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Abstract

The areas near a country border have interesting demographics since they are 
the zones where two cultures collide. The USA has two long land borders with 
Canada and Mexico. Mortality between 1999-2019 is examined at the county 
level in the two border regions, compared to the non-border regions of the 
border states. Analysis is based on single figure indices, with combinations of 
confounders age, gender and cause of death. Findings confirm differences 
between border and non-border regions, with opposite results at each border. 
As far as is known there is no previous mortality study concerning both borders 
and therefore the contribution of the work is to demonstrate the differences 
between the border and non-border regions for the two borders and discuss 
possible reasons. Further, we show that the more detailed analysis at the county 
level, even with certain data limitations, gives important insights to the topic.

Keywords: county mortality, USA-Mexico border, USA-Canada border, hispanic 
paradox, single indices.

Resumen

Las áreas cercanas a la frontera de un país tienen una demografía interesan-
te ya que son las zonas donde chocan dos culturas. Estados Unidos tiene dos 
largas fronteras terrestres con Canadá y México. Se examina la mortalidad en-
tre 1999 y 2019 a nivel de condado en las dos regiones fronterizas, en compa-
ración con las regiones no fronterizas de los estados fronterizos. El análisis se 
basa en índices, con combinaciones de factores como edad, sexo y causa de 
muerte. Los resultados confirman diferencias entre regiones fronterizas y no 
fronterizas y entre fronteras. Hasta donde se sabe, no existe un estudio pre-
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vio de mortalidad en ambas fronteras y así la contribución del trabajo es demostrar 
las diferencias entre las regiones fronterizas y no fronterizas para las dos fronteras 
y discutir las posibles razones. El análisis más detallado a nivel de condado, inclu-
so con ciertas limitaciones de datos, brinda información importante sobre el tema.

Palabras clave: mortalidad por condado, frontera entre eua y México, frontera entre 
eua y Canadá, paradoja hispana, índices.

Introduction

Mortality rates are a key indicator of the well-being of a population. The more we know 
about its patterns, the better we can plan for the future and identify areas for improve-
ment. Mortality is often viewed from a national level, but a recent study in the United 
States of America (USA) showed that there are significant differences in death rates 
at the county level (Dwyer-Lindgren et al., 2016). Geographic disparities in mortality 
have also proved to be persistent. Even as the population of an area is changing, the 
high or low mortality that the area faces can remain (James et al., 2018). This suggests 
that geographic location is a steady and useful variable in predicting mortality, even 
though differences may be due to socioeconomic conditions, ethnicity, behavior and 
health care, for instance.

Proximity to a country’s border is one way of classifying geographic areas. The areas 
near a country border have interesting properties compared to non-border areas since 
they are the zones where two cultures collide (Moya et al., 2016). USA has two land bor-
ders, with Canada and Mexico, two largely different countries. The USA-Mexico border 
region tends to be of particular interest because of the different levels of development 
of the two bordering countries. It has documented inequalities and disadvantages when 
compared to other regions of the USA and if the border region were considered a state, 
it would rank last in access to healthcare and per capita income (Moya et al., 2016). 
Border residents also have lower levels of education and employment (Mills & Caetano, 
2016). These disparities have led to a growing body of literature on the mortality and 
morbidity of the region. On the other side, the USA and Canada experience similar 
standards of living and have many commonalities with regards to culture and ethnic 
makeup (Feeny et al., 2010). However, there are still differences in the countries and 
there has been an interest in the mortality and health effects of the pollution generated 
at high-trafficked crossings along the USA-Canada border.

In this context, the objective of the article is to analyze, through the use of data 
from the Centers for Disease Control and Prevention Wide-ranging Online Data for 
Epidemiologic Research (CDC WONDER) database for the years 1999 to 2019, the 
mortality in the border regions, especially when compared to the non-border regions 
of the border states, so that mortality trends can be explored. This work demonstrates 
that the county of residence and proximity to the border could be a useful contributor 
to project mortality, in both border regions. Therefore, the aim of the project is to 
answer the following research question: how significant are the main differences and 
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similarities in mortality trends at a county level, accounting for age, gender and cause 
of death, to compare mortality patterns in the border and non-border regions and also 
between the USA-Mexico and the USA-Canada borders?

Since the purpose is to take a closer look at the mortality in the USA’ border re-
gions, one of the contributions of this work is to demonstrate that proximity to the 
border is a substantial variable in mortality. In addition, the county level analysis for 
cause of death shows that rates can vary drastically just over county lines. Thus, the 
county of residence could be used to inform mortality projections.

Through the calculation of the classic mortality measures in this framework, the 
mortality rates, sub-populations of the border by state, age, gender, and cause of dea-
th are analyzed, and varying combinations of confounders in the standardization are 
used. The findings confirm important differences between the border and non-border 
regions, with opposite results at each border. When accounting for all confounders, 
the border region at the Mexican border has lower mortality than the non-border 
region, and at the Canada border, the border region has higher mortality than the 
non-border region. The reasons for this are also discussed.

