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Abstract: Deprivation is associated with an increased risk of developing chronic health conditions
and with worse outcomes in multimorbidity. The goal of our study was to develop an integrated
population index of deprivation (IPID) to observe the influence of deprivation on morbidity and
the subsequent use of healthcare resources in one health district, using the socioeconomic, clini-
cal and geographical data from its administrative health records. Eight socioeconomic indicators
were identified and weighted using the methodology of two-phase principal component analysis,
providing an index that allowed each census section to be classified into seven deprivation groups.
Secondly, the possible relation between the IPID and the variables for multimorbidity and healthcare
resources was analysed using the theory of multiple comparisons. It was observed that places with a
greater proportion of healthy people presented lower values of deprivation and that, at lower levels
of deprivation, there were fewer hospital admissions. The results show that living in an area with a
higher deprivation index is associated with greater consumption of healthcare resources and disease
burden. Identifying areas of sociosanitary vulnerability can help to identify health inequalities and
allow intervention by clinical practices and healthcare management to reduce them.

Keywords: deprivation; socioeconomic position; multimorbidity; modelling

1. Introduction

In recent years, many strategies have been developed to detect and deal with social
inequalities. In fact, this field of study presents a great impact on healthcare management,
where one of the main research topics has been based on determining how inequality affects
health. In healthcare, the term inequality is closely related to sociosanitary vulnerability [1],
which can be defined as a complex multidimensional concept that needs to take into account
the vulnerability produced by material deprivation, social deprivation and the burden of
disease, or to healthcare deprivation, which in turn requires the development of tools that
can measure them. In this context, it is a priority to understand what the main dimensions
involving sociosanitary vulnerability are, and what their impact on society is.

Multiple studies highlight the importance of the area of residence in sociosanitary
vulnerability [2–7]. In the field of healthcare management, it is increasingly necessary to dis-
cover how a determined residential area affects health, as the effect of this may be different
to the impact of other individual factors or determinants [8]. The development of geograph-
ical context indicators is a challenge for monitoring the sociosanitary determinants [9,10],
and a tool that can be used by healthcare managers to prioritise interventions. In order to
implement this monitoring using socioeconomic indicators, one can use simple indicators
such as unemployment rates, or compound indicators such as deprivation indices [2,3,11].

Deprivation indices measure the lack of economic and social resources and are applied
to small geographical areas, which allows their classification from least to greatest depriva-
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tion. Their use began in the 1980s, with the best-known being the indices of Towsend [4],
Carstairs [12], Morris [5] and the Index of Multiple Deprivation in the United Kingdom [6].
All of these were developed using different socioeconomic indicators weighted using theo-
retical weights or the result of a multivariant statistical model. If the number of variables is
very high, methods for the reduction of variables are used, such as principal component
analysis (PCA), which allows the dimensions to be reduced while minimising the loss of
information [2,3,12,13]. This technique allows the final index to be obtained as a linear
combination of the variables introduced, offering the advantage of giving a greater weight
to those variables with greater variability. In these studies, the census section is used as the
territorial unit for analysis. This is a partition of the municipal area, with clearly identifiable
limits and a population no greater than 2500 inhabitants, and where the characteristics of
the resident population are considered to be homogeneous. In Spain, important studies
have been carried out on social inequalities in health using deprivation indices compiled
from census data [2,3] and obtained from the National Institute of Statistics [7].

The importance of sociosanitary vulnerability has been widely discussed in different
healthcare plans [2,3,12]. In Spain, the National Public Health System organises care
by areas or healthcare districts (HD) [14,15]. As the healthcare system is one of the
social determinants of health, the areas comprising the HDs are ideal for the study of
health inequalities [9,16]. In its Health Plan for the Valencian Community (2016–2020),
the autonomous government of the Valencian Community, a region in the East of Spain,
established among its strategies the reinforcement of gender equality, the reduction of
inequalities in health and the encouragement of participation [17]. One of the actions to
implement this is to reinforce interventions in the most affected or vulnerable groups in
order to reduce the detected inequality.

Furthermore, the COVID-19 pandemic has demonstrated that its impact has not been
equal on everybody. A recent publication from the Spanish Ministry of Health distinguishes,
firstly, the social vulnerability produced by the deprivation of resources and public and
community structures that can lead to individuals or communities suffering a lack of
material, emotional and relational protection. It also notes the clinical vulnerability related
to characteristics of the individual such as age, certain chronic diseases or cancer and,
thirdly, the epidemiological vulnerability related to greater epidemiological risk due to
greater exposure to infection, delay in diagnosis or difficulty in implementing protective
measures and self-isolation [18].

