
Le et al. BMC Health Services Research         (2022) 22:1374  
https://doi.org/10.1186/s12913-022-08758-w

RESEARCH

Service quality and accessibility 
of healthcare facilities: digital healthcare 
potential in Ho Chi Minh City
Khanh Hung Le1, Thi Xuan Phuong La2 and Markku Tykkyläinen3* 

Abstract 

Background:  Effective delivery of health services requires adequate quality in healthcare facilities and easy acces-
sibility to health services physically or virtually. The purpose of this study was to reveal how the quality of healthcare 
facilities varies across the different parts of Ho Chi Minh City and how well residents (N = 9 million) can reach health-
care facilities. By demarcating the deficiently served areas of low accessibility, the study shows where urban planning 
and digital healthcare could improve accessibility to health services and the quality of services efficiently.

Methods:  The analysis utilised geocoded information on hospitals, clinics, roads and population and the data of the 
quality scores of healthcare facilities. Quality scores were analysed by hot spot analysis and inverse distance weight-
ing. Accessibility and formation of travel time-based service areas by travel time distances were calculated using road 
network, driving speed and population data.

Results:  The results unveiled a centripetal spatial pattern of healthcare facilities and a similar pattern in their quality. 
Outside the travel time of 30 min for hospitals and 15 min for clinics, the deficiently served areas have a population 
of 1.1 to 1.2 million. Based on the results and the evidence of digital healthcare, this paper highlights how to develop 
and plan spatially effective service provision. Especially, it gives grounds to discuss how cost-effective digital health-
care could be applied to improve the accessibility and quality of health services in an urban structure of extensively 
varying accessibility to health services.

Conclusions:  The results bring up the need and the means for improving the quality of health services and their 
cost-efficient availability by location optimisation, road improvements and implementing digital healthcare provided 
by hospitals and clinics in the city. At the same, this study provides a multidisciplinary approach for planning more 
equal and efficient health service provision geographically.

Keywords:  Quality, Healthcare facilities, Accessibility, Digital healthcare, Telehealth, Remote care, Health services 
planning, Urban planning, GIS, Geospatial
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Background
The quality and accessibility of healthcare facilities play a 
crucial role in preventing and mitigating health problems. 
Health services planning designs health service deliv-
ery and performance, whereas urban planning develops 
urban infrastructure to meet the needs of health service 
providers and residents [1]. From these planning view-
points, this study focuses on the quality and accessibility 
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of healthcare facilities and shows where the deficiently 
served areas are located in Ho Chi Minh City (HCMC), 
the largest city in Vietnam. Thereafter, we explore how 
urban planning and various digital healthcare services 
would be suitable to improve quality and accessibility to 
health services on the big city scale.

Quality in healthcare facilities is usually classified as 
technical and perceived quality categories. The former 
refers to the level of health infrastructure and compli-
ance with the instructions on the professionally defined 
practices and protocols of care according to current 
care guidelines and the later experiences and percep-
tions given usually by patients. World Health Organiza-
tion (WHO) and researchers elsewhere have developed 
numerous indicators to assess the level of infrastructure 
and performance of healthcare facilities [2–4]. These 
principles are also followed in Vietnam where Vietnam-
ese quality assessment scores of hospitals and clinics 
describe the quality of healthcare facilities [5, 6].

Globally, accessibility to health care varies strongly 
geographically by regional structure, affected by trans-
port and population density. Travel time can take many 
hours or even days to reach primary healthcare services 
in the rural areas of less developed countries [7] whereas 
accessibility is substantially better in urban areas [8]. 
Many studies have investigated how to smooth out differ-
ences in accessibility in regions and countries as solving 
locational problems [9, 10]. Less has been discussed the 
spatial potential of digital healthcare as a part of health 
services planning and urban planning to abolish geo-
graphical differences in the accessibility and quality of 
health services cost-efficiently. Achieving a better spatial 
balance may require utilising telehealth and remote care 
with the latest digital healthcare technologies. Our aim is 
to fill this research gap, bringing digital healthcare into 
the part of urban and health services planning practices 
based on the empirical analyses of quality and accessibil-
ity of healthcare facilities in HCMC. This contribution 
expands the contents of planning doctrines also theoreti-
cally by developing geospatial thinking and methods into 
planning.

Aim of the study
The aims of this study, presented as three research ques-
tions, are as follows: How does the quality of healthcare 
facilities vary across the different parts of HCMC, how 
well can residents reach current healthcare facilities, and 
how could remote care using telehealth and related tech-
nologies reduce spatial discrepancies in health care? The 
results of the empirical research are discussed in order 
to improve the accessibility and quality of health services 
paying attention on cost-effectiveness, urban planning, 
digital healthcare and the digital skills of the population.

Research data and methods
In HCMC, healthcare facilities consist of hospitals and 
clinics. They are run by the government and private sec-
tor. Hospitals normally provide secondary and tertiary 
medical services, while clinics supply primary care and 
some basic treatments and first aid. Some clinics provide 
supplementary health services to hospitals.

The actors and stakeholders of HCMC health services 
planning are the government, the provincial level city 
government, private sector developers and subsidised 
social and NGO organisations and they execute the 
health services planning in the city [11]. HCMC Depart-
ment of Planning and Architecture zones land for health-
care purposes and provides advice to solve the locational 
problems of healthcare.

We pay particular attention to how healthcare evolves 
in the expanding city and how services work in its 
periphery. The urban area of HCMC is classified into 
three major areas, named the established urban area, the 
new developing urban area and the suburban area. The 
three urban area classes mentioned above are named as 
outlined in the report of the World Bank [12]. The clas-
sification of the major area types follows the boundaries 
of administrative districts.

The healthcare facilities in the city comprised 134 hos-
pitals and 260 clinics in 2020 and their attribute data 
were retrieved from the Information Portal of the HCMC 
Department of Health [13]. The attribute data covers 
name, address, type of ownership (public or private), type 
of service (general or specialised), scale of care (national, 
provincial or district level) and quality assessment score. 
All these data were converted into ArcGIS 10.6 software 
to use for the analysis stage.

This study applies public databases and GIS data for 
analysing the spatial health service system based on the 
address, road and population data and the quality data 
of healthcare facilities in HCMC. Based on the address 
information, the geographic coordinates of each individ-
ual healthcare facility were retrieved from Google Earth 
to the data set.

Quality of healthcare facilities — hot spot analysis
The quality assessment scores, which describe the capa-
bility of providing services and estimate the quality of 
services, were derived from the quality assessment study 
implemented between June and December in 2019 [14, 
15]. The standard set of quality criteria for hospitals 
were issued by the Vietnam Ministry of Health Portal 
[5] and the respective criteria for clinics by the HCMC 
Department of Health [6]. The quality scores of medical 
examination and treatment by facility are presented on 
a scale of one to five points and the results are available 
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to citizens to know and choose when they need to use 
health services.

