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Measuring hospital spatial accessibility
using the enhanced two-step floating
catchment area method to assess the
impact of spatial accessibility to hospital
and non-hospital care on the length of
hospital stay
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Abstract

Background: Optimal healthcare access improves the health status and decreases health inequalities. Many studies
demonstrated the importance of spatial access to healthcare facilities in health outcomes, particularly using the
enhanced two-step floating catchment area (E2SFCA) method. The study objectives were to build a hospital facility
access indicator at a fine geographic scale, and then to assess the impact of spatial accessibility to inpatient
hospital and non-hospital care services on the length of hospital stay (LOS).

Methods: Data concerning older adults (≥75 years) living in the Nord administrative region of France were used.
Hospital spatial accessibility was computed with the E2SFCA method, and the LOS score was calculated from the
French national hospital activity and patient discharge database. The relationship between LOS and spatial
accessibility to inpatient hospital care and to three non-hospital care types (general practitioners, physiotherapists,
and home-visiting nurses) was analyzed with linear regression models.

Results: The mean number (standard deviation) of beds per 10,000 inhabitants was 19.0 (10.69) in Medical, Surgical
and Obstetrics (MCO) facilities and 5.58 (2.19) in Postoperative and Rehabilitation Care (SSR) facilities, highlighting
important variations within the region. Accessibility to hospital services was higher in large urban areas, despite the
dense population and higher demand. In 2014, the mean LOS scores were 0.26 for MCO and 0.85 for SSR, but their
geographical repartition was non-homogeneous. The linear regression analysis revealed a strong negative and
significant association between LOS and non-hospital care accessibility.
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Conclusions: This is the first study to measure spatial accessibility to inpatient hospital care in France using the
E2SFCA method, and to investigate the relationship between healthcare utilization (LOS score) and spatial accessibility
to inpatient hospital care facilities and three types of non-hospital care services. Our findings might help to make
decisions about deploying additional beds and to identify the best locations for non-hospital care services. They might
also contribute to improve access, and to ensure the best coordination and sustainability of inpatient and outpatient
services, in order to better cover the population’s healthcare needs. International studies using multiple consensual
indicators of healthcare outcomes and accessibility and sophisticated modeling methods are needed.
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Background
Healthcare access definition
Access to healthcare is widely recognized as the founda-
tion of any high-performing healthcare system. Ensuring
a high degree of healthcare access improves people’s
health status and decreases health inequalities. Equal ac-
cessibility to healthcare facilities for everyone is an es-
sential goal for international political organizations and
national governments [1–5].
Access to healthcare can be defined in different ways.

One of the most common definitions was developed by
Andersen, and characterizes this access along two dimen-
sions: potential (or spatial) and realized access [6, 7].
Spatial access describes the offer of healthcare facilities in
a given area, and the modality/time potentially needed to
go to one of such facilities/services from a given position
or by a person [8–12]. As spatial access varies across space
and time, it is affected by location relationships and travel
impedance. On the other hand, realized access describes
the actual use of the available healthcare services/facilities
[13] and the real interactions with the healthcare system
[14]. Penchansky and Thomas [15] grouped barriers that
limit the passage from potential to realized access in five
dimensions: availability, accessibility, affordability, accept-
ability, and accommodation. These authors showed that
potential and realized access are two separated, but closely
related notions. Indeed, potential access could have a great
impact on healthcare utilization behaviors. On the other
hand, realized access could influence the spatial
organization of healthcare services. Many studies have
assessed the potential access to healthcare services and
care utilization [16, 17]. Conversely, until recently, re-
search on how potential access may influence utilization
patterns was limited [18–20]. Yet, the links between po-
tential and realized access must be investigated because
they can bring crucial insights that can be used to better
understand the demands by healthcare users and to in-
form healthcare providers and political actors.

Assessing spatial accessibility to non-hospital care and to
inpatient hospital care
The assessment of access to healthcare services should
take into account the care provided by various facility

types. In many countries, the healthcare system is based
on a combined architecture: non-hospital care, based on
general practitioners who can address patients to other
healthcare professionals (e.g. nurses, physiotherapists,
specialists doctors), and hospital care [21]. Non-hospital
care represents the most significant primary care con-
tributor in many countries, including developing coun-
tries [22, 23]. Indeed, it ensures an effective and
generally faster service that covers the large majority of
personal healthcare needs [24], and acts as the principal
point of continuing care for patients [25]. Nevertheless,
hospitals remain key healthcare actors. Inpatient care
provided by hospitals represents a major part of health-
care and medical good consumption, especially in Eur-
ope. In 2017, nine of the 10 countries with the highest
hospital discharge rates worldwide were European Union
member states [26]. Coordination and organization be-
tween inpatient hospital care and primary care are crit-
ical for a successful healthcare system, particularly
during a pandemic when the services offered by hospital
facilities can become saturated. In these situations, non-
hospital resources (i.e. the most significant primary care
contributor) could anticipate and limit the number of
hospitalizations and the consumption of hospital-linked
resources [27, 28]. A consolidated spatial organization of
non-hospital medical services in the territory can com-
plement hospital services and increase healthcare effi-
ciency [29].
One of the most widely used approaches to assess

spatial accessibility is the gravity-based enhanced two-
step floating catchment area (E2SFCA) method. Two dif-
ferent spatial indicators have been constructed in France:
i) the localized potential accessibility score (Accessibilité
potentielle localisée: APL) developed by the French Insti-
tute for Research and Information in Health Economics
at the municipality level in 2011 [30], and at the census
block level for the Greater Paris area in 2019 [31]; and
the index of spatial accessibility (ISA) at the census
block level, implemented by Gao and al. in 2016 [32].
However, these previous studies focused only on non-
hospital care services. So far, no French indicator based
on the E2SFCA method has measured the access to hos-
pital care at a very fine geographic scale.
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Assessing interactions
It is essential to assess accessibility to non-hospital care
and inpatient hospital care, and also to examine their in-
teractions and with healthcare utilization. It has been hy-
pothesized that in the presence of geographic barriers
that limit access to primary care, hospital services might
be used more frequently [33–35], for instance by people
living in medically underserved areas [34, 36, 37]. More-
over, the capacity of primary healthcare services to take
care of discharged patients has a significant effect on
hospitalization length [21, 38, 39], particularly for elderly
people [40, 41]. This suggests that the length of hospital
stay (LOS), one of the classical indicators of healthcare
utilization, is influenced by the primary care offer. This
indicator may help to explore the interactions between
non-hospital care and inpatient hospital care, and be-
tween healthcare accessibility and utilization.
In this context, the main aim of this study was to

analyze the relationship between healthcare spatial acces-
sibility and health service utilization following three main
complementary steps: 1) to build an inpatient hospital
care access indicator at a fine geographic scale; 2) to meas-
ure health service utilization using the LOS; and 3) to ex-
plore the interaction between access and utilization by
investigating the impact of spatial accessibility to inpatient
hospital care and non-hospital healthcare services on the
LOS. To this purpose, data on the older adults (≥75-year
of age) living in the Nord administrative region of France
were used. Indeed, older adults represent a growing pro-
portion of the total population that is expected to double
by 2050 [42]. In France, the proportion of ≥75-year-old
adults was 9.7% in 2020 and is expected to reach 16% by
2050 [43]. As this population present many age-related
diseases (e.g. chronic diseases), different healthcare re-
sources are involved in their management: hospital facil-
ities and primary care professionals (e.g. general
practitioners, physiotherapists, and home-visiting nurses).
Additionally, as their recovery period after a hospital stay
is often longer, their LOS could be more influenced by the
ability of the primary healthcare services to follow them.