The article is structured as follows. This introduction briefly explains the objective, 
scope, and contributions of the work. It is followed by a section with the referential 
framework, presenting some existing theoretical and empirical results about the mor-
tality in the USA-Mexico and the USA-Canada border regions. Then, there is a section 
about data and methods, with particular focus on the definition of the border areas, 
which is a subject of some discussion. The following section contains results and dis-
cussion. The final section concludes.

Referential framework

Mortality in the USA-Mexico border region: some theoretical
and empirical results

A majority (53.5%) of the residents in the USA-Mexico border region are of a Hispa-
nic or Latino origin compared to only 14.9% in the U.S. non-border region (Centers 
for Disease Control and Prevention, n. d.). Given this, much of the literature on the 
region focuses on the Hispanic-American population.

Markides and Coreil (1986) concluded that the health status of Hispanics was clo-
ser to that of non-Hispanic Whites than to that of non-Hispanic Black Americans, al-
though their socio-economic status is closer to the latter group. This is significant 
because it is known that lower socio-economic status typically leads to higher morbidity 
and mortality in the USA (Adler et al., 1994; Crimmins et al., 2009; Sorlie et al., 1995). 
Markides and Coreil (1986) looked at infant mortality, life-expectancy, cardiovascular 
diseases, cancer, diabetes and other diseases and found that Mexican Americans fa-
red better than expected on many of them. This pattern of Hispanics being healthier 
and having lower mortality than Whites despite their lower economic status has been 
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found consistently and has come to be known as the Hispanic paradox (Becker et al., 
1988; Hummer et al., 2007; Liao et al., 1998; Shai & Rosenwaike, 1987).

Other studies have found that the paradox only applies to certain subgroups. Liao 
et al. (1998) show that it is most pronounced in older age groups (over 64). Hum-
mer et al. (2000) divided the Hispanic population based on origin: Mexico, Cuba, 
Puerto Rico, Central/Southern America, and other Hispanic. They found that when 
accounting for mortality risk factors all Hispanic subgroups had lower mortality ove-
rall than non-Hispanic Whites, the only exception being Puerto Ricans between the 
ages of 18-44. Palloni and Arias (2004) concluded that the paradox was only true for 
foreign-born Hispanics excluding Cubans and Puerto-Ricans.

As the paradox emerged, several studies hypothesized that migratory factors were 
at the source of it, namely the “healthy migrant hypothesis” and the “salmon bias” 
(Liao et al., 1998; Shai & Rosenwaike, 1987; Sorlie et al., 1993). The healthy migrant 
hypothesis claims that there is a selection process when it comes to migration, lea-
ding to a migrant population healthier than the origin population. The salmon bias 
suggests that immigrants will migrate back to their home country when they are old. 
Foreign deaths are not included in the USA mortality data and this would skew the 
mortality rates lower. Further discussion of these theories can be found, for example, 
in Kolčić & Polašek (2009), Lu & Qin (2014), and Fuller-Thomson et al. (2015), which 
propose factors such as migrants being healthier than the average population in their 
home country, which allows them to migrate, or benefiting from the health care of the 
new country, or having better health (especially greater height), a higher socioecono-
mic position, and better cognitive skills, in childhood.

Abraído-Lanza et al. (1999) also tested the two hypotheses based on four sub-
groups of U.S. Hispanics, using Cox proportional hazards models (Kumar & Klefsjö, 
1994), with adjustment for age, income, and education. The resulting hazard ratios 
of mortality showed that all sub-groups had lower mortality than their non-Hispanic 
White counterparts, but neither the “salmon bias” nor the “healthy immigrant hypothesis” 
could attribute to this difference. Instead, health behaviors such as smoking and diet, and 
cultural behaviors like social cohesion may be the reasons.

McDonald and Paulozzi (2019) echoed the hypothesis that behavioral factors like 
the lower prevalence of smoking among Hispanic Americans could be behind their 
lower rates of major chronic diseases. Eschbach et al. (2004) tested if the paradox 
could be attributed to social support. Their results confirmed that living in high-densi-
ty Mexican American neighborhoods is associated with a positive health and mortality 
effect. This leads to the possibility that social cohesion and support systems may be 
factors causing the Hispanic paradox, as neighborhoods with a high percentage of 
Mexican Americans (or African Americans) are typically economically disadvantaged. 
Ruiz et al. (2016) present a model for Hispanics and Latinos in which their sociocul-
tural values, which place greater emphasis on social ties and family, may provide some 
(sociocultural) resilience in the event of illness. There are, however, some health indi-
cators outside the paradox, namely related to diabetes, breast and cervical cancer, and 
communicable diseases especially tuberculosis and hiv (United States-Mexico Border 
Health Commission, 2020).

Starting from Markides and Coreil (1986) it has often been found that diabetes 
rates are higher in Hispanics and along the USA-Mexico border region (McDonald & 
Paulozzi, 2019; Salinas et al., 2013). Stoddard et al. (2010) found that 25.9% of adults 
with diabetes living along either side of the border were undiagnosed, but that Mexi-
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cans and Mexican immigrants were significantly more likely to be undiagnosed than 
USA-born Hispanics or non-Hispanic Whites. Early diagnosis is important to reduce 
diabetes-related mortality. Díaz-Apodaca et al. (2010) found that the overall prevalen-
ce of diabetes in the border region was 17.6%, compared to the USA national estimate 
of 6.3%, and that there is “inverse relationship between diabetes and education and 
socio-economic level”.

