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Abstract To describe a general overview of health
services delivery in Mexico and geospatially
analyze the current distribution and accessibility
of Primary Health Care (PHC) facilities to con-
tribute to new approaches to improve healthcare
planning in Mexico. We performed a spatial anal-
ysis of official data to analyze current distances
from health facilities to population, to determine
the underserved areas of health services delivery
in three selected states using a ranking of indica-
tors. We estimated service area coverage of PHC
facilities with road networks of three Mexican
states (Chiapas, Guerrero, and Oaxaca). Our es-
timations provide an overview of spatial access to
healthcare of the Mexican population in Mexico’s
three most impoverished states. We did not consid-
er social security nor private providers. Geospatial
access to health facilities is critical to achieving
PHC and adequate coverage. Countries like Mex-
ico must measure this to identify underserved ar-
eas with a lack of geospatial access to healthcare
to solve it. This type of analysis provides critical
information to help decision-makers decide where
to build new health facilities to increase effective
geospatial access to care and to achieve Universal
Health Coverage.

Key words Mexico, Geographic Information Sys-
tems, Primary Healthcare, Spatial Analysis, Net-
work analysis

Resumo Descrever uma visio geral da prestagio
de servigos de satide no México e analisar geoespa-
cialmente a atual distribuicio e acessibilidade das
unidades de APS para contribuir com novas abor-
dagens para melhorar o planejamento da saiide
no Meéxico. Realizamos uma andlise espacial de
dados oficiais para analisar as distancias atuais
das unidades de satide a populagdo, para determi-
nar as dreas descobertas de prestagdo de servigos
de satide em 3 estados selecionados usando uma
classificacio de indicadores. Estimamos a cober-
tura da drea de servigo das unidades de APS com
redes vidrias de 3 estados do México (Chiapas,
Guerrero e Oaxaca). Nossas estimativas forne-
cem uma visdo geral do acesso espacial a satide da
populagio mexicana nos trés estados mais pobres
do México. Nao consideramos seguridade social
nem prestadores privados. O acesso geoespacial ds
unidades de saiide é fundamental para alcancar
a cobertura universal de satide e uma cobertura
eficaz. Paises, como o México, devem medir isso
para identificar dreas nio merecidas com falta de
acesso geoespacial a satide para resolvé-lo. Os go-
vernos devem gerar politicas e mecanismos para
distribuir efetivamente novas instalagoes de satide
para aumentar o acesso geoespacial efetivo a sati-
de, bem como para evitar instalagdes de satide néo
planejadas.

Palavras-chave Mé¢xico, Sistemas de Informagao
Geogrdfica, Atengdo Primdria a Savide, Andlise es-
pacial, Andlise de rede
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Introduction

Strengthening primary health care (PHC) de-
livery is critical for the improvement of popu-
lation health and health-system performance'?.
Travel-time (distances), ease of access to primary
care services and services availability at the first
level of care are major factors that influence the
timely utilization of health services allowing for a
reduction of the economic burden of transporta-
tion’®. In 2018, the Astana Declaration renewed
the global leaders’ commitment to strength PHC,
and currently many countries recognize the key
role of PHC on delivering affordable and com-
prehensive care with greater population cover-
age, producing better and more equitable health
outcomes’®.

The distribution of population in Mexico
shows striking contrasts, with densely populat-
ed cities and regions along with sparsely popu-
lated areas spread out over vast territories. This
situation represents a major challenge for health
authorities, especially for the suitable distribu-
tion of PHC facilities to achieve Universal Health
Coverage (UHC). Over the last years, the Mexi-
can Ministry of Health has focused on improving
healthcare delivery, including financing, health
information systems and resource allocation.
However, since there are no standardized direc-
tions on how to allocate infrastructure, human
resources or medical equipment, the allocation
decisions are carried out using different criteria
such as local authorities’ requests, the demand of
health services in all health units in the state, or
the population’s growth; this is especially so for
PHC facilities. In this article we provide a gener-
al overview of health services delivery in Mexico
and a geospatial analysis of the current distribu-
tion of and accessibility to PHC facilities as an
innovative approach to improve healthcare deliv-
ery planning in Mexico.

