Dimitrovova et al. International Journal for Equity in Health (2017) 16:145 .
DOI 10.1186/512939-017-0642-7 |nternatl0na|]0urna| for

Equity in Health

RESEARCH Open Access

“Evolution and financial cost of @
socioeconomic inequalities in ambulatory

care sensitive conditions: an ecological

study for Portugal, 2000-2014"

Kldra Dimitrovova' @, Claudia Costa?, Paula Santana® and Julian Perelman'#

Abstract

Background: Hospitalizations for Ambulatory Care Sensitive Conditions (ACSC) are specific conditions for which
hospitalization is thought to be avoidable through patient education, health promotion initiatives, early diagnosis
and by appropriate chronic disease management, and have been shown to be greatly influenced by socioeconomic
(SE) characteristics. We examined the SE inequalities in hospitalization rates for ACSC in Portugal, their evolution over
time (2000-2014), and their associated financial burden.

Methods: We modeled municipality-level ACSC hospitalization rates per 1000 inhabitants and ACSC hospitalization-
related costs per inhabitant, for the 2000-2014 period (n =4170), as a function of SE indicators (illiteracy and purchasing
power, in quintiles), controlling for the proportion of elderly, sex, disease specific mortality rate, population density, PC
supply, and time trend. The evolution of inequalities was measured interacting SE indicators with a time trend. Costs
attributable to ACSC related hospitalization inequalities were measured by the predicted values for each quintile of the
SE indicators.

Results: Hospitalization rate for ACSC was significantly higher in the 4th quintile of illiteracy compared with the 1st
quintile (beta = 1.97; p < 0.01), and significantly lower in the 5th quintile of purchasing power, compared with the 1st
quintile (beta = — 1.19; p < 0.05). ACSC hospitalization-related costs were also significantly higher in the 4th quintile of
illiteracy compared with the 1st quintile (beta =4.04€; p < 0.05), and significantly lower in the 5th quintile of purchasing
power, compared with the 1st quintile (beta = —4,69€; p < 0.01). The SE gradient significantly increased over the
2000-2014 period, and the annual cost of inequalities were estimated at more than 15 million euros for the
Portuguese NHS.

Conclusion: There was an increasing SE patterning in ACSC related hospitalizations, possibly reflecting increasing SE
inequalities in early and preventive high-quality care, imposing a substantial financial burden to the Portuguese NHS.
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Background

Hospitalizations for Ambulatory Care Sensitive Conditions
(ACSC) have been largely studied as an indirect measure
of access to effective Primary Care (PC) [1]. ACSC related
hospitalizations are defined as specific conditions (e.g.,
asthma, angina, heart failure, diabetes and hypertension)
for which hospitalization is thought to be avoidable
through patient education, health promotion initiatives,
early diagnosis, early treatment, and by appropriate
chronic disease management, i.e., by “timely and effective
PC” [2, 3]. The reason for considering these conditions as
avoidable is that they can be managed in order to avoid
their clinical progression. For example, early diagnosis,
adequate treatment and change in lifestyle should avoid
the hospitalization of a person with diabetes.

Despite evidence that increased physician supply and
greater diffusion of PC are associated with lower rates of
ACSC hospitalizations [4, 5], many authors suggest that
ACSC related hospitalizations are more closely related
to socioeconomic (SE) characteristics than with the
quality of PC [6, 7]. Many studies have indeed found a
strong SE gradient in the rates of hospitalizations for
ACSC, showing that people from low-income areas,
people living in rural and/or more deprived areas, and
people from areas with higher proportions of uneducated
people have a much higher risk of being hospitalized for
these conditions [3, 8—10]. These SE disparities have been
described not only in countries without universal health
coverage, like the US, but were also found in countries like
Canada [11], Italy [12], the United Kingdom [13], and
Sweden [14], where there are little financial barriers in
access to PC.

We can classify explanations for SE inequalities in
ACSC related hospitalizations into two categories: those
related to individual characteristics and those related to
contextual characteristics. With regard to individual
characteristics, patients with lower literacy may be less
prone to adopt self-management behaviors [13]; they
may have a lower probability of enrolling in health
promotion activities [15]; they may have a poor under-
standing of physicians’ recommendations, leading to
poorer treatment compliance [9]; they may lack aware-
ness and knowledge of the health care system [15]; and
they may face language and cultural barriers [16].
Patients with low income may also delay the search for
needed medical care or medications due to financial
constraints on transportation costs and healthcare co-
payments [17].

Regarding contextual factors, authors suggest that pa-
tients from lower-income areas may face a shortage of
PC physicians and fewer referrals to specialist consulta-
tions [13, 18], leading to a lower continuity of care and
to a delay in care [19]. We can hypothesize also that the
quality of services is lower in more deprived and rural
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areas, due for example to insufficient financing. In
addition, more individuals in low-income areas are hos-
pitalized for social reasons, due to non-response or lack
of coordination with social services [18]. Finally, access
to PC may be influenced in SE disadvantaged areas
through the availability of transportation systems and by
the distance to PC facilities [7]. Most studies on this
topic are ecological, and authors use SE characteristics
of the area of residence of the individual to explore these
associations, since it is believed that the aggregate SE
characteristics reflect the nature of the social environ-
ment where people live [20].

In this paper we measured SE inequalities in ACSC
related hospitalizations, their evolution over time, and
financial consequences for the Portuguese National
Health Service (NHS). The use of a long period of time
permits a more consistent measurement of inequalities,
and testing whether these SE inequalities in ACCS re-
lated hospitalizations have risen, potentially contributing
to the growing relative inequalities in health in the last
decade [21]. Finally, by measuring the costs attributable
to inequalities, we estimate the potential savings that
would be achieved and potentially reallocated to other
needs.

The case of Portugal is of interest because it combines
a universal coverage in PC, characterized by relatively
low co-payment rates and a large network of PC prac-
tices, with a relatively weak social welfare system.
Portugal is also one of the EU countries with the highest
inequalities in income distribution and risk of poverty,
[22] and recent evidence showed considerable SE health
inequalities [23] and strong associations between material
deprivation and mortality [24].

