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Vojtěch Nedvěd
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Abstract
In this thesis, we focus on the determinants of life expectancy at birth in
Mexico’s federative entities. The aim is to consider three selected variables
determining life expectancy – health care expenditures, unemployment, and
school enrolment. We use panel data for up to 21 year period (1994-2014)
controlling for already well-examined determinants (vaccination coverage,
literacy rate, and infant mortality rate).
Fixed effect or random effect estimation is applied according to the hypotheses. Robustness test is performed using Principal Component Analysis
including proxies of the main four groups of variables affecting life expectancy – economic, social, health care and environmental.
The results suggest a positive effect of health care expenditures on life expectancy at birth. However, a significant effect of unemployment or primary
school enrolment is not confirmed. Principal Component Analysis suggests
the existence of additional determinant related to health care expenditures
affecting life expectancy.
This thesis contributes to the debate on discussed variables (healthcare
expenditures, unemployment, and primary school enrollment) related to life
expectancy. We also extend the limited research on life expectancy in Mexico
and Latin America.

Abstrakt
Naděje na dožitı́ při narozenı́ je považována za důležitý indikátor vyjadřujı́cı́
mı́ru rozvoje zemı́. Vtéto bakalářské práci se zabýváme určenı́m naděje na
dožitı́ ve spolkových státech Mexika. Cı́lem práce je zkoumat tři hlavnı́
proměnné ovlivňujı́cı́ naději na dožitı́, jsou jimi výdaje na zdravotnı́ péči,
mı́ra nezaměstnanosti a počet zapsaných studentů na prvnı́m stupni základnı́ho vzdělávánı́. Pro analýzu byla použita data pokrývajı́cı́ obdobı́ 21 let
v letech 1994 až 2014. Kromě základnı́ch proměnných byly v modelech
dále použity determinanty, u kterých, na základě dostupných výzkumů,
předpokládáme vliv na naději na dožitı́ (mı́ra proočkovanosti, gramotnost
a dětská úmrtnost).
Vzávislosti na stanovených hypotézách byly aplikovány fixed effect a random effect modely. Robustnost měřenı́ byla otestována pomocı́ Principal
Component Analysis, kde byly použity proměnné ze čtyř hlavnı́ch kategoriı́
ovlivňujı́cı́ch naději na dožitı́ – ekonomické, sociálnı́, zdravotnické a environmentálnı́.
Výsledky práce naznačujı́ pozitivnı́ efekt výdajů ve zdravotnictvı́ na naději
na dožitı́ při narozenı́, nicméně nepotvrzujı́ signifikantnı́ vliv nezaměstnanosti
a mı́ry zapsaných studentů do prvnı́ho stupně základnı́ho vzdělávánı́. Test
robustnosti naznačuje existenci dalšı́ proměnné, spojené s výdaji na zdravotnı́ péči, která má vliv na naději na dožitı́.
Tato práce přispı́vá k akademické debatě týkajı́cı́ se proměnných, které
ovlivňujı́ naději na dožitı́ při narozenı́ (výdaje na zdravotnı́ péči, nezaměstnanost, mı́ra zápisu do základnı́ho vzdělávánı́) a rozšiřuje oblast poznánı́ o
Mexiko a Latinskou Ameriku.
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Thesis proposal
Research question and motivation
Life expectancy is one of the core health care indicators selected by the
OECD. Life expectancy, that is the probability of living up to certain age, is
being studied by many researchers. Researchers from the OECD have studied the key determinants of life expectancy among OECD countries (The
Determinants of Life Expectancy: An Analysis of the OECD Health Data)
resulting in the following discovery: pharmaceutical consumption is tightly
connected to age distribution of population where doubling pharmaceutical
expenditure adds about one year of life expectancy. Besides this discovery, their research is focused on states as a whole, leaving space for detailed
study of particular states using their results. In recent years, at the National
Autonomous University of Mexico a paper was published which focused on
evaluating and predicting life expectancy in Mexico for the next 20 years
(Análisis sobre la Esperanza de Vida para la población de México: Un enfoque actuarial). They have used a statistical approach to study and predict
life expectancy. Their paper is up to date, but research focused on evaluating
actual factors that determine life expectancy would be appreciated.
The goal of my thesis will be to evaluate the impact of various variables
on life expectancy in the United States of Mexico. Mexico is one of the
countries with the highest inequities, resulting in rich people with access
to high quality health care and poor people with limited access living side
by side. The Czech Republic spends twice as much on health care per
capita in comparison to Mexico, but we have only a slightly higher life
expectancy. Does it mean that in Mexico there are different factors that
affect the indicator?
My colleague, Václav Korbelius, did research studying factors that determine life expectancy in regions of the Czech Republic. He used socioeconomic variables, health care variables and environmental variables. I
will use similar variables with the introduction of some additional variables
(health care, criminality, inequity) based on the availability of data. Some of

