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ABSTRACT
Objective: To improve the Enhanced Two-Step Floating Catchment Area (E2SFCA) 
method by incorporating the Pampalon Deprivation Index (PDI). This integration will 
enable the characterization of the local environment and the identification of primary 
care accessibility patterns in Eastern Quebec that may not be detected by traditional 
physician access measures.
Methods: We used the Pampalon Deprivation Index (PDI) to adjust the access ratio of 
Primary Care Physicians (PCPs) calculated by the enhanced two-step floating catchment 
area method. This approach considers the supply of PCPs at the dissemination area level, 
travel time between PCPs and dissemination areas and a linear distance decay function 
(β) in conjunction with the PDI for each dissemination area. The PDI is a composite 
measure of material and social deprivation, which can help to identify vulnerable 
populations who may face barriers to accessing healthcare services.
Results: The E2SFCA method with the PDI adjustment (E2SFCA-PDI) can identify 
underserved areas that may appear to have sufficient access levels when evaluated 
using the E2SFCA method alone. The accessibility of primary care services depends on 
the availability of adequate road infrastructure. Populations living in areas with limited 
access to main road networks may have compromised access to primary care. This issue 
disproportionately affects vulnerable individuals who lack private transportation options.
Conclusion: The E2SFCA-PDI method can improve the identification of primary care 
physician shortage areas by taking into account the health needs of the population. 
Moreover, it can inform the development of regional medical planning and resource 
allocation, thereby contributing to a more equitable and just society.
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Introduction
Health services and their distribution in wealthy 
countries are based on the concept of equity. As such, 
there is a redistribution of various services offered 
by the state. In market-based healthcare systems, it 
is clear that the distribution of doctors is not socially 
optimal and contributes to territorial inequalities in 
access to care, representing a form of health inequal-
ity [1,2].
Primary care physicians are often in accessible in ru-
ral regions and among vulnerable populations such 
as low-income individuals and indigenous peoples 
[3]. These populations frequently lack private trans-
portation, rendering them unable to access primary 
healthcare in the absence of a public transportation 
system, particularly in underserved areas. Lengthy 
travel times, limited transportation options and a 
dearth of healthcare professionals all present barri-
ers in rural locations. Rural regions and vulnerable 

population centres are two areas where health dis-
parities are most pronounced. These communities 
frequently encounter significant obstacles in access-
ing primary care providers. While the availability of 
health services does not ensure the overall health of 
the population, such services play a vital role in pro-
moting and maintaining well-being by preventing 
disease, restoring health and function and contribut-
ing to the overall health of the population. Healthcare 
encompasses a continuum from prevention to treat-
ment; however, without access to these services, their 
benefits cannot be realized and health inequalities 
are exacerbated. Efficient methods for identifying ar-
eas of need and equitably distributing resources are 
required by healthcare practitioners and policymak-
ers to address these disparities.
One method to remove these obstacles and advance 
health equity is to increase access to primary care. 
The distribution of populations’ access to primary 
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In Canada and other nations, the PDI has been widely 
used to identify needed areas and allocate resources. 
By allocating resources to places with the most need, 
the index has been demonstrated to be an effective tool 
for fostering health equity. Utilizing the PDI to address 
healthcare disparities has gained popularity recently, 
especially for vulnerable populations and rural areas.
The application of the PDI to promote equity, particu-
larly for vulnerable groups and rural areas, and to recti-
fy or adjust physical access to primary care physicians 
as a complement to access measure is explored in this 
paper. It will identify how the PDI can be used to pin-
point resource needs, identify areas of need, and inform 
the creation of policies and initiatives that address so-
cial determinants of health. The ultimate objective is 
to show how the PDI may support health equity and 
lessen health inequalities in underserved populations 
when used with the E2SFCA. Linking the E2SFCA with 
the PDI should provide an even better and sound in-
dex to measure primary care access by grouping the 
strength of the E2SFCA and the equity element of the 
DPI. Such an index does not exist in Quebec, even in the 
whole country at the time of this writing.
Due to lengthy travel times, a lack of accessible trans-
portation and a paucity of medical professionals, pri-
mary care access gaps can be severe in rural areas. As 
the E2SFCA, the PDI can pinpoint regions where pri-
mary care access is especially poor and where more 
resources might be required to enhance access [4]. 
For instance, the PDI can be used to pinpoint locations 
with a rising population but few primary care doctors 
or those with high levels of material and social depriva-
tion, both of which are linked to poor health outcomes. 
The PDI can also improve access to primary care by 
identifying areas with a shortage of primary care phy-
sicians or other healthcare professionals. The PDI can 
assist in developing policies and initiatives that moti-
vate medical personnel to work in regions with signifi-
cant economic and social suffering [4]. This can include 
loan payback plans, incentives, or tax advantages to en-
tice healthcare professionals to work in underserved 
communities.
Research in Canada, for example, employed the PDI to 
identify locations with high levels of impoverishment 
and low levels of primary care availability [13]. Ac-
cording to the study, locations with higher PDI scores 
had fewer primary care physicians per capita than ar-
eas with lower PDI ratings. Based on their findings, the 
researchers suggested that primary care resources be 
directed toward locations with higher PDI scores to 
enhance access to care. The PDI tool can also enable 
policymakers to highlight better specific regions where 
intervention is needed most urgently. The tool, there-
fore, can be used as a credible reference for informing 

