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Abstract 

Background  Accessibility to community pharmacies is crucial for ensuring timely access to medications and essen‑
tial health services. While accessibility to community pharmacies is critical, disparities driven by temporal and spatial 
factors persist, resulting in inequities in healthcare access. This study aims to comprehensively assess spatiotemporal 
and multimodal accessibility to community pharmacies in Lisbon, highlighting the influence of transport modes 
and time of day on accessibility disparities.

Data and methods  The study employed a methodology that considered five daily time slots and two modes 
of transport—walking and public transport—to evaluate accessibility to community pharmacies. Data was sourced 
from road and pedestrian networks, Google API, and GTFS data. Descriptive statistics and spatial analysis were utilized 
to assess travel time and accessibility disparities across different regions of Lisbon. The analysis focused on both the 
percentage of residents able to access pharmacies within 10 min and the total number of pharmacies accessible.

Results  ndings reveal significant temporal variations in accessibility, with public transport consistently improving 
access compared to walking. Accessibility peaks in the evening (6–7 PM), when 83.3% of residential buildings are 
within a 10-min walking distance of a pharmacy, and 92.7% are reachable by public transport. In contrast, early morn‑
ing hours (4–5 AM) show the lowest accessibility, with only 8.9% of buildings accessible by walking and 16.1% by pub‑
lic transport. During the daytime (8–9 AM), notable disparities emerge across the city: public transport enhances 
access in the southwest, northwest, and central areas, while limited pharmacy opening hours constrain accessibil‑
ity in the north and southeast, where only 108 of 258 pharmacies are operational. Finally, travel time to pharmacy 
services for city residents highlight significant spatial and temporal disparities in pharmacy accessibility, emphasizing 
the role of transport modes and service hours in shaping urban healthcare access.

Conclusions  This study underscores the importance of addressing both temporal and spatial factors to ensure equi‑
table accessibility to community pharmacies. The findings suggest the need for targeted policies to improve public 
transport services during off-peak hours and to extend pharmacy operating hours. Future research should focus 
on comparative studies across different urban contexts and incorporate more granular data to better understand 
accessibility to urban services.
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Background
In the context of public health promotion, access 
to healthcare facilities and services specifically, 
geographical accessibility determined by travel time 
(or distance), is widely recognized in the literature 
as a key social indicator for public health assessment 
[15, 28, 32]. Indeed, physical accessibility has been 
shown to influence the utilization of healthcare 
services, with the distance between one’s residence and 
healthcare facilities being strongly correlated with both 
healthcare usage and disease burden [2, 19]. Among 
the various types of healthcare services, community 
pharmacies play a unique role in delivering healthcare 
to the population due to their strategic geographical 
distribution across both urban and rural areas. They 
also operate with fewer barriers to access compared 
to other healthcare facilities. Unlike hospitals or 
clinics, community pharmacies typically do not require 
appointments, making them an essential and readily 
available resource for immediate healthcare needs. 
Beyond pharmaceutical services (e.g., dispensing 
medications), community pharmacies offer a wide 
array of public health services, such as user counseling, 
infection screening tests, and immunization programs 
[19, 34, 44, 47]. Additionally, they promote wellness 
campaigns and preventive health programs, further 
reinforcing their role in public health.

Despite the extensive body of research on accessibility 
to healthcare facilities—including studies focused 
on pharmacy accessibility—many earlier studies 
predominantly evaluate accessibility based on a single 
transportation mode, such as walking or car travel 
[19, 37, 38, 51]. While recent research has increasingly 
adopted multimodal approaches to assess accessibility 
to urban amenities [6, 24, 43], most healthcare-related 
studies continue to prioritize hospitals and primary care 
centers [8]. Relatively few studies have examined how 
public transport and walking—two key modes of mobility 
for vulnerable populations—impact access to community 
pharmacies. This is primarily due to data limitations on 
pharmacy locations and transportation infrastructure.

Notably, buses and metro systems serve as primary 
modes of transportation in urban areas [29], providing 
practical options for accessing pharmacies in non-
emergency situations. This makes assessing accessibility 
via transit systems particularly relevant. Research on 
public transport accessibility has advanced significantly 
in recent years, leading to the development of 
comprehensive street network datasets that integrate 
pedestrian pathways [49, 54], bus routes [42], rail transit 
systems [16, 53], and bicycle paths [12]. While many 
studies continue to focus on single-mode networks 
[27], relatively few incorporate multiple transportation 

modes—an essential factor in capturing the complexities 
of multimodal mobility in urban environments [8].

Even in contexts where pharmacy locations are 
regulated to ensure equitable spatial distribution, 
accessibility remains influenced by disparities in 
transport availability and individual mobility constraints. 
Multimodal accessibility is particularly relevant as 
it accounts for the diverse ways in which individuals 
navigate urban areas—especially in cases where private 
transport is unavailable or during off-peak hours. This 
perspective is crucial for identifying hidden inequities in 
spatial and temporal access to urban services, ensuring 
that regulatory efforts effectively translate into real-world 
accessibility—particularly for vulnerable populations 
such as the elderly or those with limited mobility [4, 33].