Methods
Study setting and population
The Nord administrative region has a surface area of
5743 km2 and a population density of 456 inhabitants
per km2. This region was selected due to the availability
of several metrics of non-hospital care accessibility [30–
32], and because edge effects influence only slightly ac-
cessibility to hospital services/facilities in this area [44].
The study concerned only ≥75-year-old adults.

Data sources and statistical unit
Various data sources were combined for the present
study:

(1) The accessibility to non-hospital care was described
using the APL database [45]. Nation-wide APL indi-
ces have been computed using the E2SFCA method
for eight types of self-employed practitioners work-
ing in primary care: general practitioners, physio-
therapists, home-visiting nurses, gynecologists,
dental surgeons, midwives, pediatricians, and oph-
thalmologists. General practitioners, physiothera-
pists, and home-visiting nurses are significantly
implicated in the management of ≥75-year-old
people, and thus might influence the need/duration
of inpatient hospital care. Therefore, their APL indi-
ces were selected for this analysis;

(2) The number of available beds in each hospital was
extracted from the Annual Statistical Survey of
Healthcare Facilities 2014 database (Statistique
Annuelle des Établissements) [46]. Facilities were
classified in two categories: Medical, Surgical and
Obstetrics facilities (Médecine, Chirurgie,
Obstétrique: MCO) and Postoperative and
Rehabilitation Care facilities (Soins de Suite et de
Réadaptation: SSR);

(3) The postal address of each hospital was obtained
from the National File on Health and Social
Institutions (Fichier national des établissements
sanitaires et sociaux: FINESS) [47], and then
converted into latitude and longitude using the
French National Address Database [48];

(4) Data for 2014 from the French national discharge
database [49–52] were used to calculate the LOS
for MCO and SSR facilities;

(5) The number of ≥75-year-old adults in the region
under study was extracted from the 2016 French
national census [53].

The statistical unit was the French Geographic Code
(FGC). This metrics is used in the French national dis-
charge database, and corresponds to the postal code of
the city of residence.

Methodology
First, the E2SFCA method was implemented to compute
the hospital spatial accessibility by combining geo-
graphical, supply and demand factors. Second, the
LOS indicator was estimated for each FGC unit.
Third, linear regression models were used to analyze
the relationship between LOS and spatial accessibility
to inpatient hospital care and also to the three types
of non-hospital care services (general practitioners,
physiotherapists, and home-visiting nurses). The final
variables included in the model for additional analyses
and the categories of facilities for which they are
available are shown in Table 1.
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Assessing hospital care spatial accessibility using the
E2SFCA method
The hospital facility access indicator was built in two
steps using the E2SFCA method [54, 55].
In step 1, for each hospital center j with a MCO or

SSR facility, the number of beds in the MCO or SSR fa-
cility Sj was counted, and the population living in the
FGC k and located within a threshold drive time dmax

from the hospital center j (i.e. catchment area j) was esti-
mated. Then, the bed-to-population ratio Rj within the
catchment area j was determined with (Eq. 1):

Rj ¼ S jX

k∈ dkj ≤dmaxf g
Pk�w dkj

� � ð1Þ

where Pk is the patient population in the FGC k the cen-
troid of which falls within the catchment area j (i.e. dkj <
dmax), Sj is the number of beds available in the hospital
center j, dkj is the driving time between the FGC k and
the hospital center j, and w() is a weighted decay func-
tion that depends on the driving time dkj.
In step 2, for each population location i, all MCO or

SSR facility locations j that were within the threshold
driving time dmax from location i (i.e. the catchment area
i) were estimated, and all Rk for the catchment area were
summed to calculate the Index of Spatial Accessibility
(Ai) at location i (Eq. 2):

Ai ¼
X

j∈ dij ≤dmaxf g
w dij
� �

Rj ð2Þ

where Rj is the bed-to-population ratio of the hospital
center j, and dij is the driving time between the FGC i
and the hospital center j.
All driving times from i to j were obtained using Goo-

gle Maps and then computed by SAS version 9.3 [56].
The E2SFCA accessibility score was calculated with the
MYSQL program. The definition of the decay function

w() and time thresholds were previously explained [32].
Briefly, when the travel time to a MCO and to a SSR fa-
cility was longer than 41 and 69min, respectively, that
hospital was considered too distant to be accessible.
These distance decay parameters were used as cut-off
distances to define the catchment areas. The spatial ac-
cessibility index Ai obtained with the E2SFCA method is
a special form of the physician-to-population ratio,
expressed as the number (N) of beds per 10, 000 inhabi-
tants. Higher scores indicate higher accessibility.

Measuring health service utilization using the LOS indicator
The LOS described the mean hospital stay duration of
each age group (75–84, 85–94 and > 95 years) relative to
the whole ≥75-year-old population in that FCG (Eq. 3):

LOSi ¼
X

g>75

Average length of staygi
Pgi

ð3Þ

where gi represents the three age groups for a given
spatial unit i, and Pgi the corresponding total population
for that age group.

Linear regression model and composite accessibility
indicator by principal component analysis
A multiple ordinary least squares (OLS) regression
model was used to investigate the relationship be-
tween LOS ([LOS_MCO]_hospital and [LOS_SSR]_
hospital as the dependent variable), the hospital ac-
cessibility indicators ([ISA_MCO]_hospital and [ISA_
SSR] _hospital), and the accessibility to the three
non-hospital practitioners: general practitioners, phys-
iotherapists, and home-visiting nurses ([APL]_non-
hospital) (Eq. 4). As our variables were log-normally
distributed, they were normalized using the logarith-
mic Napierian function.

