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Abstract

Malnutrition is one of the main risk factors related to chronic
non-communicable diseases and child undernourishment on a
planetary scale. Mexico is one of the countries with the highest
levels of malnutrition, but there is also an accelerated increase in
overweight or obesity. This study explored the spatiotemporal
behaviour of mortality associated with chronic non-communicable
diseases such as type II diabetes mellitus, hypertension, ischemic
heart disease and cerebrovascular disease. The analysis was car-
ried out at the municipality level for the 2000-2020 period target-
ing two age groups: >60-year olds and 20-59-year olds. In addi-
tion, 0-4-year olds were investigated with respect to undernourish-
ment. National databases were gathered and standardized for each
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disease and SaTScan spatiotemporal cluster analyses were per-
formed. We found that mortality associated with most of the dis-
eases evaluated has increased since 2016 except for mortality
caused by child undernourishment, which showed a downward
trend during the study period. To focus on active conglomerates of
diseases is important as they currently represent a threat to public
health. Our results contribute to the potential spatial prioritization
of the allocation of resources and campaigns for prevention and
treatment of chronic non-communicable diseases and child under-
nourishment. Generally, geographical studies are fundamental for
the discovery of disease aetiology and they provide valuable and
timely information to multiple stakeholders.

Introduction

According to World Health Organization (WHO) statistics, 7
out of 10 deaths in 2019 were caused by chronic non-communica-
ble diseases (CNCDs) (WHO, 2021). Among these, ischemic heart
disease stands out, followed by cancer, respiratory diseases and
diabetes (WHO, 2021). Type II diabetes, arterial hypertension and
ischemic heart disease are the main causes of death in Latin
America and the Caribbean (Di Cesare, 2011). In the context of
the current coronavirus disease 2019 (COVID-19) pandemic,
there is an increased risk for middle-aged people and those older
than 60 years with chronic diseases, such as diabetes, cardiovas-
cular diseases and hypertension, as this infection is often associat-
ed with respiratory failure and significant complications that can
lead to death in these age groups (Liu et al., 2020). The CNCDs
are a challenge for national health systems derived from increases
in already high incidence rates, which result in: i) high levels of
general mortality; and ii) increase of physical impairment based
on the high cost of hospitalization, medical treatment and rehabil-
itation (Serra Valdés et al., 2018). Furthermore, attention to the
presence and increase in CNCDs is a key element to mitigate com-
plications and mortality of COVID-19 (Liu et al., 2020).

Malnutrition, another CNCD, is one of the greatest public
health challenges globally (Gomes, 2019). It is associated with
main risk factors (Nugent et al., 2020) with repercussions on the
health and well-being as well as on physical and cognitive devel-
opment that often remain throughout affected individuals’ life
with resonance from one generation to the next (FAO, 2020).
Mexico is one of the countries with a high presence of malnutri-
tion and paradoxically also with overweight or obesity. Although
these afflictions generally occur in different age groups, they are
increasing at an accelerated rate year after year (Urquia-
Fernandez, 2014). Currently, malnutrition and overweight repre-
sent an important ‘syndemic’ that threatens the country since they
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impact the number of deaths and the number of years of healthy
life lost affecting quality of life and labour productivity (Fernandez
et al.,2017). According to the 2018 National Survey of Health and
Nutrition, 75.2% of adults over 20 years of age at the national level
are overweight or obese, which is an increase of 3.9% compared to
the data reported by a corresponding survey carried out in 2012.
This dynamic in Mexican young and grown-up people has a direct
implication regarding type II diabetes mellitus since 90% of the
cases are due to overweight and obesity. Also, this disease is one
of the primary causes of death in Mexico, only below that due to
heart disease.