The limited focus on spatiotemporal accessibility in 
pharmacy accessibility research has resulted in gaps in 
understanding how access varies across different times 
of the day, transport modes, and urban contexts. These 
gaps hinder efforts to effectively identify areas where 
pharmacy accessibility is insufficient and to address 
persistent pharmacy inequities [7]. In the literature, 
the term “pharmacy deserts” refers to geographic areas 
where access to community pharmacies is inadequate—
either due to the absence of nearby facilities or restricted 
operational hours that limit timely access to medications 
and services [41]. Addressing these challenges requires a 
nuanced, spatiotemporal analysis to enhance the equity 
of healthcare service provision [11, 37].

This knowledge gap has become even more 
pronounced following the global pandemic, which has 
introduced new challenges to healthcare accessibility. 
Individuals often experience difficulties accessing 
pharmacies due to limited operational hours or personal 
scheduling constraints, which vary throughout the 
day. Research in other domains has emphasized the 
importance of aligning service operating hours with 
public transport availability. For instance, Langford et al. 
[23] examined the relationship between bank opening 
hours and bus timetables, Neutens et al. [36] investigated 
accessibility to supermarkets based on transit schedules, 
and Delafontaine et  al. [10] analyzed the accessibility of 
public service facilities in Belgium in relation to their 
operating hours and available transport modes. These 
studies highlight the significant influence of temporal 
constraints on accessibility across various services.

Despite this growing body of evidence, research on 
community pharmacies remains underdeveloped in the 
context of spatiotemporal accessibility. Additionally, 
there has been little focus on the role of different 
transportation modes—particularly public transit 
systems—which are essential for populations that lack 
access to private vehicles in urban areas [4, 11, 36]. This 
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underscores the need for innovative methodologies 
to identify pharmacy accessibility gaps and evaluate 
multimodal accessibility throughout the day.

Accordingly, the objectives of this study are to: (i) 
Identify areas with significant pharmacy accessibility gaps 
at different times of the day, using two transport modes: 
walking and public transport; (ii) Assess disparities in 
community pharmacy accessibility by analyzing the 
spatial and temporal variations between walking and 
public transport access across Lisbon; and (iii) Evaluate 
how spatiotemporal accessibility to pharmacies impacts 
the number of city residents reached at different times of 
the day, highlighting variations in accessibility between 
daytime and nighttime periods.

For this study, we define a pharmacy gap as an area 
where a significant portion of the population cannot 
access a pharmacy within a 10-min travel time, 
accounting for spatiotemporal variability in operational 
hours and public transport availability. This definition 
integrates both spatial and temporal dimensions, 
reflecting the real-world constraints that residents face in 
accessing pharmacy services.

The main contributions of this study are twofold: 
First, it evaluates multimodal accessibility by 
integrating walking and public transport data. Second, 
it adopts a temporal-geographic approach to assess 
pharmacy accessibility across different times of the 
day, considering both public transport availability 
and pharmacy operational hours. Our study builds on 
previous research by adapting similar methodologies to 
assess spatiotemporal pharmacy accessibility, thereby 
addressing a critical gap in healthcare accessibility 
studies. Furthermore, this study demonstrates the 
added value of incorporating multimodal and temporal 
dimensions into accessibility assessments, compared 
to traditional approaches that often rely on static, 
single-mode, or Euclidean distance-based measures. 
Although we did not directly compare our results with 
these traditional methods, our findings illustrate the 
importance of integrating real-world dynamics—such 
as public transport schedules and pharmacy operating 
hours—into healthcare accessibility assessments. This 
approach provides a more comprehensive understanding 
of accessibility disparities, particularly in the context of 
community pharmacies.

The remainder of this paper is structured as follows: 
Sect.  "Data and methods" describes the study area, data 
sources, and methodology. Sect.  "Results" presents 
the results. Sect.  "Discussion" discusses key findings, 
their implications for policy and practice, and study 
limitations. Finally, Sect.  "Conclusion" concludes with 
a summary of contributions and recommendations for 
future research.

Data and methods
Study area
The study area of this research is Lisbon, the capital of 
Portugal, renowned for its advanced urban development. 
The Lisbon municipality covers approximately 100 km2 
and is divided into 24 parishes (Fig. 1). It exhibits signifi-
cant social diversity and holds relevant national impor-
tance. According to the National Institute of Statistics 
(INE), Lisbon’s resident population has been steadily 
declining since 1981. In 2021 Lisbon had about 545.142 
inhabitants [20], of whom about 23% were 65  years old 
or older, making it one of the Portuguese municipalities 
with highest proportion of elderly residents. These demo-
graphic characteristics make Lisbon an important case 
study for assessing accessibility to essential healthcare 
services, particularly for older populations. Additionally, 
Lisbon’s population is concentrated in its historic resi-
dential districts, with urban expansion along major thor-
oughfares connecting neighboring municipalities.

