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Abstract

Introduction
Deprivation measures have been used in research to assess within-country health inequalities globally.
Most of these indices are created using data from national census, given their availability and
nationwide coverage.

Objectives
This study aims to create a census-based deprivation index in Ecuador, the Ecuadorian Deprivation
Index (EDI), that reflects the country specific context using national census data for four geographical
units (census sector, parish, canton and province). It will be compared to two traditional small area
indices (Townsend and Carstairs) to assess the most appropriate and context specific index for
Ecuador. Finally, the performance of the three indices will be assessed by examining the association
and extent of inequalities with teenage pregnancy as this has been shown to be socially patterned
in other countries.

Methods
This study uses the 2010 Ecuadorian census and follows the stages and recommendations for
developing small-area deprivation indices. The Townsend and Carstairs are firstly replicated. For
the EDI, Principal Component Analysis is used to select the most appropriate indicators. Summary
measures for higher-level geographical areas were developed following the techniques used in the
English Index of Multiple Deprivation. Inequalities in teenage pregnancy is measured using the Slope
index of inequality and the Relative index of inequality.

Results
The three indices exhibit a good match in urban areas and can describe pattern of inequalities in
teenage pregnancy. However, the EDI Index captures rural deprivation more appropriately and that
includes the Coast and Amazon geographical regions.

Conclusions
Traditional deprivation measures may not adequately identify deprivation in Ecuador, given the
country’s unique specific contextual factors. The wider scope of the EDI will inform policy-makers
towards developing tailored programs to alleviate deprivation and health inequalities in Ecuador.
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Introduction

Deprivation indices have been widely used to explain
differences in health patterns and inequalities within various
populations, especially in the Global North, since the late
1970s [1–3]. The deprivation indices are well utilised for health
research purposes a6nd continue to be developed in new
contexts [1–3]. In a recent study conducted by Zelenina et al.
(2022), sixty deprivation indices used in public health from
seventeen countries were identified in geographic areas of
North America, Europe, Australia, and New Zealand, with at
least 16 created in the last 10 years. Several more are available
for other regions [4–7], and the number is growing. These
’indices’ are based on a combination variables hypothesised
to describe deprivation, defined as lack of accessible resources
and opportunities. The first deprivation indices were developed
in the UK by Townsend [8], Carstairs [9] and Jarman [10].

Deprivation measures can be extended to include material
and social dimensions that can be understood to be
determinants of health, and, in turn, help explain patterns of
inequalities in the health of a population. The World Health
Organisation (WHO) considers the determinants of health
to be material circumstances, psychosocial circumstances,
behavioural and biological factors, and the health system itself
[11, 12]. Deprivation measures, such as indices, help in the
research of how material determinants of health shape health
outcomes.

The most widely used source of data for the development
of deprivation indices is census data [13]. Census data collect
updated information on the population of a country including
demographics, socioeconomic status, level of education,
housing conditions, ethnic composition, and employment,
among others. As such, deprivation measures can be used
to highlight local health disparities. Another growing source
of information for the development of deprivation indices
is administrative data that are produced by governmental
agencies. These datasets bring information from different
sectors with the benefit of being regularly updated. Although
the statistical production of administrative data has been
improved in recent years in Ecuador, a vast majority of
these data are not available for small area level (i.e., census
sectors or even parishes and cantons) and with different
periods of publication and quality. Currently in Ecuador
and other low and middle income settings, census data
is the most appropriate source to use. Census uses the
same statistical design and collects information from different
domains/dimensions at the same point in time from the same
research units (individuals and dwellings).

Health research in Ecuador is faced with two main
limitations. Firstly, socioeconomic indicators (i.e., poverty
measures) are not available at the level of disaggregation
needed to perform ecological analysis in municipalities or
smaller administrative areas (e.g., parishes). Secondly, health
outcomes are available at aggregate levels (i.e., provinces,
municipalities, and parishes) and not at individual levels,
limiting the possibilities of data linking and using other
techniques that require individual data. Therefore, it is
necessary to develop socioeconomic measures of deprivation
at the level at which health outcomes are published.

There are a number of previous deprivation indices
developed for Ecuador using the 2010 Census. Peralta et

al. [14] used census and survey data at the municipal
level (canton), which are highly heterogeneous in terms of
population size. Cabrera-Barona et al. created two indices
at the small area level, but only for the city of Quito and
one of its parishes [15, 16]. Obaco et al. used data from
surveys (2010–2017) to create a deprivation index at province
level [17]. However, to date, this study proposes one of the
first deprivation indices constructed using whole-population
Census data and the smallest possible geographical structure,
namely census tract. The advantage of such approach is that
aggregation can be performed at various geographic levels,
namely, to match those of health outcomes.