the expected variables are: GDP, number of nurses, number of CT scanners,
number of smokers, number of crimes in the area, drug consumption, access
to TV/Internet/Radio, education, wage and other related issues.
Contribution
The main contribution will be mainly empirical. Mexico has not been studied in recent years for past data. My approach will be to focus on states,
whether for example OECD studies are related to states as a whole. Mexico
has collected larger amounts of data from around the 1990s which means
there are not many publications related to detailed and historical analysis.
The paper written by Ángel and Garcı́a is recent and up to date, but focuses mainly on prediction, whereas my focus will be on the dependencies
of variables.
Methodology
In my research I will develop a model measuring life expectancy at birth
and later, for women and men. I will run a panel data analysis evaluating
data obtained from the National Institute for Statistics and Geographic.
Moreover, all available data from bureaus of all states in Mexico will be
attached. Some of the possibilities will be pooled OLS, fixed effects model
or random effects model. In addition to that, a time series analysis will be
considered in case of data unavailability. The model used by my colleague
Korbelius seems successful and a similar approach might be applied.
Outline
1. Introduction
2. Literature review
3. Methodology and data
4. Results
5. Discussion
6. Conclusion
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1

Introduction

Life expectancy (LE) at birth is an indicator measuring the expected years
of human life at birth. It is a useful indicator measuring the level of development of a region or a country. Life expectancy has significant implications
for the study of human behaviour, economic growth, incentives for pension
benefit claims and many other fields of human society. Therefore, life expectancy is a powerful indicator that has been widely studied by economists,
statisticians, social researchers and medical experts.
For determining life expectancy, there are several widely used predictors
such as GDP, education, pollution, political liberty, pharmaceutical consumption and health care (Korbelius, 2014; Gilligan and Skrepnek, 2015;
Monsef and Mehrjardi, 2015; Franco, Álvarez-Dardet and Ruiz, 2004). Interestingly, these widely used predictors significantly vary among countries
or regions (Williamson and Boehmer, 1997; Bilas, Franc and Bosnjak, 2014).
There is scarce research on life expectancy in the entire Latin America
region. This arguments also holds true for Mexico which is one of the most
important countries in the region. To this day, only one related study has
been conducted using a panel data approach (Boussalis, Johnson and Nelson,
2013) on Mexico. Unfortunately, the study has several limitations. For
instance, it does not cover the most frequently used predictors. The author
focuses merely on political determinants and does not work with the most
common predictors such as GDP per capita or literacy rate. Cross-sectional
studies that would not require time dimension (large time periods) are also
not available.
This thesis aims to extend the limited research on life expectancy on Latin
America. We examine the effect of three currently discussed determinants
- health care expenditures (HE), unemployment and school enrolment rate
while controlling for widely used predictors - GDP per capita, vaccination
coverage, child mortality, and literacy rate.
The conclusions of the previous studies regarding health care, unemployment and school enrolment differs and this thesis aims to investigate their
5

effects (Gilligan and Skrepnek, 2015; Heuvel and Olaroiu, 2017; Hauck, Martin and Smith, 2016; Monsef and Mehrjardi, 2015 and Jian et al., 2014).
The models are based on panel data of up to 21 years period (19942014). For testing hypotheses, fixed effect or random effect estimations are
performed on the panel data structure. Additional variables are controlled
for using Principal Component Analysis (PCA) as a robustness test. The
PCA is applied to each of four groups affecting life expectancy at birth
(health care, environmental, economic and social).
The results of the thesis suggest a positive relationship between life expectancy at birth and health care expenditures. The effect of unemployment
and primary school enrolment is not apparent and requires further analysis.
This thesis contributes to the debate on selected determinants by providing additional evidence on in-country study related to life expectancy at
birth. It is the first study conducted with Mexico’s data using a panel data
approach including widely used determinants and applying Principal Component Analysis for robustness check in the case of life expectancy predictors.
The thesis is divided into seven parts. The first part provides a literature review where previous findings are summarized. In the next section,
Methodology, we describe our econometric approach. In the third part, Results, we present our findings. Subsequent section Robustness test is the
part where the robustness of our models is analysed via PCA. Afterwards,
we present our discussion pointing out mayor limitations and we suggest
possible improvements. The next section, conclusion, is where the key findings of the thesis are summarized. The last part is the Appendix where we
present detailed results of the models with descriptive statistics.

6

2

Literature Review

This chapter describes previous research specialized in determining life expectancy at birth in occurrences related to the case of Mexico. The first
section introduces evidence of determinants present on a global level and
includes main ideas and conclusions. In the subsequent part, region-based
evidence focusing on studies originated in Latin American countries is introduced. The third section specifically concentrates on Mexico related works
despite their sparseness.
2.1