Lisbon boasts a well-established transportation 
network encompassing diverse modes of travel. It is 
served by a varied transport network including the 
subway, trams, buses and trains. Indeed, the city center 
is connected to the upper and eastern districts, as well as 
some suburbs that are part of the Lisbon metropolitan 
area, by Lisbon’s subway system. This system consists of 
four lines and 50 stations, providing multiple interchange 
stations with other transport modes. Additionally, 
local and commuter bus services operate across the 
municipality, connecting both intra-city locations and 
neighboring municipalities. Two main commuter train 
lines connect the municipality of Lisbon to neighboring 
municipalities within the district. Finally, several ferry 
routes connect Lisbon to the municipalities on the 
southern bank of the Tagus River.As a result, residents 
across different areas rely on various transportation 
options to access healthcare facilities, leading to distinct 
traffic patterns and varying travel times.

Study framework
The study framework includes four main stages: (1) col-
lection and pre-processing of spatial data, (2) overall 
accessibility measurement, (3) accessibility disparity 
measurement, and (4) accessibility analysis for city resi-
dents (Fig. 2). To measure the impact of public transport 
schedules and pharmacy operational hours on accessi-
bility, we considered five time slots throughout the day: 
Morning (8–9 AM), Afternoon (1–2 PM), Evening (6–7 
PM), Late Night (11–12 PM), and Early Morning (4–5 
AM). These time slots were selected to ensure a uniform 
temporal evaluation, capturing variations in accessibil-
ity throughout the day and highlighting the role of public 
transport availability in identifying temporal gaps. The 
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chosen slots align with public transport schedule varia-
tions and Portuguese regulations (Portaria n.º 277/2012), 
which define the standard operating hours for com-
munity pharmacies in Portugal. According to these 
regulations, community pharmacies must operate for a 
minimum of 44 h per week, with the following standard 
hours: Monday to Friday: Open from 10 AM to 1 PM and 
from 3 to 7PM. Saturday: Open from 10AM to 1PM.

This study focuses on walking and public transport 
as the primary modes of accessibility to pharmacies. 
These modes were chosen due to their relevance for the 
general population in Lisbon, particularly for vulnerable 
groups, such as the elderly and individuals without 
access to private vehicles. Private transport was excluded 

from the analysis, as the study aims to assess equitable 
accessibility, which is more closely associated with public 
and non-motorized transportation modes.

Data collection and pre‑processing
For this analysis, a hexagonal grid approach was 
employed to assess pharmacy accessibility across Lisbon. 
Hexagons were chosen as the spatial unit due to their 
spatial efficiency and ability to minimize edge effects, 
which are common in square grid systems [3]. Unlike 
square grids, hexagonal grids ensure uniform distances 
between centroids, allowing for more consistent and 
precise accessibility measurements [31]. The regular 
grid structure of hexagons enhances spatial distribution 

Fig. 1  Study area
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analysis while maintaining computational efficiency. This 
approach has been increasingly adopted in accessibility 
and spatial equity studies due to its ability to capture 
spatial patterns with greater accuracy [25, 26].

To approximate pharmacy demand, this study utilized 
population distribution data at the hexagonal grid level, 
assuming that all residential buildings contribute equally 
to potential pharmacy service demand. A regular hex-
agonal grid was generated with centroids spaced 150  m 
apart, resulting in hexagons of approximately 58,457 m2 
each. The centroid of each hexagon (n = 50,342) was con-
sidered the starting point (origin) for the accessibility 
analysis. However, to focus on populated areas, only hex-
agons containing residential buildings were included in 
the analysis (n = 1,549), excluding non-residential areas 
such as Lisbon Airport, green spaces like Monsanto For-
est Park (a 10 km2 park in the westernmost part of Lis-
bon), and other non-residential zones (Fig. 3).

Hexagon-based measurements are widely recognized 
as effective in walkability studies [26]. The hexagonal 
shape provides a more accurate representation of 
walkable areas than other geometric models [52]. 
Moreover, shorter walking distances are essential for 
ensuring access to healthcare services, particularly for 
elderly populations [35]. Research suggests that distances 
under 200  m are highly walkable, facilitating better 

health outcomes by improving access to medications 
and essential healthcare services [1]. Therefore, a 150-m 
spacing between hexagon centroids was chosen to 
balance spatial resolution and computational efficiency, 
allowing for detailed spatial variability in accessibility 
while keeping computational demands manageable [21]. 
This scale significantly reduces the number of starting 
points while ensuring an accurate estimation of distances 
between residential buildings and the nearest community 
pharmacy. Data on residential buildings was obtained 
from the Lisbon City Council, ensuring accuracy and 
relevance for this study.