To unveil both high- and low-quality areas of health-
care facilities spatially in the city, the Getis-Ord G∗

i  local 
statistic (z-score) was applied [16]. The value is given by 
the Eq. (1):

where xj is the quality score by healthcare facility in loca-
tion j;
wi, jis the distance between locations i and j;
n is the total number of locations;

The resultant z-scores and p-values with their coordi-
nates indicate where the facilities of the high values and 
low values of quality are located in the city. This indica-
tor works by showing the quality of a healthcare facility 
in the relationship with its neighbouring ones.

Having a statistically significant high z-score, the site 
is considered as a significant hot spot, indicating a high-
quality healthcare facility. By contrast, a low negative 
z-score and a significant p-value indicate a significant 
cold spot, representing a poor level of quality. The higher 
or lower the z-score is, the larger is the deviation of hot 
spots and cold spots from the average. A z-score near 
zero indicates moderate quality of healthcare facilities. 
The inverse distance weighting (IDW) surface over the 
city was generated to show the smoothed geospatial vari-
ation of the quality of healthcare facilities across the city.

Accessibility — service area analysis
The development of geocoded road and address data-
bases, advanced population statistics and access to health 
records made possible to estimate healthcare acces-
sibility using advanced GIS methods. There are two 
major ways to investigate healthcare accessibility; from 
the point view of the location of demand or combining 
demand with the supply of health services [17]. The for-
mer approach measures distance to the closest healthcare 
facility. The latter approach gives a broader view of the 
healthcare market by additionally including the regional 
availability of physicians [18] and it has also applied to 
improvement of a healthcare system [19].

This study finds out how residents reach current 
healthcare facilities and which areas should be targeted 
by virtual services to improve the provision of health 
services. Thus, we measure physical accessibility and, in 
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addition to that, we consider the provision of telehealth 
and digital healthcare as recommended alternatives for 
areas of poor physical accessibility.

We estimated the travel distances of patients to the 
closest healthcare facility based on road data using Arc-
GIS Network Analyst. As the average speed of traffic was 
known, the temporal accessibility of a healthcare facility 
within given time limits was calculated. The service area 
of each healthcare facility was determined based on three 
maximum travel time durations by both hospitals and 
clinics. The layers of travel times by road were intersected 
with the HCMC administration layer at the smallest sub-
division level consisting of 322 communes. The resulting 
intersected layers were used to work out how many resi-
dents live in the separate service area of each healthcare 
facility by means of the population density values of com-
munes. After that, the total populations of the service 
areas based on three designated maximum travel times 
were summarised to the commune and district levels. In 
doing so, this study used the following preceding layers 
for data processing: (1) HCMC road network as polylines, 
(2) HCMC subdivisions as polygons, and (3) hospital and 
clinic locations as points.

The road and traffic data of HCMC is not detailed 
enough for a very accurate analysis, such as including 
speed limits and road conditions. Therefore, it is assumed 
that the driving time to and from healthcare facilities 
complies with the average driving speed in the city. There 
is no universally recommended travel time limit for the 
maximum travel time of patients to a healthcare facil-
ity [20]. It is supposed that the maximum one-way driv-
ing time in each service area is 30 min for hospitals and 
15 min for clinics. Clinics provide a narrower range of 
services than hospitals. Thus, the customer selects the 
health service between two types of service according to 
need. Motorbikes are the most frequent vehicles in eve-
ryday traffic in HCMC [21]. The average trip length by 
motorbike is 8.17 km and by car 10 km and the average 
speed is about 20 km/h for both vehicle modes in HCMC 
[21]. At that speed, 10 km is driven within 30 min. Three 
different travel time limits were set for both hospitals and 
clinics in the service area analysis: 10, 20 and 30 min for 
hospitals and 5, 10 and 15 min for clinics. The travel time 
zones define concentric service areas and their area and 
population coverages for hospitals and clinics.

Results
Spatial distribution patterns of healthcare facilities
In HCMC, 394 healthcare facilities performed medical 
examinations and treatment in 92 general hospitals, 42 
specialised hospitals and 260 clinics (Fig. 1). The health-
care facilities are divided administratively into three hier-
archical levels: national, provincial and district. Eight 
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healthcare facilities are managed and operated at the 
national level, 41 at the provincial level and 345 at the 
district level.

Sixty-eight percent of healthcare facilities are located in 
the established urban area (Fig. 2). Hospitals make up the 
largest share (38%) of healthcare facilities there whereas 
clinics have the largest share (77%) in the new develop-
ing urban area. Although clinics have the larger shares of 
the healthcare facilities both in the new developing urban 
area and the suburban area than in the established urban 
area, each clinic in the new developing area must serve 
almost the double number of patients and in the subur-
ban area almost the triple number of patients compared 
with a clinic the established urban area. So far, there has 
been no tendency to relocate hospitals or clinics from 
the densely populated established urban area to the new 
developing urban area or the suburban area.

The established urban area, Districts 1, 3, 4, 5, 6, 8, 10, 
11, Binh Thanh, Phu Nhuan, Go Vap, Tan Binh and Tan 
Phu (Fig.  3), had 15,188 residents per healthcare facil-
ity in 2020. The ratio indicates high supply, which also 
reflects the concentration of health services and espe-
cially national level specialised care in the established 
urban area. District 1 and a part of District 3 constitute 
the CBD area of the city and hospitals are concentrated 
on the high-density population circle, named as zone A 

[22]. Zone A includes the established urban area except 
Districts 6 and 8.

The new developing urban area consists of Districts 2, 
7, 9, 12, Thu Duc and Binh Tan, and it had 33,729 resi-
dents per healthcare facility whereas the suburban area, 
comprising Hoc Mon, Cu Chi, Nha Be, Binh Chanh 
and Can Gio, had 50,978 residents per healthcare facil-
ity. Thus, the new developing urban area has attracted 
healthcare facilities much better than the suburban area. 
As the population density is high and streets are con-
gested in the inner city, it is expected that, as the city 
expands in the new developing urban areas, new health-
care facilities will be set up there, attracted by rising 
demand.

Hot and cold spots of quality of healthcare facilities
Hospitals and clinics have separate quality criteria. In 
2019, HCMC had 330 healthcare facilities undergoing 
quality assessment. Hospitals were assessed for their ser-
vice quality according to five main criteria: (i) patient-
centred service (19 criteria, such as directing, welcoming, 
guiding and giving first aid to patients, the conditions of 
facilities to serve patients), (ii) human resource devel-
opment and management (14 criteria), (iii) professional 
competence and skills (35 criteria), (iv) quality improve-
ment activities (11 criteria), and (v) particular criteria for 
specialisation (four criteria).

Fig. 1  Healthcare facilities by the type of service in HCMC in 2020

Fig. 2  Distribution of hospitals and clinics by area type in HCMC in 2020
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Clinics were assessed according to 23 criteria, includ-
ing factors such as human resources, medical equipment, 
examination and treatment processes, IT applications, 
incidents and their analysis system, services for patients, 
price transparency, infection control and prevention 
measures, and medical waste management. The rating 
scale of both hospitals and clinics is divided into five lev-
els, with scores from 1 to 5 for each criterion. A score of 
less than 2 means that the service quality of a healthcare 
facility is very poor, from 2 to less than 2.5 poor, from 2.5 
to less than 3 moderately good, from 3 to less than 4 good 
and from 4 to 5 very good (Fig. 4).