Methods

Data sources

We used data from the Portuguese Central Administration
of the Health System on all in-patient stays at all public
non-specialized Portuguese NHS hospitals for the years
2000 to 2014 (7 = 11,129,000). This database includes, for
each patient, several clinical (e.g. diagnosis, comorbidities)
and demographic characteristics (e.g. age, sex, residence
geographic code). Using information from the patients’
residence geographic code, the data on ACSC related
hospitalizations were aggregated by municipality and
year, and merged with municipality and year-level data
on demographic, SE, and PC physician supply data
from the National Institute for Statistics. Our total
number of observations was #n=4170, which corre-
sponds to the total number of municipalities (n =278)
followed over the 15-years period. Note that the muni-
cipality is the second lowest administrative level in
Continental Portugal.
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Dependent variable
We used the set of codes for ACSC related hospitaliza-
tions as defined by the US Agency for Healthcare
Research and Quality (AHRQ), which are called Preven-
tion Quality Indicators (PQIs). We opted for the AHRQ
definition because it is widely used in the US, and has
also been adapted and adopted by different European
countries including Spain [25] and Italy [26], allowing
for the comparison of results. We also used this ap-
proach because it is in accordance to the Portuguese in-
patient disease classification system (ICD-9-CM). We
used the overall set of 12 PQIs validated for adult popula-
tion, defined as “PQI 90 Overall composite” (Table 1). The
detailed list of inclusion and exclusion of ICD-9-CM codes
for the construction of PQIs is described elsewhere [27].
Based on the patients’ residence geographic code, we
calculated the total number of ACSC related hospitaliza-
tions (“PQI 90 Overall composite”) per municipality and
year. Then we calculated the rate of ACSC related hospi-
talizations per 1000 adult inhabitants (>18 years old) by
dividing the total number of ACSC related hospitaliza-
tions by the total adult population in the municipality
and year. Additionally, we calculated the ACSC-related
costs per inhabitant, for each municipality and year. This
cost was estimated by computing the total costs of all
ACSC related hospitalizations previously identified per
municipality and year, using the official Portuguese NHS
prices attributed to each in-patient stay, based on its
Diagnosis Related Groups (DRG), and then divided by
the total adult population in each municipality and year.
We used the decree-laws, published regularly by the

Table 1 Ambulatory care sensitive conditions (Prevention
Quality Indicators) defined by Agency for Healthcare Research
and Quiality

Individual Prevention Quality Indicators (PQls)
PQI 01 Diabetes Short-term Complications Admissions Rate
PQI 03 Diabetes Long-term Complications Admission Rate
PQI 05 COPD or Asthma in Older Adults Admission Rate
PQI 07 Hypertension Admission Rate
PQI 08 Heart Failure Admission Rate
PQI 10 Dehydration Admission Rate
PQI 11 Bacterial Pneumonia Admission Rate
PQI 12 Urinary Tract Infection Admission Rate
PQI 13 Angina without Procedure Admission Rate
PQI 14 Uncontrolled Diabetes Admission Rate
PQI 15 Asthma in Younger Adults Admission Rate
PQI 16 Rate of Lower-Extremity Amputation Diabetes
Composite Prevention Quality Indicators (PQls)

PQI 90 Overall composite (includes 01, 03, 05, 07, 08, 10, 11,12, 13, 14,
15, and 16)

Source: (AHRQ 2015)
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Ministry of Health, with the official NHS prices which
were in force in the period under analysis. [28]. Note that
these costs correspond only to the in-patient episode and
do not include any other pre-existing health expenses that
the patient may have had in other healthcare settings.

Explanatory variables

We first used as an explanatory variable the municipality
year-level purchasing power, which indicates the relative
purchasing power in buying goods and services in a
given municipality for the average wage in that same
municipality. The national purchasing power was used
as reference, with a value of 100. That is, if in a given
municipality the purchasing power is 60, the inhabitants
of this municipality with an average salary can afford
40% fewer typical goods and services than the average
residents in Portugal. This indicator is calculated bi-
annually; for the in-between years we used average
values. Second, we used the municipality-year-level
illiteracy rate, defined as the proportion of people aged
10 or more years old who cannot read or write. As men-
tioned above, illiteracy greatly influences disease preven-
tion and self-management behaviors, leading to a higher
risk of hospitalization [15]. In Portugal, illiteracy rates
are available only for census years (2001 and 2011), and
we therefore assumed a linear trend of the illiteracy rate
for the years in-between, and adopted the 2011 values
for the subsequent years.

Covariates

We controlled for the municipality year-level proportion
of elderly, sex, disease specific mortality rate, population
density and PC supply. The proportion of elderly was
measured as the proportion of people with 65 or more
years of age in each municipality, since ACSC related
hospitalizations are mostly prevalent at older ages, espe-
cially after the age of 65 years [13], and sex was mea-
sured as the proportion of males in each municipality.
Disease-specific mortality rate for diabetes, COPD and
ischemic heart diseases (as defined in the European Short-
list for Causes of Death [29]) were used as covariates to
adjust for disease prevalence and severity, since areas with
higher mortality are more likely to have greater health
needs, associated with higher ACSC related hospitaliza-
tions [5]. We used these chronic conditions since they are
the ones that contribute notably for ACSC related hospi-
talizations [5]. Population density was used to account for
rurality, and PC supply was measured by the rate of PC
physicians working in PC practices per 1000 inhabitants
in each municipality and year. This indicator is one of the
best proxies for PC supply, and has been used by other
authors [4]. Finally, we included a time trend, allowing
control for the other growth factors in the rate of ACSC
related hospitalizations.
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Statistical analysis

We used quintiles of the distribution for our SE explana-
tory variables, with the first quintile being the lowest.
This approach was used by other authors in similar
studies [6] and it seeks to obtain categorical values in
order to explore nonlinearities. We added all covariates
as continuous. Note that for illiteracy the first quintile is
the least deprived (less percentage of people with
illiteracy), while for purchasing power the first quintile is
the most deprived.