In 2018, the following figures were obtained regarding chronic
undernourishment in children 0-4 years old: 14.9% had chronic
malnutrition, 4.4% were underweight and 1.5% diagnosed as ema-
ciated (Barquera ef al., 2020). The combination of these aspects of
poor nutrition represents 2.3% of the annual gross domestic prod-
uct (GDP), equivalent to 28.8 billion USD (Fernandez et al.,
2017). These figures highlight the importance of strengthening the
institutional capacities of the health system, as well as increasing
the efficiency and sectoral coordination of current public policies.

In the late 1990s, technological advances in computer soft-
ware, such as geographical information systems (GIS), allowed
non-random distributions of diseases to be more easily mapped
and spatial relationships to be reported with statistical significance
(Thurston et al., 2017). With the incorporation of data mining in
geographic studies, the development of statistical methods for pub-
lic health and epidemiology has been promoted (Rodriguez et al.,
2008). This presents potential benefits for epidemiological and
health studies. Data mining also offers new opportunities and chal-
lenges to discover valuable patterns of information in datasets,
among which the analysis of spatiotemporal information stands out
(Shi and Pun-Cheng, 2019). There is a wide range of spatio-tem-
poral approaches used for monitoring areas of high epidemiologi-
cal risk, detection of disease conglomerates, evaluation of spatial
variations in temporal trends, early detection of epidemics and in
the identification of determining disease risk factors (Moraga,
2017). One of the most commonly used methods is the spatio-tem-
poral scan statistics, which is an extension of spatial statistics to
the detection of clusters of disease (Kulldorff, 2001; Kulldorff et
al., 2005). In Mexico, the use of these methods has been related to
the analysis of the spatio-temporal patterns of diseases, e.g., tuber-
culosis (Zaragoza Bastida et al., 2012), dengue fever (Hernandez-
Gaytan et al., 2017) and COVID-19 (Mas and Pérez-Vega, 2021;
Benita and Gasca-Sanchez, 2021). However, to our knowledge,
they have not been used to track CNCD. In this regard, the present
study aims to explore the space-time mortality in various age
groups and its association with CNCD, such as type II diabetes
mellitus, arterial hypertension, ischemic heart disease and cere-
brovascular disease as well as child undernourishment.

Materials and methods

Data sources

Information on population and housing was obtained from cen-
suses of the ‘Instituto Nacional de Estadistica y Geografia’
(INEGI), i.e. the National Institute of Statistics and Geography in
Mexico. We consolidated a time series of 21 years (2000 to 2020)
at the municipal level. The study was carried out using time series
with data reported on death certificates provided by the ‘Direccion
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General de Informacion en Salud’ (DGIS) - Ministry of Health in
Mexico (DGIS, 2020). We based our study on the cause of death
on the certificates coded according to the tenth version of the
International Classification of Diseases (ICD-10) as follows: 1)
child undernourishment: E40X, E41X, E42X, E43X, E44, E45X,
E46X; ii) type II diabetes mellitus: E11, E110, E111, E112, E113,
El114, E115, El116, E117, E118, E119; iii) arterial hypertension:
110; iv) ischemic heart disease: 120, 121-122, 123-125; and v) cere-
brovascular disease: 160-167 and 169.

Access to the DGIS data was achieved through the dynamic
cubes platform, an electronic repository of the integrated national
database. This platform contains data from different periods relat-
ed to the information reported from death certificates. For the anal-
yses, only the records from 0 to 4 years were selected for deaths
associated with child undernourishment, while two age ranges
were selected for the other CNCDs: one including the 20-59-year
olds and another for the >60-year olds. The same time intervals for
the series of deaths and that regarding population information and
housing were used for the age groups selected. The study was thus
based on the censuses of 2000, 2010 and 2020 together with inter-
census surveys of 2005 and 2015 published by INEGI.
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Data standardization

According to the Population and Housing Censuses counts, the
municipalities in Mexico increased from 2443 units in 2000 to
2469 units in 2020. To calculate the population of these municipal-
ities prior to their creation, we reviewed the geographical location
of the country’s localities in census and inter-census years covering
the years 2000, 2005 and 2010 with respect to the existing munic-
ipal division in 2020. The population data of each locality were
subtracted from the municipality’s total population to which it
belonged, so only a redistribution of the population of the original
year was carried out. The disease databases were standardized with
reference to the 2020 national statistical framework based on these
factors.

