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Spatial Analysis of Factors Associated with
Hospitalizations for Ambulatory Care Sensitive
Conditions among Old Adults in Minas Gerais State
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ABSTRACT: Aim: To investigate the geographical variability and factors associated with hospitalizations for
ambulatory care sensitive conditions (ACSC) among older adults living in the state of Minas Gerais. Methodology:
This is an ecological study, based on data from the National Hospital Information System (SIH-SUS). Municipal
rates of hospitalization for ACSC were compared to the state’s average rate, and analysis of associated factors
included sociodemographic characteristics, supply of health services and primary health care (PHC) activities.
Data analysis was based on Bayesian spatial modeling. Results: Most municipalities in Minas Gerais (479 or
56.2%) had a rate of hospitalization for ACSC below the state average. After multivariate analysis, income (
=-0,0008; 95%ClI: -0.0014 — -0,0002) and the Family Health Strategy coverage (3 = -0.4269; 95%CI: -0.7988 —
-0.1116) were negatively associated with the risk of hospitalization for ACSC, while the availability of hospital
beds (B = 0.0271; 95%CI 0.0211 — 0.0331) was positively associated. The characteristics of PHC did not show
any association with the rate of hospitalization for ACSC. Conclusion: the rates of hospitalization for ACSC
in the elderly population were influenced by the PHC coverage, but also by external factors such as income
and structure and provision of health services, indicating that the meeting of population health demands
passes through actions that go beyond the health sector, including investment in the reduction of poverty and
inequality and expansion of access to PHC.
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SILVA, S.S.ET AL.

RESUMO: Objetivo: Investigar a variabilidade geografica e os fatores associados 4 ocorréncia de internagées
por condi¢des sensiveis & atencio primaria (ICSAP) entre idosos residentes no estado de Minas Gerais. Métodos:
Trata-se de um estudo ecoldgico baseado nos dados do Sistema de Informages Hospitalares do Sistema Unico
de Saude (SIH-SUS). As taxas municipais de ICSAP foram comparadas a taxa média do estado, e a analise dos
fatores associados incluiu caracteristicas sociodemograficas, de oferta de servicos de satide e atividades proprias
da atengdo primadria a saude (APS). A anélise dos dados baseou-se na modelagem espacial bayesiana. Resultados:
A maioria dos municipios mineiros (479 ou 56,2%) apresentou uma taxa de ICSAP abaixo da taxa média estadual.
Apbs a anilise multivariada, a renda (§ = -0,0008; IC95% -0,0014 — -0,0002) e a cobertura de Estratégia Satide
da Familia (B =-0,4269; 1C95% -0,7988 — -0,1116) associaram-se negativamente ao risco de ICSAP, enquanto a
disponibilidade de leitos (B = 0,0271; 1C95% 0,0211 — 0,0331) se associou positivamente. As caracteristicas proprias
da APS nao apresentaram associagao com a taxa de ICSAP. Conclusdo: As taxas de ICSAP na populagio idosa foram
influenciadas pela cobertura da APS e também por caracteristicas externas a ela, como renda e oferta de servigos
de satde, indicando que o equacionamento das demandas de satide populacionais passa por agdes externas ao
setor da satide, como investimentos na reducio da pobreza e da desigualdade, além da ampliagdo do acesso a APS.

Palavras-chave: Atengdo primaria a satide. Hospitaliza¢do. Idoso. Assisténcia ambulatorial. Estudos ecolégicos.
Andlise espacial.

INTRODUCTION

Hospitalizations for ambulatory care sensitive conditions (ACSC) are an indicator
used to assess access to primary health care (PHC) and quality, since these health con-
ditions include a set of diseases that can be prevented and controlled by timely and
quality PHC'. In 2008, the Ministry of Health published the Brazilian List of ACSCs
with 19 groups of causes of hospitalization, based on the evaluation of lists that already
exist in Brazil and abroad®.

International studies have shown that the rate of hospitalization for ACSCs is impacted by
aspects related to PHC, and they are both general—relating to access, availability of services
and primary care physicians—and specific—relating to continuous care’*. In addition, these
studies have also investigated whether the frequency of hospitalization for ACSC is affected
by contextual socioeconomic characteristics such as the level of education and income of
the population, area of residence and distance from health services, to mention some®*>"".

