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Abstract

Awms: The aims of this study were to construct a small-area index of multiple deprivation (IMD) from single deprivation
indicators (SDIs) and to compare the explanatory power of the IMD and SDIs with regard to mortality. We considered a
small-area division of Sweden consisting of 5985 DeSO (Demografiska statistikomrdden), each with a population size between
653 and 4243 at the end of 2018. Methods: Four SDIs were provided by open-source data: (a) the proportion of inhabitants
with a low economic standard; (b) the proportion of inhabitants aged 25-64 years with <12 years of schooling; (c) the
proportion of inhabitants aged 16—64 years who were not in paid employment; and (d) the proportion of inhabitants who
lived in a rented apartment/house. A four-indicator IMD was constructed using factor analysis. As a validation, the IMD
and SDIs were compared by exploring their DeSO-level associations with spatially smoothed death rates, with robustness
checks of associations across different small-area contexts defined by degree of urbanisation and distribution of immigrants
from non-Western countries. Results: The constructed IMD and SDI1 performed essentially equally and outperformed SDI2,
SDI3 and SDI4. Associations between IMD/SDI1 and the spatially smoothed death rates were most pronounced within
the age range 60-79 years, showing 5-8% lowered rates among those categorised in the least deprived quintiles of IMD
and SDI1, respectively, and 7-9% elevated rates among those categorised in the most deprived quintiles. These associations
were consistent within each small-area context. Conclusions: We suggest prioritisation of SDI1, that is, a DeSO-level
deprivation indicator based on open-access data on economic standard, for public-health surveillance in Sweden.
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Introduction

Indicators of small-area deprivation and correspond-
ing indices of multiple deprivation (IMD) can repre-
sent useful proxies covering various domains, such as
income, education, employment and housing [1].
Single deprivation indicators (SDI) and IMDs are
particularly useful when individual-level data are not
easily available, which may be the case for regional

authorities outside research institutions for example
[2]. SDIs/IMDs should be kept distinct from data on
health outcomes and preferably also from data on
ethnicity/immigrant groups because the impact of
ethnic composition or geographical origins of local
population on health could be different from that of
material deprivation [1,3].

IMDs have predominantly been developed at a
national level to reflect within-country heterogeneities.
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They are commonly used in the UK [4-8] and have
also been created for several other countries [2,9-12].
A Swedish index based on a geographical division
referred to as SAMS (Small Areas for Market Statistics)
was constructed for a study of neighbourhood depriva-
tion influence on adolescent violent criminality and
substance misuse, but only for SAMS in the three larg-
est cities that had at least 500 inhabitants [13].In 2018,
the SAMS index was replaced by a new geographic
division referred to as DeSO (Demografiska statistikom-
raden). The DeSO geography was launched with the
aim of facilitating the monitoring of segregation and
socio-economic conditions in small geographic areas.
The boundaries were defined with consideration of
population size [14]. At the end of 2018, the popula-
tion sizes across the 5985 DeSO varied between 653
and 4243.

Aims

Our aim was twofold: (a) to construct, for the DeSO
geography of Sweden, an IMD from four SDIs pro-
vided by open-source data, and (b) to compare the
explanatory power of the SDIs and the constructed
IMD with regard to mortality in order to prioritise
deprivation measures to be considered for public-
health surveillance in Sweden.

Methods
SDIs and IMD construction

From Statistics Sweden’s open-source database [15],
we extracted DeSO-level data from the year 2018 on
four SDIs : SDI1 — the proportion of inhabitants with
a low economic standard (i.e. belonging to a house-
hold with a disposable income per consumption unit
in the lowest quartile of all households in Sweden);
SDI2 - the proportion of inhabitants aged 25—64
years with <12 years of schooling; SDI3 — the pro-
portion of inhabitants aged 16-64 years not in paid
employment; and SDI4 — the proportion of inhabit-
ants who live in a rented apartment/house. By com-
bining these SDIs, we constructed an IMD through a
factor analysis (considering the Varimax rotation
method) to obtain corresponding latent variable of
deprivation. We assigned the number of inhabitants
as a weight to each DeSO, implying that each of the
total 10,216,249 inhabitants contributed with his/her
DeSO-level deprivation indicators. Redundancy
between indicators of deprivation was measured by
Bartlett’s test of sphericity [16]. The Kaiser-Meyer—
Olkin (KMO) test was performed to measure the
adequacy of the sampling [17,18]. SDIs with an
eigenvalue =1.0 were retained for further analysis
[19], and factor loadings =0.30, together with a total

explained variance >50%, were considered meaning-
ful [20]. The internal reliability was measured by
Cronbach’s alpha coefficient [21].