This study uses the conceptual/theoretical framework of
material deprivation, initially proposed by Townsend [18]
and later operationalised in the development of indices
with indicators related to this concept. We replicated the
Townsend and Carstairs indices and propose a new index for
the Ecuadorian case, with the objective of comparison and
evaluation. Townsend considered deprivation as a condition of
lacking opportunities not only related to income (as measures
of income poverty), but related to social, environmental, and
other factors. These conditions may well vary in every society
and are mostly related to diet, clothing, housing, education,
work, and the environment. Deprivation can be understood
as a condition that falls below the living standard of a
particular society. Townsend’s contribution reflects the idea
of contextualising poverty as relative deprivation beyond just
money income [8].

This conceptualisation of deprivation as a relative measure
for each society has been used to develop area-based measures
of deprivation for categorising the socioeconomic status of
an entire neighbourhood, communities, or bigger areas. On
the other hand, the concept of poverty aims primarily at
characterising the socioeconomic status of individuals and/or
families. This concept has also evolved to include indicators
beyond income-based measures such as access to social
services, educational attainment, health status and others
[19, 20].

Deprivation measures based on Carstairs and Townsend
indices have been replicated outside the U.K. in order to study
health related outcomes in other settings such us the U.S. [21–
23], Oceania [24], Europe [25, 26], Asia [27], but we could not
find previous studies in South America. These indices have also
been used as benchmarks to compare the performance and to
validate newly developed indices [28–30].

The aim of this paper was to develop a new deprivation
index for Ecuador, compare it to two traditional indices,
and test its validity against a health outcome. Furthermore,
the broad scope index is based on the concept of
multiple deprivation [31]. First, Townsend- and Carstairs-
style indices are recreated using the variables and methods
initially proposed but adapted to data availability and
recommendations from the literature. In particular, car
ownership, which was an original indicator for Carstairs and
Towsend indices, was replaced by an education indicator.
Second, a new deprivation measure is proposed using other
census variables and using principal component analysis (PCA)
for its selection and can be summarised at different geographic
or administrative levels. Since Townsend’s original concept
states that deprivation is relative to each society, we proposed
a new index with a set of indicators that have been identified
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for the Ecuadorian case. Finally, the three indices are validated
against one health outcome (teenage pregnancy) available
from the same census data at census sector, while the index
summary at municipality level is compared with a previous
published index.

Methods

Allik et al. [32], proposed a methodological framework for
creating small area deprivation measures consisting of five
stages: ‘1. Selection of appropriate data and geographic
area. 2. Selection of individual deprivation indicators. 3.
Constructing the index: combining and weighting indicators.
4. Validation and sensitivity analysis. 5. Dealing with
uncertainty’. This framework was subsequently used to develop
a small area deprivation index for Brazil (IBP – Brazilian
Deprivation Index) [33]. It is important to note that this
process is not linear and that re-assessments are performed
based on validation. These stages follow the same basic
structure as that followed by other authors in previous
research [34–36]. The present study uses this methodological
framework in the development and comparison of three indices
for the Ecuadorian case using census data from small areas.
Figure 1 presents the flow chart of the processes followed in the
creation of the indices according to the stages discussed above.

Selection of appropriate data and geographic
area

Ecuador is a middle-income country with a current per
capita GNP of US$ 6.400 [37] located in the northwest
of South America. With a total population of 16.9 million
inhabitants recorded in the 2022 census [38], it is the
second-smallest country in the Andean region. The country is
divided into four natural regions (Sierra, Coast, Amazon, and
Galapagos), 24 provinces, and 221 municipalities. Ecuador is
mainly populated (72%) by Mestizos (mixed ethnic groups),
followed by some minority groups: Afro-Ecuadorian/black
(7%), Montuvio (7%), Indigenous (7%) and White (4%) [39].

The 2010 census was chosen since it was last available at
the time this project started. The census collected information
on 72 questions throughout the country in four main sections:
housing conditions, household characteristics, migration, and
population. The later section covered topics related to
demographics, education, employment, social security, fertility,
and mortality. The data are summarized in Table 1.

A total of 40.628 census sectors were included in the
analysis at the national level, with a mean population size of
354 inhabitants (SD of 164.9) (Figure 2). Exclusion criteria
were applied to the data set to include only houses with
people present and people with habitual residence within the
country and excluded 12 census sectors without individual and
household information. In total, approximately 0.74% (103,369
inhabitants) of the total population registered in the original
published census database were excluded.

Selection of census variable indicators

Townsend, Carstairs, and a broader scope index using census
data (the Ecuadorian Deprivation Index, or EDI) were

calculated using the Ecuadorian 2010 Census and the census
sector as a geographic area. All variables were aggregated from
individual data at the census sector level and transformed into
percentages.