The socioeconomic indicators that measure social inequalities in health can be linked
to robust measurements of health, such as death rate or morbidity [2,3]. While the concept
of morbidity refers to the proportion of people who suffer disease [19], a person can,
however, suffer from various diseases, and therefore have multiple relations between
different pathologies. These relations can, in turn, be structured or classified in a single
patient [20]. One of the classification systems used to classify patients according to burden
of disease is that of clinical risk groups (CRG) [21], based on the approved diagnostic
codes according to the International Classification of Disease [22]. Since 2013, the Valencian
Community has used a patient classification system which stratifies the population using
a morbidity indicator according to the burden of disease and clinical risk, using the CRG
grouper, giving 9 health states and 6 severity states [20].

The Valencian Health District of Clínico—La Malvarrosa, where the study was con-
ducted, includes areas of Valencia city and another 14 rural municipalities of the surround-
ing area (l’Horta Nord). The sociodemography of this HD shows a progressive increase
over recent years in complex chronic patients and the existence of vulnerable popula-
tion groups, such as the mentally ill, the homeless, people with difficulty in paying for
medication, completing the treatment, or feeding themselves adequately, dependants, or
people with no socioeconomic resources [1]. Identifying areas and people in a vulnerable
situation or requiring more intensive care helps to plan, reorganise resources and prioritise
interventions fairly in order to lessen social inequalities in health.
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The goal of this work was to develop an Integrated Population Index of Deprivation
(IPID) to observe the influence on morbidity and the use of healthcare resources in a health
district, using the variables available digitally in administrative and clinical databases so
that they can be automatically updated on a regular basis.

2. Materials and Methods
2.1. Scope of Study and Information Sources

This was an analytical, observational, cross-sectional population-based study. We
used the database from the Valencia Clínico—La Malvarrosa, HD of the Valencian Regional
Health System corresponding to the year 2015. The database is available for research
and managerial purposes with approval from the Regional Health Authority. The study
included all patients registered with the Population Information System and who were
assigned a primary healthcare (PH) doctor in this district, which gave a total of 232,515 sub-
jects. Four sources of information were used, including SIP (Population Information
System), APSIG (geographically integrated segmented population analysis), and CRG
(clinical risk groups). The geographic information on the census areas was obtained from
the National Institute of Statistics.

The main dimensions of this study were obtained from the APSIG database, used by
the Valencian Ministry of Health (Conselleria de Sanitat Universal i Salut Pública) since
2009 [23] and formed by dimensions with sociodemographic information taken from the
Population Information System (SIP).

The software used to perform these analyses were Matlab® 2017b (MathWorks, Portolla
Valle, CA, USA) and R® 3.6.3 (R Core Team, Vienna, Austria).

2.2. Method of Reducing Dimensionality

Multivariate techniques for reducing the dimensionality were used in this study in
order to obtain an index, the IPID, allowing the measurement of the deprivation associated
with the census sections belonging to the HD under consideration.

The first step consisted of selecting those variables that could provide information on
deprivation through a bibliographical review [2,3,7]. A key variable in this step was the
identification of each patient with a census section. This allowed aggregating the informa-
tion for each variable by census level in an indicator. This indicator was calculated using
the proportion of people who met the condition in question for each census section (e.g.,
the proportion of people without Spanish nationality per census section). The calculation
of each indicator is detailed in Table 1.

Table 1. Definition of the 7 indicators chosen as determinants of deprivation for each census section.

Name of Indicator Numerator Denominator

Foreign population without
Spanish nationality

No. of foreigners without
Spanish nationality Total population

Population with income < EUR 18,000 No. of people with
income < EUR 18,000 Total population

Population with income > EUR 100,000 No. of people with
income > EUR 100,000 Total population

Unemployed population No. of people unemployed Active population
Population with single parent families No. of single parent families Total population

Population >65 who live alone No. of people over 65 who live alone Total population
Population with >4 people in the

family unit
No. of people who live in large
families of more than 4 people Total population

All the variables included in the study were standardised by age and sex using
the direct method. The considered age groups were: <15, 15 to 44, 45 to 64, 65 to 74
and >74 years old, as this division was considered suitable to reflect the differences in
burden of disease, healthcare resource consumption and associated level of vulnerability.
Furthermore, the relation between the chosen variables was evaluated, with the goal of
avoiding redundancies that might make interpretation of the results difficult.
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The principal hypothesis postulated is that those indicators that show greater vari-
ability between census sections are those associated with greater probability of suffering
from deprivation. In order to associate a deprivation level with each census section, a
method combining the multidimensionality of the indicators in a single index is needed.
Given these two requirements of reducing dimensionality and of considering the variabil-
ity as an indicative element of deprivation, it was decided to use principal component
analysis (PCA).