Primary Healthcare Delivery in Mexico

The Mexican Healthcare System is highly
segmented and composed by several providers
with little coordination among them due to le-
gal restrictions’. The population is divided in
two groups, the “insured” and the “uninsured”'.
Affiliation to social security institutions is only
available to formal or state workers; in Mexico
more than 50% of people has an informal em-
ployment". Each health provider has its own
mechanism for planning new healthcare facili-
ties. The inefficient and unintegrated informa-

tion systems between providers result in duplic-
ities on targeted population and services, as well
as a lack of suitable spatial distances and services
availability based on people health needs'>.

The official information systems show a great
number of health care facilities for most of the
healthcare providers, concentrated in prima-
ry care facilities (Table 1). Military forces were
excluded due to unavailability of disaggregated
data.

Providers’ organization of primary care ser-
vices differ between them. While the Mexican
Institute of Social Security (IMSS) carries out pri-
mary care (only for middle-income insured pop-
ulation) with family doctors (specialists) trained
by the institution and offered in primary level
units nestled in communities relatively close to
their homes, the Ministry of Health (MoH) facil-
ities mainly provide PHC using young doctors
(recently trained without a completed degree)
as a one-year social service in less developed
communities (for uninsured low-income pop-
ulation), changing doctors each year without
continuity of care, caused by a lack of investment
in human resources in those facilities, building
endless and undesirable inequality barriers to
people’s adequate access.

The responsiveness of the current care mod-
el and the random and unintegrated distribution
of facilities between healthcare providers in the
states have produced an ineffective healthcare
system with poor health outcomes for the popu-
lation. Currently, Mexico ranks first in thirty-day
mortality after hospital admission due to acute
myocardial infarction (AMI) based on unlinked
data® and third in Thirty-day mortality after hos-
pital admission due to hemorrhagic stroke based
on unlinked data during the period 2009-2015
among OECD Countries. Both diseases take on
particular relevance (in terms of this analysis) be-
cause the time between people’s location and fa-
cilities is critical to patient survival. Considering
that there is no cost-effective method to increase
the number of hospital-based hemodynamic
units, the pharmacological management of AMI
in PHC facilities provides timely reperfusion to
ischemic stroke and myocardial infarction'".

The role of GIS for planning infrastructure

Geographic information systems (GIS) are
information technologies (IT) enabling the ac-
quisition, representation, storage, and process-
ing of geographically referenced data. They play

increasingly important roles in many fields'.



Table 1. Distribution of Hospitals and PHC Units per provider and annual growth of PHC Units 1950-2019.

Distribution of Hospitals and PHC Units per provider and annual growth of PHC Units 1950-2019

Annual growth of PHC units

Health . PHC
provider Hospitals units 1950- 1961- 1971- 1981- 2001- 2011- DNA
1960 1970 1980 2000 2010 2019

MoH 819 13,921 276 859 1,861 2,390 3,347 1,643 3,078
Private services 3,356 7,316 1 10 25 61 2,121 5,058 50
IMSS-Bienestar 80 4,143 0 5 1,481 1,320 255 335 160
IMSS 273 1,160 0 7 30 17 52 33 1,098
ISSSTE 113 1,035 5 74 124 382 197 13 16
Local services 50 245 - - - - - - -
PEMEX 23 40 - - - - - 3 37
Other 29 245 - - - - - - -
Total 4,714 27,860 282 955 3,521 4,170 5,972 7,085 4,439

Footnotes: We excluded 200 PHC units and 83 hospitals from military forces due to unavailable accurate disaggregated data. MoH:
Ministry of Health; IMSS Bienestar: They are units which offer health services to the uninsured, mostly rural and indigenous
population; IMSS: Mexican Institute of Social Security; ISSSTE: Institute of Social Security and Services for State Workers; Local
services: Thirty-two decentralized public institutes without no relationship between them. They provide health services to insured
people in each state. PEMEX: Mexican Petroleum Health Services; Other: Here we included Red Cross units, university-managed
units, and other non-profit state-managed institutions. NAD: Data not available.

Source: CLUES Catalogue and Dynamic Cubes, Mexican Ministry of Health.

GIS effectively link and analyze data that ad-
dress complex issues in health promotion, public
health, community medicine and epidemiology,
and in a range of other fields".