We first calculated the absolute difference and the
population-attributable risk of the rate of ACSC related
hospitalizations per 1000 inhabitants for each SE indicator.
The absolute difference aims to measure the difference in
ACSC related hospitalizations between opposite quintiles
(most deprived versus least deprived). The population-
attributable risk corresponds to the difference between the
mean rate of ACSC related hospitalizations and the rate of
ACSC related hospitalizations of the least deprived quin-
tile, given as a percentage of the mean rate of the ACSC
related hospitalizations. In other words, the population-
attributable risk describes the reduction in the rate of
ACSC related hospitalizations that would be observed if
the entire population had the characteristics of the least
deprived SE quintile [30].

We then modeled the ACSC hospitalization rates
(Model I) and the ACSC-related costs per inhabitant
(Model II) as a function of year-specific quintiles for the
SE indicators, controlling for the proportion of elderly,
sex, disease specific mortality rate, population density,
PC supply, and for the time trend. In order to estimate
the evolution of SE inequalities in the 2000—2014 period,
we interacted the illiteracy rate and purchasing power
with the time trend (Model III and IV, respectively), con-
trolling for all the covariates. All four models used longi-
tudinal data analysis (panel data) and were regressed
using the ordinary least squares with municipality fixed
effects [31]. We used municipality fixed effects since we
are interested in analyzing the impact of only the vari-
ables that vary over time, and we aim to explore the
causes of changes within the entity, i.e., the relationship
between explanatory and outcome variables within the
municipality. Fixed effects control for all-time invariant
differences between the municipalities, so the estimated
coefficients of the fixed-effects models cannot be biased
due to omitted time-invariant characteristics such as
culture, historical determinants, or institutional settings
[32]. Additionally, a Hausman test (p <0.01) and a Prob
F test (p <0.01) confirmed the utilization of fixed instead
of random effects.

Finally, we calculated the costs attributable to ACSC
related hospitalization inequalities, from the Portuguese
NHS perspective (i.e. the additional direct costs incurred
in ACSC related hospitalizations arising as a result of SE

Page 4 of 11

inequalities), for the year 2014. With this analysis, we
aimed at estimating the total hypothetical savings that
would be obtained if the pattern of cost was similar for
all quintiles of SE variables. To do so, we first calculated
the predicted values for each quintile of the SE indica-
tors of the Model II, in order to estimate the predicted
cost per inhabitant by quintile. These predicted values
are a post estimation, which means that they are calcu-
lated from the predictions of a previously fitted model,
in which some of or all the covariates are fixed, for ex-
ample at their means [33]. We then multiplied the pre-
dicted ACSC-related cost per inhabitant by the total
adult population in each quintile of illiteracy and pur-
chasing power. We also estimated a hypothetical cost by
multiplying the predicted ACSC-related cost per inhabit-
ant of the least deprived quintiles by the total adult
population. Lastly, the costs attributable to inequalities
were estimated by the difference of the two costs. All
the analyses were conducted with Stata version 13
(StataCorp LP, College Station, TX, USA).

Results

Descriptive analysis

In Portugal, between 2000 and 2014, there were on average
741,933 public hospital discharges of adults (age > 18 years)
annually, among which 77,077 (10.4%) were potentially
avoidable. While the total number of in-patient stays main-
tained relatively stable over the 2000-2014 period (from
720,414 in 2000 to 727,495 in 2014), the total number of
ACSC related hospitalizations increased from 65,401 to
88,006 (a 34.6% increase). Considering only the elderly
(age > 65 years), there was a 51.7% increase in ACSC elderly
related hospitalizations, which represented 70% and 79% of
the total ACSC related hospitalizations in 2000 and 2014,
respectively (Fig. 1).

The crude national rate of ACSC related hospitaliza-
tions per 1000 inhabitants increased from 8.29 in 2000
to 10.81 in 2014, while the hospital utilization rate de-
creased from 91.28 per 1000 inhabitants to 89.32 per
1000 inhabitants over the same time period. Table 2
shows the overall descriptive characteristics of our unit
of analysis (municipalities) in 2000 and 2014.

Univariate analysis

The absolute difference is of 2.44 ACSC related
hospitalizations per 1000 inhabitants for illiteracy and
2.87 ACSC related hospitalizations per 1000 inhabitants
for purchasing power (Fig. 2). If we could decrease the
illiteracy levels to the lowest quintile, we would reduce
the rate of ACSC related hospitalizations by 19.00%
(population-attributable risk). Similarly, if we could in-
crease the purchasing power to the highest quintile, we
would reduce the rate of ACSC related hospitalizations
by 14.63%.



Dimitrovova et al. International Journal for Equity in Health (2017) 16:145

Page 5 of 11

900,000 80,000
800,000 70,000
700,000 60.000
600,000
@ 50,000
£ 500,000 7
2 40,000 &
5 400,000 <
= 30,000
=y 300,000
200,000 20,000
0 0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
mmmm Adult Inpatient stays (18-64 years old) mmmm Elderly inpatient stays (>65 years old)
Adult ACSC (18-64 years old) s Elderly ACSC (=65 years old)
Fig. 1 Adult and elderly inpatient stays and hospitalizations for ambulatory care sensitive conditions in Portugal, 2000-2014

Multivariate analysis

The rate of ACSC related hospitalizations was posi-
tively and significantly associated with illiteracy, being
1.32 (p<0.01), 1.10 (p<0.05), 1.97 (p<0.01), and 1.59
(p=0.05) higher for quintiles two, three, four, and
five, respectively in comparison to the first quintile
(Model I) (Table 3). Similarly, the ACSC-related costs
per inhabitant were 2.37€ (p < 0.05) and 4.04€ (p < 0.05)
higher for the second and fourth quintile of illiteracy in
comparison to the first quintile (Model II) (Table 3).
The rate of ACSC related hospitalizations was signifi-
cantly and negatively associated with purchasing
power, being 0.86 (p<0.01), 1.21 (p<0.01), and 1.19
(p<0.01) lower for the third, fourth, and fifth quin-
tiles, respectively, in comparison to the first quintile
(Model I) (Table 3). The ACSC-related costs per

inhabitant were also significantly lower, being 3.07€
(»p<0.01), 4.34€ (p<0.01), and 4.69€ (p<0.01) lower
for the third, fourth and fifth quintiles of purchasing
power respectively, in comparison with the first quintile
(Model II) (Table 3).