For the selection of the deprivation indicators, overcrowding
and unemployment (original variables) were kept for the
Townsend and Carstairs indices, while ’not owned housing’ and
a proxy of ’low social class’ were used as originally proposed
by Townsend and Carstairs, respectively. A variable ’no car
ownership’ was replaced by the no qualifications/education
indicator, as proposed by Allik et al. [40] in the revised version
of the Carstairs index for Scotland. The use of car ownership
to measure deprivation has been criticised for not accurately
representing the need for cars (instead of measuring wealth)
in rural areas. Since this variable was not available from the
census and is not social expectation in Ecuador, it was replaced
by a variable related to education.

For the broader scope index (EDI index), a principal
component analysis was performed on a total of 30 previously
selected variables (40 variables selected from first screening
and 10 discarded in the second screening) from the census
questionnaire that were related to previous developments
of deprivation indices. In particular, the scoping review by
Zelenina et al. [13] (Table S2), who collected the indicators
used in the development of 60 previous deprivation measures
and the scoping review by Ichihara et al. [7] who described
area deprivation measures used in Brazil were used as
references to select the indicators for this study. Furthermore,
the indicators used in previous studies related to Ecuador
[14, 16, 17] (see Appendix 1) were also used as critical
references to identify the indicators for this study. The first
screening reviewed all variables of the census questionnaire
(148 in total) and selected 40 that were related to the
Townsend deprivation framework. In the second screening, 10
variables that were redundant because they showed the same
phenomenon (i.e., the percentage of houses with damaged
roofs and the percentage of houses with roofs in bad condition)
were discarded. A number of 25 additional variables to the
5 used in the construction of the Townsend and Carstairs
indices were identified, depicting education, socioeconomic
characteristics, housing, and living conditions. The description
of the indicators used in the principal component analysis
(PCA) is presented in Supplementary Appendix 2. Principal
component analysis was used to reduce the number of
variables from these 30 to those variables that are highly
correlated with the latent construct of deprivation. PCA
can be used as a data reduction technique by identifying
the principal components as linear combinations of the
input variables that maximise the total variance [41, 42].
Therefore, PCA identified the variables that explain the highest
proportion of the variability in the data and therefore those
variables that have the highest correlation with the underlying
deprivation construct are retained and those that are not are
excluded.

A statistical test was performed to assess the suitability of
the data before applying PCA. The overall Kasier-Meyer-Olkin
sampling adequacy measure (KMO test) was 0.95, showing
that the correlation patterns are compact (values close to
1). The KMO values for each of the 30 items (indicators)
were found to be greater than 0.50. The Bartlett sphericity
test is significant: ξ2(435) = 915061, (p < .001) supporting
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Figure 1: Flowchart of the methodology used in the EDI development

1T=Townsend, C=Carstairs.

Table 1: Population size, number, and type of census sectors by region included in the study

Mean Pop SD Pop Total Pop Pop (%) N=Sectors N (%)

Region
Sierra 312.24 154.21 6,041,520 42.0% 19,349 47.6%
Coast 407.13 161.10 7,559,967 52.6% 18,569 45.7%
Amazon 284.41 155.62 723,243 5.0% 2,543 6.3%
Galapagos 329.20 159.37 23,044 0.2% 70 0.2%
Not Delimiteda 333.57 133.64 32,356 0.2% 97 0.2%
Total 353.95 164.97 14,380,130 100.0% 40,628 100.0%
Urban Ruralb
Urban 438.58 142.59 9,019,001 62.7% 20,564 50.6%
Rural 267.20 139.29 5,361,129 37.3% 20,064 49.4%
Total 353.95 164.97 14,380,130 100.0% 40,628 100.0%

aNot Delimited areas by the time of the census. These areas were included in all forthcoming calculations but will not be presented
in the output tables.
bGovernmental administrative assignment of areas where only head of cantons are urban; otherwise, they are considered rural.
Pop: Population.

a correlation matrix statistically different from an identity
matrix and a component analysis approach for investigating
the data.

PCA was applied to the 30 previously selected variables
to identify the variables that would be correlated with the
first component. The results of this exploratory technique are
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Figure 2: Histogram of census sector population size

Figure 3: Scree Plot of the Principal Component Analysis

1Dimension 1=Component 1.

presented in Figure 3, the scree plot identified a principal
component, which explained 43.5% of the variance, the next
component accounts only with 8.3% of the variance and
the third 6.3% showing that the first component captures
most of the information before the scree line considerably
changes its angle. On the auxiliary PCA with only the
selected fifteen variables the first component accounts for
the 68% of the variability in the data. The variables for the
EDI were selected based on the analysis of the correlation
matrix and the results of the PCA analysis. Thirteen variables
were selected from those that had loads greater than 0.7,
common variance greater than 0.5 and contribution greater
than average (1/30= 3.3%). Additionally, two variables (low
employment categories and overcrowding) were selected, given
their proximity to previous cutoff points and their theoretical
importance to the concept of deprivation. In total 15 indicators
from 5 domains (see Table 2 for the descriptors of the variables
used in the construction of Townsend, Carstairs, and EDI
deprivation measures) were selected for the construction of
the Ecuadorian deprivation index.

