people and examine socioeconomic in-
equities in COVID-19 incidence, mortality and access to
tests [29]. A similar analysis at the national level used the
Swiss-SEP 3 index [30].

Which index should be used today in Switzerland for re-
search at the national level on the importance of the so-
cioeconomic environment on health outcomes or research
with another focus aiming to adjust for the socioeconomic
position? Our results indicate that the socioeconomic po-
sition of neighbourhoods in Switzerland has changed rela-
tively little in the past 20 years, at least in relative terms.
However, the population has increased, and new buildings
and neighbourhoods have sprung up. Therefore, using the
hybrid version of the index (Swiss-SEP 3) seems to be a
reasonable choice, preserving the original index’s higher
resolution while accommodating new neighbourhoods. In
recent years, few high-resolution area-based datasets rele-
vant to SEP have become available in Switzerland. Com-
mercially available but, to our knowledge, unvalidated data
on purchasing power have become available, but only at
a high level of aggregation, at the level of municipalities
[31]. Alternative data sources such as detailed data on car
ownership [32], mobile phones [33] or social media da-
ta [34] or data on specific environmental exposures from
high-resolution satellite images [35] might offer opportu-
nities in the future. Finally, the availability of yearly mi-
cro censuses allows updating indices more frequently with
new data while also improving resolution [36].

The new versions of the Swiss-SEP inherited the limita-
tions present in the original work. Switzerland still does
not have access to any high-resolution and high-coverage
data about income at the individual level. Such data are
inherently difficult to obtain in the Swiss context, where
income information is highly sensitive. In the absence of
access to other data sources on income, rent remains the
only viable alternative. To combine indices, we continued
to rely on principal component analysis to create the index.
Other methods are available, but no consensus exists on
best practices or guidelines for developing such indices
[37].

In conclusion, despite the sparser data, we demonstrated
the feasibility of updating the Swiss-SEP within the new
micro census system adopted by Switzerland in 2020. The
three versions of the area-based Swiss-SEP index appear to
be similarly valid. The hybrid version maintains the high
spatial resolution of the old version while adding informa-
tion on new neighbourhoods around buildings construct-
ed since 2000. The family of Swiss-SEP indices will con-
tinue to support research on socioeconomic position and
health whenever data on individual-level socioeconomic
status are missing or the contextual effect of area-based so-
cioeconomic position is of interest. We will make all three
versions of the Swiss-SEP index available to interested re-
searchers on a dedicated website.

Data access

The code used to produce the main analyses and the ap-
pendix is available online at https://github.com/RPanczak/
SNC Swiss-SEP2. The data are the property of the Swiss
Federal Statistical Office (SFSO) and can only be made
available by legal agreements with the SFSO. After ap-
proval by the SNC Scientific Board, a contract with the
SFSO allows researchers to receive analysis files for repli-
cation of the analysis. Access to the final dataset of the
Swiss-SEP is possible after signing a contract with the
SNC. Interested researchers, please visit the BORIS portal
at https://doi.org/10.48620/110.
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