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A recent review of cancer care clinical registry initiatives in
Scandinavian countries, published in this Journal [1], high-
lighted that further developments and coordination are
needed to make full use of registry initiatives. It also
emphasised that clinical registries needed to be enriched by
updated information on socioeconomic variables to ensure
equity of care. Unlike most other countries worldwide,
Scandinavian countries have access to individual-level socioe-
conomic status (SES) data. They can also create small-area
indices of SES or of other important variables, such as the
distribution of immigrant groups, to use in epidemiological
studies and to guide public health decisions. Due to the eco-
logical fallacy inherent in small-area analyses [2], individual-
level data are often considered to be the gold standard.
Precise linkage can be done to process health, socioeco-
nomic and other data relating specially to each individual
studied. As a result, this tends to be labour intensive, particu-
larly for epidemiological studies covering large areas and
long periods of time. Small-area level indices can therefore
provide a useful proxy to address some of these limitations,
while retaining a relatively high precision. Although compari-
sons of individual-level versus area-level socioeconomic
measures in assessing health outcomes have been con-
ducted [3–6], this issue has so far received little attention in
Scandinavian countries.

In recent years, such small-area variables have been used in
disease mapping studies within Denmark (cardiovascular epi-
demiology) [7,8] and within South-West Sweden (cancer epi-
demiology) [9]. We combine expertise from the UK and
Sweden and work on developing and applying methods for
small-area mapping of cancer outcomes. We have proposed
Cancer Stage Mapping, i.e. small-area mapping of cancer inci-
dences per tumour stage at diagnosis, for addressing equity of
early cancer detection [9].

In this letter, we highlight the relevance of the small-area
design [2,10], with special consideration to small-area charac-
teristics reflecting SES and distribution of immigrant groups,

respectively, for studying equity of early cancer detection
and care. Our focus is on Scandinavian countries and oppor-
tunities created by the development of a new small-area
geography in Sweden. In order to explain how small-area
data on SES and on the distribution of immigrant groups can
add value to evaluations addressing equity of early detection
and care, we describe relevant data in use in Sweden and
other Scandinavian countries.

Socioeconomic status (SES)

Whether at individual-level or area-level, there is currently no
consensus on how to define SES within a country or across
multiple countries. SES indices often account for income,
education and occupation, but many other variables have
been considered, including for example, crime, green space
or levels of air pollution.

Individual-level variables

Individual-level data on educational level, income, occupa-
tion and marital status have been used for assigning SES to
cancer patients in Scandinavia [11–14]. Although educational
level has predominantly been used as a proxy of SES (cate-
gorising patients into ‘low’ [primary school], ‘intermediate’
[gymnasium/pre-university level] and ‘high’ [university level]
SES), developments of education systems in many countries
have resulted in gradual shifts from lower to higher educa-
tional level in younger generations (references [11,15] pre-
sent illustrative data on demographic variations of
educational level in Denmark and Sweden), raising concerns
about the use of educational level as a direct measure of
SES. Educational level is rather an indirect measure of SES;
and standardisation by calendar year, age and sex should be
considered. As a more appropriate direct measure of SES,
investigators may consider disposable income per household
(standardised by taking into account household composition)
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[16]. For example, in a recent Swedish study addressing the
association between SES and survival following surgery for
lung cancer, SES was assessed by assigning household dis-
posable income to each patient and categorising the
patients into income quintiles [17].

Small-area index of multiple deprivation

A small-area index of multiple deprivation reflects neighbour-
hood-level SES. It is particularly useful when individual-level
data are not available and can represent a useful proxy of
relative deprivation within a country. Such indices have pre-
dominantly been developed at a national level to reflect
within country heterogeneities and inequalities, and they
relate to relative poverty within a country. Small-area indices
of multiple deprivation are commonly used in the UK, with
England [18,19], Scotland [20], Wales [21] and Northern
Ireland [22] having each their own indices. For example, the
English index of multiple deprivation, which ranks 32,844
small areas, is based on income (22.5%), employment
(22.5%), education (13.5%), health (13.5%), crime (9.3%), bar-
riers to housing and services (9.3%) and the quality of the
indoor and outdoor living environment (9.3%). If primarily
used for health studies, such an index should not incorporate
a health component. Indices of multiple deprivation have
also been created for small areas in several other countries
[23–28], including Denmark [27] and Sweden [28]. The
Danish index was developed based on population data from
January 2005, divided into 2,119 parishes with population
sizes varying between 34 to 20,783. The Swedish index was
based on population data from 1990–2004 according to an
older geographical division referred to as SAMS (Small Areas
for Market Statistics), but included only SAMS areas in the
three largest cities that had at least 500 inhabitants. In 2018,
Statistics Sweden launched a new geographic division
referred to as DeSO (Demografiska statistikområden [in
Swedish]), with the aim to facilitate monitoring of segrega-
tion and socioeconomic conditions in small areas, each with
a population size between 600 and 2,700 (in year 2018) [29].
The creation of this new geography offers opportunities to
develop new small-area level indices of SES and to reflect on
other important variables to account for.