Figure 4 presents a biplot of the census sectors stratified
by urban-rural classification (as used in Ecuadorian official
statistics) and the indicators selected by the PCA. It can be
observed that the 15 selected variables represent the latent

concept of deprivation on the horizontal axis of the plot, and
the rural sectors (green) are found to be plotted mostly on the
right-hand side, meaning higher deprivation levels than urban
census sectors for the same 15 indicators.

Index construction

The variables were standardised, and the resulting Z-values
were added together to obtain the measures for each index.
This method of adding the resulting Z-values was followed
by Townsend and Carstairs, meaning that each variable
contributes an equal weight to the index.

The means of the standardised indicators for each of the
five domains were calculated and added with equal weights to
obtain the Ecuadorian deprivation index. Each domain was
assigned the same weights, assuming that each is equally
important to measure deprivation. Without previous evidence
of the weights of the five identified domains the equal weight
approach was chosen. To compare the resulting indices, they
were classified in population-weighted quantiles (quintiles and
deciles) and crosstabulations with the most important axis of
inequality (area, sex, ethnicity, and age groups, urban-rural
classification and geographical regions) were performed.
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Table 2: Descriptors of deprivation indicators used by domain

Domain No Indicator Dep. Indicesa Mean SD Medianb
C T E

Education 1 % people less than 9 schooling years • • • 61.8 19.8 63.38
2 % of literacy • 9.41 7.51 7.27

Employment 3 % of people in manual basic occupations • 45.3 27 37.31
4 % of unemployed out of active people • • 4.78 4.77 4

Housing 5 % of houses with reed, adobe or wood walls • 26.3 28.6 14.39
6 % of houses rented • • 18 18.1 12.28
7 % of houses with damaged floors • 56.8 24 59.13
8 % of houses that receive water not by piping system • 46.9 35 40
9 % homes with more than 3 ppr • • • 15.8 10.2 14.51
10 % of houses with no shower • 39.8 32.8 32.91

Socio-Economic Position 11 % of students in private establishments • 23.3 20.3 18.37
12 % of workers in low occupation categories • • 22.1 20.4 14.89

Living environment 13 % of houses without public sewage system • 54.8 43.4 64.29
14 % of houses without garbage collection service • 33.7 40.8 8.22
15 % of houses without cobbled or paved access roads • 43.4 36.4 37.8
16 % of houses with water supply not from public network • 35.6 40.4 11.9

aDeprivation Indices: C=Carstairs index, T=Townsend index, E=EDI index.
bAll variables expressed as percentages; the minimum value is 0 and the maximum is 100.

Figure 4: Results from the Principal Component Analysis

To summarise the index into higher geographical areas
corresponding to the political and administrative division of
Ecuador, two methods used in the IMD for England case
were adopted [43]. Both the population weighted average
score, and rank are calculated for parishes, cantons, and
provinces. The former has the characteristic of not average
out in high-deprived areas to the same degree as when using
ranks.

To have information for all 40,628 census sectors
(completeness), a data recovery procedure was established

before summarising the index at higher levels (EDI index) and
for mapping all census sectors in the GIS system (all three
indices). Missing information for each indicator was imputed
by averaging the nearest higher hierarchical area. Only 37
(.1%), 37 (.1%) and, 73 (.2%) census sectors were subject
to this procedure for Townsend, Carstairs and EDI indices,
respectively. Sensitivity analysis showed an ignorable effect of
the imputation on index descriptors. EDI visualisation has been
conducted using ArcGIS Pro 3.2.2 a Geographic Information
System (GIS) software.
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Index validation

The validation of the proposed index was carried out using the
three criteria proposed by Pampalon et al. [44] and Carr-Hill
et al. [34]: validity, reliability, and responsiveness. Validity is
tested using the following three approaches: content validity,
criterion validity, and construct validity. Content validity refers
to the agreement between the broad concept of deprivation
and its indicators and dimensions. Content validity will be
tested using Spearman’s correlations between the obtained
index and its dimensions. A high level of correlation between
the index and the identified dimensions is expected. The
second approach, criterion validity understood as the ability of
an index to correlate highly with other measures of deprivation,
will be tested by comparing the three indices using correlation
analysis.

The third approach, construct validity, investigates how
consistent the relationships are between the deprivation
measure and other health or social outcomes. Pampalon
et al. [44] propose that this validity approach could be
better understood in terms of convergence and predictive
validity. Predictive validity refers to testing the performance
of the deprivation index in explaining associations with health
outcomes. These can be chosen from the mortality and
morbidity outcomes and used to test a specific deprivation
index. Convergence validity refers to comparing the index
with external measures that reflect deprivation not only with
measures from census data.