Once the population database was standardized, a demograph-
ic reconciliation was carried out to harmonize the trends of the
components of demographic change with the population by age,
listed in the censuses from which the base population of the mid-
year population projections was determined. For the demographic
reconciliation, the population proportion of each municipality to
the state total was estimated for each census and inter-census event
between 2000 and 2020. In this sense, for each municipality, the
proportion w;, represented of the respective state population in
2000, 2005, 2010, 2015 and 2020 was obtained. Subsequently,
these proportions were linearly interpolated to estimate the share
corresponding to each year, and the estimated annual proportions
were multiplied by the population data, clustered into five-year age
groups for each state to obtain the equivalent estimates at the
municipal level.

Being P, and P, ; the total populations at state level in two con-
secutive censuses and inter-census events (e.g., 2000 and 2005),
and p,, and p;, . ; the corresponding figures at municipality level, as
shown in Equation 1.

P, = Zlipicand Prys = NihyPiess for t = 2000,2005,2010,2015. (1)

The census and inter-census municipality proportions, w,, and
w;,. s were calculated as shown in Equation 2.
OPEN 8 ACCESS



o

~pagsp >

Wi, = pi,t/Pt and Witis = Dit+s /Prss ?2)

The annual proportions between each five-year period were
calculated as shown in Equation 3.

Wicra = Wi+ (@ =527 for a=1,2,3,4. @)

Mid-year population figures, from ¢ = 2000, 2001, 2002, ...,
2020, at the municipal level were estimated as shown in Equation 4.

R, =w,*H, m,=w,*M, for: =2000, 2001 2002,..2020. (4)

where H is the number of men; and M the number of women in the
middle of year ¢ for the five-year age group j at the federal entity
level, from the demographic reconciliation and population projec-
tions (CONAPO, 2018).

Statistical analysis

The retrospective space-time scanning statistical method
(Kulldorff et al., 1998) was used to include the time dimension in
the analysis for each CNCD and to identify where and when (and
for how long) clusters occurred. A discrete Poisson model was
used to analyse spatio-temporal clusters of type II diabetes melli-
tus, hypertension, ischemic heart disease, cerebrovascular disease,
and childhood malnutrition in SaTScan v. 10.0 (Kulldorff and
Information Management Services Inc., 2018).

The scan window for space-time statistics is cylindrical, with a
circular geographic base and height corresponding to time
(Kulldorff et al., 1998). The base is centred around one of the pos-
sible centroids placed on the spatial units, with a radius varying
from zero to a specified maximum value. The height reflects any
possible time interval, including the entire study period and the
interval less than or equal to half the study period. In this study,
one year was selected as the time interval. The maximum spatial
cluster size was set at 5% of the population at risk and the maxi-
mum temporal cluster size was set at 25% of the total period length
(five years) to avoid enormous clusters. In addition, the minimum
number of cases in a high-rate group was set at 30.

A likelihood ratio test was used to identify spatiotemporal clus-
ters of each CNCD under study. The expected and observed cases
were calculated for each cylinder considering null hypothesis H,:
‘There is no difference in the risk of each disease between the inte-

rior and exterior of the cylinder’, and as an alternative hypothesis
H,: ‘There is a greater risk of diseases within the cylinder.” The
number of expected cases x was calculated using Equation 5.

c
R=pe- ®)

where p stands for the population of the age range x within the
cylinder; C for the total number of deaths within the range x; and
P for the total population of the age range x observed in the spatial
entities (municipalities) during a particular period (Linton et al.,
2014). The observed to expected cases ratio represents the risk
within the cylinder, and the relative risk (RR) represents the risk
within the cylinder compared to the risk outside the cylinder
(Linton et al., 2014). The RR was estimated with a likelihood ratio
test from Equation 6.