Together with spatial analysis techniques,
they can strengthen the identification of health
services requirements for maternal care due to
increasing fertility rate within limited influence
areas', measurements of current distances, and
coverage of health services in urban and regions
with low road accessibility to design alternative
healthcare options and redesign the public trans-
portation routes and schedules'*?, analysis of as-
sociations between heart diseases outcomes and
access to health care services to develop strate-
gies to improve results®>*?, diagnosis of health
services availability, spatial coverage of Primary
Health Care units, and approaches to contribute
to coping with COVID-19* *

Geographic variation in the population, and
population need for health care, provides the
foundation for analysis and planning of health
services. Therefore, GIS is increasingly used to
explore geographical variation in the need for
health services and to develop innovative indica-
tors of health care needs*. As digital health in-
formation becomes more available, health needs
data will be incorporated in GIS-based decision
support tools that allow decision-makers to ex-
amine health care needs, access, and availability
issues.

Access to healthcare describes people’s abil-
ity to use health services when and where they
are needed. It is an essential issue as many pop-
ulations face substantial barriers to access. GIS
creates better geographical access measures and
analyzes geographical inequalities in access and
social and economic patterns*.

Methods

As a first step, we collected the following official
data (from governmental information systems):

Statistical Data

1) The 2020 National Catalogue of Health
Facilities (CLUES) from the Mexican Minis-
try of Health®, which integrates data from the
healthcare facilities like name, address, number
of health facilities (PHC units and hospitals),
geographic coordinates, and their unique iden-
tification key called CLUES. This catalog mainly
includes public healthcare facilities, as private fa-
cilities are not a legally required for their medical
units’ operations. CLUES is a compulsory ID for
all the Mexican healthcare facilities.

2) The National Catalogue of Health Re-
sources of the Ministry of Health of Mexico®, to
corroborate data included in CLUES catalogue
(name, address, and amount of health facili-
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ties). This catalogue and CLUES catalogue in-
dependently works to collect and provide health
facilities data.

3) The 2015 National Intercensal Survey from
the National Institute of Statistics and Geogra-
phy (INEGI)¥, which collects the sociodemo-
graphic information at the national level, with a
five-periodicity.

4) The 2018 Results of Multidimension-
al Measurement of Poverty”® from the National
Council for the Evaluation of Social Develop-
ment Policy (CONEVAL).

Geospatial Data

1) The INEGI 2019 National Geostatistical
Framework®, which integrates geospatial infor-
mation of the division of the national territory
at different disaggregation levels (basic geostatis-
tical areas or AGEB, urban and rural locations,
municipalities, and states) to refer geographically
the statistical information of the censuses and
surveys.

2) The INEGI 2019 National Road Net-
work®®!, which integrates geospatial information
on national communication routes, including,
among its data, the road type and speed allowed.

Selection of the study area

We conducted a comprehensive analysis of
the 32 states from statistical data sources to rank
state-level data for selecting a study area. The
variables included in the ranking were: land area
(Km?), total population, indigenous population,
poverty range+, insured population (by social
security institutions), health services users, num-
ber of PHC units, and hospitals.

Land area

According to INEGI, Mexico has an area
of 1,961,485 km?, divided into 32 states. Five
states account for more than 40% of total land
area; Chihuahua (247,455 km?, 13.1%), Sonora
(179,355 km?, 9.5%), Coahuila (151,562 km?,
8.0%), Durango (123,317 km?, 6.5%), and Oaxa-
ca (93,757 km?, 5.0%)*%.

Total and indigenous population

According to INEGI, in Mexico, 21.5%
(25,694,928) of the total population identifies as
indigenous. Indigenous peoples are overwhelm-
ingly poor compared to the rest of the popu-

lation. The states with the highest proportion
of indigenous people are Oaxaca (32.2%), Yu-
catdn (28.9%), Chiapas (27.9%), Quintana Roo
(16.6%), and Guerrero (15.3%)*"%.

Poverty range

CONEVAL categorizes people in multidi-
mensional poverty and extreme multidimen-
sional poverty. People in multidimensional pov-
erty do not exercise at least one of their rights for
social development, and their income is insuffi-
cient to acquire the goods and services that they
require to satisfy their needs. People in extreme
multidimensional poverty are those whose in-
come is below the extreme poverty line, and they
have a significant number of social deprivations
per the definition of the threshold of extreme
deprivation. In Mexico, the states with the high-
est share of people in multidimensional poverty
and extreme multidimensional poverty are Chi-
apas (76.4% and 29.7%), Guerrero (66.5% and
26.8%), and Oaxaca (66.4% and 23.3%)%.