Table 1 Description of the dependent and independent variables used in this study

VARIABLES DESCRIPTION Category of facilities

Dependent variables

LOS_MCO/ LOS_SSR The mean hospital stay length in MCO or SSR of elderly people (≥75 years of age)
relative to the total≥ 75-year-old population

Hospital

Independent variables

ISA_MCO/ ISA_SSR Index of spatial accessibility to MCO and SSR facilities Hospital

APL_GPs Localized Potential Accessibility to general practitioners Non-hospital

APL_Nurses Localized Potential Accessibility to home-visiting nurses Non-hospital

APL_Physiotherapists Localized Potential Accessibility to physiotherapists Non-hospital

Composite_APL Built from APL_GPs, APL_Nurses and APL_Physiotherapists
using principal component analysis

Non-hospital

MCO Medical, Surgical and Obstetrics, SSR Postoperative and Rehabilitation Care
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ln LOS�ð Þ ¼ β0 þ β1 � ln ISA�ð Þ þ
X

βn
� ln APLnð Þ
þ ε;with ε ≈ iid 0; σ2

� � ð4Þ

where * indicates the [LOS_MCO]_hospital (with the
corresponding [ISA_MCO]_hospital as independent vari-
able) and [LOS_SSR]_hospital (with the corresponding
[ISA_SSR]_hospital as independent variable), and n de-
fines the number of different types of non-hospital health-
care professionals considered in the analysis (n = 3:
general practitioners, physiotherapists, and home-visiting
nurses).
To describe the global accessibility to the three non-

hospital services, a composite APL index was built using
principal component analysis. In Eq. (5), the three
[APL]_non-hospital types are replaced by the [Compos-
ite_APL]_non-hospital. This approach offers the advan-
tage of taking into account the correlation between each
[APL]_non-hospital value to assess the accessibility to
non-hospital services.

ln LOS�ð Þ ¼ β0 þ β1: ln ISA�ð Þ
þ β2: ln Composite APLð Þ
þ ε;with ε ≈ iid 0; σ2

� � ð5Þ

In summary, Eqs. (1) and (2) were used to estimate the
[ISA_MCO]_hospital and [ISA_SSR]_hospital variables.
Eq. (3) was used to estimate the [LOS_MCO]_hospital
and [LOS_SSR]_hospital variables that are Y variables in
the regression model. Eq. (4) is the OLS regression
model to investigate the relationship between LOS, in-
patient hospital care accessibility and accessibility to the
three non-hospital services. Eq. (5) is a variation of Eq.
(4) in which the three [APL]_non-hospital types were re-
placed by the [Composite_APL]_non-hospital variable to
take into account their correlation.

Results
Descriptive analysis and spatial distribution of the
[ISA_MCO]_hospital and [ISA_SSR]_hospital values
In total, there were 240 FGC units in the Nord adminis-
trative region. Table 2 summarizes the [ISA_MCO]_hos-
pital and [ISA_SSR]_hospital values. The mean numbers
(standard deviation) of beds in MCO and SSR were 19.0
(10.6) and 5.58 (2.23) for 10,000 inhabitants, respectively,

highlighting important variations among FGC units. Al-
most 25% of the population had access to fewer than 10
beds in MCO and 4 beds in SSR.
To compare the spatial distribution of the [ISA_

MCO]_hospital (a) and [ISA_SSR]_hospital (b) values
per 10,000 inhabitants (Fig. 1) within the Nord adminis-
trative region, scores were categorized in five classes
(from low to high accessibility), using the Jenks Natural
Breaks algorithm [57]. The Jenks Natural Breaks algo-
rithm assigns values to a given number of classes with
the objective of minimizing the variance within classes,
while maximizing the between-class mean values. The
[ISA_MCO]_hospital values ([24.04; 32.71] and [32.72;
39.28]) were highest in urban areas close to Dunkerque
(the northern part of the region under study), and also
in the center, around Lille, Roubaix and Tourcoing. On
the other hand, these values were very low towards the
south and around Hazebrouck. The [ISA_SSR]_hospital
values were highest in the central area ([6.05; 7.14] and
[7.14; 9]), and decreased in the north and south. These
findings showed that accessibility to hospital services is
higher for people in large urban areas, despite the dense
population and consequently the higher demand.

Older adults and [LOS]_non-hospital spatial distribution
The ≥75-year-old population was not homogeneously
distributed over the studied territory. Their percentage
varied from 3.79% (in the north-west area around Dun-
kerque, and in the center, particularly the cities of Rou-
baix, Lille and Villeneuve d’Ascq) to 11.91% (around
Bailleul and Hazebrouck and below the Valenciennes-
Cambrai line) (Fig. 2).
Analysis of the [LOS_MCO]_hospital and [LOS

_SSR]_hospital values for the ≥75-year-old population in
the Nord administrative region (Table 3) showed that in
2014, the mean [LOS _MCO]_hospital and [LOS_SSR]_
hospital values were 0.26 and 0.85, respectively. The
spatial variation was significant, with standard deviations
of 0.20 and 0.92 for MCO and SSR, respectively. LOS
distribution highlighted a non-homogeneous repartition,
suggesting the existence of spatial dependencies in LOS
distribution within the studied territory (Figs. 3 and 4).
This hypothesis was confirmed by the Moran test results
(p-value = 0.000 for both [LOS_MCO]_hospital and
[LOS _SSR]_hospital scores).

Determinants of the [LOS_MCO]_hospital and [LOS
_SSR]_hospital values
The OLS regression analysis was used to investigate the
determinants of the [LOS_MCO]_hospital and [LOS
_SSR]_hospital scores separately at the FGC scale. This
analysis (the regression coefficient estimates and the cor-
responding p-values are in Table 4) showed that for the
[LOS_MCO]_hospital score, two variables were significant

Table 2 Descriptive analysis of the Index of Spatial Accessibility
(ISA) for MCO and SSR. Nord administrative region (expressed
for 10,000 inhabitants)

N Min Mean (Sd) Max 25th Median 75th

MCO 240 0.44 19.0 (10.69) 39.28 10.28 14.32 29.41

SSR 240 0.03 5.58 (2.19) 9.00 4.25 6.33 7.25

MCO Medical, Surgical and Obstetrics, SSR Postoperative and Rehabilitation
Care; Sd Standard deviation

Gao et al. BMC Health Services Research         (2021) 21:1078 Page 5 of 12



(p-value < 0.01): global spatial accessibility to the three
types of non-hospital care services ([Composite_APL]_
non-hospital) and spatial accessibility to MCO facilities
([ISA_MCO]_hospital). Both variables revealed a strong
negative association, suggesting that LOS were shorter for
patients living in areas with easier access to non-hospital
care services and MCO facilities. The SSR analysis also
suggested that better accessibility to non-hospital care ser-
vices might decrease LOS. However, the spatial accessibil-
ity to SSR facilities became non-significant.