Breast cancer and cervical cancer also have higher rates among Hispanic women 
along the border region (Herrera et al., 2012, McDonald & Paulozzi, 2019). Mortality 
from both cancers can be reduced with early detection which requires regular pre-
ventative screenings. Banegas et al. (2012) found that Hispanic women in the border 
region had higher knowledge of breast cancer prevention, but they were not recei-
ving the recommended screening procedures. A lack of education is not the problem. 
Herrera et al. (2012) studied the higher prevalence of cervical cancer in the border 
region. They ran multivariable logistic regression analyses to determine which varia-
bles could be contributing to lower rates of cervical cancer screenings in the area and 
found that lack of health insurance coverage had a clear correlation. Both studies 
imply that women in the USA-Mexico border region suffer from barriers to adequate 
health care, especially preventative screenings, which could be leading to the increa-
sed rates of breast and cervical cancer in the region.

Hispanics and residents in the border region have higher rates of mortality from in-
fectious diseases (Markides & Coreil, 1986), especially chronic infections, tuberculosis, 
and hiv (McDonald & Paulozzi, 2019). These diseases disproportionately affect poor 
communities which leaves the border region at risk. Additional risk factors active at 
the border are increased mobility and migration, closeness of social interactions, and 
limited access to healthcare (Moya et al., 2016).

Mortality in the USA-Canada border region: some theoretical
and empirical results

Compared to the USA-Mexico border, there is much less literature on the health of 
residents living in the USA-Canada border region. This may be because the USA and 
Canada enjoy similar standards of living and have more in common culturally and eth-
nically than the USA and Mexico. However, when it comes to health and mortality, the-
re are a few notable differences between the two countries, namely, their health care 
systems and inequality (Siddiqi & Hertzman, 2007). The existing works, for instance 
Siddiqi & Hertzman (2007), Feeny et al. (2010) and Krueger et al. (2009), are mainly 
focused on comparing the whole populations of the two countries.

Feeny et al. (2010) compared the health and mortality of USA residents versus 
Canada residents on three metrics: health-related quality of life, life expectancy and 
health-adjusted life expectancy. People in Canada had more favorable outcome on all 
three. The authors explored the potential explanations as “access to health care over 
the full life span (universal health insurance) and lower levels of social and economic 
inequality, especially among the elderly”. Regarding inequality, when they compared 
only the White populations of both countries, they found that the health statuses were 
much more similar.
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Krueger et al. (2009) studied how similar USA residents and Canada residents are 
with regards to health lifestyles. Using data for health behaviors, fertility measures, and 
cause-specific mortality, they applied general linear models to determine if healthy 
lifestyles between the two countries converge at the border. Results confirmed that Ca-
nada residents in general have healthier lifestyles than USA residents and supported 
their hypothesis that these healthy lifestyles converge at the border. In spite of this, 
there is concern on the air pollution and its effects near Canadian border crossings. In 
response, the two countries jointly formed the Canada-U.S. Border Air Quality Strate-
gy (baqs) to reduce the transborder air pollution.

The Ambassador Bridge is the most heavily trafficked border crossing in terms of 
commercial trade (Bureau of Transportation Statistics, n. d.). It connects Windsor, 
Ontario, to Detroit, Michigan. Band et al. (2006) studied the mortality and cancer 
rates from 1979 to 1999 of Windsor compared to those in the province of Ontario as a 
whole. They calculated the standardised mortality ratios for causes of death associated 
with long term air pollution exposure including lung cancer, bronchitis, and emphy-
sema, and standardised cancer incident ratios (Breslow & Day, 1987) for lung cancer. 
Results documented significantly increased incidence of lung cancer and mortality 
from bronchitis, emphysema, circulatory diseases and lung cancer in Windsor.

The second busiest border crossing is the Peace Bridge crossing connecting Bu-
ffalo, New York, to Fort Erie, Ontario (Bureau of Transportation Statistics, n. d.). A 
health study of Erie County studied the prevalence of asthma at the crossing (Oyana 
et al., 2004). Spatial analysis techniques proved that there was a significant cluster of 
asthma cases in the crossing proximity. The closer a resident is to it the higher is the 
probability of having asthma (living within 0.5 km of the crossing increases the risk of 
asthma by 15 times compared to just 2 km away).