The majority of healthcare facilities reached at least a 
moderately good level and 43% of facilities were rated at 
least as good or very good (Fig. 4). Healthcare facilities at 
the very good level accounted for 10%. All hospitals man-
aged at the national level requirements were rated as very 
good. Only 12% of healthcare facilities were rated as very 
poor in quality; they were mainly clinics.

Hot spot analysis reveals where the quality of a health-
care facility is statistically significantly high or low at the 
90, 95 and 99% confidence intervals. The darker the col-
our of a dot, the tighter the criterion (Fig. 5A). Red dots 
on the map as hot spots unveil where the best healthcare 
facilities are located, whereas blue dots as cold spots 
unveil where the poorest healthcare facilities are located 
and where improvements in quality are necessary. 
Grey dots indicate that the quality of healthcare facil-
ity is ranked moderate. The quality of medical examina-
tion and treatment varies from poor to good in the grey 
healthcare facilities.

The significant hot spots of high quality are located in 
the established urban area, as in District 1, District 5, 
District 10 and Phu Nhuan District, at the confidence 
intervals of 90% and over. In this group of districts, most 
of the hot spots represent national-level hospitals, such 
as University Medical Center, Cho Ray Hospital, and pro-
vincial-level hospitals, such as The People’s 115 Hospital, 

Fig. 3  Distribution of hospitals and clinics in HCMC in 2020

Fig. 4  Results of quality assessment of healthcare facilities in 2019



Page 6 of 13Le et al. BMC Health Services Research         (2022) 22:1374 

People’s Gia Dinh Hospital, Hung Vuong Hospital, Binh 
Dan Hospital and National Institute of Medicine and 
Pharmacy. These hospitals are upper-level and estab-
lished large-scale public general hospitals. They are well-
equipped and offer high-quality special medical care. The 
only hot spot district-level general hospital is Thu Duc 
District Hospital in the northeast. Both Tu Du District 
Hospital and national-level Children’s Hospital No.1 have 
a good reputation for paediatric and reproductive health 
services [23, 24]. Both belong to the hot spot group of 
hospitals.

Some hot spots are in the recently constructed high-
end residential areas, such as Vinmec International Hos-
pital in Vinhome Central Park in Binh Thanh District in 
the established urban area and Tam Duc Heart Hospi-
tal in Phu My Hung in District 7 in the new developing 
urban area. High-quality clinics appear in District 7, such 
as the General Clinic of Branch No.1 of Phuc An Hospital 
System Corporation and the General Clinic of Tam Duc 
Heart Hospital. Their locational choices indicate that 
high-quality private healthcare facilities tend to follow 
emerging service demand in the new developing urban 
area. Usually, healthcare facility construction is boosted 
by tax incentives. These facilities comprise social infra-
structure to supply professional health services to meet 

the demand for high health standards in middle-class 
neighbourhoods. In contrast, cold spots indicate low 
quality healthcare facilities located in District 9, District 
12 and Binh Tan District in the new developing urban 
area. Cold spots exist also in Binh Chanh District and Cu 
Chi District in the suburban area (Fig.  5A). Healthcare 
facilities need attention in these districts.

The IDW interpolation surface of quality scores was 
estimated the spatial reach of the quality of healthcare 
facilities. Its influence areas are shown by the seven 
classes of the quality score values (Fig. 5B). Residents in 
the established urban area have a very good chance of 
getting health services at the moderately good, good or 
very good levels. Healthcare operators have extended 
the service provision of high quality in the recently con-
structed large high-end residential areas. Nevertheless, 
many healthcare facilities provide services at the very 
poor or poor level in some parts of both the new devel-
oping urban area and the suburban area, as depicted in 
blue areas in the fringe areas of outer districts (Fig. 5B). 
However, in north-western HCMC, Cu Chi General Area 
Hospital had a good level of quality; it operates where the 
density of facilities is low and clinics got relatively low 
scores. In Can Gio in the south, the quality is moderately 
good. The IDW surface concretises the fact that most 

Fig. 5  Hot and cold spots of the quality of healthcare facilities and the spatial reach of quality in 2019. A on the left: Hot and cold spots of quality. B 
on the right: IDW quality surface



Page 7 of 13Le et al. BMC Health Services Research         (2022) 22:1374 	

high-quality hospitals are located in the central and most 
populous areas, which creates potential to provide high-
quality services with high population coverage, while the 
new developing urban and suburban areas have district 
level hospitals and general clinics on a smaller scale, sup-
plying health services to a geographically vast area; these 
are often lower quality facilities.

Travel time‑based service areas of healthcare facilities
Accessibility was estimated separately for hospitals and 
clinics to unveil well-served and deficiently served areas. 
Three travel time zones were set for both hospitals and 
clinics to create service areas based on travel times at 
the average speed of 20 km/h. The inner and smallest 
zone constitutes the maximum of 10 min travel time to a 
hospital and 5 min to a clinic. The middle zone means a 
travel time from above 10 min to 20 min to a hospital and 
from above 5 min to 10 min a clinic, and the outer zone 
represents travel times from above 20 min to 30 min to a 
hospital and from above 10 min to 15 min to a clinic. The 
spatial pattern of accessibility manifests itself the circular 
surfaces of travel time zones around each facility and the 
service areas of both hospitals and clinics are made up of 
these travel time accessibility zones (Fig. 6).

The travel time-based service areas of hospitals within 
the time limits of 10 min covered all residents in District 
4 (Table 1, Fig. 6A). In the entire established urban area, 
10-min travel time areas accounted for 88% of the popu-
lation and 94% of the land. Hospital density and road and 
alley networks are high in this area which makes urban 
residents’ travels to healthcare facilities easy.

In the new developing urban area, within the 10-min 
service radius of hospitals, the service areas covered 49% 
of the population and a half of the land, whereas in the 
suburban area, the coverage was just over 16% and one 
eighth, respectively (Table  1). Within the service radius 
of 20 min, the service areas of hospitals were widened to 
cover 82% of the population of the new developing urban 
area, but to less than a half of the population of the sub-
urban area (Table 1).

The maximum travel time of 30 min increased the cov-
ered population to nearly 86% in the new developing 
urban area. Hence, only about every tenth person does 
not reach a hospital within 30 min. In the suburban area, 
within the 30-min service radius of hospitals, the share of 
included people was 65% (Table 1).

Residents who were outside the 30-min service areas of 
hospitals total up to 1,131,261 in the city. Of those out-
siders, 3% resided in the established urban area, 36% in 

Fig. 6  Travel time-based service areas of hospitals and clinics in 2020. A on the left: hospitals, B on the right: clinics
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the new developing urban area and 61% in the suburban 
area. The 30-min service areas of 134 hospitals cover 
1099 km2, which comprises 52% of the HCMC munici-
pal area. However, 7,861,821 residents, representing over 
87% of the population, reached a hospital within 30 min.