care can differ with the needs of the population. The 
likelihood of experiencing hurdles to getting primary 
care is higher for people who live in rural areas, have 
poor incomes, or are members of marginalized groups. 
Healthcare policymakers and practitioners must ad-
dress these discrepancies and create initiatives to in-
crease vulnerable populations’ access to primary care 
to advance health equity [4].
Unfortunately, many of the data that is used to assess 
primary care access is based on a dated and simple 
provider to population ratio, which has been demon-
strated many times as an improper method [5]. In fact, 
this method embeds inequity and hides real access 
problems and should not be used [6]. Access mea-
surements that are based on the Enhanced Two-Step 
Floating Catchment Area Method (E2SFCA) have been 
demonstrated as more sensitive to those problems 
and are considered the gold standard to measure ac-
cess, particularly in rural areas that are less populated 
and often far away [7-10]. But this method could also 
be improved by incorporating the population needs of 
healthcare for each dissemination area. One tool that 
is currently used to represent population needs is the 
Pampalon Deprivation Index (PDI). The PDI can also be 
utilized in modifying access to primary care to meet the 
needs of vulnerable individuals in a better manner. In 
this section, this paper explores some of the applica-
tions of PDI in the modification of primary care access, 
especially among rural and vulnerable populations.
Pampalon deprivation index
The Pampalon Deprivation Index (PDI) is a tool that 
can be used to identify regions with high levels of ma-
terial and social deprivation [11]. This index provides 
a valuable resource for policymakers and practitioners 
seeking to address health inequalities in rural and vul-
nerable populations. The PDI is a measure of social in-
equalities in health. It enables the monitoring of these 
inequalities over time, space and serves as a valuable 
tool for public health planning, intervention and ser-
vice delivery [12]. By utilizing the index to identify ar-
eas with higher levels of deprivation, public health of-
ficials can target interventions and allocate resources 
more effectively. This can improve access to primary 
care in rural regions where it is most needed. The index 
provides a means for public health officials to identify 
and address health disparities in rural and vulnerable 
populations, helping to ensure that resources are allo-
cated equitably and that interventions are targeted to 
those most in need.
The 2006 development of the PDI in Quebec, Canada, 
was based on several census characteristics, including 
income, education, employment and housing [11]. The 
index gives each local area or neighborhood a score; 
higher scores denote areas with greater deprivation. 
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acteristic is that the sum of weighted mean values of GP 
ratios is equivalent to the supply and demand ratio in 
the larger study area.
Luo and Qi developed an enhancement to the 2SFCA 
method, incorporating a distance decay function into 
both algorithmic steps to address its limitations [17]. 
The Enhanced Two-Step Floating Catchment Area 
(E2SFCA) method offers several advantages over the 
original 2SFCA method, including the ability to differ-
entiate accessibility within catchments and treat more 
distant providers as less accessible through the use of 
distance decay coefficients. By integrating the Physician 
Deprivation Index (PDI) into the E2SFCA methodology, 
a more equitable measure of access to healthcare ser-
vices can be achieved through the characterization of 
the local environment. This novel methodology has the 
potential to improve healthcare planning and resource 
allocation, ultimately leading to improved health out-
comes for the population.