Discussion
Summary of the results
To our knowledge, this is the first study to investigate
the relationship between healthcare utilization (LOS)
and spatial accessibility to inpatient hospital care facil-
ities ([ISA]_hospital) and three types of non-hospital
care services ([APL]_non-hospital, for general practi-
tioners, physiotherapists, and home-visiting nurses). One
of its main strengths is the cross-referencing of different
data sources that allowed us to address several major
public health issues.
First, following a previously developed methodology

[32, 54], we estimated a measure of spatial accessibility
to hospital care, for MCO and SSR facilities separately,
at the FGC scale (approximately equivalent to the muni-
cipality scale). All previous French studies that used a
similar methodology limited their accessibility measure
to non-hospital care services [30–32]. The present study
originality lies in extending the measure to hospital
spatial accessibility, by taking into account the number
of beds in MCO and SSR facilities, the car travel time,
and the population distribution. The [ISA_MCO]_hos-
pital and [ISA_SSR]_hospital variables were initially de-
veloped at the census block scale, then summarized to
the FGC scale to investigate the association with the

[LOS]_hospital indicator, because FGC is the smallest
spatial level for which hospital data are available. Even at
this spatial scale, the [ISA]_hospital score distribution
highlighted the unequal accessibility to MCO and SSR
facilities within the study area. Analysis of the [ISA]_
hospital score spatial distribution revealed that high-
accessibility areas were mainly concentrated in the cen-
ter of the investigated area. This can be partly explained
by the large number of MCO and SSR facilities (25 of
the 44 MCO and 24 of the 30 SSR centers) in these
areas. However, we observed exceptions. Around Valen-
ciennes, where there are three MCO hospitals with more
than 400 beds in total, the [ISA]_hospital values were in
the lower class. Conversely, the [ISA]_hospital value for
Bailleul was quite high, although no MCO facility was
located in or close to this city. This finding is in agree-
ment with the fact that the [ISA]_hospital variable pro-
vides a summary measure of two important and related
components of accessibility: the volume of services avail-
able relative to the population size, and the proximity of
services available relative to the population location.
Therefore, although 400 MCO beds were located close
to Valenciennes, the population’s size was too important
to obtain a high accessibility score.
Analysis of the [LOS_MCO]_hospital and [LOS

_SSR]_hospital score distribution in the studied region
highlighted a non-homogeneous repartition with higher
values close to the border with other French regions, es-
pecially in the southern part. From Dunkerque to Bail-
leul and also around Tourcoing, Roubaix, Lille and
Orchies, LOS scores were lower. Then, we examined the
association between the healthcare utilization indicator
([LOS]_hospital) and two accessibility scores ([ISA]_hos-
pital and [APL]_non-hospital). Our analysis revealed a
significant and negative association between the [LOS]_
hospital and [Composite_APL]_non-hospital scores. In

Fig. 1 Spatial distribution of the Index of Spatial Accessibility at the French Geographic Code level. a Index of Spatial Accessibility for Medical,
Surgical and Obstetrics (MCO) and b Post-operative and Rehabilitation Care (SSR) centers. For each map, the French neighboring administrative
regions are colored in green, whereas the Nord administrative region is represented using a graduated color approach, to highlight the different
ISA scores. Maps drawn by Fei GAO
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other words, better accessibility to these non-hospital
services corresponded to shorter hospital stays. One hy-
pothesis is that in areas with better accessibility to the
three non-hospital care services, hospital stays are
shorter because of the presence of effective outpatient
care: ambulatory care and neighborhood healthcare ser-
vices. For instance, home-visiting nurses and physiother-
apists could be an alternative solution to SSR inpatient
care. These results further support the hypothesis of
complementary interactions between non-hospital and
hospital services. These first findings should be comple-
mented by research to determine the impact of primary
care accessibility on length of stay.

Comparison with the international literature
Previous studies have investigated healthcare spatial acces-
sibility and the question of whether healthcare activity
could be rebalanced by expanding/strengthening the role

of primary care relative to the more expensive hospital
(secondary) care. Most works on the use of primary care
to reduce specialty/inpatient care were observational stud-
ies in which the rates of preventable hospitalizations were
correlated with the self-rated access level [33] or with the
distance [58] to primary care services [59]. Few studies
quantified both hospital and non-hospital care spatial ac-
cessibility with the E2SFCA method, and investigated their
association with the length of hospital stay. The present
study fills this gap by integrating three factors: spatial ac-
cessibility (1) to inpatient hospital care facilities and (2) to
three types of non-hospital care (general practitioners,
physiotherapists, and home-visiting nurses), and (3) LOS.
As few studies have considered all three with a similar
study design, comparison with the international literature
was difficult. However, some articles investigated one or
two of these aspects. First, although this is the first French
study measuring hospital spatial accessibility using the
E2SFCA method, other countries, for instance China [60]
and Japan [61], already developed hospital accessibility
scores following a similar approach. Second, other studies
estimated the LOS to assess how primary care could con-
tribute to reduce the demand of secondary care. In France,
a study used the LOS for public-sector psychiatric facilities
to investigate whether the development of alternatives to
full-time hospitalization (such as ambulatory care, part-

Fig. 2 Distribution of the ≥75-year-old population at the French Geographic Code level in the Nord administrative region in 2016. Maps drawn
by Fei GAO

Table 3 LOS of ≥75-year-old people in MCO and SSR facilities –
Nord administrative region

N Min Mean (Sd) Max 25th Median 75th

MCO 240 0.01 0.26 (0.20) 1.68 0.10 0.20 0.37

SSR 240 0.03 0.85 (0.92) 10.98 0.33 0.65 1.08

MCO Medical, Surgical and Obstetrics, SSR Postoperative and Rehabilitation
Care; Sd Standard deviation
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time hospitalization, and full-time outpatient care) may
reduce the LOS [21]. They found a significant negative as-
sociation, and concluded that their study provided the first
nation-wide evidence of the benefits of alternatives to full-
time hospitalization in psychiatry. Similarly, our study
show that non-hospital care services may reduce the
length of stay in MCO and SSR facilities. Together, these
findings suggest that in some cases, non-hospital care ser-
vices may constitute an alternative to hospitalization. Our
results were obtained by modeling the association between
healthcare utilization and accessibility to two types of
healthcare services. These preliminary quantitative results
should be completed with data on other healthcare out-
comes frequently associated with the quality of care, such
as unplanned readmission and mortality, as well as other
aspects of accessibility (e.g. multiple consensual indicators
of spatial/non-spatial healthcare access). Additional stud-
ies using sophisticated modeling methods should also be
developed. The goal is to build a consolidated approach to
facilitate the spatial organization of non-hospital medical
services in the territory with the aim of complementing
hospital services and increasing healthcare efficiency.

Limitations
As we used aggregated data at the FGC scale to assess
associations between spatial accessibility to hospital and

to three types of non-hospital care services and health-
care utilization, our findings may be subject to an eco-
logical bias [32]. In addition, as previously explained,
while the [ISA]_hospital index was estimated at the cen-
sus block scale, the two other indicators ([LOS]_hospital
and [APL]_non-hospital) were only available at the FGC
scale, a cruder spatial scale. Thus, we could not take into
account the spatial accessibility heterogeneity at the cen-
sus block scale. For future research, we want to construct
a LOS indicator at a finer scale using disaggregation tech-
niques that take into account the population density.
Moreover, to compare potential and realized access we
used metrics to describe spatial accessibility to inpatient
and primary healthcare services/facilities and the use of
hospital services (LOS). Unfortunately, an indicator of pri-
mary care service utilization is still lacking in France.
In our analysis, we did not use statistical techniques

that consider spatial autocorrelation. However, at the
FGC scale, the Moran’s indicator revealed the presence
of spatial autocorrelation for both MCO and SSR LOS.
To precisely investigate the association of healthcare ac-
cessibility and utilization, the next step could be to include
the specific topological, geometric and geographic charac-
teristics of the study area using spatial statistical models,
such as the simultaneous autoregressive, geographically
weighted regression and Bayesian hierarchical models.

