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a b s t r a c t

Background: Area-based indices of deprivation are used to identify populations at need, to inform service
planning and policy, to rank populations for monitoring trends in inequalities, and to evaluate the im-
pacts of interventions. There is scepticism of the utility of area deprivation indices in rural areas because
of the spatial heterogeneity of their populations.
Objective: To compare the sensitivity of the Scottish Index of Multiple Deprivation (SIMD) for detecting
income and employment deprived individuals by urban-rural classification and across local authorities.
Study design: Descriptive analysis of cross-sectional data.
Methods: Data from the 2020 Scottish Index of Multiple Deprivation (SIMD) were used to calculate the
number and percentage of income and employment deprived people missed within each of the six-fold
urban-rural classification strata and each local authority using areas ranked by the national SIMD, within
local authority rankings, and within urban-rural strata rankings, for deprivation thresholds between the
5% most deprived areas and the 30% most deprived areas. The Slope Index of Inequality (SII) and Relative
Index of Inequality (RII) were calculated within local authorities and urban-rural classification strata to
estimate the concentration of deprivation within ranked data zones.
Results: The number and percentage of income and employment deprived people is higher in urban than
rural areas. However, using the national, local authority, and within urban-rural classification strata
rankings of SIMD, and under all deprivation thresholds (from the 5%e30% most deprived areas), the
percentage of income and employment deprived people missed by targeting the most deprived areas
within urban-rural strata is higher in more remote and rural areas, and in island local authorities. The
absolute number of income and employment deprived individuals is greater in urban areas across
rankings and thresholds.
Conclusion: The SIMD misses a higher percentage of income and employment deprived people in
remote, rural and island areas across deprivation thresholds and irrespective of whether national, local or
within urban-rural classification strata are used. However, the absolute number of people missed is
higher in urban areas.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).
Background

Socio-economic deprivation is an important determinant of pop-
ulation health.1Many countries have developed area-based indices of
multiple deprivation to serve several purposes.2 First, the indices can
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be used to identify populations with different needs for services or
policy interventions based on their experience of deprivation.3 Sec-
ond, the indices can be used to rank the population to monitor the
extentof inequalities.4,5 Third, the indices canbeusedasa data source
for evaluation and monitoring of policy interventions.6

Deprivation indices are constructed at small area level to make
use of routinely available administrative data for standard geog-
raphies.2 This facilitates regular updating of data and avoids the
challenges of individual data linkage or the need to suppress small
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numbers to avoid inadvertent disclosure. A perceived limitation of
area-based deprivation indices is the extent to which their sensi-
tivity at identifying people in deprived circumstances varies ac-
cording to how urban or rural the context is.7 This has led to some
scepticism amongst service managers and planners about the
utility of such deprivation indices in rural and island areas. This is
not unique to rural areas given that most deprived individuals do
not live in the most deprived areas,8 and the use of area-based
deprivation scores to infer the characteristics of individuals or
households falls foul of the ecological fallacy.9

The Scottish Government's official tool for identifying the con-
centration of deprivation across Scotland is the Scottish Index of
Multiple Deprivation (SIMD). The SIMD is derived from a weighted
score of data across seven domains (Income, Employment, Educa-
tion, Health, Access to Services, Crime and Housing).10 The ‘access
to services’ domain captures some aspects of rural deprivation, but
the ‘income’ and ‘employment’ domains which make up the In-
come Employment Index (IEI), a sub-index of SIMD used tomonitor
health inequalities, does not. The experience of deprivation differs
between urban and rural areas. In addition to service access issues,
people living in rural areas may face higher costs (e.g. for fuel,
transport and food), a lack of employment opportunities, and a
reliance on part-time and seasonal work.11

It has been suggested that SIMD, “tend[s] to privilege urban
concentrations of deprivation to the detriment of deprived people
in more rural areas”,12 on the basis that individuals experiencing
deprivationmay bemore dispersed in rural areas, leading to greater
heterogeneity in their populations.6

Given the perception that the commonly used area-based
deprivation index (SIMD) in Scotland is not as sensitive for iden-
tifying deprived individuals in rural areas, this paper aims to
compare the sensitivity of the SIMD in detecting income and
employment deprived individuals between urban-rural categories
and across local authorities.