Materials and Methods
The spatial distribution of primary care providers and 
population is a key factor in assessing the accessibility 
of health services. To quantify the spatial accessibility, 
we computed the distance between providers and pop-
ulation using geospatial data. We obtained the popula-
tion data and location from the 2016 Canadian national 
census, which reported the information at the level of 
Dissemination Areas (DAs). DAs are the smallest stan-
dard geographic units that contain all census data and 
they had an average population of 496 and a size of 342 
km2 in our study. We also used the PDI dataset to obtain 
the provider data and location.
We focused on the four easternmost territories of Que-
bec province, which are mainly rural except for some 
small urban centres that serve as administrative hubs. 
These are Saguenay, Rimouski, Gaspé, and Sept-Iles. 
The medical education for general practitioners is only 
available in Quebec city or farther, but some health pro-
fessions can be trained in the two small universities in 
these regions. The students can also do some extern-
ships and residencies in these territories. The nursing 
education is more widely available with many colleges 
in smaller towns across Eastern Quebec.
We examined the four easternmost territories of Que-
bec province, which have different population sizes, 
densities and different numbers and distributions of 
General Practitioners (GPs). The territories are Côte-
Nord, Gaspésie-Iles-De-La-Madeleine, Bas-Saint-Lau-
rent, and Saguenay–Lac-Saint-Jean. The population, 
number of GPs, and GP-to-population ratio for each 
territory in 2016 as been shows in Table 1. 

the development of interventions that improve access 
to primary healthcare in rural areas [12]. For example, 
the PDI can showcase areas where telehealth services 
could address access barriers and effectively deliver 
primary care to those in need. Similarly, information 
from the PDI can point towards mobile clinics or com-
munity health centres as another means to improve 
primary care accessibility.
In addition to remote areas, vulnerable groups like 
low-income persons and Indigenous peoples face ma-
jor obstacles in getting access to primary care doctors 
[14]. The PDI can pinpoint regions with high concentra-
tions of vulnerable individuals and pronounced gaps in 
primary care access. This can help guide the creation 
of policies and programs that allocate funding to cer-
tain regions and lower access hurdles. The PDI could 
be used to correct any type of access measure, even 
an administrative one like the most common regional 
availability measure, the Provider to Population Ratio 
(PPR), but such a method often hides access problems 
principally by not taking into account the distance and 
obstacles that the population needs to address to ac-
cess healthcare. The most sensitive and appropriate 
methods to measure access in rural areas is the E2SF-
CA, and will be explored in the next section of this text.
E2SFCA method and the gravity model
Gravity models have been developed to address issues 
associated with regional availability measures and 
predict potential interaction between population loca-
tion and available service points within a reasonable 
distance [15]. These models provide a measure that 
accounts for both proximity and availability [16]. As 
the distance between the provider and consumer in-
creases, the number of interactions decreases, reduc-
ing the attractiveness of a service and increasing trav-
el impedance. These techniques reveal greater spatial 
variation and eliminate issues associated with rigidly 
defined borders. The gravity model is considered the 
most reliable method for measuring spatial access as it 
takes into account decreased likelihood of access with 
increased distance from service sites.
The Floating Catchment Area (FCA) method uses circu-
lar buffers around census tract population centroids to 
compute a physician-to-population ratio based on the 
number of enclosed facilities. The radius of the buffer 
represents the catchment and reveals the distance in-
dividuals are willing to travel to access healthcare ser-
vices. However, this assumption is flawed as a physician 
within the catchment may also serve residents outside 
of it. The 2SFCA method employs floating catchment 
areas rather than fixed boundaries, with the size deter-
mined by maximum travel impedance. A notable char-
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a corrective measure to adjust the access ratio calculat-
ed by the E2SFCA method. The PDI is a composite index 
of social and material deprivation for each Dissemina-
tion Area (DA) in the study area. We followed a similar 
approach as who used the Disability-Adjusted Life Year 
(DALY) values of the population to adjust the access 
ratio based on health needs [20]. However, their mod-
el is not directly applicable in Canada due to data and 
methodological differences. Therefore, we used the PDI 
to adjust the access ratio in a similar way. The adjust-
ment factor ranges from 0.50 to 2.00, which means that 
the access ratio can be halved or doubled depending 
on the level of deprivation. A more deprived area will 
have a lower access ratio, indicating higher need, while 
a more advantaged area will have a higher access ratio, 
indicating lower need. The average PDI is considered 
as the baseline, which does not require any adjustment. 
We calculated the adjustment factor separately for the 
social and material components of the PDI.
We used the recommended range of 22.5 to 40.5 family 
physicians per 10000 inhabitants as the benchmark for 
assessing the adequacy of access [21-25]. This range is 
quite wide, so we used it as the lower and upper limit 
to define three categories of access: Insufficient (below 
22.5), adequate (between 22.5 and 40.5), and overpro-
visioned (above 40.5). These categories can show the 
level of access available to the population.