While significant differences are observed on the border with Mexico, this is not 
the case in the states bordering Canada, but there is also a distinction in the number 
of immigrants from the two bordering countries. The highest number of immigrants 
in the USA come from Mexico. According to Pew Research Center (2023), there are 
11.2 million Mexican immigrants living in the USA as of 2018, 25.0% of all immigrants. 
Additionally, over 2 million Mexican immigrants live within the border region (Israel 
& Batalova, 2020). The number of Canadian immigrants was only 797 thousand in 
2019, of which 33 thousand were unauthorized, and they tend to live in large metropo-
litan areas in California, Florida, New York, and Texas, not near the Canadian border 
(Israel & Batalova, 2021). Further, according to the same source, most of them arrived 
in the USA before 2000, having been in the country for decades. Therefore, it can 
be expected that Mexican immigrants will have a larger effect on their border region 
than Canadian immigrants.

Nevertheless, the lack of literature available on the mortality in the USA-Canada 
border region is disappointing. Since there is only a small body of research, there is 
less direction and precedent, compared to the USA-Mexico border. In a way, this work 
is also a contribution to reduce the gap.
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Information sources and methodology

Defining the border areas

The boundary line between the USA and Mexico spans 3 145 km and touches four 
U.S. states: California, Arizona, New Mexico and Texas. The border between the USA 
and Canada is 8 891 km and borders 13 states: Alaska (not contiguous, therefore ex-
cluded from the analysis), Washington, Idaho, Montana, North Dakota, Minnesota, 
Michigan, Ohio, Pennsylvania, New York, Vermont, New Hampshire and Maine.

Because mortality data is available at the county level, we need a definition of the 
border area (ba) that includes whole counties. The United States-Mexico Border 
Health Commission (2020) defines the border region as the 48 counties that lie within 
100 km of the border, citing the La Paz Agreement, signed in 1983 to improve the en-
vironment in the border area. We shall adopt this definition. According to the Border 
Health Security Act of 2021-117th Congress (2021-2022) “the term ‘United States-Ca-
nada border area’ means the area located in the United States and Canada within 100 
km of the border between the United States and Canada”. As a result, there are 182 
USA-Canada border counties located in the United States.

The R package “sf” (simple features) is used to standardize the measurement be-
tween country and county borders. When we include any county that has a portion 
within 100 km of the Mexico border, we agreed on the same 48 counties. Replicating 
to the Canadian border defines 182 USA-Canada border counties, see Figure 1.

Figure 1. USA-Mexico and USA-Canada border counties

 Source: U.S. Census Bureau (author’s colouring)
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Data source

The main data source is the Centers for Disease Control and Prevention Wide-ranging 
Online Data for Epidemiologic Research (CDC WONDER) database. The Underlying 
Cause of Death dataset is used to identify one cause of death from death certificates, 
classified by the Tenth Revision of the International Classification of Diseases (icd-10). 
The dataset covers deaths from the years 1999 to 2019 compiled by the National Center 
for Health Statistics (nchs). Death counts lower than ten and their subsequently cal-
culated mortality rates are “suppressed” to avoid identifiable information and counts 
lower than 20 are marked “unreliable”. The accompanying population estimates are 
always the mid-interval estimates from the U.S. Census Bureau reports in 1990, 2000 
and 2010 (Centers for Disease Control and Prevention, n. d.). The variables that will 
be used are age, gender, Hispanic origin and cause of death. For cause of death, will 
be used the nine icd-10 chapters with the highest national death counts and aggregate 
the remaining ones into an “other cause” category, see Table 1.

Table 1. Cause of death categories in the USA, icd-10 chapters, 1999-2019

icd-10 Chapter Description % of U.S. deaths

I00-I99 Diseases of the circulatory system 33.4%

C00-D48 Neoplasms 23.1%

J00-J98 Diseases of the respiratory system 9.7%

V01-Y89 External causes of morbidity and mortality 7.5%

G00-G98 Diseases of the nervous system 5.7%

E00-E88 Endocrine, nutritional, and metabolic diseases 4.2%

F01-F99 Mental and behavioral disorders 4.1%

K00-K92 Diseases of the digestive system 3.7%

A00-B99 Certain infectious and parasitic diseases 2.6%

Other Other cause 5.9%

  Source: CDC WONDER database (author’s calculations)

When the cause of death is being used to segment the population, some counties 
have too small of a population to have reliable death counts in each category. The-
refore, these small counties were removed from the analysis. In Table 2, the effect of 
exclusion is shown to be minimal and the percentage of the population removed is 
evenly distributed among regions.
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Table 2. County size distribution in the border areas (ba), 1999-2019

Area County 
Size

Count Person-years* %

MEXICO ba
Large 37 284 874 362 99.8%

Small 11 569 199 0.2%

Mexico Non-ba
Large 267 1 180 517 467 99.8%

Small 45 2 450 741 0.2%

Canada ba
Large 167 449 247 625 99.8%

Small 15 960 037 0.2%

Canada Non-ba
Large 387 1 054 940 675 99.7%

Small 50 2 762 587 0.3%

* Person-years is a measurement that considers both the number of people 
in the study and the period of time each person is followed up. For example, 
a study that follows 1 000 people for two years would contain 2 000 person-
years of data. The concept is explained, for instance, in Sheps (1966).
Source: CDC WONDER database (author’s calculations)

Methods

Methodology is based on widely used classic single indices to summarize and compare 
mortality. The notation utilized by Kim et al. (2020) is follow, with some modifications. 
In this paper, ten-year age groups for the standardized rates, also known as age-adjus-
ted rates will be taken.