This is a method that allows an originally correlated set of variables to be projected
on a space whose axes are orthogonal to each other, and represents the maximum possible
variance [24]. The PCA obtains as many principal components as dimensions presented by
the data. However, as the idea of this study is to reduce the dimensionality to one single
index, we are only interested in keeping the first principal component, which represents the
higher amount of variability of the data. Formally, let x1, x2, . . . , xN be a d-dimensional data
set of observations, with a sample mean equal to zero. The direction associated with the
first component w1 of the matrix W is the result of projecting the data onto a line. This can
be expressed as xj = ajw1, where aj represents the coefficient associated with observation
xj. The optimal set of coefficients can be found by minimising the square error by:

J1(a1, . . . , aN , w1) =
N

∑
j=1
|ajw1 − xj|2 (1)

Partially deriving from these, clearing up, and keeping in mind that |w 1|= 1 , equality
is reached: aj = wT

1 xj.
This method allowed the dimensionality of the initial indicators to be reduced to a

single index, after the appropriate descriptive analysis of each indicator was performed.
This final index was developed after two consecutive steps. Firstly, all the indicators were
included and the factor loadings (aj) associated with the first component were analysed.
Those indicators that presented a sufficiently low weight were eliminated and the first
component recalculated for this subset. This first component became the final IPID. The
advantage of this method is that it provides a greater weight to those indicators that have
greater variability between census sections.

Once the IPID was obtained, its range was divided into 7 intervals of equal length.
Each of these was called a “septile of deprivation”. Those census sections classified with
septile 1 refer to the lowest levels of deprivation, while 7 represents the most deprived.
The septile was selected instead of another interval partition as it was the interval which
allowed the best identification of those vulnerable regions. A higher number (e.g., decile)
leads to intervals containing no census region, whereas lower numbers (e.g., quintiles)
were not suitable for identifying vulnerable areas.

2.3. Relation of the Integrated Population Index of Deprivation with the Variables for
Multimorbidity and Resource Use

The model was validated using the theory of multiple comparisons. The statistical
relation between the IPID and the variables for multimorbidity and clinical resource use
was studied.

The clinical variables used that related to morbidity were developed by calculating the
percentage of people with good health (healthy), minor health problems, moderate health
problems and major health problems for each census section (Figure 1).
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Figure 1. Indicator of morbidity: classification in four groups resulting from the combination of CRG
and severity level. Source: Adapted from [20].

Those variables related to the use of clinical resources were calculated in a similar
manner, averaging out the information for all the patients in a census section on the costs
for laboratory, pharmacy, diagnostic tests and primary healthcare (PH) personnel, as well
as the number of hospital emergencies, hospital admissions and duration of stay.

We examined whether there were differences in clinical resources across census areas
according to septile. Firstly, ANOVA was applied to each variable, with the objective of
knowing if there was at least one measurement that was statistically different to the others
per septile. As the number of samples per variable was sufficiently high and considering
the central limit theorem, normality in the mean could be assumed. This allowed use of the
Tukey HDS test as a post-hoc analysis method, using a 95% family-wise confidence level.

Finally, we examined if there were differences in morbidity according to the septile, in
order to find out if there were some relation between material deprivation and the health
status of the inhabitants of the septiles. In this case, the variables that were compared were
categorical. For this, we used Pearson’s chi-squared test. Furthermore, in order to avoid
inflation of type I error, a Bonferroni correction was performed.

3. Results

From the revised deprivation indices, and bearing in mind the limitations of available
information, seven variables were used, including two variables related to income, one to
employment, one demographical and three to family composition. In order to correct the se-
vere positive asymmetry of the indicator for income >100,000, a logarithmic transformation
was applied.