General Evidence

Life expectancy at birth and its determinants have been studied by many
authors around the world. In general, two kinds of studies can be found. The
first kind mainly concentrates on finding, testing and investigating variables
using panel data among nations. By using this approach, rather general
results are usually obtained. Such approach might be misleading. In the
case of countries with tremendous economic or social differences, aggregated
numbers might not capture the variances present on regional levels.
The second one primarily consists of case studies. These focus on investigating life expectancy at birth in specific countries, which are usually
internally divided by states, regions or similar smaller territorial units. The
aggregated numbers on a country level are used as observations and include
indicators such as GDP per capita. In some countries which are heterogeneous inside, the aggregated numbers on a country level (such as GDP) might
not capture the characteristics well, as the differences within regions will
dissolve on the national level. Including these countries in a multi-country
study might bring inaccurate results. That is why the second approach is
arguably more appropriate for some countries which present strong heterogeneity inside.
According to Eurostat, life expectancy is defined as follows: “Life expectancy at certain ages represents the mean number of years still to be lived by
a person who has reached a certain exact age, if subjected throughout the
7

rest of his or her life to the current mortality conditions (age-specific probabilities of dying).”1 Such definition is easily understandable. Besides, the
definition allows us to study life expectancy not only at birth but also during
later stages of life such as in the ages of 60 or 70. Due to significant data
availability limitations in Mexico, this paper will examine life expectancy at
birth.
Life expectancy is by nature tightly related to mortality rate. From a
purely statistical point of view, according to the WHO, the meaning of the
term mortality rate is: “Life expectancy at birth reflects the overall mortality
level of a population. It summarizes the mortality pattern that prevails
across all age groups – children and adolescents, adults and the elderly.” We
should take into account the mortality rate itself and, if possible, also study
the factors that affect the mortality rate as they are relevant to the primary
focus of our work, the life expectancy.
J. W. Shaw, Horrace and Vogel (2005) examined life expectancy and its
determinants among OECD countries. They divided predictors of life expectancy into three categories: environmental measures, lifestyle and health
care expenditures. They conclude that unified terminology has not been set
and therefore is subject to the choice of each researcher. That corresponds
to the views of Monsef and Mehrjardi (2015) who divided factors of interest
into three groups: economic, social and environmental. This work builds on
these conclusions, and four groups of variables are considered - economic,
social, health care and environmental.
2.1.1

Economic Variables

Regarding the economic group of variables, one of the widely used determinants related to the life expectancy found in the literature is GDP which
usually has a significant positive effect – meaning that the higher the GDP
level, the higher the life expectancy. Gilligan and Skrepnek (2015) focused
on determinants of life expectancy in the Eastern Mediterranean Region.
1 Available

at http://ec.europa.eu/eurostat/cache/metadata/en/demo_mor_esms.htm, metadata of

mortality statistics.
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They divide countries into four clusters and run a regression for every one
of them. While the determinants across these four clusters varied, they concluded that GDP per capita has a positive effect on life expectancy at birth.
Besides, variables such as vaccination coverages and urbanization were also
found statistically significant. Moreover, they point out that predictors differ
between non-industrialized and industrialized nations.
The positive effect of GDP per capita was also suggested by Pocas and
Soukiazis (2011).

They studied determinants of life expectancy among

OECD countries. According to this study, factors from socio-economic,
health care and lifestyles groups are the most important variables for explaining life expectancy at birth. One of them is GDP per capita that has
a positive and significant effect. Subsequently, several other studies confirm
the positive effect of GDP on life expectancy (Uchida, Araki and Murata,
1992; Blazquez-Fernández, Cantarero-Prieto and Pascual-Saez, 2017; Joumard et al., 2008; Barlow and Vissandjee, 1999 or Soares, 2007).
2.1.2

Social Variables

As far as the social group of variables is concerned, the education is an essential factor without any doubt. Education is usually expressed in terms
of literacy rate, average years of education per habitant or percentage of
population achieving at least a high school level of education. Education
has a positive effect on the productivity of a region and makes people more
aware of their unhealthy lifestyle. What is more, higher education generally
results in higher personal income. Therefore, people with higher education
may afford higher-quality health care, may purchase higher-quality food or
invest into the improvement of their lifestyle. There is a positive relationship between mothers with quality education and family health and children
survival. Given that infant mortality is another factor determining LE at
birth (Heuvel and Olaroiu, 2017), it has been found that women’s education
might positively affect the lifespan of the whole population (Hill and King,
1995).

9

Another way to determine education is in terms of schooling years. Jian et
al. (2014) studied the association between schooling years and life expectancy
among OECD countries. The period subjected to study was quite short,
from 2000 to 2006, with 32 countries in the sample. Beside schooling years,
they also controled for numbers of practising physicians, practising nurses,
hospital beds, and GDP. Using the fixed effect of country and time, they
concluded that schooling years have a significant negative impact on life
expectancy. Furthermore, they deduce that education does not keep the
same pace with life expectancy as before.
In a study conducted on American data between 1990 and 2008 (Olshansky
et al., 2012), the authors focused on examining the effect of education and
race. They found out that adults in the US in 2008 with 12 years of education have nearly the same level of life expectancy as in the 1950s. Likewise,
16 years of education had a significant impact on longevity, however, combined with race resulted in a substantial difference between white and black
adults. Furthermore, Hauck, Martin and Smith (2016) examined determinants of life expectancy using all four groups of variables mentioned above.
Although their results could not confirm the effect of education and schooling
years on life expectancy, the study verified the adverse effect of HIV prevalence among children and the significant positive effect of gender equality,
access to safe water, political stability and primary school enrolment rates.
The latest being important for this study.
In 2016, using Colombian data, researchers concentrated on the effect
of GDP per capita and education (Gómez Escobar, Bolanos Sanchez and
Riascos, 2016). In contrast to other studies, the authors used an education
index instead of schooling years or school attendance in their model. Authors used a Combined Gross Enrolment Ratio (CGER) proposed by the
United Nations (UN). The valuable finding is that in Colombia, another
Latin American country, the education has a significant positive effect on
LE. However, due to the use of a combined indicator, we cannot identify
which base indicator bears the effect or whether all of them do so.

