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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-
råden). 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 θ i  
for a spatially smoothed SMR in DeSO i (i = 1,. . ., 
5985). Associations on ln(θ i ) of each SDIi/IMDi, with 
and without accounting for context categories [1], 
were evaluated by ecological regressions (with inverse 
variances of ln(θ i ) 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 (Q1=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 SDI1, 
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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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 (R2 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]; SDI1, 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 

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 Malmö, 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.
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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.

Acknowledgements

The views expressed are those of the authors and not 
necessarily those of the NIHR, Public Health 
England or the Department of Health and Social 
Care.

Declaration of conflicting interests

The author(s) declared no potential conflicts of 
interest with respect to the research, authorship and/
or publication of this article.

Funding

The author(s) disclosed receipt of the following finan-
cial support for the research, authorship and/or publi-
cation of this article: This work was supported by the 
Swedish Cancer Society under Grant 20 0719 (princi-
pal investigator, U.S.). F.B.P. acknowledges support of 
the National Institute for Health Research (NIHR) 
Health Protection Research Unit in Environmental 
Exposures and Health (NIHR200880), a partnership 
between Public Health England and Imperial College 
London.

ORCID iDs

Ulf Strömberg  https://orcid.org/0000-0002-6373- 
1973
Carl Bonander  https://orcid.org/0000-0002-1189- 
9950

Supplemental material

Supplemental material for this article is available 
online.

References
	 [1]	 Allik M, Leyland A, Travassos Ichihara MY, et  al. Creat-

ing small-area deprivation indices: a guide for stages and 
options. Epidemiol Community Health 2020;74:20–5.

	 [2]	 Meijer M, Engholm G, Gritter U, et  al. A socioeconomic 
deprivation index for small areas in Denmark. Scand J Public 
Health 2013;41:560–9.

	 [3]	 Strömberg U, Parkes B, Baigi A, et al. Small-area data on socio-
economic status and immigrant groups for evaluating equity 

of early cancer detection and care. Acta Oncol 2021;60:347–
52.

	 [4]	T he English Index of Multiple Deprivation (IMD) 2015 
– guidance, https://assets.publishing.service.gov.uk/govern-
ment/uploads/system/uploads/attachment_data/file/464430/
English_Index_of_Multiple_Deprivation_2015_-_Guid-
ance.pdf (2015, accessed 27 February 2021).

	 [5]	 Ministry of Housing, Communities and Local Government. 
English indices of deprivation, https://www.gov.uk/govern-
ment/statistics/announcements/english-indices-of-depriva-
tion-2019 (2019, accessed 27 February 2021).

	 [6]	T weed EJ, Allardice GM, McLoone P, et al. Socio-economic 
inequalities in the incidence of four common cancers: a pop-
ulation-based registry study. Public Health 2018;154:1–10.

	 [7]	 Statistics for Wales. Welsh Index of Multiple Depriva-
tion (WIMD) 2019. Results report, https://gov.wales/sites/
default/files/statistics-and-research/2019-11/welsh-index-
multiple-deprivation-2019-results-report-024.pdf (2019, 
accessed 27 February 2021).

	 [8]	N orthern Ireland Statistics and Research Agency. Northern 
Ireland Multiple Deprivation Measure 2017 (NIMDM2017), 
https://www.nisra.gov.uk/publications/nimdm17-results 
 (2017, accessed 27 February 2021).

	 [9]	F ukuda Y, Nakamura K and Takano T. Higher mortality in areas 
of lower socioeconomic position measured by a single index  
of deprivation in Japan. Public Health 2007;121:163–73.

	[10]	E xeter DJ, Zhao J, Crengle S, et al. The New Zealand indi-
ces of multiple deprivation (IMD): a new suite of indicators 
for social and health research in Aotearoa, New Zealand. 
PLoS One 2017;12:e0181260.

	[11]	K rieger N, Chen JT, Waterman PD, et al. Geocoding and 
monitoring of US socioeconomic inequalities in mortality 
and cancer incidence: does the choice of area-based mea-
sure and geographic level matter? The public health dispari-
ties Geocoding project. Am J Epidemiol 2002;156:471–82.

	[12]	 Sánchez-Cantalejo C, Ocana-Riola R and Fernández-Ajuria 
A. Deprivation index for small areas in Spain. Soc Indic Res 
2008;89:259–73.

	[13]	 Sariaslan A, Långström N, D’Onofrio B, et al. The impact of 
neighbourhood deprivation on adolescent violent criminal-
ity and substance misuse: a longitudinal, quasi-experimen-
tal study of the total Swedish population. Int J Epidemiol 
2013;42:1057–66.