The majority of the correlation values between the chosen socioeconomic indicators
and those related to resource use were not statistically significant (see Table 2), except for the
income variables, which only presented two non-significant correlation values. Significant
correlation was found between various indicators and the morbidity index. Thus, it is
worth highlighting the value of negative correlation between the indicators of good state of
health (healthy) and low income, as opposed to that of high income (r = −0.79 y r = 0.73,
respectively). It can be seen that those census sections associated with greater burden of
morbidity showed a negative correlation coefficient with the high-income variable, while
the tendency was the opposite for low income.
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Table 2. Pearson correlation between the morbidity index and healthcare resources, and the socioeco-
nomic indicators.

Indicator
Name

Foreigners
without
Spanish

Nationality

Income <
EUR 18,000

Income >
EUR 100,000

Unemployed
Population

Single-
Parent

Families

>65 Years
Old Who

Live Alone

>4 People
in the

Family Unit
IPID

Morbidity indicator (out of one)

Healthy −0.079 −0.787 a 0.733 a −0.269 a 0.053 −0.034 0.290 a −0.768 a

Minor −0.159 b 0.370 a −0.443 a 0.208 a −0.036 −0.036 −0.276 a 0.386 a

Moderate 0.172 a 0.575 a −0.413 a 0.154 a 0.032 −0.048 −0.078 0.495 a

Major 0.164 b 0.316 a −0.199 a 0.053 0.005 0.215 a −0.019 0.284 a

Costs (euros per patient)

Laboratory 0.116 b 0.390 a −0.341 a 0.259 a −0.165 b 0.046 −0.146 b 0.338 a

Pharmacy 0.01 0.254 a −0.211 a 0.126 0.03 −0.06 −0.099 0.229 a

Diagnostic
tests 0.148 b 0.165 a −0.178 a 0.097 0.002 0.013 0 0.192 a

PH
personnel −0.019 0.006 −0.07 −0.001 0.072 −0.033 −0.056 0.276 a

Total 0.054 0.231 a −0.227 a 0.044 0.021 −0.009 −0.061 0.574 a

Resource use (average per patient)

Emergencies 0.156 b 0.285 a −0.254 a 0.036 0.033 0.008 −0.063 0.281 a

Inter-
consultations 0.039 0.241 a −0.248 a 0.033 0.004 −0.066 −0.163 b 0.241 a

Nursing 0.053 0.263 a −0.234 a 0.117 b 0.037 −0.025 −0.091 0.253 a

Doctors 0.023 0.186 a −0.204 a 0.026 0.067 −0.027 −0.105 b 0.188 a

Admissions −0.01 −0.05 −0.025 −0.041 0.08 −0.057 −0.056 −0.023
Days of stay 0.163 b 0.288 a −0.222 a 0.028 0.048 0.072 −0.023 0.271 a

Where: p < 0.01 a, 0.01 < p < 0.05 b.

It is also interesting to see the relation between these two variables and the associated
costs, as well as the number of consultations, with a tendency to an increase in healthcare
resources being observed for those census sections with the greatest presence of low income.
A similar tendency can be seen for the migrant and unemployment variables.

In Table 3, the weights associated with each variable for the first principal component
can be seen. The variable with the least contribution when computing this component was
“single-parent families”. For this reason, it was discarded in the second phase of calculating
components. In this second phase, it can be seen that the greatest weight was positively
associated with low income (0.633), implying a greater deprivation was more related to
areas where the proportion of people with income lower than EUR 18,000 was greater. The
same intensity of relation, but this time negative, appeared with the “high income” variable
(−0.606). The total variance explained by this first component of the second phase was
38.8%. The IPID showed a mean of 0 and a standard deviation of 14.5. Due to the way
the variables were aggregated, a higher value of IPID implies a greater deprivation and
therefore a lower socioeconomic level. This is similarly reflected in the correlation values
between the value of the first component of the PCA and each of the indicators, wherein
greater correlation values are associated with those variables that contribute most to the
compiling of the index.

The septiles obtained from the IPID for each census section are represented graphically
in the health district map in Figure 2. The map representation is in itself a useful tool
created for use in the clinical and health management of the National Health System. It
allows the identification of deprivation within the same area, and this information, made
available to healthcare professionals and managers, can help to prioritize resources and
plan more specific actions to reduce inequalities.
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Table 3. Results and parameters for compiling the deprivation index by census sections for all Spain,
for the first component (1st P.C.). Where: p < 0.01 a.

First-Phase PCA Second-Phase PCA

Weights
(1st P.C.)

Correlation
with IPID

Weights
(1st P.C.)