Methods

The 2020 version of the SIMD data set was obtained from the
Scottish Government for this analysis. The smallest unit of analysis
for SIMD are data zones. There are 6796 data zones in Scotland (in
the revision used for calculation of the 2020 SIMD) defined to
follow natural and social boundaries where possible. The mean
population size of a data zone is 778 people, the median 755, but
with a range of 0e3847 reflecting that there are three data zones
that have become completely depopulated since the definition of
the data zone (due to the demolition of housing in those areas) and
there are several areas whose population has grown substantially
due to new house building since the last revision of boundaries.

The data set obtained had data for each data zone on: the SIMD
ranking; number of individuals within each data zone classified as
income deprived; the number of individuals within each data zone
classified as employment deprived; the local authority; and the
stratum of the six-fold urban-rural classification.13,14

For Scotland overall, within each of the six-fold urban-rural
categories, and within each local authority, data zones were ranked
by the SIMD, and the cumulative numbers and percentages of in-
come and employment deprived individuals calculated. The
sensitivity and specificity of the SIMD was then assessed by
calculating the percentage of income and employment deprived
individuals for Scotland overall, within each urban-rural category,
and within each local authority, captured below different depri-
vation thresholds (the 5%, 10%, 15%, 20%, 25% and 30% most
deprived areas) and within deprivation fifths. These deprivation
fifths were defined within categories (i.e. ranked fifths within
Scotland, within each urban-rural category, and within each local
27
authority). In other words, the crude number, and % of the total
number of income deprived individuals in Scotland, included
within the most deprived 5% of areas, the most deprived 10% of
areas, etc. were calculated. This was then repeated within each
urban-rural strata, and within each deprivation fifth. As well as the
total number and % captured within each of these, the reverse (the
total number and % missed), were also calculated. The results were
then tabulated and graphed to identify patterns.

The distribution of income deprived individuals across locally
ranked data zones (within local authorities and urban-rural clas-
sification strata) was additionally explored through calculation of
the Slope Index of Inequality (SII) and Relative Index of Inequality
(RII) using weighted linear regressions as described by Pamuk.15

Results

Scotland-level deprivation strata

Although the majority of Scotland's population live in urban
areas (71%), a significant minority live in remote (10%) and/or rural
(17%) areas (Figure S1). Across the urban-rural classification system,
the prevalence of income and employment deprivation is generally
higher in urban than in remote or rural areas (Figure S2). Further-
more, the most deprived SIMD areas are heavily skewed towards
urban areas,with 55.0% of themost deprived tenth of the population
residing in ‘Large Urban Areas’, 38.8% in ‘Other Urban Areas’, 2.5% in
‘Accessible Small Towns’, 1.9% in ‘Remote Small Towns’, 1% in
‘Accessible Rural’ areas, and only 0.8% in ‘Remote Rural’ areas.

When Scottish areas are ranked by SIMD deprivation and
divided by quintiles into fifths, 40% of income deprived individuals
reside in the most deprived fifth, 27% in the second most deprived
fifth, 18% in the middle fifth, 11% in the second least deprived fifth,
and 5% in the least deprived fifth.

When the sensitivity of SIMD in detecting income deprivation is
compared across the strata of the urban-rural classification system,
clear differences can be seen (Fig.1). Using the lowest ranked 20% of
SIMD data zones across Scotland to identify people on low incomes,
55% of income deprived people are missed (and 45% of income
deprived individuals are identified). However, fully 90% of low-
income individuals living within remote rural areas are missed
using this approach, with a stepwise gradient down to 43% of low-
income individuals being missed in large urban areas. This gradient
is seen across the urban-rural spectrum most clearly when a larger
percentage of the most deprived SIMD data zones are included (e.g.
when the 30% most deprived areas is used as the threshold).

Although the percentage of income deprived individuals missed
by targeting deprived areas within remote and rural area strata is
much higher than in urban areas irrespective of the deprivation
threshold used, the absolute number of individuals missed is much
higher in the urban areas because of the greater number of people
in these areas and the overall higher prevalence (Fig. 2). The
patterning and percentages are almost identical when employment
deprivation is the outcome of interest instead of income depriva-
tion (Figures S3 and S4).