Reliability or internal consistency refers to the ability
of a certain index to produce the same result under the
same circumstances and is usually tested by analysing the
degree of correlation between the indicators that make up
the index using Cronbach’s Alpha. Finally, responsiveness
is related to the ability of a deprivation index to detect
differences or changes depending on time, location, and
individual characteristics.

To test predictive validity, a health outcome was chosen
from the same census data at the sector level, and both
correlation and health inequality analysis were carried out.
Teenage pregnancy, for this analysis, is defined as the
percentage of females experiencing first pregnancy between
12-18 years of age. The univariate statistics of this health
outcome are presented in Table 3, the national average
percentage of teenage pregnancy reaches 23.81%, with higher
percentages found in the Amazon region (33.29%), the
Coast (28.41%) and the rural area (26,21%). The Spearman

and Pearson correlations between the indices and teenage
pregnancy are calculated. The gradient of inequalities is shown
by tabulations between the rates of teenage pregnancy and
the quintiles of deprivation of each index. Furthermore, the
absolute gap or difference (D), the relative gap or ratio (R),
the Slope index of inequality (SII) and the Relative index
of inequality (RII) are calculated to assess and compare the
performance of the deprivation indices in identifying health
inequalities [45].

Internal consistency was tested by calculating the
Cronbach’s Alpha for individual indicators that were selected
after the PCA analysis for the EDI index. The convergence
validity and responsiveness were tested using index summaries
in higher geographical areas, the ranks of the proposed index
were compared with a previously published deprivation index
for Ecuador. Peralta et al. [14] developed a deprivation index at
the municipal level (canton) using information from the 2010
census and the 2013-2014 national Living Conditions Survey.
Both, Spearman and Kendall’s Tau-b rank correlations were
calculated.

Dealing with uncertainty

The final step in creating deprivation indices is dealing with
uncertainty. Every measure of deprivation is an estimate of
a ’true’ value that cannot be observed directly. Therefore, a
common way researchers face this issue is by using categorical
measures of deprivation (i.e., quintiles or deciles) obtained
from the continuous index measure. Transforming the index
scores into categorical measures reduce uncertainty by splitting
the areas into groups; hence, small variations in the score
generally have no impact on the assigned quantile [32].
Another way to deal with uncertainty is by calculating cross-
tabulations among available indices or measures of deprivation
[32, 33, 46]. Most areas are expected to fall on the diagonal
of the cross-tabulated table, showing that the uncertainty
about the deprivation measure is small [40]. For this analysis,
the three indices are cross-tabulated and compared using
population-weighted deciles.

Results

Deprivation indices results

Table 4 presents the distribution characteristics of the three
deprivation indices obtained in this study at census sector level.

Table 3: Descriptors of teenage pregnancy in ecuador by region and urban and rural areas

Mean SD Min Median Max

Region
Sierra 18.11 8.52 0.00 17.28 100.00
Coast 28.41 11.43 0.00 28.36 100.00
Amazon 33.29 12.73 0.00 32.63 100.00
Galapagos 22.05 7.86 8.33 22.07 50.00

Urban Rural
Urban 21.48 10.10 0.00 20.51 100.00
Rural 26.21 12.61 0.00 25.00 100.00
Total 23.81 11.65 0.00 22.43 100.00

7



Andrade-Ortiz D et al. International Journal of Population Data Science (2025) 10:3:06

Table 4: Deprivation indices descriptors

N1 Mean SD Median Min Max Range Skew Kurtosis

Townsend Index 40591 0.00 2.56 0.25 -10.19 22.70 32.89 0.18 1.13
Carstairs Index 40591 0.00 2.49 -0.07 -6.75 24.55 31.30 0.50 1.59
EDI Index 40555 -0.01 4.55 -0.22 -9.11 11.38 20.49 0.08 -1.14

1Number of census sectors.

Table 5: Percentage of the population in Q4 and Q5 (highest deprivation quintiles) by deprivation index

Townsend index Carstairs index EDI index

Region
Sierra 9.5% 9.4% 13.1%
Coast 27.9% 28.2% 23.6%
Amazon 2.4% 2.3% 3.1%
Galapagos 0.0006% 0.0004% 0.0116%

Urban Rural
Urban 17.2% 17.1% 10.0%
Rural 22.8% 22.9% 30.0%

The histograms of the three indices, segmented by urban
or rural areas, are presented in the Supplementary Appendix
3. The bimodal distribution of the EDI index is explained by
the left component being described by urban deprivation and
the right component (higher) by rural deprivation. Carstairs
and Townsend indices do not differentiate between urban and
rural distributions.

The results obtained from the cross tabulation between
quantiles (population weighted) by population count and
by region and urban-rural areas are presented in the
Supplementary Appendix 4 (Q1 = Less deprived to Q5 = Most
deprived) (Table 5).