Correlation
with IPID

Foreigner population without Spanish nationality 0.295 0.426 a 0.293 0.424 a

Population with income < EUR 18,000 0.633 0.915 a 0.633 0.914 a

Population with income > EUR 100,000 −0.608 −0.879 a −0.606 −0.876 a

Unemployed population 0.209 0.282 a 0.212 0.284 a

Population of single-parent families −0.023 −0.033 - -
Population >65 y.o. living alone 0.195 −0.356 a 0.197 −0.360 a

Population with >4 people in the family unit −0.246 0.303 a −0.249 0.307 a

Explained variance (%) (1st P.C.) 29.842 - 38.801 -

Of the census sections in the district, 88.2% were deprived (septiles 5, 6 and 7). Severe
deprivation (septile 7) was found in 5.2% of the sections.

The location of the septiles on the map shows that a greater number of census sections
with septile 5 were concentrated in the northern part of the health district (l’Horta Nord).
These areas corresponded mostly to rural areas, which have a greater geographic extension,
but lower population density. Therefore, although it seems that this septile is dominant in
the graphic representation, its population impact is not so high.

Regarding analysis of the relation between the IPID and morbidity and healthcare
resource use, it can be seen in Table 2 that the greatest correlation value was with the
morbidity variable “healthy”. This implies that the places with a greater number of healthy
people showed lower values of deprivation. Furthermore, an increase in the proportion of
population with greater morbidity was associated with higher values of deprivation. These
results are reflected in outpatient costs, where higher values of deprivation are associated
with an increase in costs for all services, being especially high on calculating the total costs
(r = 0.57). In the case of number of consultations, the highest correlation value was obtained
for hospital emergencies, with a value near 0.3.

The IPID improves the correlation value with the morbidity and the clinical resource
variables with respect to the majority of the variables that constitute it, with the difference
for the indicators relating to costs being especially large (Table 2).

The Chi-square test value for morbidity by septile obtained a p-value of 2.2 × 10−16,
which allowed us to reject the null hypothesis postulating that both variables were inde-
pendent, as it was below the significance level 0.05. Table 4 shows the results of the p-value
adjusted using the Bonferroni correction. In this case, it could be observed how, generally,
the septiles associated with lower deprivation (1, 2, 3 and 4) showed a significantly greater
number of people in the category ‘healthy’ than expected, while only septile 6 showed a
statistically significant lower value than expected. It can also be seen that the expected
number of patients with minor, moderate and major health problems was lower for septiles
1, 2, 3 and 4, while septiles 5 and 6 gave higher values than expected for these categories.
This demonstrates, therefore, a correlation between the IPID and the burden of disease, as
living in an area—in this health district—of greater deprivation involves a greater burden
of disease. This shows that both variables were not independent, as well as the way in
which they relate to each other. There were no statistically significant differences from
the expected value for septile 7, which may be explained by the lower number of people
associated with these sections.
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Table 4. Results of the residuals of the Chi-square test, where: p < 0.05 a.

Dimension Healthy Minor Moderate Major

S_01 6.211 a −5.365 a −1.851 0.269
S_02 10.450 a −5.983 a −6.638 a −1.768
S_03 18.639 a −10.943 a −10.384 a −5.941 a

S_04 20.080 a −9.343 a −14.560 a −6.781 a

S_05 −3.106 6.092 a −2.795 −3.224 a

S_06 −20.306 a 7.056 a 17.316 a 9.065 a

S_07 −0.207 −1.478 1.378 2.781

Table 5 presents the differences found in resource use by septile, wherein all the values
were lower than 0.05 for all the revised variables, implying that at least the mean of one
of the septiles differed from another. Table 6 includes the value of the p-value adjusted
by pairs, for each variable in the study. The septiles that showed a statistically significant
difference for all the variables were: S_06-S_02, S_05-S_03, S_06-S_03, S_07-S_03, S_06-S_04,
S_07-S_04 and S_06-S_05, where, in the majority of cases, the comparison was carried out
between a low septile and one related to a greater level of deprivation. The number of
doctors, as well as the number of inter-consultations and personnel costs were the variables
that allowed a greater differentiation between septiles. In these cases, the only pairs that did
not show statistically significant differences were those which compared S_01 with S_02,
S_03 or S_04; S_02 and S_03; and S_07 with S_05 and S_06. That is, they were variables that
presented the same mean for those septiles that belonged to a similar degree of deprivation,
and when the degree of deprivation was significantly different, they were highly sensitive
when establishing differences in resource use.