Furthermore, the rate of ACSC related hospitalizations
was positively and significantly associated with the COPD
mortality rate and with the heart disease mortality rate.
For each unit increase in the COPD mortality rate and for
each unit increase in the heart disease mortality rate, there
is an increase of 1.01 (p <0.01) and 0.33 (p < 0.01) hospi-
talizations for ACSC per 1000 inhabitants. The ACSC-
related costs per inhabitant were also significantly higher
for these indicators, as well as for the diabetes mortality
rate. Regarding PC supply, each unit increase in the rate
of PC physicians per 1000 inhabitants was associated with

Table 2 Sample characteristics: ambulatory care sensitive conditions and their determinants in Portugal, 2000-2014

2000 (n =278)

2014 (n =278)

Indicator (per municipality) Mean SD Min Max Mean SD Min Max
Rate of ACSC hospitalizations per 1000 inhabitants 859 331 0.18 22.00 12.55 465 467 28.15
Total population 35415 56,851 1918 563475 35,503 56,926 1739 509,312
Adult population (= 18 years old) 28,391 46,286 1597 480,710 29,297 46,549 1457 422,951
Elderly population (= 65 years old) 5839 9742 498 132,637 7314 12,069 391 141,742
Proportion of elderly (= 65 years) (%) 21.08 6.59 842 40.84 2437 6.09 1181 4497
Proportion of males (%) 47.85 118 43.10 53.01 47.01 1.07 43.12 5248
Proportion of illiterate people (%) 14.04 572 3.90 33.25 6.76 332 1.75 17.57
Purchasing power 66.65 2891 33.72 305.19 82.40 17.26 57.89 201.75
Primary care physicians per 1000 inhabitants 0.76 0.20 0.17 1.79 0.71 0.21 0.00 144
Diabetes mortality rate per 1000 inhabitants 046 0.27 0.00 146 0.69 0.39 0.00 2.77
COPD mortality rate per 1000 inhabitants 0.95 0.52 0.00 349 1.22 0.82 0.00 6.22
Heart disease mortality rate per 1000 inhabitants 1.25 0.82 0.14 7.1 1.01 0.56 0.22 432
Population density (N.%/km?) 307.00 870.11 6.60 7517.70 303.90 830.38 440 7397.70

Source: authors
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Table 3 Association between socioeconomic factors with the rate of ACSC and ACSC related-costs in Portugal, 2000-2014

MODEL | MODEL I
Rate of ACSC ACSC related costs
B (95% Cl) B (95% Cl)
Trend 0,23%%* (0,19, 0,27) 0,53%** (0/43; 0,63)
SE indicators
Illiteracy 1 (least deprived)
2 1,32%%% (0,59; 2,08) 2,37%% (0,28; 4,47)
3 1,10%% (0,04; 2,16) 247% (—0,46; 5,40)
4 1.97%%% (0,59; 3,34) 4,04* (0.24; 7.83)
5 (most deprived) 1,59% (-0.01; 3,18) 247 (—1.94; 6.88)
Purchasing power 1 (most deprived)
2 0.00 (—0,46; 0,46) -0.56 (-1,83;0,72)
3 —0.86*** (—1,46; —0,27) —3,07%** (=4.71; =1,43)
4 —1, 275 (=1,92; -0,50) —4,34%%% (-6,30; —2,39)
5 (least deprived) —1,19%** (=2,08; —0,30) —4 69*** (=715, =2,22)
Confounders
Proportion of elderly (= 65 years) 0.04 (=0.06; 0.15) 023 (-=0.07; 0.52)
Proportion of males -0.01 (-=0.33; 0.31) 0.80* (-0.09; 1.68)
Diabetes mortality rate per 1000 inhabitants 0.26* (-0.03; 0.54) 1.07%%* (0.29; 1.86)
COPD mortality rate per 1000 inhabitants 1.01%%% (0.83; 1.20) 261%%* (2.10; 3.11)
Heart disease mortality rate per 1000 inhabitants 0.33%** (0.12; 0.53) 1.23%** (0.66; 1.80)
Population density (N°/km?) —0.00 (=0.00; 0.00) —0.00 (=0.01; 0.00)
Primary care physicians per 1000 inhabitants —1.209%** (=197, —0.60) —3.08*** (=497, -1.19)

***¥p <0.01; **p < 0.05; *p < 0.1
R? overall of MODEL |=0.14
R? overall of MODEL 11 =0.12
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a decrease of 1.29 (p < 0.01) hospitalizations for ACSC per
1000 inhabitants and with a decrease of 3.08€ (p < 0.01)
ACSC-related costs per inhabitant. In our study, the pro-
portion of elderly, proportion of males and population
density were not statistically significantly associated with
the rate of ACSC related hospitalizations and with the
ACSC-related costs. Finally, the time trend shows that
overall the rate of ACSC related hospitalizations and
the ACSC-related costs per inhabitant increased in the
2000-2014 period. Each year there was an increase of
0.23 (p<0.01) in the rate of ACSC related hospitaliza-
tions, and an increase of 0.53€ (p<0.01) in ACSC-
related costs per inhabitant.

The interaction between the time trend and illiteracy
was positive and significant for the rate of ACSC related
hospitalizations while the interaction between the time
trend purchasing power was negative and significant
(Model III) (Table 4), indicating in both cases an in-
crease in SE inequalities. Specifically, each year there
was a statistical significant increase in the rate of ACSC
related hospitalizations of 0.42 (p <0.01), 0.41 (p <0.01),
and 0.37 (p <0.01) for the third, fourth, and fifth quin-
tiles of illiteracy, respectively, in comparison to the first
quintile. Similarly, there was a statistical significant de-
crease in the rate of ACSC related hospitalizations of
0.16 (»p<0.01), 0.10 (p<0.01), 0.14 (p<0.01) and 0.05
(p<0.01) for the second, third, fourth, and fifth quin-
tiles of purchasing power, respectively, in comparison
to the first quintile. The interactions had similar re-
sults for ACSC-related costs per inhabitant (Model IV)
(Table 4).
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Inequality-related costs