Analysing cross-tabulations of the deprivation quintiles
by axis of inequalities, the three indices presented similar
results in sex and age, but sensible differences by ethnic auto-
identification. In the case of sex, no differences or inequalities
were found by either index at the aggregate level. In the
case of age groups, the Townsend, Carstairs, and EDI indices
presented similar results, with a similar proportion (46%) of
young (0-14 years) in Q4 and Q5. The proposed index has
a slightly higher proportion of people 65 years or older in
Q4 and Q5 (Supplementary Appendix 5). In the case of
ethnic autoidentification, the Mestizo and Montuvio groups
have similar distributions in the quintiles of the three indices,
while the Indigenous and Afro-ecuadorian groups present
the highest differences. The Ecuadorian Deprivation Index
categorises a higher proportion of indigenous people in the two
highest quintiles and a lower proportion of Afro-Ecuadorians
relative to Townsend and Carstairs (Supplementary Appendix
6).

The results of summarising the EDI index, as population
weighted averages of index scores, to the administrative-
political division of the country are presented in the
supplementary appendices, parish (Supplementary Appendix
7), canton (Supplementary Appendix 8), and province
(Supplementary Appendix 9).

The geographic maps of the deprivation indices presented
in Figure 6 show the EDI index presents a higher proportion
of census sectors on the darker colour scale, depicting higher
deprivation in rural areas. Both the Townsend and Carstairs
indices represent lower deprivation even in geographical areas
with low population density and at considerable distances from
towns and villages, such as in the eastern part of the Amazon
Region, the central part of the Coast, and the southern part
of the Sierra Region. A closer analysis of the maps shows
how the main urban areas of the country have lower levels
of deprivation and are surrounded by ‘deprived areas’. In this
case, the three indices present similar results.

Validation of the deprivation index

Content validity was tested by the Spearman correlations
between each of the five domains and the proposed measure

Figure 5: Spearman correlations between EDI and deprivation
domains

p< 0.001 ‘∗∗∗’, p< 0.01 ‘∗∗’, p< 0.05 ‘∗’.
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Figure 6: Deprivation Indices Maps by deciles for each of the
deprivation indices

(a)Townsend Index

(b)Carstairs Index

(c)EDI Index

of deprivation (EDI index) (Figure 5). The domains of
education and living environment had the highest correlation
with 0.95 and 0.94, respectively, followed by the housing
domain (0.93), employment (0.95) and the socioeconomic
domain (0.88). It is important to note the high inter-domain

correlation, as expected, and to explain the latent construct of
deprivation.

Criterion validity was tested by comparing the correlation
coefficients between the three indices (Table 6). Pearson’s
correlation coefficients measure the linear correlation between
the scores of the indices, while Spearman’s coefficients
measure the correlation between the ranks of the indices.
The Townsend and Carstairs indices had a very strong
correlation (Pearson= 0.918, Spearman= 0.92), while the
EDI index had a lower but still strong correlation with
both the Townsend (Pearson= 0.793, Spearman= 0.816)
and Carstairs indices (Pearson= 0.787, Spearman= 0.809).
Despite the differences in their construction, these results
show the common agreement about the underlying concept
of deprivation between the indices.

Predictive validity was conducted using one health
outcome available from the same census at the same area
level. Table 6 presents the correlation matrix (Pearson
and Spearman coefficients) between teenage pregnancy and
the three deprivation indices. Teenage pregnancy presented
Spearman correlations between 0.533 (EDI index) and 0.657
(Carstairs index). Teenage pregnancy is positively correlated
with the three indices, which means that the percentage of
women older than 12 years with their first pregnancy before
18 years is higher in the highest quintiles of deprivation
(Figure 7).

Measures of inequality are presented in Table 7 for all the
three indices and shows how the average teenage pregnancy
percentages increase with deprivation (higher quintiles). The
Carstairs index shows the highest absolute difference (D) and
the highest ratio (R) between the most deprived quintile (Q5)
and the least deprived quintile (Q1) with 21.72 percentage
points and a ratio of 2.5. The EDI index presents the lowest
absolute difference (18.37) and the second highest ratio (2.51)
but very close to that of Townsend’s (2.50). The SII and
the RII of all three indices show higher levels of inequality
for the most deprived quintiles. Carstairs and Townsend
index present a SII of 24.4 (21.57-27.23) and 26.74 (24.22-
29.25) respectively. The EDI index presents the lower slope
with 23.44 (15.6-31.28) and the lower relative index 3.03
(1.91-4.79).