Table 5. Results for the p-value of the ANOVA test for all variables in the study, where: p < 0.05 a.

Variables Value

Resource use

Emergencies 1.7 × 10−182 a

Doctors 0 a

Nursing 6.2 × 10−144 a

Inter-consultations 3 × 10−277 a

Admissions 1.84 × 10−53 a

Days of stay 2.26 × 10−18 a

Costs

PH Personnel 0 a

Laboratory 2.15 × 10−82 a

Pharmacy 1.7 × 10−131 a

Diagnostic tests 1.04 × 10−13 a

Totals 3.6 × 10−189 a
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Table 6. Results of the p-value adjusted using the Tukey test for multiple comparisons of means, where: p < 0.05 a.

Resource Use Costs

Name Emergencies Doctors’
Consultations

Nursing
Consultations

Inter-
consultations Admissions Days of Stay Personnel Laboratory Pharmacy Diagnostic

Tests Total

S_02-S_01 5.91 × 10−01 2.71 × 10−01 1.00 × 10+00 9.98 × 10−01 9.83 × 10−01 1.00 × 10+00 9.82 × 10−02 9.78 × 10−01 9.97 × 10−01 1.00 × 10+00 9.04 × 10−01

S_03-S_01 5.45 × 10−01 4.00 × 10−02 a 1.00 × 10+00 8.79 × 10−01 1.00 × 10+00 1.00 × 10+00 7.72 × 10−07 a 9.62 × 10−01 9.34 × 10−01 9.83 × 10−01 9.92 × 10−01

S_04-S_01 1.09 × 10−01 2.78 × 10−05 a 9.49 × 10−01 2.79 × 10−02 a 9.98 × 10−01 1.00 × 10+00 1.00 × 10+00 6.84 × 10−02 9.99 × 10−01 8.86 × 10−01 4.35 × 10−01

S_05-S_01 4.91 × 10−04 a 1.07 × 10−13 a 9.24 × 10−02 5.15 × 10−08 a 6.84 × 10−01 9.99 × 10−01 3.01 × 10−06 a 3.04 × 10−03 a 7.49 × 10−01 6.73 × 10−01 1.05 × 10−03 a

S_06-S_01 1.46 × 10−07 a 4.74 × 10−14 a 2.92 × 10−03 a 2.19 × 10−10 a 2.22 × 10−01 9.45 × 10−01 6.76 × 10−05 a 1.45 × 10−04 a 1.89 × 10−01 3.93 × 10−01 3.59 × 10−06 a

S_07-S_01 2.79 × 10−08 a 6.89 × 10−14 a 1.28 × 10−03 a 1.35 × 10−07 a 3.00 × 10−01 9.14 × 10−01 2.80 × 10−14 a 5.29 × 10−04 a 2.64 × 10−01 3.72 × 10−01 1.76 × 10−05 a

S_03-S_02 1.00 × 10+00 6.84 × 10−01 1.00 × 10+00 7.25 × 10−01 1.98 × 10−01 9.93 × 10−01 7.97 × 10−09 a 1.00 × 10+00 9.39 × 10−01 9.66 × 10−01 9.02 × 10−01

S_04-S_02 3.66 × 10−01 9.52 × 10−09 a 6.57 × 10−02 1.85 × 10−09 a 9.88 × 10−01 9.99 × 10−01 2.18 × 10−10 a 2.19 × 10−05 a 1.00 × 10+00 4.05 × 10−01 5.22 × 10−01

S_05-S_02 1.32 × 10−08 a 0.00 × 10+00 a 3.64 × 10−12 a 0.00 × 10+00 a 4.91 × 10−01 7.41 × 10−01 0.00 × 10+00 a 2.04 × 10−12 a 5.53 × 10−07 a 3.28 × 10−02 a 7.11 × 10−12 a

S_06-S_02 6.43 × 10−14 a 0.00 × 10+00 a 6.17 × 10−14 a 0.00 × 10+00 a 2.15 × 10−03 a 3.68 × 10−02 a 0.00 × 10+00 a 6.78 × 10−14 a 1.10 × 10−13 a 5.09 × 10−04 a 6.94 × 10−14 a

S_07-S_02 6.91 × 10−14 a 0.00 × 10+00 a 6.29 × 10−14 a 0.00 × 10+00 a 3.28 × 10−02 a 5.35 × 10−02 0.00 × 10+00 a 5.55 × 10−13 a 6.01 × 10−10 a 2.70 × 10−03 a 6.41 × 10−14 a