Healthcare Services

While health delivery in Mexico is compli-
cated and depends on several factors, including
financing barriers and the lack of collaboration
between health providers, we analyze health
delivery in terms of spatial access to healthcare
units. We used PHC units of the Ministry of
Health (which attends people with or without
social security and usually does not require pay-
ment). We decided to exclude social security in-
stitutions because we do not have their disaggre-
gated data to perform an in-depth analysis.

We decided to analyze the states with the
highest proportion of users of health services of
the Ministry of Health: Chiapas (82.1%; 1,030
PHC units and 49 hospitals), Oaxaca (78.3%;
911 PHC units and 39 hospitals), and Guerrero
(77.3%; 1,009 PHC units and 43 hospitals)>%.

Geospatial healthcare access analysis

The “Service Areas” of the healthcare units
were set at 30 minutes, 60 minutes, and 120 min-
utes for each selected state. This analysis was car-
ried out using the “Network Analyst” extension
of the ArcGIS software, which is based on road
length and speed data of the 2019 National Road
Network and the specific locations of the health-
care units as facilities. Using this base informa-
tion, the tool generates a network that encom-



passes all accessible streets that can be reached
from the facility to a point in a given time.

Results

This paper aims to introduce a methodology that
allows identifying the limited access to PHC units
imposed using artificial road networks. Thus, not
every aspect of the real accessibility of the PHC
unit is considered in this paper (e.g., the assig-
nation of people to PHC units, the size of the fa-
cilities, or the comparison with health providers
other than the Ministry of Health), due to the
lack of the information in public health systems
in Mexico.

Table 2 summarizes data from 32 states that
we used to select the four states for in-depth
analysis. In 2015, according to the official data,
Mexico had 119,530,753 distributed in 1,961,485
km?. While Chiapas, Oaxaca, and Guerrero coin-
cide in some demographic indicators, including
indigenous population, poverty level, and user
of health services, Mexico City differs from those
states’ circumstances.

A series of isochrones ranging from 30 to
120 minutes was used when applying services
area analysis to the study area to evaluate the
effects of spatial access to PHC units to popula-
tion, and because the reasonable distance people
are willing to travel to visits health facilities may
vary according to their age, social and economic
status, and according to different types of care
sought. Figure 1 shows the study area: Oaxaca is
divided into 570 municipalities, and its capital
city is Oaxaca de Judrez. Guerrero is divided into
81 municipalities, and its capital city is Chilpanc-
ingo. Chiapas is divided into 124 municipalities,
and its capital city is Tuxtla Gutiérrez. Mexico
City is the capital and largest city of Mexico and
is divided into 16 subdivisions and the most pop-
ulous city in North America.

Spatial accessibility

Spatial accessibility analysis for the four states
selected (Oaxaca, Chiapas, and Guerrero) was
performed with the Service Area Analysis. We
measured the travel distance required to get to
each PHC units of the Ministry of Health using
the official road network, which has been mapped
and shown in Figures 2, 3, and 4. Areas with high-
er accessibility to PHC units can be identified on
each choropleth map indicating a different value
on km? The accessibility values have been classi-

fied as low (120 or more minutes), medium (60
minutes), and high (30 min). Based on this classi-
fication, we can identify whether areas have access
to PHC or not. The regions deprived of health
care facilities are identified with any thematic col-
or, and we decided to point to the locations in the
state (most of them are rural).

The following observations can be made from
the following figures. First, this method reveals
more detailed spatial variation within a state on
the access to PHC using the official road network
and can graphically show the most deprived ar-
eas. Most of the locations shown in the maps are
rural (as we previously mentioned). Second, the
smaller the isochrone used, the higher the num-
ber of shortage areas identified.

Figure 2 shows that Oaxaca has several “de-
prived” spaces with many locations. It has the
most significant proportion of indigenous peo-
ple, who usually are dispersed. As the size of the
isochrone increases in Oaxaca, we can see that
access to PHC is present but a significant “diver-
gence of access” appears in the largest area with
access to PHC.