noy AT N-ngz
_z) Z[ N-nz
Lz) _ WA (N-"(Z)) (6)
Ly NN
0 ()

where L(Z) is the likelihood function for a cylinder Z; L, the like-
lihood function for Hy; n, the number of cases within the cylinder;
1(Z) the number of expected cases in cylinder Z; N the number of
cases observed for the entire study area during the period; and u(7)
the total number of cases expected in the entire study area through
all periods of study. The cylinder with the highest likelihood ratio
represents the most likely cluster (Hohl ez al., 2020). The statistical
significance was set at 95% and evaluated using a Monte Carlo
simulation consisting of 999 random replicates of the dataset
(Kulldorff and Nagarwalla, 1995). The spatial representation of the
results was carried out through GIS software.

Results

From the causes of death analysed up to December 31, 2020,
ischemic heart disease represented the largest number, with an
accumulation of registered cases in the period amounting to
1,493,045, 82.9% of which were observed in >60-year olds and the
remaining 17.1% in adults between 20 and 59 years old. The sec-
ond cause of death was type Il diabetes mellitus with 1,063,645

Table 1. Age group and cause of death for the municipalities with the highest number of accumulated cases in the study period.

Ischemic heart disease Tijuana, Baja 1Coa)lifornia

Gustavo A. Madero, Ciudad de México

(n=45 (n=22,402
Type II diabetes mellitus Iztapalapa, Ciudad de México [ztapalapa, Ciudad de México
(n=T154) (n=18,740)
Cerebrovascular diseases Iztapalapa, Ciudad de México Monterrey, Nuevo Leén
(n=962) (n=4727)
Hypertension Reynosa, Tamaulipas Nopalucan, Puebla
(n=230) (n=1637)

Child undernourishment

Toluca, Estado de México
(266)
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cases (74.1% and 25.9%, respectively), followed by 300,430
deaths by cerebrovascular disease (84.5% and 15.5%, respective-
ly) and 114,545 by hypertension (89.3% and 10.7%). Regarding
child undernourishment, the accumulated cases were 13,346. Table
1 shows the municipalities with the highest number of accumulat-
ed cases according to the cause of death and age group.

Ischemic heart disease

Population >60 years old

Sixteen statistically significant clusters were identified for this
population in the study period (Figure 1). The clusters were con-
figured by colours based on the identified time frame. According
to the likelihood ratio, the conglomerate with the highest value
(cluster 1) was located in Comonfort, Guanajuato and 42 other
municipalities, with 24,014 cases and RR of 1.710 for the 2016-
2020 interval. The 2016-2020 period showed ten conglomerates
followed by 2020 with five and 2019-2020 with one. As seen in
Table S1 (Appendix), the highest estimated RR was observed in
conglomerate 5, with 2.062 located in Huehuetlan El Grande,
Puebla and 193 other municipalities that covered a large percent-
age of the states of Puebla and Tlaxcala.

Population aged 20 to 59 years

Fourteen significant clusters were identified for the 20-59
years old population (Figure 2). The conglomerate with the highest
likelihood value (cluster 1) was located in Camargo, Tamaulipas
and 46 other municipalities, with 6434 cases and RR of 1.972 for
2016-2020. The highest estimated RR was observed in conglomer-
ate 8 with 2.26 related to Otzolotepec, Estado de México and 29
other municipalities (Table S2).

Type II mellitus diabetes

Population >60 years old

Twenty-one statistically significant clusters were identified
(Figure 3). The conglomerate with the highest likelihood value
(cluster 1) was located in Santa Catarina Ayometla, Tlaxcala and
170 other municipalities, with 23,427 cases and RR of 1.907 for
2016-2020. Likewise, 17 conglomerates were concentrated in the
last five years of the analysis period: 11 conglomerates for the
2016-2020 period and six in 2020. The other four conglomerates
were registered between 2012 and 2018. The highest estimated RR
was observed in conglomerate 15 with 3.299 related to the munic-
ipality of Acufia, Coahuila (Table S3).