In Portugal, community pharmacies serve as the 
primary providers of prescription and over-the-counter 
medications, operating under strict regulations to ensure 
equitable access to pharmaceutical services. While some 
supermarkets include pharmacy outlets, their presence 
is limited, and they were excluded from this analysis 
due to their secondary role in medication provision. The 
spatial distribution of pharmacies in Lisbon is relatively 
widespread, with a total of 258 pharmacies serving the 
municipality (Fig. 3). These pharmacies are concentrated 
in central areas with higher population densities, 
whereas peripheral areas exhibit lower densities. This 
distribution pattern reflects Lisbon’s urban structure, 
with pharmacies primarily located in historic residential 
districts and along major thoroughfares that connect 
neighboring municipalities.

The pharmacy dataset used in this study was obtained 
from the Lisbon City Council and the Google Maps 
Places API, providing detailed georeferenced locations 
and operational hours to ensure high accuracy for spatial 
analysis. While the dataset reflects the most recent 
available information, potential discrepancies due to 
changes in pharmacy operations or public transport 
schedules remain a limitation of this study.

Overall multimodal accessibility
This study employed a travel time threshold-based 
measure of accessibility, evaluating the percentage 
of centroids representing residential buildings that 
could access at least one pharmacy within 10  min. This 
approach was chosen to assess spatiotemporal and 
multimodal variations in pharmacy accessibility.

To calculate both pedestrian and public transport travel 
times, we used ArcGIS Pro software along with Python 
programming toolboxes. The road network dataset was 
sourced from Navteq, and a walking-to-transit transfer 
speed of 4.8  km/h was assumed, following Farber et  al. 
[13]. Specifically, pedestrian travel time was calculated 
based on "Walking Time", using the ArcGIS Pro Online 
network analysis service street network.

Fig. 2  General framework
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The public transport data used in this study was 
sourced from the General Transit Feed Specification 
(GTFS) via the city’s open data portal (https://​dados​
abert​os.​cm-​lisboa.​pt/​datas​et?​res_​format=​GTFS), 
which provides detailed information on scheduled 
public transport services, including routes, stops, and 
timetables. While GTFS is a standardized and reliable 
dataset for accessibility analysis, it reflects scheduled 
rather than actual travel times. As a result, variations 
in service reliability due to delays, traffic congestion, or 

operational issues may affect real-world accessibility, 
particularly during peak hours or in highly congested 
areas.

Because travel time varies significantly throughout 
the day [13] and depends largely on public transport 
frequency and individual departure times [45], we 
calculated public transport travel times using a temporal 
resolution of one minute. To minimize dependency on 
exact departure times, the travel time for public transport 
corresponds to the average travel time within each time 

Fig. 3  Regular grid of hexagons and community pharmacies (n = 258) spatial distribution

https://dadosabertos.cm-lisboa.pt/dataset?res_format=GTFS
https://dadosabertos.cm-lisboa.pt/dataset?res_format=GTFS
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interval considered (computed as 60 calculations per 
hour).

Given the hierarchical role of community pharmacies 
as the most frequently accessed type of healthcare 
service, we established a 10-min travel time threshold 
as the accessibility cutoff. This threshold was defined 
based on the relatively homogeneous distribution of 
community pharmacies across Lisbon and their spatial 
correlation with population distribution [37].

Multimodal accessibility disparity
To evaluate the multimodal disparity in accessibility 
to community pharmacies, either ratio or dissimilarity 
indicators can be used. Given the greater ease of 
interpretation of the accessibility gap [48], this approach 
was chosen, obtained through the following expression:

where ADipq is the accessibility disparity of place i 
between modes p and q, AGipq is the accessibility gap 
of place i, Ap

i  is the accessibility of place i considering 
the travel mode p, and Aq

i  is the accessibility of place 
i considering the travel mode q. Thus, accessibility 
was measured by calculating the number of different 
pharmacy services reachable from the hexagon centroids, 
while disparity was calculated as a gap, which varies 
between -1 and 1, where 0 indicates parity.

City residents’ multimodal accessibility to community 
pharmacies
This analysis evaluates community pharmacy accessibility 
by estimating the actual number of city residents 
impacted by spatiotemporal variations. Unlike the 
overall accessibility assessment, which used residential 
building centroids, this approach focuses on population 
distribution within the study area. It provides insights 
into how accessibility variations affect residents during 
both daytime and nighttime periods.

The analysis integrates demographic data, travel 
times for walking and public transport, and pharmacy 
operational hours. To estimate the spatial distribution of 
city residents, we used census data from INE [20], which 
includes the number of individuals per dwelling, derived 
from census statistical subdivisions (e.g., census blocks), 
and geo-referenced data on residential buildings. The 
total population within each hexagonal grid unit was 
calculated by multiplying the number of individuals per 
dwelling by the number of dwellings in each building. 
To prevent population overestimation due to building 
overlaps, we assigned each building’s total population to 
the hexagonal grid unit containing its centroid. We opted 

(1)ADipq = AGipq =
A
p
i − A

q
i

A
p
i + A

q
i

for the centroid-based assignment method instead of 
area-weighted interpolation to ensure that each building’s 
population was uniquely allocated to a single hexagonal 
grid unit. This approach minimizes the risk of double 
counting when buildings intersect multiple hexagons and 
maintains spatial consistency across the study area.