The crude mortality rate (cmr) is the most basic mortality index.

(1)                            CMRc =                                          =                ,

where di,c is the number of observed deaths in ten-year age group i and in county c, and 
ti,c is the corresponding population.

The directly standardized mortality rate (dsmr) is a weighted average. For instance, 
in the case of age standardization the weights are the age proportions in the standard 
population, which are multiplied by the age-specific crude mortality rates observed in 
the target population.

(2)                                DSMRc  =                        ,   

Observed deaths

Total exposed to risk

∑i di ,c

∑i ti ,c

∑i Ti

di ,c

ti ,c(   )
∑iTi
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where Ti is the population of the standard population in ten-year age group i. Even if 
ten-year age groups are taken for the standardized rates, when the geographical areas 
under consideration are small or sparsely populated, the dsmr can be incalculable 
because the observed deaths by age group are too low to be reliable or may not even 
be reported.

The indirectly standardized mortality rate (ismr) is an approximation of the 
dsmr.

(3)          ISMRc = CMRstandard  x                              =              x                         ,

where Di is the number of observed deaths in the standard population in ten-year 
age group, i. The advantage of the ismr is that the number of observed deaths by age 
group in the population of interest is not required, only the age distribution of the 
population and the total observed deaths are needed. This is an important benefit 
when the population of interest is too small to have reliable death data by age group.

Finally, the standardized mortality ratio (smr) compares the ismr of the population 
of interest with the cmr in the standard population.

(4)             SMRc =                              =                       .

The smr allows for the comparison of the population of interest and the standard 
population to be more intuitive. Since it uses an indirect method of standardization 
and is dependent on the age distribution of the study population, it should not be used 
to directly compare the mortality between two different study populations (Schoen-
bach & Rosamond, 2000). As some of the counties are small, which leads to suppressed 
or unreliable death counts when divided into age groups, indirect standardization via 
the smr will be used.

If the difference in smr is significant compared to the standard population, or if it 
can be attributed to random variability will be seen by calculating confidence intervals. 
There are several methods, but the one designated in a recent small area mortality 
study will be utilized (Kim et al., 2020).

(5)            95% Confidence Interval =                       ,    SMR*exp              .

If the confidence interval does not include 1, the smr will be significantly higher/
lower when compared to the standard population.

Observed deaths

Expected deaths

∑i Di

∑i Ti

∑i di ,c

∑i ti ,c (    )Di

Ti

Observed deaths
Expected deaths

∑i di ,c

∑i ti ,c
Di

Ti
(   )

exp (    )1.96

√dc

SMR (    )1.96

√dc[                          ]
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Results and discussion

USA-Mexico border area

First, the smrs for the USA-Mexico border area and for the non-border area is calcu-
lated. The full area of the border states was used as the standard population, age was 
used as the only confounder of standardization, and 95% confidence interval was cal-
culated. The results are shown in Table 3 and Figure 2. Since 95% confidence interval 
for the smr of the USA-Mexico border area does not include 1, can be concluded that 
its mortality is significantly lower than in the standard population. On the other hand, 
the non-border area has a smr significantly higher.

Table 3. smr by USA-Mexico ba

ba Obs. deaths Exp. deaths smr 95% ci Significant*

Mexico ba 1 950 101 2 033 177 0.9591 [0.9578, 0.9605] Low

Non-ba 8 088 962 8 005 886 1.0104 [1.0097, 1.0111] High

*Significantly high or low at 5% level compared to the standard population
Source: CDC WONDER database (author’s calculations)

Figure 2. smr by USA-Mexico ba

                       Source: CDC WONDER database (author’s calculations)

To investigate the distribution further, the smrs by state and border area were cal-
culated next (Table 4 and Figure 3) with the same standard population. The smrs in 
the border region are most different in Arizona and Texas. In both cases, the border 
area has significantly lower mortality and the non-border area has significantly higher 
mortality. In New Mexico, both areas have significantly higher mortality than the stan-
dard population, though the border area’s is slightly lower. On the other hand, both 
areas in California had the lowest smr of any group, so they were both significantly 
lower than the standard population.
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Table 4. smr by state (USA-Mexico ba)

State
Mexico ba Non-ba

smr Significant smr Significant

Arizona 0.9702 Low 1.1256 High

California 0.9431 Low 0.9386 Low

New Mexico 1.0557 High 1.0683 High

Texas 0.9521 Low 1.1127 High

                  Source: CDC WONDER database (author’s calculations)

Figure 3. smr by state (USA-Mexico ba)

           Source: CDC WONDER database (author’s calculations)

These results can also be seen geographically in Figure 4. The magenta shades show 
the areas with smrs greater than 1 and the teal shaded areas have smrs under 1.

Figure 4. smr by State (USA-Mexico ba map)

                        Source: CDC WONDER database (author’s calculations)
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Third, the cause of death was explored by standardizing with respect to age (Table 
5 and Figure 5). In the border region, most of the causes of deaths smrs are significant-
ly lower than in the standard, but there are two that are significantly higher: ‘External 
causes of morbidity and mortality’ and ‘Diseases of the nervous system’.