Two sub-district areas have fallen behind in the new 
developing urban area; some residential areas in Dis-
trict 9 and District 2 have a poor accessibility to a hospi-
tal. This is caused by the blocking impact of Ring Road 2 
from Phu My Bridge to Sai Gon High-Tech Park and the 
CT.01 expressway from Long Thanh towards Dau Giay. 
The construction of the ring road and the expressway was 
intended to improve traffic circulation and the transport 
of commodities through the city. However, this traffic 
arrangement pulled down functional areas and increased 
distances locally and hence travel times to health facili-
ties. The consequent increase in travel times rolls back 
accessibility to hospitals in Districts 9 and 2 (Table  1). 
A reconciliation of transport and urban planning and 
health services planning would have been better.

Clinics are composed of smaller time-based service 
areas than hospitals (Fig. 6B). They are numerous in the 
established urban area, where the service areas of clin-
ics were large enough for covering 96% of the population 
within the maximum of 5 min travel time to a clinic. Cov-
erage increased to 100% within the longest travel time 
boundary of 15 min (Table 1).

In the new developing urban area, 74% of the popula-
tion reached the nearest clinic within 5 min, 86% of the 
population within 10 min and 90% of the population 
within 15 min (Table 1). In the suburban area, a clinic was 
reached within 5 min by 31% of the population, within 
10 min by 46% of the population and within 15 min by 
56% of the population (Table  1). Suburban residents 
reach clinics best in local agglomerations where settle-
ment is predominantly concentrated.

The total service area of 260 clinics covers 708.2 km2, 
which comprises 34% of the HCMC municipal area. Clin-
ics were reached within 15 min by 7,821,818 people in the 
city, equating to nearly 87% of the city population. Thus, 
the great majority of residents can reach a clinic within 
a quarter of an hour. Because service areas are formed 
using the shorter maximum travel time to clinics than to 
hospitals, it leads to the smaller total service area of clin-
ics than the total service area of hospitals, but the num-
ber of people potentially served is about the same as in 
the service areas of hospitals. The number of clinics is 
almost twice of that of hospitals and the higher density of 
clinics makes possible to a large population to reach the 
nearest clinic within very short travel times.

Clinics are spatially concentrated in the most urban-
ised core area (Fig.  3). In addition to a high demand 
due to high population density, a reason for the spatial 

concentration is that some clinics operate by providing 
intermediate and supporting functions such as offering 
diagnostic, therapeutic and outpatient services for hos-
pitals and patients who have no serious health problems 
and do not require a bed or to be admitted for overnight 
care. Many such clinics are privately owned and market-
oriented, as are many of their customer hospitals. Clinics 
located in the suburban area supply mostly primary care 
and some basic treatments and first aid. Both clinics and 
hospitals share similar characteristics in their spatial dis-
tribution and accessibility for the benefit of central areas.

Discussion
Interpretation of results
A few limitations need to be considered in interpreting 
the results. Public transportation is based on buses and 
is limited in HCMC. Hence, bus transports cannot have 
significant impact on travel time estimates. The average 
speed observed in the city was used because the GIS road 
data of the city was not detailed enough to depict differ-
ences in road quality and speed. Therefore, these calcula-
tions give a rough estimate of accessibility to healthcare 
facilities. If observed speeds by each road would have 
been available, they would probably have extended some 
service areas in the new developing and suburban areas. 
Because the address data of residents was not available, 
the population density data of 322 communes, whose 
median size is 1.1 km2, were used to determine the loca-
tion of residents. Very likely, this estimation of distances 
is reliable enough at the level we interpreted the results.

Broadband accessibility describes the performance 
of telecommunication which is an important factor in 
providing digital healthcare successfully [25]. We had 
no such data available on HCMC. Similarly, there were 
no age and employment data of the population at the 
small-area or grid level. That data would help health-
care research and planning and urban planning as they 
allow spatial socio-economic conditions to be included in 
accessibility analysis.

Since hospitals and the high quality of facilities are con-
centrated in the established urban area, a part of patients 
must travel farther than their nearest hospital or clinic 
to treat special health problems. Demand for special 
health care increases visits to healthcare facilities located 
mostly in the established urban area, but so far there is 
no suitable data to estimate the use of special health care 
services.

Both the quality and accessibility of healthcare facili-
ties are in HCMC at their best in the established urban 
area, as is usual in megacities [8, 26]. Especially in the 
new developing urban area, healthcare facilities have 
been constructed along with real estate investments that 
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mitigate shortages in supply for health services. Remote 
locations mean low market with sporadic demand, lead-
ing to poor quality and poor accessibility. The alleviation 
of this drawback calls for attention, measures and new 
solutions.

Travel times to healthcare facilities are short for the 
great majority of residents in HCMC. Short travel times 
are similar to obtained in Shenzhen [8], which is a rap-
idly growing megacity of about the same areal size, but 
slightly more populous. One reason for rapid accessibility 
is that self-driving by motorbike or car are the most pop-
ular modes of transport in HCMC. They are faster trans-
port modes than sparse public transportation. Gu et  al. 
[27] obtained similar results in Shanghai, where Zhang 
et  al. [28] found that public transport-based accessibil-
ity is dependent on routes, leading to a varying pattern 
of accessibility. Similar findings have been obtained from 
Kaifeng [29].

The spatial organisation of both hospitals and clinics 
are structured centripetally in HCMC. The centripetal 
spatial pattern of health services is typical in urban areas 
[30]. It is caused by the distribution of the population; 
where the population is dense and solvent, the density of 
hospitals and clinics is high, as expected. Similarly, those 
factors are reasons for establishing hospitals and clinics 
in the new developing urban area. It improves accessibil-
ity, as HCMC is a more compact city than highly subur-
banised automobile-oriented cities [31]. The demand for 
supplementary services increases the clustering of clinics 
to near hospitals. Clustering makes possible high special-
isation and creates supporting health services via clinics. 
Moreover, clinics supply primary care especially outside 
the established urban area where hospitals are sparse.

Prospects and recommendations — planning, digital 
health and digital skills
Although most residents can readily reach a health ser-
vice facility, still about 13% of the city’s population cannot 
reach any hospital within 30 min or a clinic within 15 min 
at the average speed of traffic. Accessibility is poorest 
in the suburban area, where more than one third of the 
residents live beyond the maximum travel time limits of 
30 min and 15 min. Road improvements would shorten 
travel times, but the impacts would be small. In future 
planning, district level hospitals and primary care clinics 
should be located more optimally because their accessi-
bility plays an important role for residents. Supplemental 
planning can be effective. As an example, Reshadat et al. 
[9] applied optimisation in the GIS-based planning of 
new supplementary healthcare facilities in order to pro-
vide better healthcare coverage for the population of Ker-
manshah. Urban research and planning are hence of use 
in health services planning. Planning is very sector-based 

in Vietnam [12, 32]. We recommend strengthening the 
interplay between urban planning, health service plan-
ning, housing policy and research.