Immigrant groups

A variety of factors related to early cancer detection and care
may vary between ethnic groups [11,30,31]. Beyond the dir-
ect health risk, non-autochthonous groups can also face lin-
guistic and cultural barriers, which may contribute to
delayed diagnosis, influence treatment choices and lead to
more severe outcomes. To achieve equality of early detection
and care, it is therefore essential to account for these differ-
ences when monitoring healthcare data. Similarly to SES,
small-area indices can offer a valuable tool in epidemio-
logical analysis in relation to ethnicity or immigrant groups.
Such data need to be kept distinct from a small-area index
of multiple deprivation, because impact of ethnic concentra-
tion on health could be essentially different from that of

material deprivation [32]. In the UK and the US, census data
on ethnicity/race is widely used, whereas, in the
Scandinavian countries, immigrant groups are rather used for
registry-based studies, because immigrant groups can be
defined from national population registry data on first- and
second-generation immigrants (see e.g. references [13,14]).
The proportions of foreign-born individuals registered for the
populations in Denmark, Finland, Norway and Sweden on
the 1st of January, 2019, were: 12.2%, 7.0%, 15.8% and
19.1%, respectively [33].

Relevance to equity of early detection and care

We provide below a few selected examples illustrating indi-
vidual-level and small-area-level data and how they together
can add value to evaluations addressing equity of early
detection and care.

Individual-level and DeSO-level data on SES and
immigrant groups for the population in Sweden

Statistics Sweden provides a wide range of variables at
DeSO-level. For illustrative purposes, we considered here the
following two variables across the 5,984 DeSOs: contextual
variable A) the proportion of households with low purchasing
power (defined as having a disposable income in the lowest
quartile of the households in Sweden; mean [SD] based on
data from 2018: 24.7% [12.4]) and contextual variable B) the
proportion of non-western immigrants (i.e. inhabitants born
in Eastern Europe, Asia, Africa or South America) (mean [SD]:
4.2% [4.1]). Figure 1 visualises the geographical distributions
of these two variables. The shifting colours represent deciles
of each DeSO-level variable (shifting from dark green ¼ 1st

decile to dark red ¼ 10th decile). The maps show clearly dif-
ferent geographical patterns for contextual variables A and B,
respectively. The rank-correlation between these two varia-
bles (categorised into deciles) indicate to what extent out-
come associations with each DeSO-level variable would
coincide. Across the 5,984 DeSOs, we obtained a Spearman
rank-correlation (rS) of 0.30. Within Stockholm municipality
(544 DeSOs), we obtained rS ¼ 0.62; within Gothenburg
municipality (306 DeSOs), rS ¼ 0.66; and within Malmoe
municipality (192 DeSOs), rS ¼ 0.67. Although rank-correla-
tions between economic deprivation and proportion of non-
western immigrants were more pronounced within the major
urban areas, than across the whole country, the maps clearly
indicates that they each provide different information to
account for in health studies. It may be of particular interest
to study urban areas, where there is DeSOs with relatively
high proportions of non-Western immigrants in both low
and high income areas (Figure 1).

Swedish population data stratified by DeSO, sex, age, eco-
nomic status (three groups according to disposable income
per household per consumption unit: ‘low’, income in the
lowest quartile of the households in Sweden; ‘medium’,
income in quartiles 2 and 3; and ‘high’, income in the high-
est quartile) and immigrant group (three groups according
to country of birth: the Nordic countries, other Western
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countries and non-Western countries) can also be accessed.
The distributions of the DeSO-level data vary between popu-
lation groups defined by individual-level variables. We con-
sider, as an example, the Swedish population aged
50–59 years, many of whom will be invited to a colorectal
cancer screening in the coming years [34], however the
screening efforts may not be equitable. Figure 2 shows distri-
butions of the contextual variables A and B assigned to
50–59-year old persons in nine population strata based on
individual-level data (economic status [low, medium, high] �
birth country group [Nordic, Western, non-Western]). Notice
that we use the frequency, rather than the proportion, on
each y-axis, to convey information on population sizes in the
various strata. Yet, Figure 2 conveys information on the dis-
tributions of the contextual variables within each strata, and
several trivial patterns appear: people in their 50 s with high
SES predominately live in DeSOs where households with low
purchasing power are rare; non-western immigrants predom-
inantly live in DeSOs with relatively high proportions of non-
western immigrants; etc. Nevertheless, Figure 2 indicates
whether or not an analysis addressing contextual influence
would be powerful. For example, consider non-western
immigrants with low economic standard (Figure 2, lower left
panel): an analysis addressing contextual influence, compar-
ing those who live in areas with contrasting contexts (poor
vs. rich areas; areas with large vs. small proportions of non-

western immigrants), would be hampered due to greatly
uneven contextual variable distributions within this popula-
tion group. On the other hand, fairly even contextual vari-
able distributions appear in other population groups defined
by fixed individual-level variables (Figure 2).