Table 5. smr by cause of death (USA-Mexico ba)

Cause of death
Mexico ba Non-ba

smr Significant smr Significant

Diseases of the circulatory system 0.9226 Low 1.0205 High

Neoplasms 0.9547 Low 1.0125 High

Diseases of the respiratory system 0.9333 Low 1.0182 High

External causes of morbidity & mortality 1.0528 High 0.9924 Low

Diseases of the nervous system 1.0338 High 0.9934 Low

Endocrine, nutritional, and metabolic diseases 0.9933 Low 1.0024 -

Mental and behavioral disorders 0.9245 Low 1.0202 High

Diseases of the digestive system 1.0063 - 0.9994 -

Certain infec. and parasitic diseases 0.9475 Low 1.0165 High

Other cause 0.9855 Low 1.0402 High

Source: CDC WONDER database (author’s calculations)

Figure 5. smr by cause of death (USA-Mexico ba)

Source: CDC WONDER database (author’s calculations)

To investigate the causes of death further, the analysis on the county level was ran, 
see the maps below (Figure 6 and Figure 7). For the ‘Diseases of the nervous system’, 
the individual border counties which have the highest rates of death are Maricopa 
County, Arizona, and San Diego County, California. These are the two most populous 
counties in the border area, so they have a great effect on the overall smr.
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Figure 6. Cause of death: diseases of the nervous system (USA-Mexico ba map)

   Source: CDC WONDER database (author’s calculations)

Regarding ‘External causes of morbidity and mortality’, the non-border areas of 
Arizona and New Mexico have consistently high smrs, but these are counteracted by 
the low rates in California and Texas.

Figure 7. Cause of death: external causes of morbidity and mortality (USA-Mexico ba map)

   Source: CDC WONDER database (author’s calculations)

It was expected that ‘Endocrine, nutritional and metabolic diseases’ might be signi-
ficantly higher in the border region, but that was not the case. We have concluded that 
the low mortality rates in the border region of California and Arizona are offsetting 
the high rates in the border regions of New Mexico and Texas. The non-border area 
of Texas tends to have higher rates of ‘Endocrine, nutritional and metabolic diseases’ 
which causes the smrs to be more even.

As much of the research on the USA-Mexico region focuses on the Hispanic or La-
tino population, due to their large proportion in the area and the Hispanic paradox, 
the next division examined was dividing the border regions into “Hispanic or Latino” 
and “Not Hispanic nor Latino”. Results are shown in Table 6 and Figure 8. The Hispa-
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nic populations in the border area and the non-border area have significantly lower 
mortality than the standard population, which is in line with the existing research. In 
addition, the mortality of the non-Hispanic population in the border area is signifi-
cantly lower than the mortality of the population, compared to the non-border area, 
which further suggests that it is not only the Hispanic population that is causing the 
border area to have lower mortality.

Table 6. smr by Hispanic origin (USA-Mexico ba)

Origin
Mexico ba Non-ba

smr Significant smr Significant

Hispanic or Latino 0.8932 Low 0.8385 Low

Not Hispanic nor Latino 0.9801 Low 1.0521 High

   Source: CDC WONDER database (author’s calculations)

Figure 8. smr by Hispanic origin (US-Mexico ba)

      

Source: CDC WONDER database (author’s calculations)

Gender is the next most common confounder to add to the standardization. Women 
have a longer expected lifespan than men and therefore lower mortality rates. Conse-
quently, it would be expected that a population with a higher proportion of women 
would have lower mortality. However, the distribution of gender doesn’t vary between 
different geographies as much as age does, so we wouldn’t expect it to have as great of 
an impact on the smrs. When gender is added as a variable in the standardization for the 
USA-Mexico border, the border area smr decreases slightly from 0.9591 to 0.9575, but 
both are significantly low, and the non-border area increases by an even smaller differen-
tial from 1.0104 to 1.0108. When we standardize with either gender or cause of death as 
the only confounder, or with both, the expected deaths are strikingly similar and there 
is no difference in the smrs in the border and non-border regions (Table 7).



16Joerger, M. & Alves Simões, O. / Mortality at the county level in the USA-Mexico and USA-Canada border regions

Estudios Fronterizos, vol. 25, 2024, e138. https://doi.org/10.21670/ref.2402138 e-ISSN 2395-9134

Table 7. smr by USA-Mexico ba and standardization confounders

Confounders in standardization
Mexico ba Non-ba

smr Significant smr Significant

Age 0.9591 Low 1.0104 High

Gender 0.9993 - 1.0002 -

Cause of death 0.9993 - 1.0002 -

Age + Gender 0.9575 Low 1.0108 High

Age + Cause of death 0.9591 Low 1.0104 High

Gender + Cause of death 0.9993 - 1.0002 -

Age + Gender + Cause of death 0.9576 Low 1.0108 High

   Source: CDC WONDER database (author’s calculations)

USA-Canada border

Just as with the USA-Mexico border, the first measure of comparison was the standar-
dized mortality ratios for the USA-Canada border area versus the non-border area, 
where the twelve border states are combined to make up the standard population. The 
results in Table 8 and Figure 9 show that, in contrast to the USA-Mexico border area, 
the USA-Canada border area has an smr that is significantly higher than the standard 
population and the smr of the non-border area is significantly lower.