Results
We combined the Pampalon Deprivation Index (PDI) 
and the Enhanced Two-Step Floating Catchment Area 
(E2SFCA) method to estimate the equity in access to 
primary care. This approach provides a more compre-
hensive and equitable measure of accessibility than the 
E2SFCA method alone. Figure 1 shows the map of Que-
bec with the E2SFCA access ratio, while Figure 2 shows 
the map with the adjusted access ratio using the social 
DPI. The maps are similar at this resolution level. How-
ever, when we use the material DPI to adjust the access 
ratio (Figure 3), we can see some changes in different 
regions, especially when we zoom in on specific areas 
(Figures 1 and 2). 

To measure the spatial accessibility of health services 
in these regions, we applied the Floating Catchment 
Area (FCA) method. This method uses circular buffers 
around census tract population centroids to compute a 
physician-to-population ratio from the number of en-
closed facilities. 
The FCA method assumes that the potential interaction 
between population location and all accessible service 
points within a reasonable distance decreases as the 
distance increases [15,17]. The FCA method can be ex-
pressed as follows:

 j
i j

ij j

S
A

d V
=Σ      ……… Equation…… (1)

Where, A represents the sum of the spatial accessibility 
from population i, Sj is the number of general practi-
tioners at location j, dij constitutes the travel time be-
tween i and j and V is the population demand defined 
as following:

 k
j

k kj

PV
d β=∑      ……… Equation…… (2)

Where, Pk is population demand at location k, dkj is 
travel time between k and j while β is the distance de-
cay (travel impedance) coefficient. 
We used the Enhanced Two-Step Floating Catchment 
Area (E2SFCA) method to estimate the accessibility of 
healthcare services based on the travel distance of in-
dividuals [18]. This method improves the original FCA 
method by addressing the supply and demand issues 
and incorporating a distance-decay parameter [17,19]. 
We used the Network analysis module of Quantum Geo-
graphic Information System (QGIS) and the travel time 
Application Programming Interface (API) to determine 
the network routes and proximity within a predefined 
maximum catchment size [7-10]. The E2SFCA method 
calculates the population-to-provider ratios for each 
healthcare clinic and population centroid while ac-
counting for distance friction. This method reflects the 
travel cost as a barrier to access, making the clinics far-
ther away less accessible.
We also used the Pampalon Deprivation Index (PDI) as 

Table 1. Ratios of General Practitioners (GPs) per territory.

Territory Population Number of GPs GP-to-population ratio

Côte-Nord 92,518 77 0.83

Gaspésie–Îles-de-la-Madeleine 92,403 131 1.45

Bas-Saint-Laurent 1,97,385 227 1.15

Saguenay–Lac-Saint-Jean 2,75,552 288 1.04
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Figure 1. The E2SFCA method for four regions studied, with access levels of underserved, optimal and oversupplied. 
Note: ( ): Health regions primary care access; ( ): Below recommendation; ( ): As recommended;   ( ): Above rec-
ommendation.