Intra-local authority deprivation strata

The percentage of the population in each local authority area
who are income deprived ranges from 5% in Shetland to 19% in
Glasgow City (Figure S5). Using intra-local authority deprivation
rankings to attempt to better identify income deprived individuals,
the varying sensitivity of the SIMD measure can be seen. This
ranking performs worst in the Orkney Islands, Shetland Islands,
and Na-h-Eileanan Siar, with the most deprived fifth of locally
ranked areas identifying only 24%, 29% and 25% of income



Fig. 1. Percentage of all low-income individuals missed within each of the six-fold urban-rural strata using a range of SIMD deprivation thresholds (from the 5% most deprived to
the 30% most deprived).
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deprived individuals within each local authority, respectively. In
contrast, several relatively affluent local authorities (e.g. East
Dunbartonshire and East Renfrewshire) have more sensitive local
rankings, with 54% and 53% of income deprived individuals in East
Dunbartonshire and East Renfrewshire, respectively, living in the
locally defined most deprived fifth of locally ranked areas (Fig. 3).
The sensitivity of the local rankings for these affluent local au-
thorities are similar to that of the whole-Scotland SIMD ranking
(in which 55% of income deprived people lived outside the most
deprived fifth of Scottish areas, Fig. 1), but for all other areas the
local rankings is less sensitive. Using the SII and RII to investigate
the clustering of income deprivation in locally ranked data zones
across the whole data zone distribution (i.e. not just using the 20%
most deprived areas) shows that Na-h-Eileanan Siar has the flat-
test distributions using both absolute and relative measures
28
(Figures S6 and S7), meaning that income deprivation is distrib-
uted widely across SIMD ranked data zones within that local au-
thority. Using the RII, there are a small number of local authorities
which have substantially steeper gradients, representing greater
spatial clustering of income deprivation and a lower overall
prevalence (as the SII is then divided by a smaller number [the
prevalence] to produce the RII), including East Dunbartonshire,
East Renfrewshire, Aberdeenshire, City of Edinburgh, Aberdeen
City and Stirling (Figure S7).

Intra-urban-rural classification strata

Ranking data zones within urban-rural classification strata is
another potential means of better identifying people who are in-
come deprived. Using this approach to ranking, the percentage of



Fig. 2. Number of all income deprived individuals missed within each of the six-fold urban-rural categories, using deprivation thresholds from 5% to 30% of most deprived SIMD-
ranked data zones.
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income deprived people who live in the most deprived 20% of areas
withineachurban-rural classification strata ranges from45% in large
urban areas to 35% in remote small towns and in remote rural areas
(Fig. 4). When the distribution of income deprivation is measured
using the SII, the concentration is greatest in large urban areas
(Figure S8), but is greater in accessible rural areas using the RII
(Figure S9).

Discussion

The prevalence of income and employment deprivation is
higher in urban areas than in rural areas, although the prevalence in
29
remote small towns is only slightly lower than in urban areas. The
Scottish level SIMD ranking is more sensitive at detecting income
and employment deprived people in urban areas than in rural
areas, with 57% of income deprived people in large urban areas also
living in the most deprived fifth of Scottish SIMD areas, compared
to only 10% of the income deprived people living in remote rural
areas. However, the absolute number of income and employment
deprived people living in remote and rural areas is much smaller,
and so the number of people missed by the SIMD is higher in urban
areas than rural areas at all deprivation thresholds.

When data zones are ranked by the SIMD within local author-
ities, the sensitivity for detecting income-deprived people is lowest



Fig. 3. The distribution of the income deprived individuals across intra-local authority deprivation rankings.
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in the island local authorities, and highest in the more affluent
urban local authorities such as East Dunbartonshire and East Ren-
frewshire. Finally, when data zones are ranked by the SIMD within
urban-rural classification strata, the percentage of income deprived
people who live in the most deprived 20% of areas within each
urban-rural classification strata ranges from 45% in large urban
areas to 35% in remote small towns and in remote rural areas.
Although the sensitivity of all three rankings of SIMD (using Scot-
tish rankings, within local authority rankings, and within urban-
rural classification rankings) is lower in remote and rural areas
and island local authorities, the number of income and employ-
ment deprived people missed remains greater in urban areas
because of the higher prevalence and larger populations.