Population aged 20 to 59 years

Thirteen statistically significant clusters were identified in the
study period (Figure 4). The conglomerate with the highest likeli-
hood value (cluster 1) was located in Tenango del Aire, Estado de
México, with 28 other municipalities, with 7723 cases and RR of
2.276 for the 2016-2020 interval. The last five years of the analysis
period showed ten conglomerates for 2016-2020 and three con-
glomerates in 2020. The highest estimated RR was observed in
conglomerate 8 with 2.93 related to Juarez, Chihuahua and two
other municipalities (Table S4).
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Cerebrovascular disease

Population >60 years old

Twelve statistically significant clusters were identified in the
study period (Figure 5). The conglomerate with the highest likeli-
hood value (cluster 1) was located in San Martin Itunyoso, Oaxaca
and 621 other municipalities, with 1951 cases and RR of 2.724 for
2020. This cluster showed the highest RR estimated (Table S5).
Likewise, eleven clusters were identified for 2020 and another in
the 2001-2005 period.

Population aged 20 to 59 years

Fourteen statistically significant clusters were identified in the
study period (Figure 6). The conglomerate with the highest likeli-
hood value (cluster 1) was located in Lamadrid, Coahuila and 56
other municipalities, with 386 cases and RR of 3.246 for 2020.
Thirteen clusters corresponded to 2020 and one to the 2001-2004
interval. The highest estimated RR was observed in conglomerate
10 with 13.782 located in Chicontepec, Veracruz (Table S6).

A) Number deaths due to chronic non-communicable discases of 260 year olds

B) Number of deaths due to chronlc non-communicable diseases of

le aged 20 to 59 years

200020012002 20032004 200520062007 2008200920102011201220132014 20152016201 7201820192020

€) Number of deaths due to child undernourishment (0-4 year olds)

Figure 1. Number of deaths due to chronic non-communicable

diseases at the national level.
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Figure 2. Space-time clusters of mortality from ischemic heart ~ Figure 3. Space-time clusters of mortality from ischemic heart
disease in the =60 years old population. disease in the 20-59 years old population.

Figure 4. Space-time clusters of mortality of type II diabetes mel- Figure 5. Space-time clusters of mortality of type II diabetes mel-
litus in the =60 years old population. litus in the 20-59 years old population.

Figure 6. Space-time clusters of mortality of cerebrovascular dis- Figure 7. Space-time clusters of mortality of cerebrovascular dis-
eases in the =60 years old population. eases in the 20-59 years old population.
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Hypertension

Population >60 years old

Sixteen statistically significant clusters were identified in the
study period (Figure 7). The conglomerate with the highest likeli-
hood value (cluster 1) was Sitio de Xitlapehua, Oaxaca and 520
other municipalities, with 2638 cases and RR of 2.682 for the 2016-
2020 interval. This disease showed the highest temporal diversity in
the clusters identified, with nine time-frames. In addition, a clusters
concentration was seen in the last five years, with eight conglomer-
ates. The highest estimated RR was observed in conglomerate 15,
with 3.573 related to the municipality of Hualulco de Mercado,
Jalisco and three other municipalities (Table S7).

Population aged 20 to 59 years

Nine statistically significant clusters were identified in the
study period (Figures 8 and 9). The conglomerate with the highest
likelihood value (cluster 1) was located in Balancan, Tabasco and
86 other municipalities, with 296 cases and RR of 3.173 for 2017-
2020. A cluster concentration was seen in the last five years, with
six conglomerates. The highest estimated RR was observed in con-
glomerate 3, with 9.388, associated with San Buenaventura,
Coahuila and 32 other municipalities (Table S8).