10

Even though there is not an explicit agreement on evidence of the effect
of school attendance or schooling years on LE, there is a consensus on the
effects of the literacy rate. This conclusion is somewhat logical as, i.e.,
people who able to read can find valuable information on how to care about
themselves, how to live healthily and foremost, identify what is unhealthy
for them. Even if an individual is not primarily interested in a healthy
lifestyle, our notion of a healthy lifestyle is shaped by our surroundings, i.e.,
newspapers or other information sources and channels.
Many studies confirm the positive effect of literacy rate on LE. In developing countries, Kabir (2008) found out that literacy rate was one of the
critical factors in increasing lifespan. More studies confirming the positive
effect of literacy rate on LE can be found (Gilligan and Skrepnek, 2015;
Shahbaz et al.Shahbaz2016, 2016; Barlow and Vissandjee, 1999). Barlow
and Vissandjee (1999) examined 77 developed and developing countries and
concluded that GDP per capita and literacy rate have a significant positive
effect on LE, in addition to access to safe water.
Unemployment is another useful determinant which can be associated
with social or also the economic category of variables. It is a factor of mixed
evidence. Monsef and Mehrjardi (2015) took unemployment into account
and inflations as the primary economic factors negatively influencing LE.
Similarly, in a study performed in European countries, the unemployment
rate was found to have a negative effect on LE as well (Khouri et al., 2017).
The same holds true for US states where a negative effect was also observed
(Singh and Siahpush, 2016). In contrast, a paper focusing on the effect of
unemployment could not confirm any relationship among them (Bartoll and
Marı́-Dell’Olmo, 2016).
2.1.3

Health Care Variables

The following – health care – group of variables is relatively broad. It covers
infant mortality, the number of doctors per capita, health care expenditures,

11

vaccination and occurrence of serious diseases (such as Tuberculosis,2 Malaria, HIV, etc.). Health care is apparently linked to life expectancy just to
a certain degree. With better health care, our lifespan should naturally be
longer. In this part, we try to shed light on studies that focus on examining
health-related factors determining LE.
As previously mentioned, Heuvel and Olaroiu (2017) focused on European
countries. They find evidence of a negative relationship between LE and
infant mortality rates. These findings are something we might expect, as
better health care is associated with low infant mortality rates. Therefore,
infant mortality rate might be understood as another indicator, similar to
LE, measuring the health degree of a particular population. The negative
effect of infant mortality was also confirmed by Hill and King (1995) and
Khouri et al. (2017).
Another widely used determinant is vaccination coverage. Vaccination
coverage is usually represented as a percentage of the population vaccinated
against serious diseases such as polio, mumps or tuberculosis. Higher vaccination coverage is usually found in developed countries and lower coverages
in developing countries. Due to the lack of vaccines in developing countries,
many children and adults die from diseases already practically eradicated in
the developed world.3
Hauck, Martin and Smith (2016) focus on 54 low-income countries and
use panel data and a wide range of indicators proposed by the World Bank’s
World Development Indicators. The result of their study says that political
stability, access to clean water and primary school enrolment are essential
determinants of LE. On top of that, vaccination coverage transfers into a
significant improvement in life expectancy as it dramatically helps to reduce
infant mortality.4
2 In

year 2017 97 per cent of children in Mexico received a vaccine against measles according to WHO.