Fig. 3 Spatial distribution of length of stay at Medical, Surgical and Obstetrics (MCO) facilities for ≥75-year-old people at the French Geographic
Code level (Nord administrative region). Length of stay (LOS) for Medical, Surgical and Obstetrics (MCO) centers. Map drawn by Fei GAO
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Previous studies [62–66] demonstrated the robust proper-
ties of these models that can improve the methodology
used to assess associations between healthcare spatial ac-
cessibility and utilization. For instance, Nicholas et al. used
Bayesian spatial models and location analysis methods to
evaluate healthcare facility access [67].

Conclusion
Our study brings two main contributions. From a meth-
odological point of view, this is the first study to meas-
ure spatial accessibility to MCO and SSR facilities in
France using the E2SFCA method and to investigate the
relationship between spatial accessibility to inpatient
hospital care facilities and to non-hospital care services.
Regarding the practical aspect, it provides a basic under-
standing of the inpatient care status within the studied
area by showing the accessibility score variation across
the territory, and by highlighting some areas with poor
accessibility. This type of information is important to
guide policy makers and local managers. Moreover, this
study explored the interactions between healthcare ser-
vice access and utilization. Our findings support the hy-
pothesis of complementary effects between non-hospital
and hospital services. Based on our results, policy
makers and local managers could identify areas where

Fig. 4 Spatial distribution of length of stay at post-operative and Rehabilitation Care for ≥75-year-old people at the French Geographic Code
level (Nord administrative region). Length of stay (LOS) for Post-operative and Rehabilitation Care (SSR) centers. Map drawn by Fei GAO

Table 4 OLS regression analysis of length of stay (LOS) at MCO
and SSR facilities

[LOS_MCO]_hospital

Predictor variables Coefficient Std Error

[Composite_APL]_non-hospital −1.141*** 0.201

[ISA_MCO]_hospital −.283** 0.087

Observations 240

R2 0.134

VIF < 1.17

[LOS_SSR]_hospital

Predictor variables Coefficient Std Error

[Composite_APL]_non-hospital −1.379*** 0.118

[ISA_SSR]_hospital .045 0.069

Observations 239

R2 0.082

VIF < 1.13

** p < 0.01; *** p < 0.001; MCO Medical, Surgical and Obstetrics, SSR
Postoperative and Rehabilitation Care, Std Error Standard deviation Error,
[Composite_APL]_non-hospital: Built from Localized Potential Accessibility to
general practitioners, home-visiting nurses and physiotherapists using
principal component analysis; [ISA_MCO]_hospital: index of spatial accessibility
to SSR facilities; [ISA_SSR]_hospital = index of spatial accessibility to
SSR facilities
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additional beds or healthcare professionals should be al-
located in priority.
These results need now to be confirmed by additional

studies in other geographical areas. It is also crucial to
design new research approaches to understand the
underlying mechanisms and processes that explain the
interaction between inpatient hospital and non-hospital
care services with the ultimate objective of better organ-
izing and allocating medical resources. This research
should help to make decisions about deploying add-
itional beds and identifying the best locations for non-
hospital care services, and also to improve access, to en-
sure the best coordination and to contribute to the sus-
tainability of inpatient care and outpatient services, in
order to better meet the population’s health needs.

Abbreviations
APL: Localized Potential Accessibility; E2SFCA: Enhanced two-Step Floating
Catchment Area; FINESS: National File on Health and Social Institutions;
FGC: French Geographic Code unit; ISA: Spatial Accessibility Index;
MCO: Medical, Surgical and Obstetrics; SAE: Annual Statistical Survey of
Healthcare Facilities; SSR: Postoperative and Rehabilitation Care; LOS: Length
Of Stay; OLS: Ordinary Least Squares

Acknowledgements
This research is supported by EHESP Rennes, REPERES—EA 7449, IPLESP and
ENSAI. We are extremely grateful to JB Combes, M. PICHOT-UTRERA et A.
TALEC for their commitment and their role in the success of the study. Points
of view or opinions in this article are those of the authors and do not neces-
sarily represent the official position or policies of the EHESP Rennes, REPERE-
S—EA 7449, IPLESP and ENSAI.

Authors’ contributions
FG designed the project, performed the statistical analysis and drafted the
manuscript. SD supervised the overall project, oversaw the statistical analysis,
and helped to draft and revised the manuscript. MJ performed the statistical
analysis with FG and SD. All authors interpreted the data and reviewed the
manuscript for important intellectual content. All authors have read and
approved the final version of the manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article. If readers need supplementary information or request the
data, they can contact me (fei.gao@ehesp.fr).

Declarations

Ethics approval and consent to participate
No administrative permissions were required to access and use the datasets/
medical records described in this study.

Consent for publication
Not applicable.

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

Author details
1Department of Quantitative Methods for Public Health, EHESP School of
Public Health, Rennes, Avenue du Professeur Léon Bernard, 35043 Rennes,
France. 2L’équipe REPERES, Recherche en Pharmaco-épidémiologie et recours
aux soins, UPRES EA-7449, Rennes, France. 3Univ Rennes, Ensai, F-35000
Rennes, France. 4IPLESP, Department of Social Epidemiology, INSERM,

Sorbonne Université, Institut Pierre Louis d’Épidémiologie et de Santé
Publique, F75012 Paris, France.

Received: 9 July 2020 Accepted: 17 September 2021

References
1. United Nations Transforming our world: The 2030 Agenda for sustainable

development. Available online: https://sustainabledevelopment.un.org/post2
015/transformingourworld/. Accessed 25 Sept 2015.

2. Zhu L, Zhong S, Tu W, Zheng J, He S, Bao J, et al. Assessing Spatial
Accessibility to Medical Resources at the Community Level in Shenzhen,
China. Int J Environ Res Public Health. 2019;16(2):E242. https://doi.org/10.33
90/ijerph16020242.

3. Shah T, Bath B, Hayes A, Jones M, Bell S, Uswak G, et al. Comparative
analysis of geographic accessibility of dentists, physiotherapists and family
physicians in an Urban Centre: a case study of Saskatoon, Canada. J Can
Dent Assoc. 2019;85:j2. PMID: 32119638.

4. Dussault G, Franceschini MC. Not enough there, too many here:
understanding geographical imbalances in the distribution of the health
workforce. Hum Resour Health. 2006;4(1):12. https://doi.org/10.1186/1478-44
91-4-12.

5. McGrail MR. Spatial accessibility of primary health care utilising the two-step
floating catchment area method: an assessment of recent improvements.
Int J Health Geogr. 2012;11(1):50. https://doi.org/10.1186/1476-072X-11-50.

6. Andersen RM. Revisiting the behavioral model and access to medical care:
does it matter? J Health Soc Behav. 1995;36(1):1–10. https://doi.org/10.23
07/2137284.