The national scientific production on the subject has been mostly centered on two
main investigative strands. The first one has sought to establish a correlation between
the evolution of rates of hospitalization for ACSC and the expansion of coverage of
the Family Health Strategy (FHS)'*". The second has investigated the determinants of
hospitalizations for ACSCs, considering socioeconomic factors, structure and availabil-
ity of health services in general, as well as specific attributes of PHC'*?'. However, few
of these studies have been conducted with the elderly population''¢, the group that
has the highest hospitalization rates in general®.
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Spatial analysis has been used in ecological studies because of the structure of
dependence between areas and the random variation of the investigated event, which
tends to increase as the area of analysis is reduced. These matters hinder the attempt
to identify subpopulations that, despite the neighborhood, differ in terms of behav-
ior of the health event®. Spatial analysis is present in several international analytical
studies that have investigated the occurrence of hospitalizations for ACSC and factors
associated®> 71124 but, as far as it is known, there are no Brazilian studies on this sub-
ject with this approach.

In view of the exposed, this study aimed to verify the variability of hospitalizations
for ACSC in the elderly population living in the municipalities of Minas Gerais and to
analyze the determining factors using the Bayesian spatial modeling.

METHODS

The state of Minas Gerais, located in the Southeast Region of Brazil, is composed
of 853 municipalities and, at the time of the study, was divided into 13 health macro-re-
gions (Figure 1). In 2014, the estimated population was 20,733,996 inhabitants (12.5%

Source: Minas Gerais®.

Figure 1. Macro-regions of Minas Gerais, according to the Minas Gerais Regionalization Master Plan, 2011.
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of whom were 60 years old or more). In 2010, the human development index (HDI) for
longevity was 0.838, indicating high life expectancy at birth, and the urbanization rate
reached 85.3%; per capita income was R$ 749.69, the lowest in the Southeast Region,
below the national average (R$ 793.87)%*. In December 2014, 77% of the state’s popula-
tion was covered by the FHS? and the ratio bed of the Unified Health System (SUS)/
inhabitant was 1.45/1,000, below the overall ratio for Brazil (1.59/1,000 inhabitants)®.

This ecological study was based on data from Hospitalization Authorizations (HA)
approved in 2014 and consolidated in the National Hospital Information System (SIH-
SUS). The inclusion criteria were being between 60 and 79 years old and having the
main diagnosis included in the Brazilian list of hospitalizations for ACSC?. Long-term
hospitalizations (more than 45 days) were excluded, as these mainly fulfill administra-
tive or accounting purposes®.

The dependent variable was the rate of hospitalization for ACSC (p/1,000), and the
independent variables were grouped in three sets: sociodemographic, descriptors of pro-
vision of health services, and PHC activities. Sociodemographic variables included per
capita income, urbanization rate® (both provided by the Brazilian Institute of Geography
and Statistics — IBGE) and the municipal human development index (MHDI) for longev-
ity®* (provided by the United Nations Development Program — UNDP).

The variables relevant to the provision of health services were the percentage of the FHS
coverage, the number of SUS beds per inhabitant (excluding obstetric and pediatric beds)
and the proportion of elderly beneficiaries of health plans. Data related to the FHS cover-
age and the number of SUS beds/inhabitants were obtained from the National Registry of
Health Establishments (CNES), while the National Supplementary Health Agency (ANS)
was the source of data for coverage by plans health®. Finally, the variables of PHC activi-
ties included continued care, provision of educational and health promotion actions for the
elderly, and clinical care at home if needed. For each of the activities, the percentage of FHS
teams that performed them in each municipality was calculated. Data related to these activ-
ities were collected from the second cycle of the National Program for Improving Access
and Quality in Primary Care (PMAQ-AB), between 2013 and 2014, involving 4,180 primary
care teams in Minas Gerais (92.5% of the total at the time of the study)®.

The selection of explanatory variables followed the theoretical model proposed by
Nedel et al.”?, which considers sociodemographic factors, indicators of organization
of health services and performance of the health system, such as the structure of PHC
and its own activities.

The gross and smoothed rates of hospitalizations for ACSC among the elderly aged
60 to 79 years were calculated by municipality. To estimate the smoothed rate of a given
area, the Poisson model proposed by Besag-York-Mollie (BYM) was used, which points
out a spatial correlation structure between neighboring areas — in this case, border-
ing municipalities. This model is composed of two random effects, one that follows a
standard normal distribution and the other with spatial correlation structure according
to the autoregressive conditional model (ARCH)*, which proposes a normal distribu-
tion with the mean equal to the average of the values of neighboring municipalities
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and variance inversely proportional to the number of neighboring municipalities.
The Markov Chain Monte Carlo (MCMC) sampling method was used to generate the
distributions afterwards.

The Bayesian approach was chosen to minimize the great variability of rate of hos-
pitalizations for ACSC in areas where the population is small, in addition to obtaining
more realistic estimates and smoother maps, with easy visualization and interpretation
from an epidemiological point of view?***.