Regarding measles, Mexico is performing better than Germany, France or the Czech Republic, but worse
than Sweden or Belgium.
3 According to WHO, 1.5 million deaths could be avoided by improving vaccination coverages and
around 20 million children are still missing out on basic vaccines.
4 Mortality is highest in under-fives(in other words children mortality), improvements in early childhood
survival should transfer into a significant improvement in life expectancy.
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Apart from the variables mentioned above, the health care expenditure is
another widely studied determinant of LE. Although it does not necessarily
mean that higher spending on health care system leads to better provision
of health care services, in case of appropriate distribution of resources, it
seems reasonable for the services to improve. Usually, the authors use health
care expenditure per capita as a predictor. That is a logical approach as it
describes investments in the health care sector. However, it does not capture
the region’s specifics such as the price level. Therefore, for inter-country
studies, it might not be appropriate, but in the case of in-country studies,
this variable can be included.
As far as the effects of health care expenditures are concerned, there
is no academic consensus. For instance, in a research conducted in 2017
on OECD data, the authors focus on evaluating the effect of health care
expenditures on life expectancy and mortality levels (Heuvel and Olaroiu,
2017). Health care expenditures are expressed in the percentage of GDP per
country. Besides health care expenditures, the study concludes that social
protection expenditures have a positive and significant effect on lifespan.
On the contrary, consumption of alcohol and the number of curative beds
had a negative impact on life expectancy. Such finding is surprising, as one
could expect a higher lifespan induced by more available curative beds in a
hospital where more patients could be admitted.
Using 16-year panel data for 176 countries, researchers found further evidence of a positive relationship between LE and health care expenditures. Besides, their study supports the fact that country effects are significant and
show the existence of significant differences of LE among countries (Jaba,
Balan and Robu, 2014). Such results comply with the study by Gilligan and
Skrepnek (2015). Despite the inclusion of only 21 nations for 16 years, the
outcome of their investigation confirms that health expenditures are positive and significant predictors for specific countries of the set. Besides health
indicators, scholars also included sociodemographic variables in the study.
More recent literature is also in favour of the significant positive effect of
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health care expenditures on LE (Shahbaz et al., 2016). In comparison with
the mentioned studies, this thesis uses a significantly more extensive data
set and covers almost 45-year span.
On the other hand, not all studies confirm the positive relationship between
health care expenditures and the life expectancy. For example, a study by
Elola, Daponte and Navarro (1995) endorses the positive effect of health care
expenditures on LE in the case of females but fails to support such results in
the case of males. What is more, in the case of developing countries, Kabir
(2008) concludes that health care expenditures are insignificant in general.
The study by Hauck, Martin and Smith (2016) confirms the positive effect
only on private health care expenditures. Therefore, academics do not agree
unanimously on the effect of health care expenditures on the life expectancy.
2.1.4

Environmental Variables

Taşkaya and Demirkiran (2016) investigate several environmental variables.
The effects of air pollution, forest area, safe water and noise pollution were
examined. They concluded life expectancy is positively affected by km2 of
reforested area. The rest of the variables turned out to be insignificant.
Ali and Ahmad (2014) studied the effect of CO2 emissions. They concluded
CO2 emission have a significant negative effect on life expectancy in the short
run. However, in the long run, it turned out to be insignificant and positive.
The insignificance is also confirmed by Monsef and Mehrjardi (2015). Wang
et al. (2013) focused on pollution using a different approach. The selected
determinant of life expectancy was the average concentration of particulate
matter less than 10 microns in aerodynamic diameter. They concluded the
air quality might affect life expectancy positively. Unfortunately, neither
data on CO2 or small particles are available in Mexico.
Lastly, there are other factors with a significant effect on LE at birth,
such as urbanization (Gilligan and Skrepnek, 2015; Monsef and Mehrjardi,
2015; Uchida, Araki and Murata, 1992; Soares, 2007), or alcohol and tobacco consumption (Heuvel and Olaroiu, 2017; Pocas and Soukiazis, 2011;
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Joumard et al., 2008; J. W. Shaw, Horrace and Vogel, 2005).
2.2

Regional Studies - Latin America

This section discusses existing studies determining life expectancy in the
Latin American region. Even though the evidence is relatively sparse, we
present related papers that might bring additional valuable information to
our analysis of life expectancy.
A study by Temporelli and Viego (2011) focused on Latin American and
Caribbean countries and used regression on panel data covering a considerable period between the years 1970 and 2005. This data set was uniquely
rich in comparison to the studies mentioned earlier. Results suggest a positive effect of GDP and a positive effect of education on life expectancy. Both
findings were in concordance with the conclusions of the studies commented
in the previous section.
Secondly, Novak and Lozano-Keymolen (2016) conducted an analysis on
subjective life expectancy. Subjective LE can be explained as a subjective
survival expectation of an individual human being. When comparing the
studies, the determinants of subjective life expectancy and life expectancy
as such differ. In this study, the authors focused on Mexico and Chile. They
found out that subjective LE is similar in both countries and in harmony
with European subjective factors. Not surprisingly, health and age are highly
relevant variables with a significant explanatory power of subjective life expectancy. On the top of that, smoking and obesity are also relevant factors
influencing subjective LE. However, in these two countries, both might be
caused by low education and literacy rate, as people are not well informed
about the negative effects of such behaviour.
There is also a study by Soares (2009) that focused on LE and welfare
in Latin America. Author’s evidence suggests that improvements in public
health care or immunization programs are key factors that explain mortal
reductions. Such findings correspond with our previous review of vaccination
commented in the health care variables section.
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Finally, as we mentioned previously, the positive/negative effects of health
care expenditures on LE exist. A recent study by Melgen-Bello and Garcı́aPrieto (2017) focuses on assessing the efficiency levels of health care expenditures in Latin America. LE and mortality rate were chosen as output
variables. The efficiency level observed was higher using the LE. Furthermore, their conclusions suggest that the use of resources should be further
improved, focusing on immunization programs and higher-quality training
for obstetrics doctors. These findings are in congruence with the previous
studies considering vaccination and infant mortality rates significant for LE.
Regarding Latin America, there are almost no studies related to our topic
of interest. However, as this paper focuses on the case of Mexico, the following section discusses works pertaining uniquely to Mexico.
2.3