7. Andersen RM, Davidson P. Improving access to care in America: individual
and contextual indicators. In: Changing the US Health Care System: Key
Issues in Health Services Policy and Management; 2014.

8. Hansen WG. How accessibility shapes land use. J Am Inst Plan. 1959;25(2):
73–6. https://doi.org/10.1080/01944365908978307.

9. Kwan MP. Space-time and integral measures of individual accessibility: a
comparative analysis using a point-based framework. Geogr Anal. 1998;
30(3):191–216. https://doi.org/10.1111/j.1538-4632.1998.tb00396.x.

10. Kwan MP, Weber J. Scale and accessibility: implications for the analysis of
land use-travel interaction. Appl Geogr. 2008;28(2):110–23. https://doi.org/1
0.1016/j.apgeog.2007.07.002.

11. Luo W, Wang F. Spatial accessibility to primary care and physician shortage
area designation: a case study in Illinois with GIS approaches. In: Skinner R,
Khan O, editors. Geographic Information Systems and Health Applications.
Hershey: Idea Group Publishing; 2003. p. 260–78.

12. Pan X, Kwan MP, Yang L, Zhou S, Zuo Z, Wan B. Evaluating the Accessibility
of Healthcare Facilities Using an Integrated Catchment Area Approach. Int J
Environ Res Public Health. 2018;15(9):2051. Published 2018 Sep 19. https://
doi.org/10.3390/ijerph15092051.

13. Borders TF, Booth BM. Research on rural residence and access to drug
abuse services: where are we and where do we go? J Rural Health. 2007;
23(s1):79–83. https://doi.org/10.1111/j.1748-0361.2007.00128.x.

14. Mahmood A, Mosalpuria K, Wyant DK, Bhuyan SS. Association between
having a regular health provider and access to services linked to electronic
health records. Hosp Top. 2018;97(1):1–10. https://doi.org/10.1080/001
85868.2018.1551102.

15. Penchansky R, Thomas JW. The concept of access. Med Care. 1981;19(2):
127–40. https://doi.org/10.1097/00005650-198102000-00001.

16. Higgs G. The role of GIS for health utilization studies: literature review.
Health Serv Outcomes Res Methodol. 2009;9(2):84–99. https://doi.org/10.1
007/s10742-009-0046-2.

17. Cromley EK, McLafferty S. GIS and Public Health. New York: Guilford Press;
2002.

18. Arcury TA, Gesler WM, Preisser JS, Sherman J, Spencer J, Perin J. The effects
of geography and spatial behavior on health care utilization among the
residents of a rural region. Health Serv Res. 2005;40(1):135–56. https://doi.
org/10.1111/j.1475-6773.2005.00346.x.

19. Ali SA, Dero AA, Ali SA, et al. Factors affecting the utilization of antenatal
care among pregnant women: A literature review. J Preg Neonatal Med.
2018;2(2):41–5.

20. Stentzel U, Bahr J, Fredrich D, Piegsa J, Hoffmann W, van den Berg N. Is
there an association between spatial accessibility of outpatient care and

Gao et al. BMC Health Services Research         (2021) 21:1078 Page 10 of 12

mailto:fei.gao@ehesp.fr
https://sustainabledevelopment.un.org/post2015/transformingourworld/
https://sustainabledevelopment.un.org/post2015/transformingourworld/
https://doi.org/10.3390/ijerph16020242
https://doi.org/10.3390/ijerph16020242
https://doi.org/10.1186/1478-4491-4-12
https://doi.org/10.1186/1478-4491-4-12
https://doi.org/10.1186/1476-072X-11-50
https://doi.org/10.2307/2137284
https://doi.org/10.2307/2137284
https://doi.org/10.1080/01944365908978307
https://doi.org/10.1111/j.1538-4632.1998.tb00396.x
https://doi.org/10.1016/j.apgeog.2007.07.002
https://doi.org/10.1016/j.apgeog.2007.07.002
https://doi.org/10.3390/ijerph15092051
https://doi.org/10.3390/ijerph15092051
https://doi.org/10.1111/j.1748-0361.2007.00128.x
https://doi.org/10.1080/00185868.2018.1551102
https://doi.org/10.1080/00185868.2018.1551102
https://doi.org/10.1097/00005650-198102000-00001
https://doi.org/10.1007/s10742-009-0046-2
https://doi.org/10.1007/s10742-009-0046-2
https://doi.org/10.1111/j.1475-6773.2005.00346.x
https://doi.org/10.1111/j.1475-6773.2005.00346.x


utilization? Analysis of gynecological and general care. BMC Health Serv Res.
2018;18(1):322. https://doi.org/10.1186/s12913-018-3143-5.

21. Gandré C, Gervaix J, Thillard J, Macé JM, Roelandt JL, Chevreul K. The
development of psychiatric services providing an alternative to full-time
hospitalization is associated with shorter length of stay in french public
psychiatry. Int J Environ Res Public Health. 2017;14(3):325. Published online
2017 Mar 21. https://doi.org/10.3390/ijerph14030325.

22. Karpiel MS. Using patient classification systems to identify ambulatory care
costs. CBS Business Network Retrieved 25 July 2011. Accessed 20 Apr 2020.

23. Berman P. Organization of ambulatory care provision: a critical determinant
of health system performance in developing countries. Bull World Health
Organ. 2000;78(6):791–802 PMC 2560790. PMID 10916916.

24. Institute of Medicine (US) Committee on the Future of Primary Care,
Donaldson MS, Yordy KD, Lohr KN, Vanselow NA. Primary Care: America’s
Health in a New Era. Washington (DC): National Academies Press (US); 1996.

25. World Health Organization. Continuity and coordination of care: a practice
brief to support implementation of the WHO framework on integrated
people-centred health services. World Health Organization; 2018. https://a
pps.who.int/iris/handle/10665/274628.

26. Hospital discharges and length of stay statistics. Eurostat: https://data.oecd.
org/healthcare/hospital-discharge-rates.htm. Accessed 14 Apr 2020.

27. Committee on Guidance for Establishing Crisis Standards of Care for Use in
Disaster Situations; Institute of Medicine. Crisis Standards of Care: A Systems
Framework for Catastrophic Disaster Response. Washington (DC): National
Academies Press (US); 2012. 8, Out-of-Hospital and Alternate Care Systems.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK201069/.

28. Sills MR, Hall M, Simon HK, Fieldston ES, Walter N, Levin JE, et al. Resource
burden at children’s hospitals experiencing surge volumes during the
spring 2009 H1N1 influenza pandemic. Acad Emerg Med. 2011;18(2):158–66.
https://doi.org/10.1111/j.1553-2712.2010.00992.x.

29. Nunes AM, Ferreira DC. Reforms in the Portuguese health care sector:
challenges and proposals. Int J Health Plann Manag. 2019;34(1):e21–33.
https://doi.org/10.1002/hpm.2695. Epub 2018 Oct 28. PMID: 30370564.