All variables investigated were included in the multivariate analysis, given the mod-
el’s parsimoniousness. The estimates of the coefficients were calculated with a posteri-
ori means of the values estimated by the model simulations, and the 95% confidence
intervals were used to identify the variables independently associated with the event.
Estimates of the average impact on hospitalizations for ACSC due to variations in each
covariate were given by the exponentials of the coefficients generated, since the model
was the Poisson model. The Moran test was used to verify the presence or absence of
spatial correlation of the residuals of the implemented models. A significant spatial
correlation of the residues (p=0.0001) of a classic Poisson model adjusted to the data
was identified, indicating that a spatially structured model would be more appropriate.

The relative risks were calculated by the ratios of hospitalizations for ACSC in each
municipality and the average rate in Minas Gerais. Results less than 1 indicate munici-
palities with lower rates than the whole state, and greater than 1 reflected municipali-
ties with higher rates compared to the whole state.

Of the total number of municipalities in the state, 48 (5.6%) had health teams that
did not participate in the second cycle of the PMAQ-AB and, as a result, had missing
data for the variables related to PHC activities. Data were input using binomial Bayesian
models, as they were percentages, using the same BYM modeling. The dependent vari-
ables were those to be imputed, and the independent variables involved the other two
sets, which did not have any missing data. The analyses were performed with the sta-
tistical software R 4.0.2.

The study did not require approval from the Research Ethics Committee because it
used secondary data, which does not allow individual identification and that are fully
accessible to the public.

RESULTS

One in ten (10.2%) municipalities had an average per capita income below R$ 291.00
(situations considered to be of extreme poverty and vulnerability), while 76.4% of them
had very high HDI-longevity (above 0.80), compatible with high life expectancy at birth.
The average urbanization rate was 68%. With regard to the provision of health services,
743 (87.1%) municipalities had a high FHS coverage (above 70% of the population). Despite
this, in 83.1% of them, the bed/inhabitant ratio was lower than that recommended by the
Ministry of Health, 1.4/1,000 (excluding pediatric and obstetric beds). Regarding PHC
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activities, of the 4,518 teams at the time of the study, 4,180 (92.5%) participated in the
second evaluation cycle of the PMAQ-AB. On average, 88% of all PHC teams in the state
conducted continuous-care consultations and 97.1% performed clinical care at home, but
only 69.8% carried out educational and health promotion actions for the elderly.

The gross rate of hospitalization for ACSC for the state of Minas Gerais was 9.6/1,000.
Figure 2 shows the spatial distribution of relative risk by municipality. Most municipalities
(479 or 56.2%) had a relative risk of hospitalization less than or equal to 1; the Northwest
(90.9%) and the North (84.9%) regions had the highest percentages of these municipalities.
The municipalities with the highest relative risks (over 2) totaled 137 (16.1%), with the
Jequitinhonha (41.2%) and Northeast (40.4%) regions achieving the highest proportion.

Table 1 shows the results of the multivariate analysis for factors associated with
the rate of hospitalization for ACSC. Among the variables for the provision of health

HACSC: hospitalizations for Ambulatory Care Sensitive Conditions.
Figure 2. Distribution of municipalities according to the relative risks for HACSC among elderly
people aged 69-79 years, Minas Gerais, 2014 (n = 853 municipalities).
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Table 1. Result of Bayesian regression for socioeconomic factors, provision of health services and
PHC activities associated with municipal HACSC rates, Minas Gerais, 2014 (n =853 municipalities)*,**.

95%Cl
Variables Mean

Intercept (B) -6.1197 -8.8237 -3.7680
Socio-demographic

per capita income? -0.0008 -0.0014 -0.0002
Health care provision

SUS beds/1,000 inhabitants? 0.0271 0.0211 0.0331

FHS coverage® -0.4269 -0.7988 -0.1116

*Model mutually adjusted by the variables described in the table, in addition to the human development index for
longevity (HDI-longevity), urbanization rate, coverage % of the Family Health Strategy (FHS), % of elderly people
covered by private health insurance, % of FHS teams that carry out continuous care, % of FHS teams that carry
out educational and health promotion actions aimed at the elderly and % of FHS teams that carry out home care
when necessary; ** the analysis covered all 853 municipalities in the state of Minas Gerais; PHC: primary health
care; 95%Cl: 95% confidence interval; LL: lower limit; UL: upper limit; significant at the level of p<0.05; HACSC:
hospitalizations for Ambulatory Care Sensitive Conditions.

services, the FHS coverage (negatively) and SUS beds/inhabitant ratio were (positively)
associated with the rate of hospitalization for ACSC. The multivariate analysis showed
that the addition of one bed/1,000 inhabitants implies an average increase of 2.8% in
the rate of hospitalization for ACSC, while a 10% increase in the FHS coverage results
in a decrease of 4.2% in hospitalizations. Per capita income was shown to be negatively
associated with the rate of hospitalization for ACSC after the multiple adjustment, so
an increase of R$ 100.00 in the former represents a decrease of 7.7% in the latter.