Table 8. smr by USA-Canada ba

ba
Observed 

deaths
Expected deaths smr 95% ci Significant

Canada ba 4 132 324 3 992 665 1.0350 [1.0340, 1.0360] High

Non-ba 9 099 417 9 239 076 0.9849 [0.9842, 0.9855] Low

Source: CDC WONDER database (author’s calculations)

The smr by state and border area was calculated with the same standard population 
as the first portion, see Table 9 and Figure 10. There are six areas with smrs over 1.05 
and six areas with smrs lower than 0.95 which provide further insight. The six areas 
with smrs higher than 1.05 are the border areas of Montana, Maine, Michigan, Ohio 
and Pennsylvania, and the non-border area of Ohio. Since five of the six areas with 
the highest smrs are from the border region, these states mainly contributed to the 
overall high mortality at the border. The six areas with smrs under 0.95 are the border 
areas of New Hampshire, Vermont and Washington and the non-border areas of North 
Dakota, Minnesota and New York. Figure 11 shows that these areas are not clustered, 
low and high smrs are dispersed along the border.
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Figure 9. smr by USA-Canada ba

                        Source: CDC WONDER database (author’s calculations)

Table 9. smr by state (USA-Canada ba)

State
Canada ba Non-ba

smr Significant smr Significant

Idaho 0.9748 Low 0.9772 Low

Maine 1.0807 High 0.9744 Low

Michigan 1.0878 High 1.0259 High

Minnesota 1.000 - 0.8826 Low

Montana 1.0534 High 0.9922 -

North Dakota 1.0034 - 0.9001 Low

New Hampshire 0.9407 Low 0.9534 Low

New York 1.0183 High 0.8816 Low

Ohio 1.0877 High 1.1297 High

Pennsylvania 1.0921 High 1.0457 High

Vermont 0.9362 Low 0.9849 -

Washington 0.8913 Low 1.0025 High

    Source: CDC WONDER database (author’s calculations)

Figure 10. smr by state (USA-Canada ba)

Source: CDC WONDER database (author’s calculations)
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Figure 11. smr by state (USA-Canada ba map)

Source: CDC WONDER database (author’s calculations)

When the population is divided by cause of death (Table 10 and Figure 12), the Ca-
nada border area is shown to have a significantly high smr for 8 out of 10 causes of death. 
The causes of death that the border region is significantly low for are ‘Certain infectious and 
parasitic diseases’ and ‘Other cause’.

Table 10. smr by cause of death (USA-Canada ba)

Cause of death
Canada ba Non-ba

smr Significant smr Significant

Diseases of the circulatory system 1.0312 High 0.9924 Low

Neoplasms 1.0340 High 0.9907 Low

Diseases of the respiratory system 1.0395 High 0.9888 Low

External causes of morbidity and mortality 1.0371 High 0.9885 Low

Diseases of the nervous system 1.1047 High 0.9606 Low

Endocrine, nutritional and metabolic diseases 1.0707 High 0.9748 Low

Mental and behavioral disorders 1.0710 High 0.9752 Low

Diseases of the digestive system 1.0885 High 0.9668 Low

Certain infect. and parasitic diseases 0.9323 Low 1.0340 High

Other cause 0.9892 Low 1.0094 High

Source: CDC WONDER database (author’s calculations)

Figure 12. smr by cause of death (USA-Canada ba)

Source: CDC WONDER database (author’s calculations)
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Due to the concerns of heightened rates of respiratory illnesses near the high-tra-
fficked border crossings, we will take a closer look at the ‘Diseases of the respiratory 
system’. There are counties with high smrs for this cause of death along the border 
(Figure 13), however, the clustering of poor smrs is in southern Ohio, a non-border 
area. This region has 5 of the top 6, and 10 of the top 20 worst county smrs. Since the 
research for baqs is focused on the small area immediately next to the border cros-
sings, county-level data may be too wide of an area to show any difference.

Figure 13. Cause of death: diseases of the respiratory system (USA-Canada ba map)

Source: CDC WONDER database (author’s calculations)

Different standardizations for this border were also carried out and the results were 
consistent with the USA-Mexico border in that the gender and cause of death variables 
did not have much effect on the smrs, see Table 11.