Mexican Case

The research concerning life expectancy in Mexico is indeed scarce. Mexico
has been studied in papers focusing on clusters of countries, such as OECD
studies or Latin America papers. We have found only one study regarding
determinants of life expectancy in Mexico using a panel data approach, which
is described at the end of this section.
The relative lack of previous studies might be due to several reasons.
Firstly, Mexico does not collect data thoroughly and secondly, the timeseries data are somewhat sparse or for very short periods. That undoubtedly
brings limitations to possible panel data approach oriented studies. We have
found a study focusing on members of MERCOSUR.5 Data used in this study
covers the period from 1970 to 2000 and includes two socioeconomic factors:
GDP per capita and the average number of schooling years. Both have a
positive impact on longevity (Aguayo and Lamelas, 2003).
As previously mentioned, life expectancy at a certain age can be studied, for example, at the age of 60. Unfortunately, Mexican statistical and
demographical institutions do not offer these measurements.
5 MERCOSUR

is South American trade bloc established by the Treaty of Asunción in 1991 and

Protocol of Ouro Preto in 1994.
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A study conducted on Mexican states in 2011 focused on a large number of
environmental variables (Boussalis, Johnson and Nelson, 2013). Its objective
was to ascertain the effects of the physical environment on life expectancy
at birth using 50 environmental variables. Four factors were extracted using
factor analysis. Three of them were significant positive predictors, using
OLS regression: environmental sustainability, ecological resilience, and freeplague environments. The biodiversity was found to be a significant negative
predictor. This study is distinct in the methodology as it takes into account
50 variables which are not uniquely environmental. For instance, poverty
and urbanization could be treated as economic or social variables.
The limitation of the Idrovo (2011) study is its timespan - it focuses only
on the year 2002. The decision to consider only one year was pragmatic,
as a larger number of variables is usually available only for a short period
and the year 2002 was rich in data collection. The study concludes that the
physical environment plays an essential role in determining LE in Mexican
states. Besides, the study finds that population vulnerability/susceptibility
and biodiversity play a negligible role in determining LE at birth. Moreover,
the study relates multiple sclerosis, Parkinson’s disease, neoplasia, and many
infectious diseases to life expectancy. Therefore, we might include the occurrence of these diseases in our models.
Another study concentrates on all federative entities of Mexico using oneyear cross-sectional data. It was conducted by the National Institute of
Health (Javier, 2005). The author used the GINI coefficient, the corruption index, the share of indigenous inhabitants in the federative entity and
the percentage of Catholics during a one-year time period. The unusual
approach of this study is the use of the corruption index. The result suggests a significant effect of the GINI coefficient and the share of indigenous
inhabitants in the federative entities.
The limitation of the study by Javier (2005) is that the data was not
collected in the same year. Some variables come from the year 2000 and
others from 2003. Furthermore, the GINI coefficient does not come from
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INEGI but is estimated by Rodolfo Tuiran Gutierrez (Javier Idrovo, 2005),
the famous Mexican economist. These estimations are not available through
official government data sources but are solely accessible in his paper. The
data on corruption and government quality6 are offered by Mexican Transparency Institution.7 This data is considered useful, however, the indicator
of the corruption and the government quality is not available for every year.
For example, in the report from 2016,8 the corruption indicator was only
available for years 2001, 2003, 2005, 2007, 2010 and 2016. Although it does
not indicate any substantial problems for cross-sectional studies, it would
bring limitations to our panel analysis. Moreover, it would cause an imbalanced data panel, unless we would input missing data. Therefore, this study
suggests important determinants, but unfortunately, due to data limitations,
we are not able to include these variables in our analysis.
The subsequent study performed in Mexico is called The Political Determinants of Life Expectancy in Mexico (Boussalis, Johnson and Nelson,
2013). We consider this study to be the most relevant resource for our
thesis but with its limitations. This study utilized a cross-sectional timeseries regression approach on data between years 1994 and 2009 focusing
on determinants of life expectancy at birth. Regarding the political determinants, they concluded that the political capacity of Mexican federative
entities is associated with higher LE as political accountability increases.
Besides, they suggest that poverty has a deleterious effect primarily on the
federative entities with a lower level of political accountability. During the
last two decades, Mexico implemented several political reforms which resulted in an increase in political competition which has a positive effect on the
political environment. The political reforms resulted in significant gains in
the procedural and liberal democracy.
In the model, the study uses following predictors: government capacity,
defined as the ratio of actual to predicted tax revenues; poverty, defined as
the percentage of the population living below the poverty line; net internal
6 National