DISCUSSION

Our results showed that the municipal rates of hospitalization for ACSC varied,
with the majority of the municipalities presenting a rate lower than the state average.
They also showed that these rates were lower in municipalities with higher income per
capita and with greater coverage by the FHS and higher in municipalities with a higher
number of SUS beds per inhabitant, but they did not vary due to the development of
typical PHC actions.

The spatial analysis showed an important geographic variation in municipal hospi-
talization rates for ACSC. Minas Gerais has a high number of municipalities, and they
are different from each other in a series of characteristics such as territorial extension,
population density, level of socioeconomic development and health service provision,
configuring itself as a geographically heterogeneous state’”. Thus, the attempt to iden-
tify a more homogeneous profile occurs in a regional perspective.
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The municipalities with the lowest relative risks of hospitalization for ACSC were
predominant in the North and Northwest regions, which had higher indicators of pri-
mary health care services at the time of the study”. On the other hand, municipali-
ties with high relative risks were more frequent in the Northeast and Jequitinhonha
regions, characterized by worse socio-demographic indicators such as low occupancy
and income rates and greater social vulnerability®®.

The municipalities in Minas Gerais with the highest coverage by the FHS presented
lower risk for hospitalization. The negative association between ACSC rates and the
FHS coverage was seen in different populations. A study analyzed approximately 60 mil-
lion adult hospitalizations (=20 years) by SUS across Brazil and showed that increased
FHS coverage was associated with reduced rates of hospitalization'’, which was also
found in a metropolis in the South Region of the country®. In another study focusing
on hospitalizations of the elderly, the rate related to ACSC was negatively correlated
with greater coverage by the FHS and with a greater number of medical consultations
in primary care". Similarly, international studies have reinforced the importance of
access to PHC? and the availability of primary care physicians’ in reducing the rates of
hospitalization for ACSC.

The FHS was implemented as an instrument for the expansion, improvement and
strengthening of PHC in Brazil and has positively impacted the access and use of health
services, improving the efficiency of SUS and the health condition of the assisted pop-
ulations*. Several health actions provided for in the FHS (identification of patients
by community health agents, intervention groups, longitudinal care, among others)
enhance the diagnosis and adequate management of chronic health conditions such as
hypertension and diabetes. Elderly people are frequently affected by these conditions,
which are among the main causes of hospitalization for ACSC". Our results reinforce
the understanding that PHC plays an important role in reducing the burden of demand
for hospital care by the elderly.

1+ studies have associ-

As pointed in this investigation, national® and internationa
ated the occurrence of hospitalization for ACSC to the greater availability of hospital
beds. An explanatory hypothesis is that the greater offer of hospital beds would facil-
itate access to the tertiary level of care, inducing an excess of hospitalizations discon-
nected from the real needs of the population, as pointed out by the Law of Roemer*.
In the light of the results related to the FHS coverage, the greater availability of hos-
pital beds indicates that the provision of health services may play different and oppo-
site roles in relation to hospitalization for ACSC: inhibiting them by providing timely
PHC or enhancing them through the greater supply of healthcare services. hospital
beds, configuring, in the latter case, a possible inappropriate use of health services™*
and generating distortions in health care®.

Among the sociodemographic factors investigated, only per capita income was shown
to be associated with the risk of hospitalization for ACSC: municipalities with lower per

capita income had a higher risk. The influence of different socioeconomic indicators
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on this occurrence is well documented in the scientific literature®”*'°. Worse socioeco-
nomic conditions are barriers to access health services and supplies and hinder the adop-
tion of healthy lifestyle habits®. Low-income individuals use health services less and
usually do so mostly to treat the disease, not for routine exams or prevention*’. Thus,
our results show the influence of factors external to PHC and the existence of inequal-
ity in health regarding hospitalizations for ACSC, confirming the rightness to priori-
tize socioeconomically disadvantaged populations in expanding coverage by the FHS.