The methodology detailed in the previous sections 
was then applied to calculate accessibility, incorporating 
travel times for walking and public transport, pharmacy 
operational hours, and population distribution across 
the hexagonal grid. To mitigate potential spatial 
misalignment between census statistical subdivisions 
(e.g., census blocks) and the hexagonal grid, we first 
aggregated population density values at the finest 
available census unit before assigning them to grid cells. 
This step reduced discrepancies caused by differences 
in spatial scales between administrative boundaries and 
hexagonal tessellation.

Results
Overall multimodal accessibility
Table  1 presents data on the percentage of residential 
buildings with access to at least one pharmacy and 
the total number of pharmacies accessible from these 
origins, evaluated for both walking and public transport 
(PT) across different times of the day. The results reveal 
significant variations in accessibility depending on the 
mode of transport and the time of day. Public transport 
consistently provides better accessibility than walking, 
as evidenced by the higher percentage of origins with 
pharmacy access and the greater mean number of 
pharmacies reached.

Accessibility is highest in the evening (6–7 PM), with 
83.3% of residential buildings within a 10-min walking 

Table 1  Accessibility to community pharmacies in Lisbon

Bold values indicate the highest average spatiotemporal accessibility disparity 
observed among the selected time intervals

% of origins 
which can 
access at 
least one 
pharmacy

Total pharmacies 
accessed from origins

Walk PT Walk-PT 
Difference 
(%)

Walk (Mean) PT (Mean)

8–9 AM 54.2 76.3 − 22.1 1.7 5.3

1–2 PM 79.8 90.8 − 11 3.8 9.4

6–7 PM 83.3 92.7 − 9.4 4.0 10.2

11–12 PM 20.5 40.5 − 20 0.3 0.8

4–5 AM 8.9 16.1 − 7.2 0.1 0.3
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distance of a pharmacy and 92.7% when using public 
transport. Conversely, accessibility is lowest in the early 
morning (4–5 AM), with only 8.9% of residential build-
ings accessible by walking and 16.1% by public transport. 
Late-night accessibility (11–12 PM) is also notably lim-
ited compared to other times of the day.

Regarding the total number of pharmacies accessed, 
public transport significantly enhances accessibility, 
particularly in the evening (mean of 10.2 pharmacies) and 
afternoon (mean of 9.4 pharmacies). Walking provides 
access to fewer pharmacies overall, with a maximum 
mean of 4.0 pharmacies observed in the evening. These 
findings underscore the critical role of public transport 
in improving pharmacy accessibility, particularly during 
peak hours.

Figure  4 illustrates pharmacy accessibility at different 
times of the day, highlighting both the distribution and 
the number of community pharmacies accessible within 
specified time slots. The maps reveal disparities in phar-
macy accessibility across Lisbon’s neighborhoods, par-
ticularly in areas with limited public transport coverage. 
A color gradient from red (0 pharmacies) to dark green 
(> 10 pharmacies) visually represents the concentration 
of accessible pharmacies, providing a clear depiction of 
accessibility levels.

Central Lisbon exhibits the highest accessibility 
throughout the day, particularly when using public 
transport. Northern and southern areas of the city 
demonstrate moderate accessibility, which improves 
significantly with public transport but remains 
challenging during late-night (11–12 PM) and early-
morning (4–5 AM) hours. Eastern and western Lisbon 
follow similar patterns, with public transport greatly 
enhancing accessibility.

The evening period (6–7 PM) stands out for 
consistently high accessibility, with large areas in the city 
center and inner-city districts displaying a predominance 
of dark green, indicating access to multiple pharmacies. 
In contrast, late-night and early-morning periods are 
characterized by limited accessibility, with most areas 
appearing in red, indicating minimal or no access to 
pharmacies during these times.

Spatiotemporal accessibility disparity between travel 
modes
Table 2 presents descriptive statistics for spatiotemporal 
accessibility disparity at various times of the day, 
providing a detailed overview of pharmacy accessibility 
disparities. The late-night period (11–12 PM) exhibits 
the highest average and median accessibility scores, 
indicating relatively better overall accessibility to 
pharmacies. However, the high standard deviation 
suggests significant variability, with some areas 

experiencing excellent accessibility, while others face 
substantial limitations. In contrast, the evening period 
(6–7 PM) demonstrates consistent accessibility, as 
evidenced by the lowest standard deviation, reflecting 
a more uniform distribution of pharmacy services. 
Meanwhile, the early morning period (4–5 AM) shows 
the highest variability and a lower median score, 
highlighting pronounced disparities and very limited 
access in certain areas.