The measure of internal consistency of Cronbach’s alpha
applied to the 15 selected variables reached a value of α =
0.94, showing that the deprivation index subscale is reliable.
Convergence validity and responsiveness of the proposed index
were tested using a comparative analysis between the ranks of
the proposed index (EDI) and the deprivation index developed
by Peralta et al. [14] at the municipal level (canton) are
presented in Table 8. Spearman’s correlations for the three
regions published in the previous study showed strong positive
monotonic correlations (above 0.90) between the indices.
Furthermore, the Kendall tau-b correlation showed a high
positive association in terms of the agreement of orders
between the two indices (above 0.82).

Dealing with uncertainty

The final step was to deal with uncertainty using cross-
tabulations of population-weighted deciles for the different
indices. Between the EDI and Carstairs and Townsend indices,
the overall cross-tabulation (Supplementary Appendix 10)
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Table 6: Correlations between teenage pregnancy and deprivation indices

Pearson \ Spearman Teenage pregnancy Townsend index Carstairs index EDI index

Teenage pregnancy 1 0.576∗∗∗ 0.657∗∗∗ 0.533∗∗∗

Townsend index 0.546∗∗∗ 1 0.920∗∗∗ 0.816∗∗∗

Carstairs index 0.612∗∗∗ 0.918∗∗∗ 1 0.809∗∗∗

EDI index 0.525∗∗∗ 0.793∗∗∗ 0.787∗∗∗ 1

p< 0.001 ‘∗∗∗’, p< 0.01 ‘∗∗’, p< 0.05 ‘∗’.

Figure 7: Association between ’teenage pregnancy’ and deprivation indices

Table 7: Average teenage pregnancy percentages by Quintiles of deprivation and health inequality indicators

Townsend Index1 Carstairs index1 EDI index1

Quintile (Weighted)
Q1 = Less deprived 13 (12.87–13.14) 12.06 (11.94–12.18) 12.18 (12.06–12.3)
Q2 19.4 (19.25–19.55) 19.38 (19.25–19.52) 20.34 (20.2–20.47)
Q3 24.43 (24.25–24.6) 24.23 (24.07–24.4) 25.56 (25.38–25.74)
Q4 29.12 (28.92–29.32) 29.23 (29.04–29.43) 29.62 (29.4–29.84)
Q5 = Most deprived 32.45 (32.23–32.68) 33.78 (33.57–33.99) 30.55 (30.33–30.77)
Total 23.29 (23.19–23.4) 23.29 (23.19–23.4) 23.29 (23.19–23.4)

Health Inequality indicators
Difference (D) - Absolute GAP 19.45 (19.19-19.71) 21.72 (21.48-21.97) 18.37 (18.12-18.62)
Ratio (R) - Relative GAP2 2.5 (2.46-2.53) 2.8 (2.77-2.83) 2.51 (2.48-2.54)
Slope Index of Inequality (SII)3 24.4 (21.57-27.23) 26.74 (24.22-29.25) 23.44 (15.6-31.28)
Relative Index Of inequality (RII)3 3.2 (2.69-3.81) 3.69 (3.03-4.5) 3.03 (1.91-4.79)

1Estimate (95% confidence intervals).
2Estimation using Fieler’s method.
3Estimation using linear model.

does not yield a tight diagonal showing differences in the
way each index classifies census sectors in deciles. However,
the cross-tabulations only for urban areas (Supplementary
Appendix 11) show the expected tight diagonal; this shows
again that the main difference among the indices is the
classification of the rural areas as identified before.

Discussion

Deprivation indices are useful measures in research to analyse
associations between socioeconomic factors and important

health issues in the population [47–49]. Furthermore, previous
research has indicated that ’the strength’ of the association
between deprivation measures and health outcomes depends
on the size of the spatial unit used to create the index.
There is evidence that the smaller the spatial unit used, the
stronger the relationship with the health outcomes [44]. In
the case of Ecuador, there have been some studies proposing
deprivation measures with a number of limitations, here we
developed and compared three small area-based country-wide
measures of deprivation. The indices were developed following
the guidelines, methods, and recommendations of previous
guidance and research [31, 32].
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Table 8: Correlations between EDI index and a Deprivation index developed by Peralta et al.

95% Confidence Intervals 95% Confidence Intervals
Kendall’s tau-b (2-tailed)a Spearman’s rho (2-tailed)a,b

Lower Upper Lower Upper

Coast and Galapagos 0.825∗∗∗ 0.774 0.865 0.960∗∗∗ 0.938 0.974
Sierra 0.826∗∗∗ 0.777 0.865 0.953∗∗∗ 0.929 0.969
Amazon 0.856∗∗∗ 0.788 0.904 0.967∗∗∗ 0.938 0.983

p< 0.001 ‘∗∗∗’, p< 0.01 ‘∗∗’, p< 0.05 ‘∗.
a Estimation is based on Fisher’s r-to-z transformation.
b Estimation of standard error is based on the formula proposed by Fieller, Hartley, and Pearson.