No associations between PHC activities and risk of ACSC were found in this study.
The investigated activities are selected indicators of the PMAQ-AB, in its second cycle,
module II, referring to the work process of the PHC teams. A cohort study involving
1,200 adult users of public PHC services residing in Porto Alegre (RS)" found no asso-
ciation between the quality of PHC and hospitalization for ACSC. In Belo Horizonte
(MG), it was investigated whether characteristics of health care provided by the FHS
(continuity, scope and coordination) would be associated with the rate of hospitaliza-
tion'®, and no association was found between any of these characteristics. In both stud-
ies, the attributes of the FHS were assessed using the PCATool, an instrument that pri-
oritizes users’ perception about the quality of services.

We found a single nationwide study'” which used data from the PMAQ-AB to assess
the impact of the FHS teams’” work process on the rate of hospitalizations for ACSC,
addressing referrals to specialized consultations, home visits and matrix support from
the Expanded Nucleus of Family Health as determinants. Only matrix support was
found to be associated in univariate analysis, but it did not remain independently asso-
ciated after multiple adjustment. Our results were similar, although we considered dif-
ferent indicators.

From the perspective of the logic of comprehensive care present in PHC, it is pos-
sible that the absence of association is an indication that PHC actions impact ACSC
when they are developed jointly, and not by one or the other, in isolation. From the
methodological point of view, the absence of association may be a consequence of the
distribution of explanatory variables, which in some cases varied very little between
the municipalities, as occurred with the realization of a consultation for continued care
and with clinical care at home when needed. Another important point is that the data
reflect health care experiences related to PHC teams, which does not allow assessing
the degree of adherence to the guidelines for the treatment and management of the
care proposed by them, by the elderly person or their guardian (family member or care-
giver). Finally, it is worth mentioning the possibility of ecological fallacy, which does
not differ the participants in terms of exposure and event due to absence of individual
measures; perhaps associations are identifiable at the individual level.

The present study has some limitations resulting from the use of secondary data.
The data are collected and consolidated by SIH-SUS, an information system that prior-
itizes the accounting-administrative logic in the generation of information and obeys
budgetary and physical ceilings. It is possible that not all hospitalizations have been
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reported, especially those with diagnoses whose financial reimbursements are lower.
In addition, as the system only informs SUS-funded hospitalizations, the generaliza-
tion of results for the entire elderly population in the state of Minas Gerais is impaired,
since SIH-SUS does not cover information on hospitalizations in private hospitals or
paid for by others sources. However, it is worth remembering that 73% of the state’s
population is SUS-dependent, which gives robustness to the results®.

A degree of uncertainty in the estimates produced by the study is plausible, due to
the need for data input to analyze the variables related to PHC. In this case, informa-
tion for these variables was not available in 5.6% of the municipalities analyzed (they
did not participate in the second cycle of the PMAQ-AB). Also important to mention
that residual confusion cannot be ruled out, since the presence of multicollinearity
required the adoption of a more parsimonious explanatory model. Finally, the design
of the study (cross-sectional) does not allow attributing the character of causality to
the associations identified.

On the other hand, the robustness of the study derives from the scope of data,
which represent all hospitalizations (n=21,357) in the state of Minas Gerais financed
by SUS in 2014. In addition, the Bayesian regression model circumvented some prob-
lems, such as the inclusion of municipalities with small populations, which could cause
great variability in the rates. More than three quarters (78.3%) of the municipalities
in the state of Minas Gerais are small, that is, have less than 20 thousand inhabitants®.
The use of the Bayesian spatial model provided the smoothing of the estimated rates of
hospitalizations due to the spatial dependence between adjacent areas. This approach
minimized the instability of rates resulting from the low frequency of hospitalization
for ACSC in small municipalities, eliminating much of the randomness not associated
with risk factors and overcoming the political-administrative divisions between areas®.

In summary, this study showed that the rates of hospitalization for ACSC in the
elderly population were influenced by characteristics external to PHC, specifically
socioeconomic factors and the provision of services. The variability observed for
these rates at the municipal level attests to the relevance of health diagnoses and plan-
ning of the provision of local health services, albeit in line with guidelines defined at
higher management levels. Our study also shows that addressing population health
demands involves actions external to the health sector, including investments in pov-
erty reduction, especially in less socioeconomically developed municipalities, aiming
to minimize health inequalities stemmed from the synergism between income and
precarious health.

Finally, our study highlights the importance of expanding the FHS coverage, as a
mechanism for effective universal access to PHC, in order to minimize the burden of
population disease and the demand for health services, especially at the tertiary level.
The expansion of access to PHC is a considerable challenge to Brazilian society, given
the current context, in which a policy of fiscal austerity and restrictions on public health
financing prevails, reducing social protection mechanisms and reinforcing inequality®.
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