Institute of Statistics and Geography
Mexicana - http://www.tm.org.mx
8 Last report was issued in 2016 after the previous one from 2010.
7 Transparencia
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migration rate; medical staff per capita; and service sector revenue to GDP.
However, we have to take into consideration, that this paper has not been
published by any reputable journal, it was prepared for the Annual Meeting
of the Western Political Science Association in 2013. Therefore, we consider
its results a starting point, taking into account it was not published yet.
Despite focusing on rich data periods, the data panel of this study is
not balanced (Boussalis, Johnson and Nelson, 2013). Most of the data is no
longer provided. Usually, the time series are available until 2010, such as the
percentage of the population speaking an indigenous language. Regarding
the models, the study found out that poverty is a significant predictor of
LE and it is negatively related to the LE at birth. Furthermore, internal
migration also has a positive and significant effect on the LE.
2.4

Hypotheses

Based on our literature review, the following conclusions can be made: The
authors of recent literature agree that GDP per capita, vaccination coverage, literacy rate and infant mortality have a significant effect on life expectancy at birth. In the case of health care expenditures, unemployment, and
school enrolment, there is no unanimous opinion about their effect on LE.
Therefore, this thesis will focus on these discussed variables and conduct
appropriate analysis to determine the empirical evidence of these determinants in Mexico. Taking the above-mentioned into account, we establish the
following hypotheses:
• H1: Health care expenditures have a significant positive effect on life
expectancy at birth
• H2: Unemployment has a significant negative effect on life expectancy
at birth
• H3: Primary school enrolment9 has a significant positive effect on life
expectancy at birth
9 Primary

school enrolment is defined as follows: It is the percentage of the enrolment of typical age

range, with respect to the population of that same age range. In our case children from primary school.
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3

Methodology

In the first part we present the data we use. Then we present the theory
behind the econometric models we use. In the following section we state
concrete models we use for testing the hypotheses. In the two last sections
we focus on robustness testing which we perform after estimating our models.
3.1

Data

Data used for our analysis was obtained from several governmental institutions. The majority of data comes from the National Institute of Statistics
and Geography (INEGI) in cooperation with the Consejo Nacional de Población (CONAPO) which is a national institution that focuses on demography and population forecasting.
Our main data consist of life expectancy at birth, GDP per capita, literacy rate, vaccination coverages and infant mortality rates. Life expectancy
at birth was provided by CONAPO and covers the period between 1990 and
2017 and is expressed in years. Minimum life expectancy at birth in our data
set is 68.7 years while maximum is 76.1. Mean value is 73.7 with standard
deviation of 1.4. Here we can see a scatter plot displaying life expectancy
evolution through time. Each dot represents one federative entity in certain year (see Figure 1 below). The Figure 2 represents the distribution
of life expectancy at birth at each federative entity and demonstrates the
heterogeneity among regions.
The literacy rate was found at Secretarı́a de Educación Pública (SEP)
and covers the period from 1990 to 2016. The indicator is expressed as
the percentage of literate population between 15 and 24 years, sometimes
referred to as youth literacy rate. The overall literacy rate of the population
above 15 years is available only every 5 years and therefore our time series
would be sparse. The literacy rate for people between 15 and 24 years
is available since this indicator is under the supervision of SEP which is
dedicated to schooling system statistics and indicators. They do not cover
statistics for the entire population. However, for our analysis, we can use
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Figure 1: Evolution of Life Expectancy at Birth in Mexican Federative Entities

Source: Author’s plot based on data from INEGI.

this literacy rate, but we should take into account that it might slightly
differ from the population literacy rate.
GDP per capita is the standard widely used indicator, obtained from
INEGI, expressing GDP per capita for every federative entity in US dollars
(1990-2016).
Infant mortality rate is defined as deaths of children under one year of
age per 1000 live births. This indicator starts in 1990 and ends in 2016.
The last indicator for our benchmark model is the vaccination rate. The
measurement is the percentage of children under one year that have received
recommended vaccines. The recommended set of vaccines contains BCG,
Rotavirus, Hepatitis B, Penta, Neumo 13 and SRP. The indicator starts in
1994 and the most recent values come from 2014. Considering all the factors
for our benchmark model, we will cover a period of 21 years (1994-2014).
Three hypothesis based on health care expenditure, unemployment and
school attendance will be tested. The first hypotheses examines Health care
expenditures are expressed as expenditures per capita for every federative entity in thousands of Mexican pesos. The source is DGIS (Dirrección General

21

Figure 2: Plot of Life Expectancy in Federative Entities (2017)

Source: Author’s map based on data from INEGI.