Figure 5 illustrates the density of pharmacy accessibil-
ity across Lisbon at various times of the day, using a color 
gradient from green (0–0.20) to red (0.81–1.00) to depict 
the proportion of community pharmacies accessible 
within 10 min by walking or public transport. During the 
daytime period (8–9 AM), notable disparities emerge in 
the southwest, northwest, and central areas, where public 
transportation enables pharmacy access within 10  min. 
However, certain northern and southeastern areas lack 
adequate accessibility due to limited pharmacy operating 
hours, with only 108 out of 258 pharmacies open during 
this time. At night (11–12 PM), accessibility challenges 
are widespread, with a significant portion of Lisbon 
lacking 10-min access to pharmacies by either walk-
ing or public transport. Only 21 pharmacies are acces-
sible via public transport, and eight by walking during 
this period. In contrast, the afternoon period (1–2 PM) 
shows minimal disparities, with most of Lisbon achieving 
10-min accessibility by either mode. However, specific 
areas, such as Monsanto in the southwest and regions in 
the northwest, still experience limited access during this 
time. Additionally, northern border areas consistently 
exhibit limited accessibility to pharmacies across all ana-
lyzed periods.

City residents multimodal accessibility to community 
pharmacies
Table  3 presents descriptive statistics for travel time 
to pharmacy services for city residents, highlighting 
variations in accessibility by walking and public trans-
port within a 10-min threshold across different times 
of the day. The results reveal significant disparities in 
accessibility depending on the time of day and mode of 
transport. The evening period (6–7 PM) demonstrates 
the highest accessibility for walking, with 532,637 
residents (94% of the population) able to reach a phar-
macy within 10  min. Conversely, public transport 
achieves its highest accessibility during the morning 
period (8–9 AM), enabling 556,893 residents (98%) to 
access pharmacies within the same timeframe, ensur-
ing widespread reach during peak hours. In contrast, 
the early morning period (4–5 AM) exhibits the lowest 
accessibility for both modes of transport. Only 73,421 
residents (12%) can access pharmacies within 10  min 
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Fig. 4  Number of community pharmacies accessible within 10 min by Public transport (top), and walking (bottom) throughout the day
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by walking, while 108,097 residents (19%) can do so 
using public transport. These findings highlight the 
significant impact of spatiotemporal factors on phar-
macy accessibility, particularly during off-peak hours, 
when both operational and transit services are limited.

Discussion
Importance of pharmacy accessibility
Community pharmacies serve as a vital resource for 
medications and essential health services, forming a 

cornerstone of public health accessibility worldwide. 
Pharmacists are increasingly recognized as integral 
members of primary healthcare teams, providing services 
that extend beyond medication dispensing. These services 
include medication management, prescription renewals, 
and counseling on health behaviors such as smoking 
cessation and cardiovascular screening [40, 47]. Ensuring 
equitable spatiotemporal accessibility to pharmacy 
services is therefore critical for timely healthcare delivery 
and improved public health outcomes.

This study introduced a comprehensive methodology 
that integrates five daily time slots and two transport 
modes—walking and public transport—to assess tempo-
ral and multimodal accessibility to community pharma-
cies in Lisbon. By leveraging spatial data from road and 
pedestrian networks, Google API, and GTFS datasets, 
the study provides an in-depth understanding of how 
transport modes and time of day influence pharmacy 
accessibility in an urban setting. This approach offers a 
more accurate representation of real-world conditions, 

Table 2  Spatiotemporal accessibility disparity descriptive 
statistics

Bold values indicate the highest average spatiotemporal accessibility disparity 
observed among the selected time intervals

8–9 AM 1–2 PM 6–7 PM 11–12 PM 4–5 AM

Average 0.56 0.44 0.44 0.60 0.48

Median 0.54 0.43 0.44 0.60 0.33

STDEV 0.35 0.30 0.29 0.42 0.47

Fig. 5  Spatiotemporal disparity between travel modes
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where accessibility is shaped by both spatial and temporal 
dynamics.

The findings of this study confirm significant 
discrepancies in pharmacy accessibility based on 
transport mode and time of day, highlighting areas 
with pronounced gaps in provision. These results align 
with previous research, such as Neutens et  al. [36], 
which underscores the critical role of temporal and 
transport-based inequities in healthcare accessibility, 
and Padeiro [37], which identified similar challenges in 
pharmacy accessibility within Lisbon. By corroborating 
these findings, this study reinforces the importance of 
incorporating multimodal and temporal dimensions 
into healthcare accessibility research. This approach is 
essential for addressing existing inequities and promoting 
spatial equity in urban healthcare systems.

Spatiotemporal dynamics and findings
In Lisbon, spatiotemporal accessibility to community 
pharmacies exhibits significant variation throughout the 
day, with higher accessibility observed during daytime 
hours, particularly when traveling by public transport. 
Previous studies have assessed urban dynamics and 
healthcare accessibility using methods such as Euclidean 
distance, kernel density estimation, or the two-step 
floating catchment area (2SFCA) method [17, 22, 23, 
37]. However, these approaches primarily capture 
geographical accessibility and often overlook temporal 
and multimodal dynamics.