Table 11. smr by USA-Canada ba and standardization confounders

Confounders in standardization
Canada ba Non-ba

smr Significant smr Significant

Age 1.0350 High 0.9849 Low

Gender 1.0460 High 0.9804 Low

Cause of death 1.0460 High 0.9804 Low

Age + Gender 1.0341 High 0.9853 Low

Age + Cause of death 1.0350 High 0.9849 Low

Gender + Cause of death 1.0460 High 0.9804 Low

Age + Gender + Cause of death 1.0343 High 0.9855 Low

      Source: CDC WONDER database (author’s calculations)

Border comparison

For the previous two subsections, it has been using the border states collectively to 
make up the standard population. Now, to compare the two borders to the same popu-
lation, it will be used the entire USA as the standard. In Table 12, standardized by age, 
95% confidence intervals of the smrs are shown. The USA-Mexico border area is still 
significantly lower, and the USA-Canada border area is still significantly higher, see Fi-
gure 14. This shows that the border areas not only have significantly different mortality 
than the non-border areas but than the overall USA population.
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Table 12. smr by ba

ba Obs. deaths Exp. deaths smr 95% ci Significant

Mexico ba 1 950 101 2 186 455 0.8919 [0.8906, 0.8932] Low

Canada ba 4 132 324 4 040 869 1.0226 [1.0216, 1.0236] High

Source: CDC WONDER database (author’s calculations)

Figure 14. smr by border area

       Source: CDC WONDER database (author’s calculations)

The same variations of confounders in standardization in the previous sections 
are applied in Table 13. All variations in the Mexico border region produced a signi-
ficantly low smr and the Canada border was always significantly high. Adding gender 
or cause of death to the standardization did affect the smr, albeit slightly. In this case, 
adding either gender or cause of death (or both) caused both borders’ smrs to move 
further from 1, that is, the USA-Mexico border’s smr was reduced further and the 
USA-Canada border area’s increased, making them both more significant.

Table 13. smr by ba and standardization confounders

Confounders in standardization
Mexico ba Canada ba

smr Significant smr Significant

Age 0.8919 Low 1.0226 High

Gender 0.8205 Low 1.1026 High

Cause of death 0.8207 Low 1.1026 High

Age + Gender 0.8884 Low 1.0226 High

Age + Cause of death 0.8919 Low 1.0226 High

Gender + Cause of death 0.8205 Low 1.1026 High

Age + Gender + Cause of death 0.8883 Low 1.0228 High

                    Source: CDC WONDER database (author’s calculations)
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Conclusions

Despite the heavy interest in mortality at the USA-Mexico border, the analysis shows 
that the overall mortality in the border area is significantly lower than mortality in the 
border states and lower than the United States as a whole. It was also found that the 
causes of death that the border population has been shown to be at an increased risk 
for do not apply to all counties within the 100 km of the border. Instead, these are 
issues only in certain counties or states. For instance, diabetes mellitus has been shown 
to have high rates in the border region (McDonald & Paulozzi, 2019; Salinas et al., 
2013), but we found that this was mainly in New Mexico and Texas and that when the 
Arizona and California border regions are included, the area actually has low levels of 
death from ‘Endocrine, nutritional and metabolic diseases’.

Given the depth of research on the Hispanic paradox in the border region, the 
area was analysed by Hispanic origin. The results support the paradox since both the 
border and non-border Hispanic population had significantly low smrs. In addition, 
the smr for the non-Hispanic border population was also significantly low giving no-
vel evidence that it is not only the ethnicity of the border region that is causing the 
low smr.

The mortality at the USA-Canada border has not been a common topic of research, 
but it was found that there is a significantly higher level of mortality in the area, and 
that these elevated rates are shown for 8 out of the 10 cause of death categories.

With regards to the different methods of standardization used, it can be state 
that age is the most important confounder in standardization as it has the greatest 
effect on the smr. Through all the analysis, standardization by cause of death had 
the smallest effect on the smr, only changing the result in the ten-thousandths place, 
or not at all.

Proximity to the border is a substantial variable in mortality. The Hispanic paradox 
is largely irrelevant in Canada and migration flows are entirely different. Cross-border 
traffic at the large points of entry into Ontario have more transportation of commer-
cial goods and tourism, which is different from Mexico-USA migration flows, which 
are mainly for employment, for much longer periods, permanent in many cases (An-
derson, n. d.; Ontario Ministry of Economic Development, Job Creation and Trade, 
2021; Orraca Romano, 2015). As discussed, the main limitation of this study was the 
suppressed death counts in the WONDER database. It was overcame this by removing 
the smallest counties from the analysis, but having the unsuppressed death data would 
have been ideal. Access to this information would also make it possible to use direct 
standardization instead of indirect standardization, which would have been prefera-
ble. It would also to be able to analyse the mortality for a shorter time period, as this 
would allow to compare the mortality across time and analyse trends. There is poten-
tial for further research to investigate time trends and determine if the differences are 
diverging or converging with time. To further explore the context of the cross-border 
differences and higher mortality that was found at the USA-Canada border is also an 
interesting topic.
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Through this research and analysis, it was proved that geography and proximity to 
the border is a substantial variable in mortality. It is well known that age and gender 
are two variables that have a strong correlation with mortality, but when accounting 
for these confounders, there were still significant differences at both borders. It was 
evidenced that age is the most important confounder as it had the greatest effect on 
the smr. In addition, the county level analysis for cause of death showed that rates can 
vary drastically just over county lines. Thus, the county of residence should be used to 
inform mortality projections.
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