Figure 2. The E2SFCA method (E2SFCA-SDPI) adjusted with the social DPI for four regions studied, with access levels of 
underserved, optimal, and oversupplied. Note: ( ): Health regions primary care access; ( ): Below recommendation;  
( ): As recommended; ( ): Above recommendation.

https://www.ejmaces.com/
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because the social DPI values are average or good for 
these regions, while the material DPI values are below 
or average. These results suggest that material depriva-
tion is a more important factor than social deprivation 
in affecting the accessibility of primary care in these 
regions, and that targeted interventions are needed to 
reduce the disparities in access (Figure 3).
We analyzed the changes in access levels in the Côte-
Nord region after applying the material PDI adjustment 
(Figures 4 and 5).

We compared the access ratio maps with and without 
the material DPI adjustment to examine the impact of 
material deprivation on access to primary care. Figure 
3 shows that the material DPI adjustment lowers the 
access ratio in Cote-Nord and Bas-Saint-Laurent re-
gions, which are already underserved and deprived. On 
the other hand, the material DPI adjustment has little 
effect on Saguenay and Gaspesie regions, which have 
similar levels of access and deprivation. The social DPI 
adjustment does not change the access ratio signifi-
cantly in any region, as shown in Figure 2. This may be 

Figure 3. The E2SFCA method (E2SFCA-MDPI) adjusted for the material DPI for four regions studied, with access levels 
of underserved, optimal and oversupplied. Note: ( ): Health regions primary care access; ( ): Below recommendation; 
( ): As recommended; ( ): Above recommendation.

https://www.ejmaces.com/
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Figure 4. The E2SFCA method for the Côte-Nord, Bas-Saint-Laurent and Gaspésie regions, with access levels of under-
served, optimal, and oversupplied. Note: ( ): Health regions primary care access; ( ): Below recommendation; ( ): As 
recommended; ( ): Above recommendation.
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Figure 5. The E2SFCA-MDPI method for the Côte-Nord, Bas-Saint-Laurent and Gaspesie regions, with access levels of 
underserved, optimal and oversupplied. Note: ( ): Health regions primary care access; ( ): Below recommendation;  
( ): As recommended; ( ): Above recommendation.

https://www.ejmaces.com/
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In the Gaspesie region, we examined the changes in 
access levels in the Baie-Des-Chaleurs and Haute-Gas-
pesie sections (Figures 6 and 7). 

We found that the material DPI adjustment increased 
the access level in Haute-rive area near Baie-Comeau, 
but decreased it in Forestville and Baie-Bomeau areas. 

Figure 6 (a,b).  The methods are explaining E2SFCA (left) and E2SFCA-MDPI (right) method for the Iles-de-la-Madeleine 
region, with access levels of underserved, optimal and oversupplied. Note: ( ): Health regions primary care access;  
( ): Below recommendation; ( ): As recommended; ( ): Above recommendation.

Figure 7 (a,b). The methods are explaining E2SFCA (left) and E2SFCA-MDPI (right) method for the bas-saint-laurent re-
gion, with access levels of underserved, optimal, and oversupplied. Note: ( ): Health regions primary care access; ( ): 
Below recommendation; ( ): As recommended; ( ): Above recommendation.  
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creased the access level in many suburban areas near 
small towns such as Rivière-du-Loup, Rimouski and 
Matane (Figures 8-10). However, the material DPI ad-
justment decreased the access level in more rural areas 
(Figure 7). This decrease in access level affected some 
small villages and towns near larger towns, such as 
Degeli, Saint-Mathieu-de-Rioux and st. Gabriel. These 
results indicate that material deprivation is a major 
factor in reducing the accessibility of primary care ser-
vices in these regions and that targeted interventions 
are needed to address the disparities in access.

We found that the material PDI adjustment increased 
the access level in the area around Carleton, but de-
creased it in Miguasha, Bonaventure and Paspébiac ar-
eas. The access level remained unchanged in Ste-Anne-
Des-Monts area. We also looked at the changes in access 
levels in the Iles-de-la-madeleine area (Figure 8). We 
found that the material DPI adjustment increased the 
access level in the southern part of the region, mainly 
Cap-aux-Meules and Havre-aux-Maisons area. We ob-
served the most significant changes in access levels in 
the Bas-Saint-Laurent region after applying the mate-
rial DPI adjustment. The material DPI adjustment in-

Figure 8 (a,b). The methods are explaining E2SFCA (left) and E2SFCA-MDPI (right) method for the Rivière-du-Loup 
region, with access levels of underserved, optimal, and oversupplied. Note: ( ): Health regions primary care access; (
): Below recommendation; ( ): As recommended; ( ): Above recommendation. 