In all figures, we can see that the most signif-
icant variability of the access to PHC occurs at
the most central part of the states, while border-
ing areas remain with the highest lack of access
to PHC. The 30-minute travel time is often used
as a reasonable distance for PHC units reported
in the literature. Population located in areas with
the higher time required to visit a PHC unit is
suffering from the lack of spatial healthcare ac-
cess and access to every location. Since we are us-
ing a road network, we can ascertain that people
located in uncovered areas may not have access
to basic services.

As we can see in Figures 3 and 4, the iso-
chrone almost covers all the state. However, the
level of access to PHC is divergent; while most
of the areas within isochrone have 30 minutes of
access on average, many areas have an excessively
distant access to healthcare.

Discussion

States we selected for analysis coincide with an
exceptionally large land area, event though, it
is not necessarily related to a homogeneous
concentration of the population, according to
INEGI estimates, about 78% of the population
is in urban areas (towns with more than 2,500
inhabitants) and the rest in rural areas®®. The
heterogeneous distribution of the population
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Table 2. Sociodemographic information of the 32 Mexican states, 2015, 2018, and 2020.

g 5 2 Y :.@
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<) ° k- g 2o & u. 3 ° § £
5 5 & g fE §: 8L i § 2 %2
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01 Aguascalientes 5616 0.3 1,312,544 0.3 55 26.2 1.2 63.7 373 108
02 Baja California 71,450 3.6 3,315,766 1.5 49 233 1.6 66.3 30.3 188
03 Baja California Sur 73,909 3.8 712,029 1.5 4.8 18.1 1.5 68.9 325 83 7
04 Campeche 57,507 2.9 899,931 11.5 6.1 462 98 437 57.6 112 12
05 Coahuila 151,562 7.7 2,954,915 02 54 225 14 802 175 175 15
06 Colima 5,627 0.3 711,235 0.6 6.2 30.9 24 56.5 432 153 6
07 Chiapas 73,311 3.7 5,217,908 27.9 7.5 764 29.7 18.6 82.1 1030 49
08 Chihuahua 247,455 12.6 3,556,574 2.7 6.2 26.3 2.6 645 31.8 270 20
09 Mexico City 1,495 0.1 8918653 1.5 50 30.6 1.7 633 287 381 55
10 Durango 123,317 63 1,754,754 2.4 69 373 22 554 459 248 27
11 Guanajuato 30,608 1.6 5,853,677 02 67 434 42 417 585 583 45
12 Guerrero 63,596 3.2 3,533,251 15.3 94 66.5 268 23.0 773 1009 43
13 Hidalgo 20,813 1.1 2,858,359 14.2 7.2 438 6.1 323 68.4 539 24
14 Jalisco 78,588 4.0 7,844,830 0.8 6.1 28.4 3.0 56.2 40.8 797 44
15 State of Mexico 22,351 1.1 16,187,608 2.7 6.0 427 49 472 482 1224 71
16 Michoacan 58,599 3.0 4,584,471 3.6 7.3 460 6.1 363 63.5 455 27
17 Morelos 4,879 02 1,903,811 2.0 63 50.8 7.4 413 59.0 236 11
18 Nayarit 27,857 1.4 1,181,050 54 72 348 59 518 514 267 13
19 Nuevo Leén 64,156 3.3 5,119,504 1.2 4.3 145 0.5 71.0 20.1 477 13
20 Oaxaca 93,757 4.8 3,967,889 32.2 9.2 664 233 23.0 783 911 39
21 Puebla 34,306 1.7 6,168,883 11.3 81 589 86 297 694 707 53
22 Queretaro 11,699 0.6 2,038,372 17 6.0 276 20 523 458 266 6
23 Quintana Roo 44,705 2.3 1,501,562 16.6 5.0 27.6 3.5 58.6 40.7 207 12
24 San Luis Potosi 61,137 3.1 2,717,820 10.0 7.1 434 7.3 433 57.7 301 16
25 Sinaloa 58,200 3.0 2,966,321 1.4 6.0 30.9 2.7 60.7 39.8 307 24
26 Sonora 179,355 9.1 2,850,330 2.4 52 282 2.6 684 30.1 481 18
27 Tabasco 24,731 13 2,395272 2.7 60 536 123 333 652 592 25
28 Tamaulipas 80,249 4.1 3,441,698 0.7 53 351 33 581 393 361 27
29 Tlaxcala 4,016 0.2 1,272,847 2.7 6.8 484 3.1 29.1 70.3 199 12
30 Veracruz 71,826 3.7 8,112,505 9.2 7.6 61.8 17.7 40.0 59.7 839 60
31 Yucatan 39,524 2.0 2,097,175 28.9 5.8 40.8 6.7 509 48.0 167 11
32 Zacatecas 75,284 3.8 1,579,209 0.3 7.6 46.8 34 387 632 248 18
Total 1,961,485 100 119,530,753 6.7 6.4 399 6.7 49.0 50.0 13,921 819