In order to estimate the costs attributable to ACSC related
hospitalizations inequalities, we first calculated the pre-
dicted values (predicted cost per inhabitant in each quin-
tile of the SE indicators) for the previously fitted Model II
(Table 5). All the other covariates were set at their mean
values, and the estimation was not set as balanced in order
to take into account the unequal sample size in each quin-
tile [33]. We then multiplied the total adult population in
each quintile by the corresponding predicted cost per in-
habitant, and obtained a total cost of 207,803,901€ for
illiteracy, and 205,661,714€ for purchasing power. Then
we calculated a hypothetical cost by multiplying the total
adult population in the year 2014 (n = 8,144,649) by the
predicted cost of the least deprived quintiles of illiteracy
(24.49€) and purchasing power (24.35€), assuming that all
municipalities behaved as the least deprived SE quintiles
(199,483,712€ for illiteracy and 198,342,076€ for purchas-
ing power). The costs attributable to inequalities were
then estimated by the difference between the “real” and
the hypothetical costs, ie. 8,320,190€ for illiteracy and
7,319,638€ for purchasing power. Therefore, if all munici-
palities behaved as the least deprived SE quintiles, the Por-
tuguese NHS would save 15,639,828€ per year.

Discussion

Key findings and interpretation

First, our data show that the national crude rate of
ACSC related hospitalizations increased from 8.29 to
10.81 per 1000 inhabitants between 2000 and 2014.
These overall rates are very close to those observed

Table 4 Interaction between time trend and socioeconomic indicators with ACSC and ACSC related-costs in Portugal, 2000-2014

MODEL Il MODEL IV
Rate of ACSC ACSC related costs
B (95% Cly B (95% Cly
Trend 0,28*** (0,19;0,38) 0.68*** (0,42; 0.94)
SE indicators
llliteracy#trend 1 (least deprived)
2 0,00 (—0,06; 0,07) -0,02 (=0,19; 0,15)
3 0,14%%* (0,07; 0,20 0,32%%* (0,13;0571)
4 0,13%%* (0,05; 0,21) 0,27%* (0,05; 0,48)
5 (most deprived) 0,09** (0,01, 0,17) 0,21* (—0.01; 043)
Purchasing powerttrend 1 (most deprived)
2 —0,12%%* (=0,19; —0,05) —0,26%** (—0,44; —0,07)
3 —0,18*** (=025, -0,12) —047%%% (-0,66; —0,29)
4 —0,14%** (-0,22; —=0,07) —0,42%** (-0,62; —0,22)
5 (least deprived) —0,23%** (-=0,31; =0,15) —0,49%** (=0,71; =0,27)

***¥p <0.01; **p < 0.05; *p < 0.1

Note: All values were adjusted for illiteracy, purchasing power, proportion of elderly, proportion of males, diabetes mortality rate per 1000 inhabitants, COPD
mortality rate per 1000 inhabitants, heart disease mortality rate per 1000 inhabitants, population density and PC supply. We exclude these variables from the table

to simplify the reading
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Table 5 Predicted values for ambulatory care sensitive conditions related costs, by socioeconomic indicators, in Portugal, 2000-2014

ACSC related costs Quintile Predicted values (€) (95% Cl) Adult population by Cost (€)
quintile in 2014

llliteracy 1 (least deprived) 24497 (22.20; 26.79 4,751,169 116,368,529
2 26.77%%* (25.15; 28.38) 1,610,426 43,106,659
3 26.53%** (25.15; 27.92) 922,640 24,482,234
4 28.47%** (26.58; 30.24) 493,458 14,020,667
5 (most deprived) 26.78%** (24.25; 29.31) 366,956 9,825,812

Total 8,144,649 207,803,901

Purchasing power 1 (most deprived) 20.19%** (27.87;30.52) 374,834 10,943,140
2 28.67%** (27.75; 29.60) 625,682 17,940,993
3 26,13 (25.34; 26.93) 1,033,524 27,011,139
4 24.82%** (23.93; 25.71) 2,048,886 50,853,576
5 (least deprived) 24.35%** (22.91; 25.79) 4,061,723 98,912,866

Total 8,144,649 205,661,714

***¥p < 0.01

Note: All other variables of the regression (as used in Model Il) were set at their means for the estimation of the predicted values for each SE indicator

in other European countries, such as Italy [26] and
France [34].

Second, our study highlights significant SE disparities
in ACSC related hospitalizations. The most disadvan-
taged municipalities, i.e., those with the highest levels of
illiteracy and lowest levels of purchasing power, had the
highest rates of ACSC related hospitalizations. In the
univariate analysis, we estimated a reduction of 19.00%
and 14.63% (population-attributable risk) in ACSC re-
lated hospitalization rates, if all municipalities had the
illiteracy levels and purchasing power of the municipali-
ties from the least deprived quintiles. These inequalities
were largely confirmed in the multivariate analysis (i.e.
adjusted for the proportion of elderly, proportion of
males, diabetes, COPD and heart disease mortality rate
per 1000 inhabitants, population density and for PC
supply), and were consistent with earlier research per-
formed in other countries with National Health Services.
For Italy, authors found a risk ratio of 2.59 (95% CI:
2.35-2.85) for ACSC related hospitalizations, between
the highest and lowest quintile of area income [12]. For
Ireland, an incidence rate ratio of 4.29 (95% CI 4.20-
4.39) between opposite quintiles of a deprivation index
was found in the rate of ACSC related hospitalizations
between 2002 and 2013 [35]. Also, for Canada, authors
found that patients in the lowest area income quintiles
were approximately three times as likely to be hospitalized
for an ACSC, relative to their counterparts in the highest
area income quintile (odds ratio = 2.93, 95% CI 2.19-3.93)
[11]. Another study for Canada that focused on disparities
in preventable heart attack hospitalizations showed that
the hospitalization rate would be 16% lower if rates for all
SE groups matched those in the areas with the highest
income [36].