30. Barlet M, Coldefy M, Collin C, Lucas-Gabrielli V. L ‘Accessibilité potentielle
localisée (APL): une nouvelle mesure de l’accessibilité aux médecins
généralistes libéraux. Institut de recherche et documentation en économie
de la santé. 2012;174(2):29. https://doi.org/10.3917/pour.214.0029.

31. Lucas-Gabrielli V, Mangeney C. Comment améliorer les mesures
d’accessibilité aux soins pour mieux cibler les zones sous-denses? Revue
d’Épidémiologie et de Santé Publique. 2019;67(Supplement 1). https://doi.
org/10.1016/j.respe.2018.12.061.

32. Gao F, Kihal W, Le Meur N, Souris M, Deguen S. Assessment of the spatial
accessibility to health professionals at French census block level. Int J Equity
Health. 2016;15(1):125. https://doi.org/10.1186/s12939-016-0411-z.

33. Bindman AB, Grumbach K, Osmond D, Komaromy M, Vranizan K, Lurie N,
et al. Preventable hospitalizations and access to health care. JAMA. 1995;
274(4):305–11. https://doi.org/10.1001/jama.1995.03530040033037.

34. Mathison DJ, Chamberlain JM, Cowan NM, Engstrom RN, Fu LY, Shoo A,
et al. Primary care spatial density and nonurgent EmergencyDepartment
utilization: a new methodology for evaluating access to care. Acad Pediatr.
2013;13(3):278–85. https://doi.org/10.1016/j.acap.2013.02.006.

35. Fishman J, McLafferty S, Galanter W. Does spatial access to primary
care affect emergency department utilization for nonemergent
conditions? Health Serv Res. 2018;53(1):489–508. https://doi.org/1
0.1111/1475-6773.12617.

36. Bauder AR, Gross CP, Killelea BK, Butler PD, Kovach SJ, Fox JP. The relationship
between geographic access to plastic surgeons and breast reconstruction
rates among women undergoing mastectomy for Cancer. Ann Plast Surg.
2017;78(3):324–9. https://doi.org/10.1097/sap.0000000000000849.

37. Daly MR, Mellor JM, Millones M. Do avoidable hospitalization rates among
older adults differ by geographic access to primary care physicians? Health
Serv Res. 2017;53:3245–64. https://doi.org/10.1111/1475-6773.12736.

38. Gautun H, Syse A. Earlier hospital discharge: a challenge for Norwegian
municipalities. Nordic J Soc Res. 2017;8. https://doi.org/10.7577/njsr.2204.

39. Barra M, Dahl FA, Faiz KW, Lurås H. Associations between length of stay and
municipal characteristics for a large Norwegian stroke unit. Res Square.
2020. https://doi.org/10.21203/rs.3.rs-27834/v1.

40. Deraas TS, Berntsen GR, Hasvold T, Førde OH. Does long-term care use
within primary health care reduce hospital use among older people in
Norway? A national five-year population-based observational study. BMC
Health Serv Res. 2011;11(1):287. https://doi.org/10.1186/1472-6963-11-287.

41. Kjekshus LE. Primary health care and hospital interactions: effects for
hospital length of stay. Scand J Public Health. 2005;33(2):114–22. https://doi.
org/10.1080/14034940410019163.

42. United Nations, Department of Economic and Social Affairs, population
division (2019). World population ageing. (ST/ESA/SER.A/430). New York:
United Nations; 2019.

43. Institut national de la statistique et des études économiques. INSEE
population. https://www.insee.fr/fr/statistiques/1906664?sommaire=1906743.
Accessed 2 Dec 2020.

44. Gao F, Kihal W, Le Meur N, Souris M, Deguen S. Does the edge effect
impact on the measure of spatial accessibility to healthcare providers? Int J
Health Geogr. 2017;16:46. Published online 2017 Dec 11. https://doi.org/1
0.1186/s12942-017-0119-3.

45. Localized Potential Accessibility (APL) database: http://www.data.drees.sante.
gouv.fr/ReportFolders/reportFolders.aspx?%20IF_ActivePath=P,490,530.
Accessed 12 Mar 2018.

46. Annual Statistical Survey of Healthcare Facilities (SAE) database.
https://www.sae-diffusion.sante.gouv.fr/sae-diffusion/recherche.htm.
Accessed 1 Apr 2018.

47. National File on Health and Social Institutions (FINESS) database.
http://finess.sante.gouv.fr/fininter/jsp/recherche.jsp?mode=simple.
Accessed 1 Apr 2018.

48. French National Address database. https://adresse.data.gouv.fr/. Accessed 12
Mar 2018.

49. Exposto F, Petrică N, Davies E, Beaudet A. Identification of a pulmonary
arterial hypertension (PAH) patient cohort and study of its burden of illness
in Programme de Médicalisation des Systèmes d’information (PMSI). Int J
Cardiol. 2020;S0167–5273(19):34942–3. https://doi.org/10.1016/j.ijcard.2020.
02.034.

50. Charles-Nelson A, Lazzati A, Katsahian S. Analysis of trajectories of care after
bariatric surgery using data mining method and health administrative
information systems. Obes Surg. 2020;30(6):2206–16. https://doi.org/10.1007/
s11695-020-04430-6.

51. Lamarsal L, Hunt B, Schauf M, Szwarcensz TK, Valentine WJ. Evaluating the
clinical and economic burden of healthcar e-associate d infections during
hospitaliza tion for surgery in France. Epidemiol Infect. 2013;141(12):2473–
82. https://doi.org/10.1017/S0950268813000253. Epub 2013 Feb 28.

52. Fourquet F, Demont F, Lecuyer AI, Rogers MA, Bloc DH. French medical
hospital information system and cross infection surveillance: theory and
feasibility. Médecine Mal Infect. 2003;33(2):110–3. https://doi.org/10.1016/s03
99-077x(02)00005-7.

53. Institut national de la statistique et des études économiques. http://www.
insee.fr/fr/. Accessed 2 May 2018.

54. Gao F, Languille C, Karzazi K, Guhl M, Boukebous B, Deguen S. Efficiency of
fine scale and spatial regression in modelling associations between
healthcare service spatial accessibility and their utilization. Int J Health
Geogr. 2021;20(1):22. https://doi.org/10.1186/s12942-021-00276-y. PMID:
34011390; PMCID: PMC8136234.

55. Luo W, Qi Y. An enhanced two-step floating catchment area (E2SFCA)
method for measuring spatial accessibility to primary care physicians. Health
Place. 2009;15(4):1100–7. https://doi.org/10.1016/j.healthplace.2009.06.002.

56. Zdeb M. Driving distances and drive times using SAS and Google Maps.
2009. http://www.sascommunity.org/wiki/Driving_Distances_and_Drive_
Times_using_SAS_and_Google_Maps. Accessed 1 Oct 2019.

57. Jenks GF. The data model concept in statistical mapping, vol. 7:
International Yearbook of Cartography; 1967. p. 186–90.

58. Ricketts TC, Randolph R, Howard HA, Pathman D, Carey T. Hospitalization
rates as indicators of access to primary care. Health Place. 2001;7(1):27–38.
https://doi.org/10.1016/S1353-8292(00)00035-6.