Footnotes: 1. Data was obtained from the Intercensal survey 2015; 2. Data was obtained from poverty study from CONEVAL (Agency
that measures poverty in Mexico) 2018; 3. Data was obtained from CLUES 2020; 4. Indigenous population are considered any
who reports speaking an indigenous language with three or more years; 5. This data represents the share of the female population
with deceased children from the female population with children; 6. Poverty studies from CONEVAL use the multidimensional
measurement of poverty, and classify into people in poverty, moderate poverty, and extreme poverty and take into consideration not
only income but access to basic services, educational and backwardness; 7. Insured population refers to any people with affiliation to

social security institutions; 8. Users of health services at Ministry of Health units in 2015.

Source: National Institute of Statistics and Geography (INEGI) 2015, National Council for the Evaluation of Social Development
Policy (CONEVAL) 2019, National Catalogue of Health Facilities (CLUES) 2020.



Figure 1. Boundaries of states selected for in-depth analysis (Guerrero, Oaxaca, Chiapas, and Mexico City).

Source: Esri, HERE, Garmin, ©OpenStreetMap contributors, and the GIS user community.

Figure 2. Service area coverage of Primary Health Care Units of the Ministry of Health in Oaxaca.

Source: Esri, HERE, Garmin, ©OpenStreetMap contributors, and the GIS user community.
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Figure 3. Service area coverage of Primary Health Care Units of the Ministry of Health in Chiapas.

Source: Esri, HERE, Garmin, ©OpenStreetMap contributors, and the GIS user community.

Figure 4. Service area coverage of Primary Health Care Units of the Ministry of Health in Guerrero.

Source: Esri, HERE, Garmin, ©OpenStreetMap contributors, and the GIS user community.



creates significant challenges for the provision of
health services, which suggests that people most
adversely affected by poor access to PHC may
have several other limitations, including access to
other basic services, and other supplies, such as
medications or medical equipment, may not be
delivered to those most in need.

We should mention that the actual health
care status for poor access areas may not be ac-
curately reflected because we are not considering
facilities of other providers. However, we decided
not to include other providers because healthcare
access depends on several other factors, such as
affiliation.

During the last two decades, a significant
number of PHC facilities were built using “Se-
guro Popular” financing, public health insurance
covering a wide range of services without co-pay-
ment for its affiliates, to increase the health cov-
erage to the population and supposedly achieve
Universal Health Coverage in Mexico. The grow-
ing number of PHC facilities could be interpret-
ed as continuous improvement in healthcare cov-
erage (nominal access) to reduce distances from
facilities to population. However, our analysis
results (Figures 2, 3, and 4) show the real cover-
age of PHC facilities that remain with many un-
derserved areas. An analysis with a comparison
between geospatial coverage in 2000 and 2018 in
the same states could provide further informa-
tion on whether significant positive changes were
achieved after PHC facilities’ growth. Although
this information is not included in this analysis,
we can estimate that most of the PHC facilities
were inaccurately planned (due to the lack of
data), and many of them were located in places
that did not respond to population needs.

Facility location is a critical element for health
system performance, including PHC facilities and
hospitals. Some research suggests that facilities’
location plays a fundamental role in the success
of programs, strategies, and health outcomes. In
Mexico, the government does not perform further
analysis to identify the most suitable public facil-
ities near the population. Additionally, the spatial
coverage of hospitals (distances) is a critical factor
in health system performance. It takes on particu-
lar relevance for patient referral procedures. Ideal-
ly, a patient should attend a PHC facility primarily.
If healthcare is not adequate, people are referred
to hospitals to receive care. Unfortunately, in Mex-
ico, patient referral procedures are not effective,
and PHC facilities only provide a small package of
preventive services, and hospitals are overcrowded
with patients with preventable health problems

(problems that can be solved in PHC facilities).
This situation reduces the responsiveness of the
hospital to solve real emergencies.