There are individual and contextual factors that may
contribute to the SE inequalities in ACSC related hos-
pitalizations. Since our study was ecological, we relied
on area-based SE variables. However, these variables
can reflect both individual and contextual effects. On
the one hand, area-based SE factors may proxy indi-
vidual SE characteristics, that is, people living in more
deprived areas are more likely to have lower literacy
levels and to experience material and financial dep-
rivation. Therefore, they are less likely to adopt self-
management behaviors since they have a poorer
understanding of how the disease affects their life, of
how to cope with the symptoms, and of how to main-
tain good control throughout the course of the disease
[13]; and they are more likely to experience delay in
care due to transportation costs and due to lack of
knowledge of the health care system. On the other
hand, area-based SE factors can reflect the SE context
where people live [20]. In lower-income areas there
may be lower cultural and social support for early care
and prevention, and the access to PC may be affected
by the distance to PC facilities and by the availability
of transportation systems.

Third, we observe a widening of SE inequalities in the
rate of ACSC related hospitalizations over the 15-year
period examined. To the best of our knowledge, no other
study focusing on SE inequalities and ACSC related hospi-
talizations has reported the evolution of inequalities over
time. Nevertheless, relative SE inequalities in health in
Europe have not only persisted in the last three decades
but also widened, according to recent measures [21, 37].
Our findings are consistent with these, suggesting that
increasing inequalities in ACSC related hospitalizations,
which reflect inequalities in early and preventive care,
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are a possible explanation for these widening disparities
in health.

Finally, we estimate potential savings of more than 15
million euros per year from reducing inequalities, for the
Portuguese NHS. It is worth noting that these estimates
aimed only to provide an indication of the likely scale of
the costs of health inequalities, since it is hypothetical to
assume that everyone would have the same illiteracy
levels and purchasing power as the 20% of the least de-
prived population. Also, not all differences observed in
the distribution of the rate of ACSC related hospitaliza-
tions result from SE inequalities. There will always be
differences in the distribution of illness and disease among
people, regardless of their SE status [38]. Moreover, the re-
duction of inequalities in ACSC related hospitalizations
would certainly require substantial investments, so our
values for potential in-patient savings provide just a
benchmark to which these investments can be compared.
Despite the limitations of these assumptions, other studies
use this approach [38, 39].

Limitations
There are limitations to our study that must be ad-
dressed. First, even though most countries use a list of
ACSC codes based on the initial definition from the US,
different sets of ACSC codes may result in different esti-
mation rates. Some authors suggest that the choice of
ACSC related hospitalizations should be country specific
due to variations in practices and health systems among
countries [2], but other authors believe that access bar-
riers to care, especially for the most disadvantaged popu-
lations, are not unique to one context but common
across countries [12]. The set of ACSC related hospitali-
zations as defined by AHRQ is not validated for the
Portuguese population, but has been validated in Italy, a
southern European country with universal coverage [26].
Second, the inequalities found in ACSC related hos-
pitalizations may also be driven by other patient char-
acteristics such as comorbidities and by disease
prevalence. There is no regular available data on dis-
ease prevalence in Portugal, so we used as covariates
the disease specific mortality rate of the three chronic
conditions that contribute notably for ACSC, as was
used in previous studies [5]. Regarding patient comor-
bidity, in contrast with other methodologies, AHRQ
performs an annual revision of the diagnosis/procedure
codes and has defined an extensive list of exclusion cri-
teria for each ACSC, which allows for the adjustment for
some coexisting conditions. Also, there is some evidence
that other determinants of health, like the percentage of
smokers and proportion of people that are physically in-
active could influence the rate of ACSC related hospitali-
zations [40]. Again, in Portugal there is no data for these
variables at the municipality level, and additionally, other
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studies showed that the SE inequalities remained prac-
tically unchanged after controlling for lifestyle variables
[11, 16, 41]. This may be due to the fact that lifestyles
are strongly associated to SE factors.

Third, in Portugal, the inpatient database does not
contain any information on the SE status of the patient.
Thus, we used area-based variables of the patients’ mu-
nicipality of residence. Even though this could lead to
ecological fallacy, because the observed correlations at
the municipality level might not be true at the individual
level [42], our main objective was to describe inequalities
and not to measure causalities. Note that this assump-
tion is valid and is commonly used in similar studies
[12, 34, 41, 43], as well as in many other studies on the
association of health outcomes and area specific SE
characteristics [24, 44]. Furthermore, ecological studies
have the advantage of using large existing datasets and
can include a large number of people to test hypotheses.

Finally, we used the DRG tariffs as a proxy for the cost
of each ACSC related hospitalization. Nevertheless, DRGs
are widely used for hospital prospective payment schemes
and the price of each DRG are widely used as a proxy for
the costs, since is the best proxy for hospital costs of each
in-patient episode [45, 46].

Conclusion

Despite universal coverage and relatively low co-payments
in PC, in Portugal there are substantial SE inequalities in
ACSC related hospitalizations, possibly reflecting inequali-
ties in early and preventive high-quality care. Furthermore,
these inequalities increased from 2000 to 2014, possibly
contributing to the widening of the health gap, and repre-
sent a substantial financial burden for the Portuguese
NHS. These results reflect the current lack of a national-
oriented research strategy on health inequalities and point
to the need to implement effective public policies to reduce
social inequalities. Further research should be developed to
understand why individuals from low SE areas are more
likely to be hospitalized for avoidable reasons, and how the
quality of preventive and PC services influence these
specific ACSC related hospitalizations, in order to reduce
current inequalities and their associated costs.

Abbreviations

ACSC: Ambulatory Care Sensitive Conditions; DRG: Diagnosis Related Groups;
NHS: National Health Service; PC: Primary Care; PQIs: Prevention Quality
Indicators; SE: Socioeconomic

Acknowledgements

We thank to the Central Administration of the Health System (Administragdo
Central do Sistema de Satde, IP) for providing data on all in-patient stays at
all public non-specialized Portuguese NHS hospitals. We also thank to the
research members from Nova Healthcare Initiative for their fruitful discussions
on a late draft of this paper. The final paper is the responsibility of the authors.

Funding
The first author was supported by a PhD research Grant (FCT PhD
Programmes) from Fundagéo para a Ciéncia e a Tecnologia.