Our spatiotemporal multimodal assessment ensures a 
uniform evaluation throughout the day, enhancing our 
understanding of spatial equity in accessing healthcare 
services. This underscores the importance of integrating 
spatiotemporal and multimodal factors in accessibility 
analysis to provide a more realistic assessment of health-
care access in urban areas [50]. Recent studies, such as 

Zhou et al. [54] and Cheng et al. [8], have similarly high-
lighted the need for comprehensive accessibility assess-
ments in various urban contexts.

Our findings demonstrate significant variations in 
spatiotemporal accessibility, with peak accessibility 
occurring during the evening (6–7 PM) and morning 
(8–9 AM), when a majority of Lisbon’s residents can 
access pharmacies within 10  min by walking or public 
transport. However, accessibility declines significantly 
during off-peak periods, particularly in the early morning 
(4–5 AM) and late-night hours (11–12 PM). Peripheral 
areas in the southwest and northwest of Lisbon face the 
most pronounced accessibility challenges, emphasizing 
the need for improved services during these times.

Studies have shown that access to reliable public 
transport is critical for equitable healthcare accessibility. 
For instance, Pereira et al. [39] demonstrated how public 
transport availability enhances healthcare access in 
urban areas of Brazil. Similarly, Bissonnette et al. [4] and 
Delmelle and Casas [11] highlighted the role of public 
transport in addressing healthcare inequities in Canada 
and Miami, respectively, particularly for vulnerable 
populations. These studies underscore that robust 
transport systems are essential for reducing spatial and 
social disparities in healthcare access.

In Lisbon, public transport significantly enhances 
pharmacy accessibility, particularly during peak hours. 
However, the limited availability of public transport 
during off-peak periods leads to substantial gaps in 
accessibility. Addressing these temporal variations is 
crucial to meeting urgent healthcare needs, particularly 
during late-night and early-morning hours. For instance, 
Gulliford and Morgan [18] emphasized the potential 
health implications of accessibility gaps in emergency 
care.

Table 3  Descriptive statistics of travel time to pharmacy services for city residents

Residents—Descriptive statistics

Transport mode Timeframe Min Max Sum (%) Mean Std. Dev

By walking (< 10 min) 8–9 AM 1 4735 380,91 67 627 477

1–2 PM 1 8904 515,71 91 578 539

6–7 PM 1 8904 532,64 94 572 535

11–12 PM 1 8904 146,13 25 632 687

4–5 AM 1 8904 73,42 12 726 949

Public transport (< 10 min) 8–9 AM 1 4735 556,89 98 508 520

1–2 PM 1 4735 522,22 92 537 458

6–7 PM 1 4735 530,87 93 534 456

11–12 PM 1 2166 250,88 44 571 436

4–5 AM 1 2166 108,10 19 632 468
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This study employed a 10-min travel time threshold 
to evaluate accessibility, a measure informed by previ-
ous research and the uniform distribution of community 
pharmacies across Lisbon. While effective for analyzing 
spatiotemporal patterns, a sensitivity analysis of alterna-
tive thresholds (e.g., 5, 15, or 20 min) was not conducted 
and remains a potential avenue for future research. 
Testing varying thresholds could reveal how travel time 
impacts accessibility patterns and whether specific 
thresholds better reflect user needs.

Additionally, our analysis of transport mode disparities 
revealed that public transport substantially increases 
pharmacy accessibility compared to walking. For 
example, during nighttime hours, public transport 
enables 90% of residents to access pharmacies within 
10  min, compared to significantly lower accessibility by 
walking. These findings underscore that disparities are 
not solely geographic but are also shaped by factors such 
as transport availability [33].

Policy implications and recommendations
The detailed analysis of travel times for actual city 
residents highlights significant disparities in accessibility 
based on transport mode and time of day. During 
the evening period (6–7 PM), accessibility is highest, 
with 94% of residents able to reach pharmacies within 
10  min by walking. Public transport further enhances 
accessibility, covering 98% of residents during the 
morning period (8–9 AM). Conversely, accessibility is 
lowest during the early morning (4–5 AM) and late-night 
(11–12 PM) periods for both transport modes.

These findings underscore the need for targeted 
strategies to address temporal gaps and ensure equitable 
access to healthcare services, including extending 
pharmacy operating hours and improving public 
transport services during off-peak times. Extending 
pharmacy operating hours could mitigate accessibility 
challenges during critical off-peak periods. Similarly, 
aligning public transport routes and schedules with 
pharmacy operating hours could bridge accessibility 
gaps and reduce the prevalence of underserved areas. 
Such interventions are particularly relevant for nighttime 
periods, where accessibility challenges are most acute.