Conclusions

The use of GIS in the management and opera-
tional control of healthcare delivery has essen-
tial advantages: precise management of services
distribution (family visits, immunizations, or
palliative care), planning, and health services
management. Medical emergencies for obstetric,
traumatic events (referral system), and monitor-
ing the distribution of supplies, medications, and
immunizations with specialized tools. Different
international experiences allow us to exemplify
the advantages of this type of tool to confirm and
improve healthcare service provision.

It is also required that tangible criteria based
on geospatial principles are used during plan-
ning and design for the location of new facilities
in order to improve health infrastructure and in-
crease access to health services for the growing
population, such as the geographical allocation
of the rightful population, the redistribution of
the population to the nearest existing units, and
the productivity or saturation of Human Re-
sources for Health.

The use of GIS is vital in the planning of
health services infrastructure since it combines
a series of studies that include spatial analysis
of epidemiological and socioeconomic profiles,
location of communication routes, risk analysis,
the current situation of health services, popula-
tion growth, among others, which allow to stra-
tegically select the places where the medical in-
frastructure will be built, with the corresponding
provision of services required to respond popu-
lation health needs.

Strategic resource allocation is essential for
improving the efficiency and equity of the health
system in Mexico. A thorough analysis of the
current system is required, including exploring
causes of poor performance to assess the poten-
tial role of GIS in achieving a more equitable and
more efficient delivery system.

First, Mexico requires a national diagnosis of
every state, including the use of GIS to identify
underserved areas of health services. Once the
starting point is established and reform objec-
tives are clearly articulated, the role of strategic
resource allocation in healthcare reforms can be
defined. The diagnosis should explore municipal-
ity-level (or postal code-level) healthcare needs
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and their relationship with utilization patterns,
incidence, prevalence, and mortality of diseases.

Second, Mexico should develop a mechanism
to evaluate the population’s specific health needs,
considering spatial variables such as distance or
road access. It is essential to consider adjustments
for age and gender, and other demographic char-
acteristics, to favor and support the most impov-
erished population. It is also essential to have a
policy goal reflecting patient satisfaction with
health services allocation.

Third, the mechanism of resource allocation
development also involves large data require-
ments, strong analytical skills, and in-depth
knowledge of the incentives in the allocation sys-
tem in policymakers and technical staff. Health
information systems in Mexico have several in-
accuracies, duplication, or lacking data. Many
health units do not even appear in official sys-
tems. Concerning geospatial information, the
location of units uses several coordinate systems.
Most of the errors are produced because people
in charge of integrating data in states are not
continuously trained by federal authorities of
national agencies of health information systems
(General Directorate of Health Information, in
the case of the Ministry of Health). So, we strong-
ly recommend improving data collection within
states, develop virtual education strategies and
incentives for people in charge of those tasks.

Finally, we can conclude that most inaccu-
racies in the allocation of health resources are
strongly associated with inadequate Mexican in-
formation systems and the quality of procedures
to allocate resources to most health providers. We
just analyzed the Ministry of Health’s situation,
but we can assure that IMSS or ISSSTE have the
same situation as seen with PHC facilities with
overdemand of services, in contrast with others
that are almost empty in certain hours. There-
fore, we suggest that Mexican health authorities
develop: a) Standards on the requirements of
distance from population and road network (that
can be applied in all the procedures of health
providers), b) A national diagnosis of under-
served areas with a focus on impoverished and
indigenous people in order to prioritize them.
Being “passive”, expecting that the indigenous
population travels several hours to PHC facilities
promotes Mexico’s inequality. c) We strongly en-
courage Mexican health authorities to strengthen
the General Directorate of Health Information. A
potential solution could be transforming it into
a decentralized health information intelligence
center with competencies such as collecting data
of every health provider to produce accurate in-
formation at the most disaggregated level possi-
ble, with a strong inclusion of geographical data.
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