Dimitrovova et al. International Journal for Equity in Health (2017) 16:145

Availability of data and materials

The datasets with municipality/year-level data on demographic, socioeconomic,
and primary care physician supply analysed during the current study are
available in the Portuguese National Institute for Statistics (Instituto Nacional de
Estatistica) repository, [https//www.ine.pt/]

The data on all in-patient stays at all public non-specialized Portuguese NHS
hospitals for the years 2000 to 2014 that support the findings of this study
are available from the Portuguese Central Administration of the Health
System, and were used under license for the current study, and so are not
publicly available.

Authors’ contributions

KD contributed to study conceptualisation and design, data acquisition and
analysis and interpretation and drafted the manuscript. CC contributed to
study conceptualisation and manuscript revision. PS contributed to study
conceptualisation and manuscript revision. JP contributed to study
conceptualisation and design, data analysis and interpretation and
manuscript revision. All authors read and approved the final manuscript.

Ethics approval and consent to participate

This article is based on a secondary analysis of aggregated administrative
data. Obtaining informed consent or approval by an ethics board was not
required under national regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

Escola Nacional de Saude Publica, Universidade NOVA de Lisboa, Avenida
Padre Cruz, 1600-560 Lisbon, Portugal. “Centre of Studies on Geography and
Spatial Planning, University of Coimbra, Faculdade de Letras Colégio de S.
Jerénimo, 3004-530 Coimbra, Portugal. *Centre of Studies on Geography and
Spatial Planning, Department of Geography, University of Coimbra,
Faculdade de Letras Colégio de S. Jerénimo, 3004-530 Coimbra, Portugal.
“4Centro de Investigacdo em Saude Publica, Escola Nacional de Satde
Publica, Universidade NOVA de Lisboa, Avenida Padre Cruz, 1600-560 Lisbon,
Portugal.

Received: 31 May 2017 Accepted: 6 August 2017
Published online: 16 August 2017

References

1. Clancy CM. The persistent challenge of avoidable hospitalizations. Health
Serv Res. 2005;40:953-6.

2. Caminal J, Starfield B, Sdnchez E, Casanova C, Morales M. The role of
primary care in preventing ambulatory care sensitive conditions. Eur J Pub
Health. 2004;14:246-51.

3. Ansari Z, Haider SI, Ansari H, de Gooyer T, Sindall C. Patient characteristics
associated with hospitalisations for ambulatory care sensitive conditions in
Victoria, Australia. BMC Health Serv Res. 2012;12:475.

4. van Loenen T, van den Berg MJ, Westert GP, Faber MJ. Organizational
aspects of primary care related to avoidable hospitalization: a systematic
review. Fam Pr. 2014;31:502-16.

5. Laditka JN, Laditka SB, Probst JC. More may be better: evidence of a
negative relationship between physician supply and hospitalization for
ambulatory care sensitive conditions. Health Serv Res. 2005;40:1148-66.

6. Roos LL, Walld R, Uhanova J, Bond R. Physician visits, hospitalizations, and
socioeconomic status: ambulatory care sensitive conditions in a Canadian
setting. Health Serv Res. 2005;40:1167-85.

7. Mobley LR, Root E, Anselin L, Lozano-Gracia N, Koschinsky J. Spatial analysis
of elderly access to primary care services. Int J Health Geogr. 2006;5:19.

8. Blustein J, Hanson K, Shea S. Preventable hospitalizations and
socioeconomic status. Health Aff. 1998;17:177-89.

20.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Page 10 of 11

Magén P, Alberquilla A, Otero A, Ribera JM. Hospitalizations for ambulatory
care sensitive conditions and quality of primary care. Med Care. 2011;49:17-23.
Laditka JN, Laditka SB, Probst JC. Health care access in rural areas: evidence
that hospitalization for ambulatory care-sensitive conditions in the United
States may increase with the level of rurality. Health Place. 2009;15:731-40.
Trachtenberg AJ, Dik N, Chateau D, Katz A. Inequities in ambulatory care
and the relationship between socioeconomic status and respiratory
hospitalizations: a population-based study of a Canadian city. Ann Fam
Med. 2014;12:402-7.

Agabiti N, Pirani M, Schifano P, Cesaroni G, Davoli M, Bisanti L, et al. Income
level and chronic ambulatory care sensitive conditions in adults: a multicity
population-based study in Italy. BMC Public Health. 2009,9:457.

Purdy S. Avoiding hospital admissions - What does the research evidence
say. The King's Fund. 2010.

Lofquist T, Burstrom B, Walander A, Ljung R. Inequalities in avoidable
hospitalisation by area income and the role of individual characteristics: a
population-based register study in Stockholm County, Sweden. BMJ Qual
Saf. 2014;23:206-14.

DeWalt DA, Berkman ND, Sheridan S, Lohr KN, Pignone MP. Literacy and
health outcomes: a systematic review of the literature. J Gen Intern Med.
2004;19:1228-39.

Billings J, Zeitel L, Lukomnik J, Carey TS, Blank AE, Newman L. Impact of
socioeconomic status on hospital use in new York City. Health Aff.
1993;12:162-73.

Weissman JS, Stern R, Fielding SL, Epstein AM. Delayed access to health
care: risk factors, reasons, and consequences. Ann Intern Med.
1991;114:325-31.

Bindman AB, Grumbach K, Osmond D, Komaromy M, Vranizan K, Lurie N, et al.
Access to health care and preventable hospitalizations. JAMA. 1995,274:305-11.
Rizza P, Bianco A, Pavia M, Angelillo IF. Preventable hospitalization and
access to primary health care in an area of southern Italy. BMC Health Serv
Res. 2007,7:134.

Chang S, Sterne JA, Wheeler BW, Lu TH, Lin JJ, Gunnell D. Geography of
suicide in Taiwan: spatial patterning and socioeconomic correlates. Heal
Place. 2011;17:641-50.

Hu Y, van Lenthe FJ, Borsboom GJ, Looman CWN, Bopp M, Burstrom B, et
al. Trends in socioeconomic inequalities in self-assessed health in 17
European countries between 1990 and 2010. J Epidemiol Community
Health. 2016;70(7):644-52. doi:10.1136/jech-2015-206780.