The spatial analysis aligns with observations from 
other urban contexts, where central locations tend 
to have better healthcare accessibility compared to 
peripheral zones. To address these inequities, several 
targeted strategies can be implemented: (i) Infrastructure 
Improvements: Enhancing public transport frequency 
and coverage during off-peak hours can significantly 
improve accessibility to pharmacies, particularly for 
vulnerable populations. Policies that extend service 
hours and increase the number of routes in underserved 

areas can help address existing gaps [4],(ii) Strategic 
Facility Placement: Locating new healthcare facilities 
or pharmacies in underserved areas can improve 
accessibility. Urban planning initiatives that strategically 
place services closer to residents can reduce disparities 
in both spatial and temporal accessibility [14],(iii) 
Mobile and Community-Based Interventions: Mobile 
pharmacy units and community health centers can 
provide services in peripheral areas with consistently low 
accessibility. These interventions should be tailored to 
the specific needs of underserved populations, ensuring 
equity in healthcare delivery; (iv) Incentivizing Extended 
Operating Hours: Encouraging pharmacies to extend 
their operating hours, particularly during early morning 
and late-night periods, can ensure better accessibility for 
residents. Incentives, coupled with regulatory support, 
may be necessary to facilitate these changes.

Limitations and future research
While robust, our methodology has several limitations 
that warrant further investigation. First, it focuses solely 
on physical accessibility to community pharmacies, 
overlooking the growing role of information and 
communication technology (ICT)-based solutions, such 
as online pharmacies and medicine delivery services, 
which can bridge accessibility gaps for populations 
with mobility challenges [5]. Future research should 
explore the interplay between physical and digital 
accessibility to offer a more comprehensive perspective 
on healthcare access. Additionally, the use of centroids 
as proxies for residential areas may not fully capture the 
spatial distribution of demand [11, 30]. The exclusion of 
healthcare services in neighboring municipalities and 
private transport as a comparison mode further limits 
the scope of this analysis. Incorporating these elements 
in future studies could enhance the generalizability of 
findings.

While this study integrates population distribution 
data to approximate accessibility, it does not explicitly 
account for demand variations based on demographic 
factors such as age, gender, or employment status. 
These variables are crucial, as older populations may 
exhibit higher demand, and working populations often 
rely on evening or weekend accessibility [9]. Including 
these factors in future research would provide a more 
nuanced understanding of accessibility disparities and 
help inform targeted interventions. Lastly, the use 
of a 10-min travel time threshold, while effective for 
capturing spatiotemporal dynamics, does not account 
for varying user needs [17]. Future studies could explore 
sensitivity analyses with different thresholds or adopt 
FCA-based methodologies to better integrate supply–
demand relationships. Addressing these limitations 
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will contribute to a more thorough understanding and 
effective implementation of healthcare accessibility 
strategies [46].

Conclusion
The analysis of spatiotemporal accessibility disparities 
in Lisbon highlights significant challenges and 
opportunities for improving pharmacy accessibility. 
By combining descriptive statistics and spatial analysis 
with insights from the literature, this study underscores 
the importance of addressing both temporal and spatial 
factors to ensure equitable healthcare access. Targeted 
transport and healthcare policies have the potential to 
enhance accessibility and contribute to better health 
outcomes for all residents.

The findings demonstrate that public transport 
substantially increases pharmacy accessibility compared 
to walking, particularly during daytime hours. A 
significant portion of Lisbon’s population can access 
pharmacies within 10  min, either by walking or using 
public transportation. However, disparities persist, 
especially in the southwest and northwest areas of the 
city, where accessibility is lowest during nighttime hours. 
These gaps are exacerbated by limited public transport 
availability and fewer operational pharmacies during off-
peak times.

The proposed approach provides valuable insights into 
real-world accessibility to medications and pharmacy 
services, offering a more nuanced understanding 
of spatiotemporal dynamics in urban healthcare 
accessibility. This framework not only identifies areas 
where service provision is inadequate but also serves 
as a critical tool for informing public policies aimed 
at promoting spatial equity and improving population 
well-being.

Despite its contributions, this study acknowledges 
limitations and emphasizes the need for further 
research across diverse scales and urban contexts. 
Future studies should prioritize comparative analyses 
of different cities and regions to uncover best practices 
and shared challenges. Enhancing methodologies by 
incorporating more granular data and accounting for 
dynamic urban changes will further refine accessibility 
evaluations. Another limitation is the centroid-based 
method, as it assumes population is evenly distributed 
within buildings, which may not accurately reflect actual 
occupancy patterns. Future studies could integrate 
auxiliary datasets, such as floor area ratios or detailed 
land-use data, to refine population distribution estimates 
within urban grids. Additionally, expanding the focus to 
include private transportation, digital health solutions, 
and demographic-specific needs will offer a more 
comprehensive perspective.

Addressing spatiotemporal accessibility disparities 
to community pharmacies is essential for promoting 
equitable access to essential healthcare services. By 
leveraging these findings to inform policy and practice, 
urban planners and policymakers can work toward 
reducing healthcare inequities, ultimately improving 
public health outcomes and quality of life for all residents.
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