This research analysed within the scope of Ecuador
that two traditional measures of deprivation (Townsend
and Carstairs Indices) could be useful in depicting urban
deprivation, as they have been found in many other countries
given the type of indicators used in their construction. But
these indices may not seem relevant enough (long and thin
right tails) for cases where rural areas have less access to
services and a higher incidence of poverty than urban areas,
failing to represent deprivation in higher geographical areas,
such as regions. Other authors have reported similar findings
in different settings, such as Cyprus [50].

We developed a wider scope index (EDI index) that
includes variables from different domains and demonstrated it
to be a better choice by including a higher number of census
sectors and population in its construction. Although this might
require understanding deprivation as a bimodal distribution
where the components are explained by differences in the
urban and rural continuum. The validation of the proposed
index with an available health outcome (teenage pregnancy)
showed its potential for conducting health inequality analysis
in Ecuador.

The Townsend and Carstairs indices have a lower standard
deviation (2.56 and 2.49, respectively) than the EDI index
(4.55) but a much higher range. Histograms show that the EDI
index has a bimodal distribution, while Carstairs and Townsend
have a higher positive skewness. In terms of kurtosis, the
EDI index has a flatter distribution (−1.14) than Carstairs
(1.59) and Townsend indices (1.13). This is evident in the
histograms of the indices (see Supplementary Appendix 3)
where Townsend and Carstairs have a long and thin tail to the
right (mainly attributable to census sectors located in rural
areas).

The number of census sectors and the population count
classified in quintiles are similar for the Carstairs and Townsend
indices. Our EDI index has a higher proportion of sectors and
population count classified in the most deprived quintiles (Q5)
than the other indices. In terms of population and regions, the
EDI index shows a higher percentage classified as Q4 and Q5
(6.4% and 6.7%) in the Sierra and on the Coast (Q4= 12.6%
and Q5= 11%). In the case of the Amazon region, the EDI
index also shows a higher proportion of people classified in
higher quantiles (most deprived).

The analysis of deprivation in the rural-urban space
remains a challenge given the contextual complexity of
Ecuadorian administrative assessment [51–54]. Regardless of
the complexity, it is important for countries like Ecuador to

have measures that can contrast socio economic differences
between the urban and rural spaces. Considering the variability
between urban and rural areas is one of the main strengths
of this research, which includes a wide selection of variables
that were considered important for classifying both urban
and rural areas. This is important due to lower income
mainly from agricultural activities, higher access barriers to
quality education, and lower coverage of basic services in
rural settlements. Using a PCA method [55–58] for dimension
reduction, considering the theoretical framework, previous
research and having present urban and rural distributions
of deprivation for the analysis might be helpful in the
development of deprivation measures in the Global South
with a more balanced population proportion in the urban-rural
space.

In the validation phase, the three indices performed as
expected, with positive correlations with teenage pregnancy
and similar results in the health inequality indicators (SII and
RII) at the census sector level. Health inequality analysis clearly
showed that average percentages of teenage pregnancies
were higher for the most deprived areas. These results are
consistent with previous studies that found similar results
between deprivation and teenage pregnancy [61, 62]. Since the
proposed EDI index captures inequalities better for rural and
for the Sierra and Amazon regions, it is possible that greater
differences could be found when health inequalities analysis
with health outcomes is carried out in higher geographic areas.
Using the summarise versions calculated for the index at the
areas corresponding to the political and administrative division
of the country could allow research of ecological studies with
available health outcomes [63, 64]. Further analysis of the role
of variables such as “rented houses” with opposite association
with deprivation as expected, and the proxy use of socio-
economic variables such as “Low occupation categories” and
“students in private establishments” found in this research are
also needed [12, 65, 66].

Although the methods and techniques were chosen
according to previous experiences described in the literature,
this study has some limitations. The census operations
available for Ecuador lack information on income and poverty
that could greatly improve the precision of the measures.
Moreover this research is not immune to the well-known
limitations of deprivation indices, such as the ‘ecological
fallacy’ [52, 59, 60] and the low occurrence of some
phenomena in small areas that limits the choice and availability
of data. Even if this study contributes to the debate
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about urban rural deprivation, the categorisation itself of
this dichotomy must be addressed to overcome the ‘legal’
definition available in the Ecuadorian census with a more
suitable ‘urbanicity index’ that accounts for other measures
and gradients of rurality and urban spaces.

Conclusions

We have developed and validated a new deprivation index
for Ecuador for research in health inequalities (EDI). The
EDI has been developed at several small area units, shows
improved performance than two traditional deprivation indexes
we compared it to, and it accounts for urban-rural differences.
The index was validated using different criteria proposed
in the literature, mainly on its ability to capture an
inequality gradient on a health outcome (teenage pregnancy)
and was compared to a previous published index. Also,
summarised versions of the index corresponding to the
political-administrative areas of the country were calculated
and could contribute to improving the understanding of the
influence of deprivation on health at the ecological level.
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