Exploring explanatory power

We explored associations between each SDI/IMD and
the death rates for the year 2019. The number of
deaths, stratified by DeSO, sex and age (five-year
groups), were obtained from Statistics Sweden. The
corresponding population data were extracted from
Statistics Sweden’s open-source database [15]. We
estimated spatially smoothed standardised mortality
ratios (SMR) for each DeSO by using the Besag, York
and Mollie spatial model [22] implemented in the
Rapid Inquiry Facility 4.0, a disease mapping open-
source application [23,24]. Let us use the notation 0;
for a spatially smoothed SMR in DeSO ¢ (z = 1,. . .,
5985). Associations on /( 0; ) of each SDI/IMD,, with
and without accounting for context categories [1],
were evaluated by ecological regressions (with inverse
variances of (9, ) incorporated as weights). Context
categorisations were achieved by (a) the DeSO coding
system, which makes distinction between rural, semi-
urban or urban areas [25], and (b) ordering DeSO-
level data on the proportion of non-western immigrants
(i.e. inhabitants born in Eastern Europe, Asia, Africa
or South America) from Statistics Sweden. These data
were grouped into quintiles (Ql=lowest proportion,
Q5=highest proportion).

Results

A four-indicator IMD was formed as a single latent
variable, with (a) an acceptable KMO value of 0.53;
(b) p<<0.0001 from Bartlett’s test of sphericity; (c)
factor loadings 0.96, 0.24, 0.87 and 0.69 for SDII,
SDI2, SDI3 and SDI4, respectively; (d) 69% total
explained variance; and (e) a satisfactory Cronbach’s
alpha of 0.74. Table I presents descriptive statistics
for this IMD, as well as each SDI. Segregation is
more pronounced in urban areas, and hence neigh-
bourhoods in Q1 (i.e. the least deprived quintile for
an SDI/IMD) and Q5 (i.e. the most deprived quintile
for an SDI/IMD) are relatively more frequent in
urban than rural areas. Between 44% and 74% of the
DeSO categorised in the most deprived quintiles did
not match areas with the highest proportion of immi-
grants from non-Western countries.

Figure 1 visualises the geographical distributions
of each SDI and the spatially smoothed SMRs within
the age span 60-79 years. Associations between
SDIs/IMD and death rates within this age span were
more pronounced than associations between SDIs/
IMD and death rates in other age groups (cf. Table II
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Figure 1. Maps visualising geographical variations for each single deprivation indicator: SDI1, proportion of inhabitants with a low eco-
nomic standard (i.e. belonging to a household with a disposable income per consumption unit in the lowest quartile of all households in
Sweden); SDI2, proportion of inhabitants aged 25-64 years with <12 years of schooling; SDI3, proportion of inhabitants aged 16-64 years
not in paid employment; and SDI4, proportion of inhabitants who live in a rented apartment/house, within the whole of Sweden (with the
21 regions marked) and, in enlarged maps, within the municipality of Malmo, to illustrate changing patterns in a predominately urban area
(including several small-area DeSO with high population density). Analogous maps of the spatially smoothed standardised mortality ratios

within the age span 60—79 years are also shown.

and Supplemental Table SI). The constructed four-
indicator IMD and SDI1 showed the best explana-
tory power, robustly over each context. Across the
quintiles of the IMD (or SDI1), the crude death rate
increased gradually from 5.2 (5.1) to 10.9 (10.6) per
1000 persons within the age group 60—69 years, and
from 15.5 (15.5) to 26.9 (27.4) per 1000 within the
age group 70-79 years (Table II). Associations
between IMD/SDI1 and the spatially smoothed
death rates within the age span 60-79 years showed
5-8% lowered rates among those categorised in the
least deprived quintiles of IMD and SDI1, respec-
tively, and 7-9% elevated rates among those catego-
rised in the most deprived quintiles. These gradients
were consistent across areas concerning the degree of
urbanisation and distribution of immigrants (Table
II and Supplemental Figure S1). The other SDIs
showed weaker explanatory power (R? values for the
fitted ecological regressions on the spatially smoothed
death rates within age groups 60-69 and 70-79,
respectively: the four-indicator IMD, 0.113 and

0.127 [Table II]; SDII1, 0.116 and 0.145 [Table II];
SDI2, 0.063 and 0.092; SDI3, 0.084 and 0.076; and
SDI4, 0.049 and 0.050).

Discussion

Our study suggests that a constructed four-indicator
IMD and a single deprivation indicator reflecting
economic standard perform essentially equal and
outperform the three other single deprivation indica-
tors reflecting educational level, employment status
and living in a rented or household-owned apart-
ment/house, respectively, in terms of explanatory
power with regard to mortality in the age span 60-79
years. Only four deprivation indicators were com-
pared due to our focus on open-source data.

We validated alternative deprivation measures
with regard to mortality only, which poses another
limitation of our investigation. Assessing the explana-
tory power of neighbourhood deprivation on mortal-
ity may be relevant for people aged 60-79 but less
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relevant for young people due to low mortality rates
and for elderly people due to subsiding associations
between deprivation and death rates (Supplemental
Table SI).

Conclusions

We suggest prioritisation of SDI1, that is, a DeSO-
level deprivation indicator based on open-access data
on economic standard, for public-health surveillance
in Sweden.
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