Telehealth provides an alternative to traditional in-
person consultations. Such health services are valued as 
highly accessible, time-saving and contributing to eco-
logical sustainability [33]. The COVID-19 pandemic 
multiplied the utilisation of telehealth consultations in 
Southern Ontario [34] and Brazil [35] showing that a 
rapid adoption of telehealth is possible. The diffusion 
of telehealth is dependent on digital skills and access to 
mobile and information technologies and communica-
tions networks. In Vietnam, there were 143 mobile cel-
lular subscriptions per 100 people in 2020 [36] and 70% 
of the population used the Internet in 2020 [37]. Espe-
cially the density of mobile phones is high. A register-
based study of the population of Stockholm found that 
the probability of telehealth consultation increased with 
younger age, higher education attainment and higher 
income [38]. According to a study of 403 adults in 
Mozambique, customers are willing to use telehealth in 
cases of mild illness, cheaper price and follow-up con-
sultation [39]. Thus, the propensity to use telehealth 
services is dependent on the age, digital skills, incomes, 
affordability, disease and phases of care. Vietnam is tech-
nologically progressive and has a young population, but 
the impact of local socio-economic circumstances on the 
assimilation of telehealth services should also be consid-
ered in urban health services planning.

Campanella et al. [40] observed that digital healthcare 
not only partially lead to a higher level of customer sat-
isfaction, but also to better organisational performance 
of public health companies. Such technology can also 
enhance care protocols and decrease the number of visits 
to healthcare facilities, as the part of visits can be replaced 
by self-monitoring and remote follow-up care [41] and 
using algorithms to select drugs that require fewer fol-
low-up visits to laboratories from fringe areas [42, 43]. In 
pre- and postoperative telemedicine consultations ser-
vices given by Korean physicians to Vietnamese patients, 
a robot-based system for telemedicine decreased in-per-
son contact, travel and cost [44]. At its simplest, consul-
tation and disease surveillance can be improved through 
teleconferencing and basic mobile technology [45–47]. 
Health applications in smartphones are seen as useful 
among youth and young adults in Vietnam [48]. Accord-
ing to the same study, 66.3% of respondents downloaded 
the mHealth applications for disease prevention. Hence, 
we recommend telehealth applications for acute and 
curative condition among youth and young adults who 
embrace them quickly. In the light of these experiences, 
telemedical services would improve the availability of 
health services in HCMC. It is expensive to reallocate 
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the spatial distribution of healthcare facilities, so quick 
and efficient ways must be tailored to improve access to 
health services of adequate quality where necessary.

Digital healthcare development can be summarized as 
a planning framework that combines supply and demand. 
Both perspectives are needed to develop successful digi-
tal healthcare services. On the supply side, central fac-
tors are the quality and readiness of digital healthcare 
delivery, the rules of authorities, the state of urban infra-
structure and planning, broadband accessibility and the 
decisions of stakeholders. On the demand side, central 
factors are patients’ willingness to use digital healthcare, 
their digital abilities and socio-economic factors, accessi-
bility in various forms, and communication possibilities.

Conclusions
Our findings show that the quality of healthcare facili-
ties and accessibility deteriorate significantly with dis-
tance from the urban core. In addition to traditional 
measures of investments in roads and transport systems, 
time-based accessibility and the spatially uneven quality 
of health services can be improved by location optimisa-
tion and developing digital healthcare of uniform quality. 
As accessibility and quality in health care vary, there are 
reasonable grounds to develop digital healthcare with no 
delay in HCMC. Hospitals and clinics would be recom-
mended to start to provide digital healthcare services for 
which they have very good readiness. Such developing 
healthcare facilities would also serve examples to others. 
The spatial development of digital health care should be 
monitored and guided by using quality assessment stud-
ies and to pay attention how especially the treatment by 
digital healthcare impacts in the deficiently served areas 
and individuals in general.

In line with the results and evidence from other stud-
ies, we recommend that health services planning pro-
motes the deployment of digital healthcare, such as 
telehealth, self-monitoring, remote follow-up and health 
applications to improve the availability, quality and cost-
effectiveness of health services in the city and in particu-
lar in the conditions of a thin healthcare market when 
sporadic demand for health services prevails. Moreover, 
the deployment of digital healthcare tools would bring 
health benefits by reducing the need for travel. The meth-
odological contribution of this study is the linking of 
digital healthcare solutions to both urban planning and 
health services planning and showing how to determine 
the digital healthcare potential of deficiently served areas 
in a big city. Our approach provides procedures to assess 
and design a more equal virtual and physical healthcare 
system.

Abbreviations
GIS: Geographic Information Systems; HCMC: Ho Chi Minh City; IDW: Inverse 
Distance Weighting; WHO: World Health Organisation.

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to study design and literature search. KHL and TXP 
designed data analyses and MT the discussion part of the study. KHL and TXP 
were responsible for the acquisition of local data. KHL and TXP performed the 
empirical analyses and drafted the results. MT wrote the discussion part and 
finalised the manuscript. All authors contributed to the critical revision of the 
manuscript and approved the final manuscript.

Funding
The language check was paid for by IMPRO-WP4 project funded by the 
Strategic Research Council of the Academy of Finland (Decision 336326) at the 
University of Eastern Finland. The Department of Geographical and Historical 
Studies of the UEF took over the APC bill.

Availability of data and materials
All data is based on public databases referenced in the text and reference list. 
Quality material available: http://​www.​medin​et.​hochi​minhc​ity.​gov.​vn/​benh-​
vien/​ket-​qua-​danh-​gia-​chat-​luong-​benh-​vien-​thuoc-​nganh-y-​te-​tphcm-​nam-​
2019-​cmobi​le163​08-​22365.​aspx and http://​medin​et.​hochi​minhc​ity.​gov.​vn/​
quan-​ly-​chat-​luong-​kham-​chua-​benh/​ket-​qua-​danh-​gia-​chat-​luong-​phong-​
kham-​da-​khoa-​tren-​dia-​ban-​thanh-​pho-​nam-​2019-​c8-​21632.​aspx

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

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

Author details
1 Faculty of Urban Studies (FUS), University of Social Sciences and Humani-
ties, Vietnam National University Ho Chi Minh City (VNU-HCM), Room A309, 
10 ‑ 12 Dinh Tien Hoang Street, Ben Nghe Ward, District 1, Ho Chi Minh City, 
Vietnam. 2 HCMC Institute for Development Studies, 28 Le Quy Don Street, Vo 
Thi Sau Ward, District 3, Ho Chi Minh City, Vietnam. 3 Department of Geo-
graphical and Historical Studies, University of Eastern Finland, P.O. Box 111, 
FI‑80101 Joensuu, Finland. 

Received: 14 August 2022   Accepted: 31 October 2022

References
	1.	 Kochtitzky CS, Frumkin H, Rodriguez R, Dannenberg AL, Rayman J, Rose 

K, et al. Urban planning and public Health at CDC. MMWR Suppl. 2006;55 
SUP 02:34–8.

	2.	 World Health Organization (WHO). Service availability and readiness 
assessment (SARA). Version 2.2. 2015. https://​apps.​who.​int/​iris/​handle/​
10665/​149025. Accessed 30 Apr 2022.