Child undernourishment

Ten statistically significant clusters were identified in the study
period (Figure 10). The conglomerate with the highest value (clus-
ter 1) was located in Amanalco, Estado de México and 78 other
municipalities, with 677 cases and RR value of 5.075. A clusters
concentration was seen in the 2001-2005 period, with eight con-
glomerates. The highest estimated RR was observed in conglomer-
ate 4 with 14.672 located in Guachochi, Chihuahua and 12 other
municipalities (Table S9).

i 20002003 [ 20033007
N ovcors [ o osn
(N o zoes N 2072030
W ozaore B woveao [ 2

in 1 L a1 ey

Figure 8. Space-time clusters of mortality of hypertension in the
=060 years old population.

Discussion

According to the Organization for Economic Cooperation and
Development (OECD), Mexico is one of the three countries with
the highest prevalence of diabetes, overweight and obesity
(OECD, 2017). Likewise, it is the only OECD country where
ischemic heart disease mortality rates have increased from 2000 to
2017, directly related to rising rates of obesity and diabetes
(OCDE, 2020).

Our study focused on the municipality level and is expected to
contribute to reducing the information gap in the reported for the
different municipalities in Mexico, since the researches in the
country are predominantly at the national scale (Davila-Cervantes,
2020; Vazquez et al., 2018; Davila-Cervantes and Pardo-Montafio
2017; Gutiérrez et al., 2016; Cérdova-Villalobos et al., 2008). This
contribution could represent the baseline for planning the approach
to CNCD and child undernourishment in Mexico, since it would
allow the decision-making to be focused on a spatial administra-
tive scale (e.g., the municipalities). Our results provide evidence
that geographic variation in mortality from the CNCDs could be
attributed to demographic structures and possible socioenviron-
mental factors underlying the clustered pattern found. For exam-
ple, changes in lifestyle, such as a sedentary lifestyle and poor diet,
are part of the problem (Lozano et al., 2014). In other words, a
large proportion of these diseases are multifactorial, the result of
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Figure 9. Space-time clusters of mortality of hypertension in the
20-59 years old population.

Figure 10. Space-time clusters of mortality due to undernourish-
ment in 0-4 years old children.
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the accumulation of damage caused by obesity, which is a risk fac-
tor for the development of diabetes and hypertension and, in turn,
for ischemic disease. In addition, cardiovascular diseases continue
to be the main cause of morbidity and mortality, which impacts
health costs.

Another important factor that coexists with poor nutritional
status is food insecurity, which affects 55.5% of the Mexican pop-
ulation and is related to the consumption of high in energy, saturat-
ed fats and deficient in micronutrients food, resulting from eco-
nomic restrictions (Shamah et al., 2020). This factor can increase
the risk of mortality in the country’s population. Although Mexico
has a great biological and cultural diversity that is reflected in the
variety of food and ways of cooking them, characteristics of the
regions in which it is produced or harvested, its availability and
consumption, in some, depends on socioeconomic conditions,
which impacts the health status of the population. For this reason,
the Knowledge and Use of Biodiversity National Commission
(CONABIO) proposed the Good eating regional baskets initiative
to collect information on said diversity and recognize and treasure
such agrobiodiversity linked to the customs and identity of the dif-
ferent regions of the country (CONABIO, 2021).

Considering the economic aspect, Macias Sanchez and
Villareal Paéz (2018) reports through models of probability of dis-
ease, treatment and the average disease cost, that the public spend-
ing incurred by the government through the institutions that pro-
vided health services for 2015 amounted to 17,900 million pesos
for diabetes and to 52,600 million pesos for hypertension. In total,
they add up to 70,500 million pesos, which represents around
14.4% of the budget allocated to health functions in the
Federation’s Expenditure Budget for 2015 and 22.3% of the sub-
function Provision of health individual services, which includes
care for chronic diseases. In 2021, the Public Health Policy priori-
tized the control of type II diabetes mellitus, allocating part of the
federal budget to the social program Prevention and control of
overweight, obesity and diabetes, which amounted to 453.58 mil-
lion pesos, 39.8 million of which were earmarked for professional
services (SHCP, 2021).