S_04-S_03 2.89 × 10−02 a 4.57 × 10−10 a 5.52 × 10−04 a 1.47 × 10−11 a 6.21 × 10−02 4.66 × 10−01 0.00 × 10+00 a 2.79 × 10−11 a 1.96 × 10−01 7.70 × 10−01 4.38 × 10−05 a

S_05-S_03 8.43 × 10−14 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 7.24 × 10−12 a 5.39 × 10−03 a 0.00 × 10+00 a 0.00 × 10+00 a 6.85 × 10−14 a 2.70 × 10−02 a 0.00 × 10+00 a

S_06-S_03 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 6.79 × 10−14 a 1.89 × 10−08 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 1.53 × 10−05 a 0.00 × 10+00 a

S_07-S_03 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 5.03 × 10−12 a 2.59 × 10−05 a 0.00 × 10+00 a 5.47 × 10−14 a 7.04 × 10−14 a 2.28 × 10−03 a 0.00 × 10+00 a

S_05-S_04 6.88 × 10−14 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 1.06 × 10−10 a 1.35 × 10−01 0.00 × 10+00 a 9.23 × 10−09 a 0.00 × 10+00 a 1.22 × 10−01 0.00 × 10+00 a

S_06-S_04 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 1.44 × 10−10 a 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 2.22 × 10−07 a 0.00 × 10+00 a

S_07-S_04 0.00 × 10+00 a 0.00 × 10+00 a 0.00 × 10+00 a 5.88 × 10−14 a 9.70 × 10−09 a 8.08 × 10−04 a 0.00 × 10+00 a 1.25 × 10−06 a 6.03 × 10−14 a 1.55 × 10−02 a 0.00 × 10+00 a

S_06-S_05 0.00 × 10+00 a 4.74 × 10−14 a 5.97 × 10−14 a 9.41 × 10−14 a 4.60 × 10−12 a 2.10 × 10−07 a 3.57 × 10−08 a 7.13 × 10−11 a 8.96 × 10−14 a 8.47 × 10−04 a 0.00 × 10+00 a

S_07-S_05 1.28 × 10−13 a 1.96 × 10−01 9.70 × 10−07 a 1.00 × 10+00 1.28 × 10−01 6.11 × 10−02 0.00 × 10+00 a 3.43 × 10−01 1.80 × 10−02 a 4.05 × 10−01 1.16 × 10−03 a

S_07-S_06 5.88 × 10−01 8.68 × 10−01 8.70 × 10−01 1.06 × 10−02 a 1.00 × 10+00 9.98 × 10−01 0.00 × 10+00 a 9.91 × 10−01 1.00 × 10+00 1.00 × 10+00 9.92 × 10−01
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4. Discussion

The main contribution of this study constitutes the development of an index, called the
Integrated Population Index of Deprivation, consisting of a database containing segmented
population information regarding clinical and socioeconomic real-world data that are
integrated and geographical. The data available in the databases are real, individual data,
unlike other deprivation indices whose information is obtained from health surveys, and
therefore use subjective data, or use data from the National Institute of Statistics [2,3].
This is an important advantage, since aggregated data can induce some errors in studies,
especially when crossing different data coming from multiple databases [12], and can make
detecting how small changes will impact the results of a specific area more difficult [7].
Furthermore, all the data used in this study to compute the index were obtained from the
APSIG database. As this is a centralized database managed by the HD, the information
is more accessible and is updated much more frequently than that of the census. Lastly,
it is the only Spanish index (within our knowledge) that includes morbidity data in the
analysis, including internationally standardized CRG groups.

The IPID in our study explains 38.8% of variance, which is a lower result than those of
the articles taken as reference, where values were obtained of 75% [2] and 65% [7]. Adding
other variables, such as education level or characteristics of the dwelling, could increase
the value of the explained variance.

The methodology employed has allowed verification of how the PCA satisfactorily re-
solves the problem of the multidimensionality of deprivation, as shown in other studies [2].
Not only was an appropriate classification of the different census sections according to
deprivation level achieved, but also results were obtained that agreed with the hypothesis
initially proposed.

The use of this index allowed the value of the correlation with healthcare resource
use and morbidity to be increased for all the variables of the study, obtaining significantly
different values from zero for a significance level of 0.05, as occurred in the studies carried
out by other authors [2,7,25].