	3.	 Scholz S, Ngoli B, Flessa S. Rapid assessment of infrastructure of primary 
Health care facilities – a relevant instrument for Health care systems 
management. BMC Health Serv Res. 2015;15:183. https://​doi.​org/​10.​1186/​
s12913-​015-​0838-8.

	4.	 Oyekale A. Assessment of primary Health care Facilities’s service readiness 
in Nigeria. BMC Health Serv Res. 2017;17:172. https://​doi.​org/​10.​1186/​
s12913-​017-​2112-8.

	5.	 Vietnam Ministry of Health Portal. Bộ tiêu chí chất lượng bệnh viện Việt 
Nam, phiên bản 2.0 [Hospital Quality Criteria in Vietnam, version 2.0]. 

http://www.medinet.hochiminhcity.gov.vn/benh-vien/ket-qua-danh-gia-chat-luong-benh-vien-thuoc-nganh-y-te-tphcm-nam-2019-cmobile16308-22365.aspx
http://www.medinet.hochiminhcity.gov.vn/benh-vien/ket-qua-danh-gia-chat-luong-benh-vien-thuoc-nganh-y-te-tphcm-nam-2019-cmobile16308-22365.aspx
http://www.medinet.hochiminhcity.gov.vn/benh-vien/ket-qua-danh-gia-chat-luong-benh-vien-thuoc-nganh-y-te-tphcm-nam-2019-cmobile16308-22365.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
https://apps.who.int/iris/handle/10665/149025
https://apps.who.int/iris/handle/10665/149025
https://doi.org/10.1186/s12913-015-0838-8
https://doi.org/10.1186/s12913-015-0838-8
https://doi.org/10.1186/s12913-017-2112-8
https://doi.org/10.1186/s12913-017-2112-8


Page 12 of 13Le et al. BMC Health Services Research         (2022) 22:1374 

2016. Available from Cổng thông tin điện tử Bộ Y Tế (MOH), Bản quyền 
thuộc Bộ Y Tế, Số 138A Giảng Võ - Ba Đình - Hà Nội.

	6.	 HCMC Health Information Portal. Quality Criteria Applicable to General 
Clinics in HCMC, version 3.0. Ho Chi Minch City: Department of Health 
of HCMC; 2019. http://​file.​medin​et.​gov.​vn//​Data/​soyte​hcm//​soyte​hcm/​
Attac​hments/​2019_4/​22/​tieu_​chi_​chat_​luong_​pkdk_​30_​22420​1911.​pdf.

	7.	 Blanford J, Kumar S, Luo W, MacEachren AM. It’s a long, long walk: acces-
sibility to hospitals, maternity and integrated Health centers in Niger. Int J 
Health Geogr. 2012;11:24. https://​doi.​org/​10.​1186/​1476-​072X-​11-​24.

	8.	 Zhu L, Zhong S, Tu W, Zheng J, He S, Bao J, et al. Assessing spatial acces-
sibility to medical resources at the community level in Shenzhen, China. 
Int J Environ Res Public Health. 2019;16(2):242. https://​doi.​org/​10.​3390/​
ijerp​h1602​0242.

	9.	 Reshadat S, Saeidi S, Zangeneh A. Using a geographic Information system 
to identify the number and location of new Health Centres needed in 
the City of Kermanshah, Islamic Republic of Iran. East Mediterr Health J. 
2020;26:8. https://​doi.​org/​10.​26719/​emhj.​20.​022.

	10.	 Bakimchandra O, Oinam J, Kajal RK. A geospatial approach to assess 
Health coverage and scaling-up of healthcare facilities. Curr Sci. 
2020;118(5):728–36. https://​doi.​org/​10.​18520/​cs/​v118/​i5/​728-​736.

	11.	 Huynh TD. The transformation of Ho Chi Minh City: issues in managing 
growth. Diss: Harvard University, Graduate School of Design; 2012.

	12.	 Cira D, Dastur A, Jewell H, Kilroy A, Lozano N, Phan T, Wang H. Vietnam 
Urbanization Review Technical Assistance Report World Bank; 2011. 
https://​openk​nowle​dge.​world​bank.​org/​handle/​10986/​2826.

	13.	 HCMC Health Information Portal 2020. Available from www.​medin​et.​
hochi​minhc​ity.​gov.​vn, Cổng Thông Tin Điện Tử Ngành Y Tế Thành Phố 
Hồ Chí Minh, 59 Nguyễn Thị Minh Khai, Quận 1, Thành phố Hồ Chí Minh.

	14.	 HCMC Health Information Portal. Kết quả đánh giá chất lượng bệnh viện 
thuộc Ngành Y tế TP.HCM năm 2019 [Results of Quality Assessment of 
Hospitals in HCMC in 2019]. http://​www.​medin​et.​hochi​minhc​ity.​gov.​vn/​
benh-​vien/​ket-​qua-​danh-​gia-​chat-​luong-​benh-​vien-​thuoc-​nganh-y-​te-​
tphcm-​nam-​2019-​cmobi​le163​08-​22365.​aspx. Accessed 20 Dec 2019.

	15.	 HCMC Health Information Portal. Kết quả đánh giá chất lượng Phòng 
khám đa khoa trên địa bàn TP.HCM năm 2019 [Results of Quality Assess-
ment of General Clinics in HCMC in 2019]. http://​medin​et.​hochi​minhc​
ity.​gov.​vn/​quan-​ly-​chat-​luong-​kham-​chua-​benh/​ket-​qua-​danh-​gia-​chat-​
luong-​phong-​kham-​da-​khoa-​tren-​dia-​ban-​thanh-​pho-​nam-​2019-​c8-​
21632.​aspx. .

	16.	 Environmental Systems Research Institute (Esri). How Hot Spot Analysis 
(Getis-Ord Gi*) works. https://​pro.​arcgis.​com/​en/​pro-​app/2.​8/​tool-​refer​
ence/​spati​al-​stati​stics/h-​how-​hot-​spot-​analy​sis-​getis-​ord-​gi-​spati​al-​stati.​
htm. Accessed 2022-03-06.

	17.	 Wang F. Measurement, optimization, and impact of health care accessibil-
ity: a methodological review. Ann Assoc Am Geogr. 2012;102(5):1104–12. 
https://​doi.​org/​10.​1080/​00045​608.​2012.​657146.

	18.	 Luo W, Wang F. Measures of spatial accessibility to health care in a GIS 
environment: synthesis and a case study in the Chicago region. Environ 
Plann B Plann Des. 2003;30:865–84. https://​doi.​org/​10.​1068/​b29120.

	19.	 Luo J, Tian L, Luo L, Yi H, Wang F. Two-step optimization for spatial acces-
sibility improvement: a case study of health care planning in rural China. 
Biomed Res Int. 2017;2094654:12. https://​doi.​org/​10.​1155/​2017/​20946​54.

	20.	 dos Anjos LA, Cabral P. Geographic accessibility to primary healthcare 
centers in Mozambique. Int Equity Health. 2016;15(1):1–13. https://​doi.​
org/​10.​1186/​s12889-​018-​5641-0.