Figure 9 (a,b). The methods are explaining E2SFCA (left) and E2SFCA-MDPI (right) method for the Rimouski region, 
with access levels of underserved, optimal, and oversupplied. Note: ( ): Health regions primary care access; ( ): Below 
recommendation; ( ): As recommended; ( ): Above recommendation.

https://www.ejmaces.com/
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Figure 10 (a,b). The methods are explaing E2SFCA (left) and E2SFCA-MDPI (right) method for the Matane region, with 
access levels of underserved, optimal, and oversupplied. Note: ( ): Health regions primary care access; ( ): Below rec-
ommendation; ( ): As recommended; ( ): Above recommendation.

We analyzed the changes in access levels in the three 
largest towns in the Bas-Saint-Laurent region after ap-
plying the material DPI adjustment. We found that the 
material DPI adjustment had different effects on dif-
ferent areas within each town. Figure 8 shows that the 
material DPI adjustment decreased the access level in 
the downtown area of Rivière-du-Loup, but increased 
it in the new development area of St-Antonin. Figure 9 
shows that the material DPI adjustment increased the 
access level in the areas along route 132 and highway 
20 in Rimouski, including Montée des Saules, Bic and 
Saint-Anaclet. However, the material DPI adjustment 
decreased the access level in Montée Sainte-Odile, 
St-Robert and Arthur-Buie areas, as well as near the 
airfield, marina and seaport. Figure 10 shows that the 
material DPI adjustment increased the access level in 
the area near the Saint-Lawrence river and route 132 in 
Matane, including the Bon-Pasteur area. However, the 
material DPI adjustment decreased the access level in 
the downtown area and near the industrial park. These 
results suggest that material deprivation affects the ac-
cessibility of primary care services differently within 
each town, depending on the location and characteris-
tics of each area (Figures 8-10).
We used the material Deprivation Index (DPI) to ad-
just the access ratio of primary care services calculated 
by the Enhanced Two-Step Floating Catchment Area 
(E2SFCA) method. We found that the material DPI ad-
justment had different effects on different regions of 
Quebec. The material DPI adjustment decreased the ac-
cess ratio in Cote-Nord and Bas-Saint-Laurent regions, 
which are already underserved and deprived. The 
material DPI adjustment had little effect on Saguenay 

and Gaspesie regions, which have similar levels of ac-
cess and deprivation. The social DPI adjustment did 
not change the access ratio significantly in any region. 
These results indicate that material deprivation is a 
more important factor than social deprivation in affect-
ing the accessibility of primary care services in these 
regions, and that targeted interventions are needed to 
reduce the disparities in access.
We also analyzed the changes in access levels in the Bas-
Saint-Laurent region after applying the material DPI 
adjustment. We found that the material DPI adjustment 
had different effects on different areas within the re-
gion. The material DPI adjustment increased the access 
level in many suburban areas near small towns such as 
Rivière-du-Loup, Rimouski and Matane. However, the 
material DPI adjustment decreased the access level in 
more rural areas and some small villages and towns 
near larger towns, such as Degeli, st-Mathieu-de-Rioux, 
and st-Gabriel. We further examined the changes in ac-
cess levels in the three largest towns in the Bas-Saint-
Laurent region: Rivière-du-Loup, Rimouski and Ma-
tane. We found that the material DPI adjustment had 
different effects on different areas within each town, 
depending on the location and characteristics of each 
area. Some areas experienced an increase in accessi-
bility while others experienced a decline. These results 
suggest that material deprivation affects the accessi-
bility of primary care services differently within each 
town and area, and that more nuanced interventions 
are needed to address the variations in access [26-35].

Discussion
We estimated the equity in access to primary care ser-
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sibility than the E2SFCA method alone. This method is 
a valuable tool for promoting equity in healthcare and 
improving the health and well-being of our communi-
ties.
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