One of the highlights of this study is the use of comprehensive
data from the national death certificates. Aggregating mortality
from type Il diabetes mellitus, hypertension, ischemic heart dis-
ease, cerebrovascular disease and childhood malnutrition can pro-
vide helpful information to health planners, policymakers, and
researchers on potential determinants of poor nutrition. Our analy-
sis at the municipality level supports the targeting and prioritiza-
tion of prevention and treatment initiatives since it disaggregates at
the said administrative scale the real mortality rates that are usually
higher than those reported with respect to the state and national
averages.

Despite the contributions of this study and its potential uses as
a baseline for future analyses, there are some limitations and
assumptions. First, we used the prospective space-time statistics in
its basic form, which generates circular clusters. Circles may be a
poor choice in a study area with substantial spatial heterogeneity.
Second, some of the identified clusters were found to be very large
and of limited value for CNCD mitigation. As a result, they can
present a considerable variation of risk within them, so it is advis-
able to carry out local analyses, which can better help identify
communities and regions at risk. Therefore, to carry out a comple-
mentary and context-specific analysis, future research should

cpress

OPEN 8ACCE55

incorporate spatial panel-type models with different sets of covari-
ates. This type of model was not included in this work because the
dynamics of the spatiotemporal variation of mortality were cap-
tured through conglomerate analysis. The general trend showed
that both results were sufficient to fulfil the stated objective.
Using public data on CNCD mortality and child undernourish-
ment in Mexico, provided by the DGIS, a cluster analysis was per-
formed, from which we obtained statistically significant clusters
reflecting the space-time dynamics of mortality associated with the
diseases evaluated at the municipality level for the study period
(2000-2020). We found that most of the statistically significant
clusters were predominantly gathered in the 2016-2020 period and
that the clusters increased in size over time, meaning that since
2016 there has been an increase at the municipality level in cases
of mortality associated with most of the diseases evaluated, except
for mortality caused by child undernourishment that actually
showed a decreasing trend in their number and size over time.

Conclusions

The municipalities-cities that had the highest number of accu-
mulated death cases for the evaluated diseases during the study
period were: Tijuana (Baja California), Iztapalapa and Gustavo. A.
Madero (Ciudad de México), Reynosa (Tamaulipas), Monterrey
(Nuevo Leodn), Nopalucan (Puebla) and Toluca (Estado de
México). Likewise, the municipalities with the highest RR associ-
ated with ischemic heart disease were: Huehuetlan el Grande,
Puebla (for the >60 year olds) and Otzolotepec, Estado de México
(for the 20-59 year olds). In relation to type II diabetes mellitus,
those with the highest risk were: Acufia, Coahuila (for the >60 year
olds) and Juérez, Chihuahua (for the 20-59 year olds) and with
regard to cerebrovascular diseases: San Martin Itunyoso, Oaxaca
(for the >60 year olds) and Chicontepec, Veracruz (for the 20-59
year olds). With respect to hypertension: Ahualulco de Mercado,
Jalisco (for the >60 year olds) and San Buenaventura, Coahuila
(for the 20-59 year olds). Finally, the Guachochi, Chihuahua
municipality was the one with the highest risk of child undernour-
ishment.

Our results contribute to the potential spatial prioritization of
resources and campaigns for the prevention and treatment of
CNCD and child undernourishment. Focusing on active conglom-
erates is important for the country since these currently represent a
threat to public health. It is essential to clarify the various factors
influencing their spatial distribution associated with malnutrition
as well as contextual factors, such as the use of health services,
consumption patterns, dietary styles and preferences, income level
and education. Future analyses are needed to provide relevance
beyond the actual geographical distribution of CNCD and child
undernourishment by focusing on associated causes and possible
solutions. These aspects will be particularly useful for specialists
and decision-makers as they can lead to interventions to be target-
ed to minimize patient susceptibility and optimize and improve
disease management effectively. Generally, geographic studies
such as this one are essential for the actiology of diseases because
they provide ways and means to rapidly inform a wide diversity of
governmental and non-governmental decision-makers.
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