The key limitation in the approach taken in this paper is that the
focus is on income and employment deprivation as an outcome. By
definition, this misses the potentially compounding effects of
rurality (e.g. higher costs, seasonal employment, etc.) on the
experience of deprivation, and as a result may underestimate the
limitations of SIMD in identifying deprivation in remote and rural
areas. Income and employment deprivation within the SIMD are
based on individuals being in receipt of income support or other
benefits. There are studies that have suggested that a culture of self-
reliance, or indeed stigma, may discourage individuals in rural
areas from accessing income support to which they are entitled
which could differentially underestimate the number of people
actually income or employment deprived within rural areas
compared to urban areas.16

Despite these limitations, this paper addresses a key question
for policymakers in relation to the utility of SIMD in remote and
rural areas in Scotland. Across all areas the sensitivity and speci-
ficity of SIMD in identifying income and employment deprived
individuals is relatively low, and in percentage terms performs
worse in remote and rural areas, and in island local authorities.
30
However, the total number of people missed by SIMD at each
threshold is much higher in urban areas. The implication is that the
use of SIMD rankings, evenwithin local strata or urban-rural strata,
is a weak means of identifying people at high risk of income and
employment deprivation (and likely other health and social prob-
lems), and this is worse in remote and rural areas. However, for
resource allocation and identifying the degree of need across
populations, more income and employment deprived people are
missed in urban areas. Of course, rurality can be considered as an
aspect of deprivatione especially in terms of the potentially greater
difficulties in service access and through the range of higher costs
faced by rural populations. Our results which consider the identi-
fication of income deprived individuals without accounting for
these issues have to therefore be considered in that context.

Although much has been written about the limited ability of
area-based deprivation measures to identify deprived individuals
and households,8,9,17 there is less known about whether the oper-
ation of this ecological fallacy varies across the urban-rural spec-
trum. Of those studies that have considered this question, and in
contrast to this study, they find limited evidence to support a clear
pattern in the sensitivity and specificity of deprivation measures
across the urban-rural spectrum.18 There is a much more extensive
literature on the relationship between rurality and health. For
example, the likelihood of reporting a mental health condition was
lower in rural (and especially island rural) areas, even after
adjusting for markers of socio-economic position.18 However, for
other diagnoses, such as prostate cancer, no relationship with
rurality was identified across the UK.17

There are several implications from this study. First, there is a
need for linkage between individual and household level socio-
economic position data and other data sets to address the issues
identified here. Routine linkage of data from the Census, Her Maj-
esty's Revenue and Customs (HMRC) and the Department for Work



Fig. 4. The distribution of the income deprived individuals across intra-local authority deprivation rankings.
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and Pensions (DWP), with other data sets (including health and
mortality data sets) would be an obvious approach. Second,
increasing the availability of data on wider aspects of deprivation
(including differential costs, employment experiences, etc.) across
areas, would allow for a much more nuanced understanding of the
lived reality of deprivation between populations. Both of these
would enhance the ability of service planners and policymakers at
all levels to better assess the levels of need, and how to better target
interventions. Service managers and policymakers working at local
level should only use SIMD cautiously for assessing the needs of
populations, and particularly in remote, rural and island areas.
Place-based approaches to reducing inequalities are likely to have
very limited impacts because of the wide spatial distribution of
people across areas, and approaches that recognise socio-economic
relationships between social groups,19,20 rather than people clas-
sified by their place of residence may be more effective.

Conclusion

The sensitivity of SIMD for detecting income and employment
deprived people is lower in remote and rural areas, and in island
local authorities, no matter whether the Scottish ranking, within
local authority ranking, or within urban-rural classification strata
ranking, is used. Across deprivation thresholds and rankings
derived at Scotland, local or within urban-rural strata, the per-
centage of local income and employment deprived peoplemissed is
31
greater in remote, rural and island areas, but the absolute number
of people missed is higher in urban areas because the levels of
deprivation are higher.
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