	21.	 Nguyen TCV. Proposals for pilot implementation of adjusting registra-
tion tax and annual circulation Licence fees for individual motor 
vehicles. Ho Chi Minch City: Mimeo; 2020. Obtained from Ho Chi Minh 
City Institute for Development Studies.

	22.	 Le TH, Nguyen TPC. Using urban morphology for flood risk in residential 
areas in Ho Chi Minh City. STDJ. 2016;19(2):146–53 ISSN 1859-0128.

	23.	 Vo TM, Tran QT, Le CV, Do TT, Le TM. Depression and associated factors 
among infertile women at Tu Du Hospital, Vietnam: a cross-sectional 
study. Int J Womens Health. 2019;11:343.

	24.	 HCMC Health Information Portal. Hai bệnh viện chuyên khoa Sản dẫn 
đầu về điểm chất lượng bệnh viện năm 2020 [Two Specialized Hospitals 
in Obstetrics and Gynecology lead in Hospital Quality Scores in 2020]. 
http://​www.​medin​et.​hochi​minhc​ity.​gov.​vn/​quan-​ly-​chat-​luong-​kham-​
chua-​benh/​hai-​benh-​vien-​chuyen-​khoa-​san-​dan-​dau-​ve-​diem-​chat-​
luong-​benh-​vien-​nam-​2020-​c8-​38799.​aspx. Accessed 5 Feb 2021.

	25.	 Alford-Teaster J, Wang F, Tosteson ANA, Onega T. Incorporating broad-
band durability in measuring geographic access to health care in the 
era of telehealth: a case example of the 2-step virtual catchment area 
(2SVCA). Method J Am Med Inform Assoc. 2021;11:2526–30. https://​doi.​
org/​10.​1093/​jamia/​ocab1​49.

	26.	 Zhao P, Li S, Liu D. Unequable spatial accessibility to hospitals in develop-
ing megacities: new evidence from Beijing. Health Place. 2020;65:102406. 
https://​doi.​org/​10.​1016/j.​healt​hplace.​2020.​102406.

	27.	 Gu X, Zhang L, Tao S, Xie B. Spatial accessibility to healthcare Services in 
Metropolitan Suburbs: the case of Qingpu, Shanghai. Int J Environ Res 
Public Health. 2019;6(2):225. https://​doi.​org/​10.​3390/​ijerp​16020​225.

	28.	 Zhang Y, Li W, Deng H, Li Y. Evaluation of public transport-based acces-
sibility to Health facilities considering spatial heterogeneity. J Adv Transp. 
2020;7645153:1–10. https://​doi.​org/​10.​1155/​2020/​76451​53.

	29.	 Zheng Z, Xia H, Ambinakudige S, Qin Y, Li Y, Xie Z, et al. Spatial acces-
sibility to hospitals based on web mapping API: an empirical study 
in Kaifeng, China. Sustainability. 2019;11(4):1160. https://​doi.​org/​10.​
3390/​su110​41160.

	30.	 Shah TI, Bell S, Wilson K. Spatial accessibility to Health care services: identi-
fying under-serviced Neighbourhoods in Canadian urban areas. PLoS One. 
2016;11(12):e0168208. https://​doi.​org/​10.​1371/​journ​al.​pone.​01682​08.

	31.	 Allen J, Farber S. Suburbanization of transport poverty. Ann Assoc Am 
Geogr. 2020;111(6):1833–50. https://​doi.​org/​10.​1080/​24694​452.​2020.​
18599​81.z.

	32.	 Mirzoev T, Poudel AN, Gissing S, Doan TTD, Ferdous T, Regmi S, et al. Is 
evidence-informed urban Health planning a myth or reality? Lessons 
from a qualitative assessment in three Asian cities. Health Policy Plan. 
2019;34(10):773–83. https://​doi.​org/​10.​1080/​02813​432.​2021.​19139​04.

	33.	 Gabrielsson-Järhult F, Kjellström S, Josefsson KA. Telemedicine consulta-
tions with physicians in Swedish primary care: a mixed methods study 
of users’ experiences and care patterns. Scand J Prim Health Care. 
2021;39(2):204–13. https://​doi.​org/​10.​1080/​02813​432.​2021.​19139​04.

	34.	 Mohammed HT, Hyseni L, Bui V, Gerritsen B, Fuller K, Sung J, et al. 
Exploring the use and challenges of implementing virtual visits dur-
ing Covid-19 in primary care and lessons for sustained use. PLoS One. 
2021;16(6):e0253665. https://​doi.​org/​10.​1371/​journ​al.​pone.​02536​65.

	35.	 Montelongo A, Becker JL, Roman R, de Oliveira EB, Umpierre RN, Gon-
çalves MR, et al. The Management of Covid-19 cases through telemedi-
cine in Brazil. PLoS One. 2021;16(7):e0254339. https://​doi.​org/​10.​1371/​
journ​al.​pone.​02543​39.

	36.	 World Bank. Mobile Cellular Subscriptions (per 100 people). https://​data.​
world​bank.​org/​indic​ator/​IT.​CEL.​SETS.​P2 . Accessed 10 Nov 2021.

	37.	 World Bank. Individuals Using the Internet (% of the population). https://​
data.​world​bank.​org/​indic​ator/​IT.​NET.​USER.​ZS?​most_​recent_​value_​desc=​
true. Accessed 10 Nov 2021.

	38.	 Dahlgren C, Dackehag M, Wändell P, Rehnberg C. Determinants for use of 
direct-to-consumer telemedicine consultations in primary healthcare - a 
registry based Total population study from Stockholm, Sweden. BMC Fam 
Pract. 2021;22(1):1–10. https://​doi.​org/​10.​1186/​s12875-​021-​01481-1.

	39.	 Cruz GV, Dlamini PS. People’s willingness and determinants to use 
selected teleconsultation public Health Services in Mozambique. 
BMC Public Health. 2021;21(1):1–12. https://​doi.​org/​10.​1186/​
s12889-​021-​10709-9.

	40.	 Campanella F, Serino L, Mustilli M, Crisci A, D’Ambra A. The evaluation of 
performance of the European public e-Health services sector by general-
ized estimating equations. Socio Econ Plan Sci. 2021;73:100813. https://​
doi.​org/​10.​1016/j.​seps.​2020.​100813.

	41.	 Leminen A, Tykkyläinen M, Laatikainen T. Self-monitoring induced savings 
on type 2 diabetes patients’ travel and healthcare costs. Int J Med Inform. 
2018;115:120–7. https://​doi.​org/​10.​1016/j.​ijmed​inf.​2018.​04.​012.

	42.	 Leminen A, Pyykönen M, Tynkkynen J, Tykkyläinen M, Laatikainen T. 
Modeling patients’ time, travel, and monitoring costs in anticoagulation 
management: societal savings achievable with the shift from warfarin to 
direct Oral anticoagulants. BMC Health Serv Res. 2019;19(1):1–13. https://​
doi.​org/​10.​1186/​s12913-​019-​4711-z.