The analysis of healthcare resource use by septile showed that the differences were
especially concentrated when comparing the mean resource use for areas of greater depri-
vation with less vulnerable areas. This, combined with the information obtained from the
correlation analysis, allows the conclusion that, generally, greater deprivation is associated
with an increase in costs and in the number of personnel involved in the area. These results
coincide with the studies carried out by other authors [26].

Regarding the variable of population members older than 65 who live alone, it can be
noted that there was small but negative correlation with all the indicators, except that of
major health problems. This leads us to think that these people are making less use of the
healthcare system, being people in a situation of vulnerability, as described by the authors
of “The inverse care law” [27].

In the results obtained, the census sections with high deprivation septiles 6 or 7 in
the l’Horta Nord municipalities stand out. This could be explained by these areas having
lower levels of income and, given that this indicator is the most weighted in the IPID, could
have resulted in these areas being the most marked. Other authors have indicated the
need to develop specific deprivation indices for rural areas [3,28]. It is therefore necessary
to carry out a study in greater depth to analyse which factors determine there being a
larger proportion of the population with low income or unemployment in the areas of
l’Horta Nord.

The main limitation of this study is the variable for income, which gives the highest
score for the index but nevertheless presents certain deficiencies. Firstly, having large
intervals, it encompasses a very wide population group between the income ranges of EUR
18,000 and EUR 100,000, grouping together very different population profiles. This is due
to the original source of the data, obtained from the pharmaceutical co-payment, which has
already been shown in previous studies in Spain [7]. Furthermore, there were a group of
people for whom income level was not available for different reasons (members of mutuals,
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pensioners, etc.). Thirdly, there is a possibility that other economic factors, unregistered
in the information sources used, affected the result, such as the number of children in the
family/household. One way of mitigating these limitations, at least partially, in addition
to adding narrower income ranges, would be to use an indicator of equivalent income,
according to which all income entering a family unit is calculated and divided between
all its members. However, with the data currently available it is not possible to group
households for these calculations.

Another difficulty found in the research regards the availability of all the variables
for all the population assigned to the study. In this case, it was necessary to perform the
analysis with the population assigned to the health district in 2015 in order to be able to
count on the maximum information for each individual from the databases of the Regional
Health Ministry (APSIG, SIP, SIA and CRG), and it would be desirable to repeat the study
with more current data, when available.

Our index obtained the same conclusions as other indices [2,3,11,29], where more
deprived areas were related to higher morbidity, and therefore higher consumption of
resources [3]. The results obtained with the IPID have to be interpreted cautiously, given the
characteristics mentioned above. Nevertheless, they are highly relevant to clinical practice
and healthcare management in helping to design actions or programmes and prioritise
resources to one area or another.

In future lines of research, it will be necessary to validate the data for other HDs and
other years, and analyse the importance of other variables, such as level of education,
characteristics of the dwelling, and other social and clinical determinants, such as the preva-
lence of specific diseases (mental illness, cancer, pregnancy in minors, chronic diseases,
addictions, sexually transmitted diseases). Other authors have measured deprivation con-
sidering material, social and health indicators [30]. These authors analysed multimorbidity
and deprivation and found age to be a determinant clearly associated with deprivation.

The IPID is a starting point for further research into identifying population profiles
and aggregated census areas with sociosanitary vulnerability. Measuring sociosanitary
vulnerability is complex due to the multidimensionality of its determinant factors. The
development of an index that takes into account material deprivation, social deprivation,
the burden of disease and resource use will give us a more realistic approximation of this
sociosanitary vulnerability.

5. Conclusions

This study has shown that living in an area of the health district Valencia Clínico—La
Malvarrosa, with a higher index of deprivation is associated with greater consumption
of healthcare resources and a greater burden of disease. In the field of healthcare man-
agement, it is important to introduce socioeconomic indicators and measure their impact
on healthcare outcomes, such as morbidity, mortality and resource use. Therefore, it is
valuable to identify sociosanitary vulnerable areas and those people in a sociosanitary
vulnerable position, as this will contribute to identifying health inequalities, allowing them
to be reduced through the intervention of clinical practice and healthcare management. The
development of this IPID, which identifies census sections with deprivation, allows these
health inequalities to be determined when correlated with multimorbidity and resource-use
indicators. This index represents the concept of multidimensional vulnerability by aggre-
gating multiple variables, giving the greatest weight to income-related variables. However,
to further improve our knowledge of health inequalities it is necessary to introduce other
variables identifying sociosanitary vulnerability which were not available in the database
of study.
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