	[14]	 Statistics Sweden. Att mäta segregation på låg regional 
nivå [report in Swedish], https://www.scb.se/contentassets/
deedfb3fbe3d4abd987cfcd67dcff2e4/slutrapport-att-mata-
segregation-pa-lag-regional-niva._ku2017_02404_d.pdf 
(2017, accessed 27 February 2021).

	[15]	 Statistics Sweden. DeSO-tabellerna i Statistikdatabasen 
– information och instruktioner [in Swedish], https://scb.
se/hitta-statistik/regional-statistik-och-kartor/regionala-
indelningar/deso---demografiska-statistikomraden/deso-
tabellerna-i-ssd--information-och-instruktioner/ (2020, 
accessed 27 February 2021).

	[16]	B artlett MS. A note on the multiplying factors for various 
chi square approximations. J R Stat Soc 1954;16:296–8.

	[17]	K aiser HF. An index of factorial simplicity. Psychometrika 
1974;39:31–6.

	[18]	T abachnick BG and Fidell LS. Using multivariate statistics. 
5th ed. Boston: Pearson Education, 2007.

	[19]	T hurstone LL. Multiple-factor analysis: A development and 
expansion of the vectors of mindbreak. Chicago: The University 
of Chicago Press, 1947.

	[20]	 Polit DF and Beck CT. Nursing research: Generating and 
assessing evidence for nursing practice. Philadelphia, PA: Wolt-
ers Kluwer Health/Lippincott Williams & Wilkins, 2008.

	[21]	T avakol M and Dennick R. Making sense of Cronbach’s 
alpha. Int J Med Educ 2011;2:53–5. 

https://orcid.org/0000-0002-6373-1973
https://orcid.org/0000-0002-6373-1973
https://orcid.org/0000-0002-1189-9950
https://orcid.org/0000-0002-1189-9950
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://www.gov.uk/government/statistics/announcements/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/announcements/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/announcements/english-indices-of-deprivation-2019
https://gov.wales/sites/default/files/statistics-and-research/2019-11/welsh-index-multiple-deprivation-2019-results-report-024.pdf
https://gov.wales/sites/default/files/statistics-and-research/2019-11/welsh-index-multiple-deprivation-2019-results-report-024.pdf
https://gov.wales/sites/default/files/statistics-and-research/2019-11/welsh-index-multiple-deprivation-2019-results-report-024.pdf
https://www.nisra.gov.uk/publications/nimdm17-results
https://www.scb.se/contentassets/deedfb3fbe3d4abd987cfcd67dcff2e4/slutrapport-att-mata-segregation-pa-lag-regional-niva._ku2017_02404_d.pdf
https://www.scb.se/contentassets/deedfb3fbe3d4abd987cfcd67dcff2e4/slutrapport-att-mata-segregation-pa-lag-regional-niva._ku2017_02404_d.pdf
https://www.scb.se/contentassets/deedfb3fbe3d4abd987cfcd67dcff2e4/slutrapport-att-mata-segregation-pa-lag-regional-niva._ku2017_02404_d.pdf
https://scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner/
https://scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner/
https://scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner/
https://scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner/


A Swedish small-area deprivation indicator    7

	[22]	B esag J, York J and Mollie A. Bayesian image restoration 
with two applications in spatial statistics. Ann Inst Stat Math 
1991;43:1–59.

	[23]	 Piel FB, Parkes B, Hambly P, et al. The Rapid Inquiry Facil-
ity 4.0: an open access tool for Environmental Public Health 
Tracking. Int J Epidemiol 2020;49:i38–i48.

	[24]	 Small Area Health Statistics Unit (SAHSU), Imperial Col-
lege London. The Rapid Inquiry Facility (RIF) Version 4.0. 

How to use the RIF 4.0 client, https://smallareahealthsta-
tisticsunit.github.io/rapidInquiryFacility/standalone/RIF_
v40_Manual.pdf (2020, accessed 28 February 2021).

	[25]	 Statistics Sweden. DeSO – Demografiska statistikom-
råden [in Swedish], https://www.scb.se/hitta-statistik/
regional-statistik-och-kartor/regionala-indelningar/deso--- 
demografiska-statistikomraden/ (2018, accessed 28 Febru-
ary 2021).

https://smallareahealthstatisticsunit.github.io/rapidInquiryFacility/standalone/RIF_v40_Manual.pdf
https://smallareahealthstatisticsunit.github.io/rapidInquiryFacility/standalone/RIF_v40_Manual.pdf
https://smallareahealthstatisticsunit.github.io/rapidInquiryFacility/standalone/RIF_v40_Manual.pdf
https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/
https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/
https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/