Eurostat. Income distribution statistics. 2016. http://ec.europa.eu/eurostat/
statistics-explained/index.php/Income_distribution_statistics.

Accessed 7 Dec 2016.

Campos-Matos |, Russo G, Perelman J. Connecting the dots on health
inequalities—a systematic review on the social determinants of health in
Portugal. Int J Equity Health. 2016;15:26.

Santana P, Costa C, Olmo MM, Gotsens M, Borrell C. Mortality, material
deprivation and urbanization: exploring the social patterns of a
metropolitan area. Int J Equity Health. 2015;14:55.

Ibafez-Beroiz B, Librero J, Bernal-Delgado E, Garcia-Armesto S, Villanueva-
Ferragud S, Peir6 S. Joint spatial modeling to identify shared patterns
among chronic related potentially preventable hospitalizations. BMC Med
Res Methodol. 2014;14:74.

Manzoli L, Flacco ME, De Vito C, Arca S, Carle F, Capasso L, et al. AHRQ
prevention quality indicators to assess the quality of primary care of local
providers: a pilot study from Italy. Eur J Pub Health. 2013;24:1-6.

AHRQ. Prevention Quality Indicators (PQI) log of ICD-9-CM and DRG coding
updates and revisions to PQI documentation and software through version
5.0. 2015. https://www.qualityindicators.ahrg.gov/Downloads/Modules/PQl/
V50/ChangeLog_PQI_v50.pdf. Accessed 6 Dec 2016.

Ministério da Saude. Diério da Republica, 1. série — N.° 20 — 29 de janeiro
de 2014. Portaria n.° 20/2014 de 29 de janeiro. 2014.

European Commission. European Shortlist for Causes of Death published by
Eurostat. 2012. http/inspire.eceuropa.eu/document/CoD. Accessed 11 Apr 2017.
Schneider MC, Castillo-Salgado C, Bacallao J, Loyola E, Mujica OJ, Vidaurre
M, et al. Métodos de mensuragdo das desigualdades em saude. Rev Panam
Salud Pdblica. 2002;12:398-414.

StataCorp. Longitudinal-Data/Panel-Data Reference Manual. Fixed-,
between-, and random-effects, and population-averaged linear models.
https.//www.stata.com/manuals14/xtxtreg.pdf. Accessed 11 Apr 2017.
Cameron AC, Trivedi PK. Microeconometrics using Stata. Texas: Stata Press
StataCorp LP College Station; 2009.


https://www.ine.pt
http://dx.doi.org/10.1136/jech-2015-206780
http://ec.europa.eu/eurostat/statistics-explained/index.php/Income_distribution_statistics
http://ec.europa.eu/eurostat/statistics-explained/index.php/Income_distribution_statistics
https://www.qualityindicators.ahrq.gov/Downloads/Modules/PQI/V50/ChangeLog_PQI_v50.pdf
https://www.qualityindicators.ahrq.gov/Downloads/Modules/PQI/V50/ChangeLog_PQI_v50.pdf
http://inspire.ec.europa.eu/document/CoD
https://www.stata.com/manuals14/xtxtreg.pdf

Dimitrovova et al. International Journal for Equity in Health (2017) 16:145

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.
43.

44,

45.

46.

StataCorp. Stata Base Reference Manual Release 13. College Station,
Texas; 2013.

Mercier G, Georgescu V, Bousquet J. Geographic variation in potentially
avoidable hospitalizations in France. Health Aff. 2015;34:836-43.

Conway R, O'Riordan D, Byrne D, Cournane S, Coveney S, et al. Deprivation
influences the emergency admission rate of ambulatory care sensitive
conditions. Clin Med J R Coll Physicians London. 2016;16:119-123.

CIHI. Canadian Institute for Health Information - Health Indicators 2010. 2010.
Mackenbach JP. The persistence of health inequalities in modern welfare
states: the explanation of a paradox. Soc Sci Med. 2012;75:761-9.

Marmot M. Estimating the costs of health inequalities - A report prepared
for the Marmot Review. London: Frontier Economics Ltd; 2010.

Asaria M, Doran T, Cookson R. The costs of inequality: whole-population
modelling study of lifetime inpatient hospital costs in the English National
Health Service by level of neighbourhood deprivation. J Epidemiol
Community Health. 2016;70(10):990-6. doi:10.1136/jech-2016-207447.
Sanmartin C, Khan S. Hospitalizations for Ambulatory Care Sensitive
Conditions (ACSC): the factors that matter. Ottawa: Statistics Canada, Health
Analysis Division; 2011.

Ansari Z, Rowe S, Ansari H, Sindall C. Small area analysis of ambulatory
care sensitive conditions in Victoria, Australia. Popul Health Manag.
2013;16:190-200.

Epidemiology GL. Fifth edit. Philadelphia, PA: Elsevier Saunders; 2014.
Macinko J, De Oliveira VB, Turci MA, Guanais FC, Bonolo PF, Lima-Costa MF.
The influence of primary care and hospital supply on ambulatory care-
sensitive hospitalizations among adults in Brazil, 1999-2007. Am J Public
Health. 2011;101:1963-70.

Mari-Dell'lOlmo M, Gotsens M, Paléncia L, Burstrém B, Corman D, Costa G, et
al. Socioeconomic inequalities in cause-specific mortality in 15 European
cities. J Epidemiol Community Heal 2015,0:1-10.

Sheridan A, Howell F, Bedford D. Hospitalisations and costs relating to
ambulatory care sensitive conditions in Ireland. Ir J Med Sci. 2012;181:527-33.
Busse R, Geissler A, Quentin W, Wiley M. Diagnosis-related groups in Europe.
Moving towards transparency, efficiency and quality in hospitals. In: Diagnosis-
related groups in Europe. Moving towards transparency, efficiency and quality
in hospitals. New York: Open University Press; 2011. p. 447.

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.1136/jech-2016-207447

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data sources
	Dependent variable
	Explanatory variables
	Covariates
	Statistical analysis

	Results
	Descriptive analysis
	Univariate analysis
	Multivariate analysis
	Inequality-related costs

	Discussion
	Key findings and interpretation
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