Value of small-area data in evaluations addressing
equity of early detection and care

Small-area data can be used to inform understanding of con-
textual influences on outcomes. It may be of interest to ana-
lyse whether variables reflecting (residential) neighbourhood
context are associated with variables reflecting diagnostic
delays caused by the patient or the doctor, treatment choice,
adherence to treatment, etc. By using concepts and strat-
egies developed for addressing contextual effects in epi-
demiological research [35,36], investigators provided with
both small-area and individual-level data may want to iden-
tify whether variables reflecting SES and ethnicity (immigrant
group) have stronger contextual than individual influence.
We emphasise that an analysis aiming to disentangle individ-
ual from contextual influence may rely on contrasting data
(Figure 2). Multi-level statistical models should be employed.
There are examples of register-based studies in Scandinavia
(cardiovascular epidemiology) yielding informative results on
multi-level influence, by adhering to a disease mapping

Figure 1. Geographical distributions, across the 5,985 DeSOs of Sweden (based on data from 2018) of A) the proportion of households with low purchasing power
and B) the proportion of non-western immigrants.
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framework and performing multi-level statistical modelling of
disease incidences within small areas (with account for spa-
tial associations) [7,8]. Cancer Stage Mapping studies using a
similar approach will be feasible.

A major issue of concern is unexplained geographical var-
iations in outcomes hypothetically linked to differences in
health care, which may be caused by inequalities in accessi-
bility, diagnostic routes, etc. In Cancer Stage Mapping [9],
small-area covariates can be used for estimating
‘socioeconomically’ and ‘immigrant group’ adjusted geo-
graphical variations in stage-specific cancer incidences
[37,38], which may strengthen support for inequalities
related to health care rather than sociodemographic factors.
The results from a Cancer Stage Mapping analysis may pri-
marily be considered as a basis for designing controlled
intervention studies in a rational way: Given a set of
‘disadvantageous’ areas (i.e. areas showing relatively high
incidences of late-stage tumours) identified by the cancer

stage mapping, investigators may carefully select interven-
tion (e.g. screening campaign) and control areas. A rando-
mised allocation of intervention/control areas may be
considered. For example, organised colorectal cancer screen-
ing in Finland was implemented in a randomised fashion
[39], in line with previously recommended Randomised
Health Services studies [40]. However, the persons were indi-
vidually randomised either to screening or control arm,
rather than randomising residential area clusters of persons.
A ‘spill-over’ effect to the control population, which was
shown to be pronounced in the implementation phase of
the organised colorectal cancer screening in Finland [41],
may be reduced by carefully selecting intervention and con-
trol areas apart from each other.

Last but not least, we reinforce that the assessment of a
patient’s ‘social environment’, in terms of both SES
(deprivation) and distribution of immigrant groups, may (i)
provide further insights about determinants of inequities in

Figure 2. Distributions of the contextual (DeSO-level) variables A and B (cf. Figure 1) assigned to 50–59-year old persons of the population in Sweden, divided into
nine population strata, viz. individual-level economic status (low, medium, high) in combination with birth country group (Nordic, other Western, non-Western). For
example, the first bar in the top right chart represents 97,084 Nordic residents with high economic status (aged 50–59) who live in the wealthiest DeSOs, which
are categorised in the 1st decile (lowest 10%) of the contextual variable defined as ‘% of households with low purchasing power’. By contrast, the number of
Nordic residents with high economic status (aged 50–59) who live in the poorest DeSOs, which are categorised in the 10th decile (highest 10%) of the contextual
variable A, falls to 17,790.
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early cancer detection and care and (ii) be helpful for adapt-
ing interventions (e.g. considering linguistic and cul-
tural barriers).

Key points for action

� Clinical registers in Scandinavian cancer should consider
development of procedures that incorporate information
on patients’ residential addresses at diagnosis and per-
form geocoding to small areas.

� The national bureaus of statistics should take initiatives to
suggest relevant geographical divisions into small areas
(for each country) and release aggregated popula-
tion data.

� Small-area data on SES and distribution of immigrant
groups should be linked to the clinical registries. (We
encourage creation of country-specific small-area indices
of multiple deprivation.)

� Analytic expertise should support equity of early detec-
tion and care evaluations by addressing contextual and
geographical effects.
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