59. Fortney JC, Steffick DE, Burgess JF Jr, Maciejewski ML, Petersen LA. Are
primary care services a substitute or complement for specialty and inpatient
services? Health Serv Res. 2005;40(5 Pt 1):1422–42. https://doi.org/10.1111/
j.1475-6773.2005.00424.x.

60. Wang X, Pan J. Assessing the disparity in spatial access to hospital care in
ethnic minority region in Sichuan Province, China. BMC Health Serv Res.
2016;16(1):399. https://doi.org/10.1186/s12913-016-1643-8.

61. Nakamura T, Nakamura A, Mukuda K, Harada M, Kotani K. Potential
accessibility scores for hospital care in a province of Japan: GIS-based
ecological study of the two-step floating catchment area method and the
number of neighborhood hospitals. BMC Health Serv Res. 2017;17(1):438.
https://doi.org/10.1186/s12913-017-2367-0.

Gao et al. BMC Health Services Research         (2021) 21:1078 Page 11 of 12

https://doi.org/10.1186/s12913-018-3143-5
https://doi.org/10.3390/ijerph14030325
https://apps.who.int/iris/handle/10665/274628
https://apps.who.int/iris/handle/10665/274628
https://data.oecd.org/healthcare/hospital-discharge-rates.htm
https://data.oecd.org/healthcare/hospital-discharge-rates.htm
https://www.ncbi.nlm.nih.gov/books/NBK201069/
https://doi.org/10.1111/j.1553-2712.2010.00992.x
https://doi.org/10.1002/hpm.2695
https://doi.org/10.3917/pour.214.0029
https://doi.org/10.1016/j.respe.2018.12.061
https://doi.org/10.1016/j.respe.2018.12.061
https://doi.org/10.1186/s12939-016-0411-z
https://doi.org/10.1001/jama.1995.03530040033037
https://doi.org/10.1016/j.acap.2013.02.006
https://doi.org/10.1111/1475-6773.12617
https://doi.org/10.1111/1475-6773.12617
https://doi.org/10.1097/sap.0000000000000849
https://doi.org/10.1111/1475-6773.12736
https://doi.org/10.7577/njsr.2204
https://doi.org/10.21203/rs.3.rs-27834/v1
https://doi.org/10.1186/1472-6963-11-287
https://doi.org/10.1080/14034940410019163
https://doi.org/10.1080/14034940410019163
https://www.insee.fr/fr/statistiques/1906664?sommaire=1906743
https://doi.org/10.1186/s12942-017-0119-3
https://doi.org/10.1186/s12942-017-0119-3
http://www.data.drees.sante.gouv.fr/ReportFolders/reportFolders.aspx?%20IF_ActivePath=P,490,530
http://www.data.drees.sante.gouv.fr/ReportFolders/reportFolders.aspx?%20IF_ActivePath=P,490,530
https://www.sae-diffusion.sante.gouv.fr/sae-diffusion/recherche.htm
http://finess.sante.gouv.fr/fininter/jsp/recherche.jsp?mode=simple
https://adresse.data.gouv.fr/
https://doi.org/10.1016/j.ijcard.2020.02.034
https://doi.org/10.1016/j.ijcard.2020.02.034
https://doi.org/10.1007/s11695-020-04430-6
https://doi.org/10.1007/s11695-020-04430-6
https://doi.org/10.1017/S0950268813000253
https://doi.org/10.1016/s0399-077x(02)00005-7
https://doi.org/10.1016/s0399-077x(02)00005-7
http://www.insee.fr/fr/
http://www.insee.fr/fr/
https://doi.org/10.1186/s12942-021-00276-y
https://doi.org/10.1016/j.healthplace.2009.06.002
http://www.sascommunity.org/wiki/Driving_Distances_and_Drive_Times_using_SAS_and_Google_Maps
http://www.sascommunity.org/wiki/Driving_Distances_and_Drive_Times_using_SAS_and_Google_Maps
https://doi.org/10.1016/S1353-8292(00)00035-6
https://doi.org/10.1111/j.1475-6773.2005.00424.x
https://doi.org/10.1111/j.1475-6773.2005.00424.x
https://doi.org/10.1186/s12913-016-1643-8
https://doi.org/10.1186/s12913-017-2367-0


62. Ye H, Lee S, Kim H. Effects of neighborhood characteristics on length of
inpatient stay: findings from the U.S. National Data. Soc Work Res. 2016;
40(2):117–26. Epub 2016 Mar 28. https://doi.org/10.1093/swr/svw004.

63. Batten AJ, Augustine MR, Nelson KM, Kaboli PJ. Development of a novel
metric of timely care access to primary care services. Health Serv Res. 2020;
55(2):301–9. https://doi.org/10.1111/1475-6773.13255. Epub 2020 Jan 14.

64. Yuan Y, Cave M, Xu H, Zhang C. Exploration of spatially varying relationships
between Pb and Al in urban soils of London at the regional scale using
geographically weighted regression (GWR). J Hazard Mater. 2020;393:
122377. https://doi.org/10.1016/j.jhazmat.2020.122377.

65. Chan J, Polo A, Zubizarreta E, Bourque JM, Hanna TP, Gaudet M, et al.
Access to radiotherapy and its association with cancer outcomes in a high-
income country: addressing the inequity in Canada. Radiother Oncol. 2019;
141:48–55. https://doi.org/10.1016/j.radonc.2019.09.009.

66. Burkner P. Brms: an R package for Bayesian multilevel models using Stan. J
Stat Softw. 2017;80(1):1–28. https://doi.org/10.18637/jss.v080.i01.

67. Tierney NJ, Mira A, Reinhold HJ, Arbia G, Clifford S, Auricchio A, et al.
Evaluating health facility access using Bayesian spatial models and location
analysis methods. PLoS One. 2019;14(8):e0218310. Published online 2019
Aug 7. https://doi.org/10.1371/journal.pone.0218310.

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

Gao et al. BMC Health Services Research         (2021) 21:1078 Page 12 of 12

https://doi.org/10.1093/swr/svw004
https://doi.org/10.1111/1475-6773.13255
https://doi.org/10.1016/j.jhazmat.2020.122377
https://doi.org/10.1016/j.radonc.2019.09.009
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.1371/journal.pone.0218310

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Healthcare access definition
	Assessing spatial accessibility to non-hospital care and to inpatient hospital care
	Assessing interactions

	Methods
	Study setting and population
	Data sources and statistical unit
	Methodology
	Assessing hospital care spatial accessibility using the E2SFCA method
	Measuring health service utilization using the LOS indicator
	Linear regression model and composite accessibility indicator by principal component analysis


	Results
	Descriptive analysis and spatial distribution of the [ISA_MCO]_hospital and [ISA_SSR]_hospital values
	Older adults and [LOS]_non-hospital spatial distribution
	Determinants of the [LOS_MCO]_hospital and [LOS _SSR]_hospital values

	Discussion
	Summary of the results
	Comparison with the international literature
	Limitations

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