	43.	 Pyykönen M, Leminen A, Tynkkynen J, Tykkyläinen M, Laatikainen T. A 
geospatial model to determine the spatial cost-efficiency of anticoagula-
tion drug therapy: patients’ perspective. Geospat Health. 2019;14(2):265–
74. https://​doi.​org/​10.​4081/​gh.​2019.​809.

http://file.medinet.gov.vn//Data/soytehcm//soytehcm/Attachments/2019_4/22/tieu_chi_chat_luong_pkdk_30_224201911.pdf
http://file.medinet.gov.vn//Data/soytehcm//soytehcm/Attachments/2019_4/22/tieu_chi_chat_luong_pkdk_30_224201911.pdf
https://doi.org/10.1186/1476-072X-11-24
https://doi.org/10.3390/ijerph16020242
https://doi.org/10.3390/ijerph16020242
https://doi.org/10.26719/emhj.20.022
https://doi.org/10.18520/cs/v118/i5/728-736
https://openknowledge.worldbank.org/handle/10986/2826
http://www.medinet.hochiminhcity.gov.vn
http://www.medinet.hochiminhcity.gov.vn
http://www.medinet.hochiminhcity.gov.vn/benh-vien/ket-qua-danh-gia-chat-luong-benh-vien-thuoc-nganh-y-te-tphcm-nam-2019-cmobile16308-22365.aspx
http://www.medinet.hochiminhcity.gov.vn/benh-vien/ket-qua-danh-gia-chat-luong-benh-vien-thuoc-nganh-y-te-tphcm-nam-2019-cmobile16308-22365.aspx
http://www.medinet.hochiminhcity.gov.vn/benh-vien/ket-qua-danh-gia-chat-luong-benh-vien-thuoc-nganh-y-te-tphcm-nam-2019-cmobile16308-22365.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
http://medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/ket-qua-danh-gia-chat-luong-phong-kham-da-khoa-tren-dia-ban-thanh-pho-nam-2019-c8-21632.aspx
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-statistics/h-how-hot-spot-analysis-getis-ord-gi-spatial-stati.htm
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-statistics/h-how-hot-spot-analysis-getis-ord-gi-spatial-stati.htm
https://pro.arcgis.com/en/pro-app/2.8/tool-reference/spatial-statistics/h-how-hot-spot-analysis-getis-ord-gi-spatial-stati.htm
https://doi.org/10.1080/00045608.2012.657146
https://doi.org/10.1068/b29120
https://doi.org/10.1155/2017/2094654
https://doi.org/10.1186/s12889-018-5641-0
https://doi.org/10.1186/s12889-018-5641-0
http://www.medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/hai-benh-vien-chuyen-khoa-san-dan-dau-ve-diem-chat-luong-benh-vien-nam-2020-c8-38799.aspx
http://www.medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/hai-benh-vien-chuyen-khoa-san-dan-dau-ve-diem-chat-luong-benh-vien-nam-2020-c8-38799.aspx
http://www.medinet.hochiminhcity.gov.vn/quan-ly-chat-luong-kham-chua-benh/hai-benh-vien-chuyen-khoa-san-dan-dau-ve-diem-chat-luong-benh-vien-nam-2020-c8-38799.aspx
https://doi.org/10.1093/jamia/ocab149
https://doi.org/10.1093/jamia/ocab149
https://doi.org/10.1016/j.healthplace.2020.102406
https://doi.org/10.3390/ijerp16020225
https://doi.org/10.1155/2020/7645153
https://doi.org/10.3390/su11041160
https://doi.org/10.3390/su11041160
https://doi.org/10.1371/journal.pone.0168208
https://doi.org/10.1080/24694452.2020.1859981.z
https://doi.org/10.1080/24694452.2020.1859981.z
https://doi.org/10.1080/02813432.2021.1913904
https://doi.org/10.1080/02813432.2021.1913904
https://doi.org/10.1371/journal.pone.0253665
https://doi.org/10.1371/journal.pone.0254339
https://doi.org/10.1371/journal.pone.0254339
https://data.worldbank.org/indicator/IT.CEL.SETS.P2
https://data.worldbank.org/indicator/IT.CEL.SETS.P2
https://data.worldbank.org/indicator/IT.NET.USER.ZS?most_recent_value_desc=true
https://data.worldbank.org/indicator/IT.NET.USER.ZS?most_recent_value_desc=true
https://data.worldbank.org/indicator/IT.NET.USER.ZS?most_recent_value_desc=true
https://doi.org/10.1186/s12875-021-01481-1
https://doi.org/10.1186/s12889-021-10709-9
https://doi.org/10.1186/s12889-021-10709-9
https://doi.org/10.1016/j.seps.2020.100813
https://doi.org/10.1016/j.seps.2020.100813
https://doi.org/10.1016/j.ijmedinf.2018.04.012
https://doi.org/10.1186/s12913-019-4711-z
https://doi.org/10.1186/s12913-019-4711-z
https://doi.org/10.4081/gh.2019.809


Page 13 of 13Le et al. BMC Health Services Research         (2022) 22:1374 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	44.	 Jang SM, Lee K, Hong Y-J, Kim J, Kim S. Economic evaluation of 
robot-based telemedicine consultation services. Telemed J E Health. 
2020;26(9):1134–40. https://​doi.​org/​10.​1089/​tmj.​2019.​0211.

	45.	 Shore JH, Brooks E, Savin D, Orton H, Grigsby J, Manson SM. Accept-
ability of Telepsychiatry in American Indians. Telemed J E Health. 
2008;14(5):461–6. https://​doi.​org/​10.​1089/​tmj.​2007.​0077.

	46.	 Blasco A, Carmona M, Fernández-Lozano I, Salvador CH, Pascual M, 
Sagredo PG, et al. Evaluation of a telemedicine Service for the Second-
ary Prevention of coronary artery disease. J Cardiopulm Rehabil Prev. 
2012;32(1):25–31.

	47.	 Katona LB, Rosen JM, Nguyen CV, Nguyen KC, Dang TL, Vu DT, et al. A 
new paradigm for disease surveillance in Vietnam. Telemed J E Health. 
2014;20(5):493–5. https://​doi.​org/​10.​1089/​tmj.​2013.​02500.

	48.	 Do TTT, Le MD, Van Nguyen T, Tran BX, Le HT, Nguyen HD, et al. Receptive-
ness and preferences of Health-related smartphone applications among 
Vietnamese youth and young adults. BMC Public Health. 2018;18(1):1–8. 
https://​doi.​org/​10.​1186/​s12889-​018-​5641-0.

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

https://doi.org/10.1089/tmj.2019.0211
https://doi.org/10.1089/tmj.2007.0077
https://doi.org/10.1089/tmj.2013.02500
https://doi.org/10.1186/s12889-018-5641-0

	Service quality and accessibility of healthcare facilities: digital healthcare potential in Ho Chi Minh City
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Aim of the study
	Research data and methods
	Quality of healthcare facilities — hot spot analysis
	Accessibility — service area analysis

	Results
	Spatial distribution patterns of healthcare facilities
	Hot and cold spots of quality of healthcare facilities
	Travel time-based service areas of healthcare facilities

	Discussion
	Interpretation of results
	Prospects and recommendations — planning, digital health and digital skills

	Conclusions
	Acknowledgements
	References