en Información en Salud), which is the health secretariat of the government.
The data covers the period from 1994 to 2014.
The second hypothesis focuses on unemployment. The source is BIE
(Banco de Información Económica), provided by INEGI. It is expressed as
the percentage of unemployed people by federative entity according to the
standard definition. Data are available from 2005 to 2015 and therefore
bring limitation to our time window regarding benchmark variables. Unfortunately, a longer time period is not available, so we have to cut our time
period for the second hypothesis.
The third hypothesis concentrates on the school attendance. In congruence with the literature, primary school enrolment was elected. It is the
percentage of the enrolment of typical primary school aged children (approximately 6-12 years), with respect to the rest of the population of the same
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age range. Data were obtained from INEGI corresponding to the period of
1994-2014.
As for the robustness test, we will apply Principal Component Analysis
(PCA), which is described below. Many other variables will be included
covering all four groups of variables - health care, social, economic and environmental. They come from INEGI, CONAPO, DGIS and BIE. Some of
them are used based on evidence from other studies, others are taken as
proxies and the rest is taken into account as a representative of its according
group of variables that have some effect on life expectancy. Representatives
of categories are the following:
1. Environmental variables
• Mining, registered cars, reforested area, planted trees and oil extraction
2. Health care predictors
• various material resources (RTG, mammography, incubators, radiotherapy...), available beds in hospitals, rates of diseases (malaria,
dengue, tuberculosis), medical staff and population subscribed to
the social system
3. Social factors
• University enrolment, high school enrolment, traffic accidents, divorces, literacy rate between 12 and 24 years old students (females/males)
4. Economic
• GDP per capita
The division into groups was made by us. Surely, certain factors could
have been included in several groups such as registered cars. We have included this predictor in the environmental group to approximate the pollution caused by CO2 emissions that are linked to life expectancy (Nixon and
Ulmann, 2006).
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As we will refer to the whole group and not to the variable itself, we
have more freedom in including them in our groups. The reason why we
are not including variables from these groups into the benchmark model is
due to the lack of strong evidence for their significance in previous literature
and therefore they serve as proxies to already used ones. Variables from
the benchmark model (health care expenditure, literacy rate, vaccination
coverage and GDP per capita) will be included in this PCA approach forming
part of its corresponding group. As we only include GDP per capita into
the Economic group, we do not perform the PCA for this group. A detailed
table with variables included in the PCA analysis, their units and source
can be found in the appendix (Table 9).
3.2

Applied Econometrics Methods

In this subsection we briefly describe panel data and theory behind econometrics models we use to test our hypothesis.
3.2.1

Panel Data

The models used in this thesis are based on panel data, sometimes called
longitudinal data. Panel data is a multi-dimensional data involving measurements over time. It is composed by repeated measurements on the same
cross sections (states, households...) of multiple variables. In this case, 32
federative entities10 are involved. The time dimension has a granularity of
one year. We use up to 21 year period depending on the data availability
(while testing hypothesis 2 we have to restrict the period to 10 years due
to limitations of unemployment data). Therefore, we have N x T observations where N represents the number of federative entities and T represents
the number of years of observations. Let K be the number of independent
variables. Therefore, we have N x T rows and K columns.
10 Actually

31 federative entities and the capital (Mexico City) is considered to be separate federative

entity.
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3.2.2

Econometric Models

There are several options for models applicable for panel data structures.
In this case, Ordinary Least Squares (OLS) estimations are performed. We
will decide between standard pooled OLS, fixed effect and random effect
estimation.
Here we state the classical panel data model to which we will refer in the
following subsections.

Yi,t = α + βXi,t + ai + ϵi,t

(1)

In this equation, federative entities are expressed by i and years by t. Yi,t
is the independent variable, Xi,t is the vector of explanatory variables, β is
the vector of coefficients measuring their relationship with the dependent
variable and α is the intercept. ϵi,t represents a random error term satisfying standard assumptions and ai is an unobserved time-invariant individual
effect.
Pooled OLS

In the simple pooled OLS we usually use data that was sampled using different individuals. Moreover, the time-invariant individual effect is part of the
error term. Data is pooled to one cross-section and the time information is
lost. Then we proceed with a standard OLS estimation. The disadvantage is
that we lose the individual and time effect. Therefore, we can apply the fixed
effect or random effect estimation described in the following subsections.
Fixed effect estimation

Let us consider the intercept is not identical for individuals (federative entities) and varies. If ai is correlated with at least one of the independent
variables, we cannot consistently estimate the vector of coefficients β using Ordinary Least Squares as the assumption of no correlation between
stochastic error term and the independent variable is violated. A fixed effect regression allows us for arbitrary correlation between ai and Xi,t . The
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assumption E(Xi,t ai ) ̸= 0 holds. Performing the fixed effect estimation, we
eliminate the time-invariant effect that we consider to be correlated with
some independent variable. Therefore, pooled OLS would be biased in this
case, as the mentioned assumption would be violated.
The drawback of fixed effect estimation is that the procedure does not
allow us to include the time-invariant constant as it is eliminated during the
transformation.
Random effect estimation

We might also suppose ai is not correlated with any of the independent variables at all time periods but still differs among individual ones (federative
entities). We suppose Cov(Xi,t , ai ) = 0. The fixed effect would be inefficient as we are eliminating ai . The pooled OLS might be used, but this
approach would ignore the serial correlation in the error term. Therefore,
we might apply random effect estimation. We perform a feasible GLS estimation which eliminates the serial correlation. Random effect estimation
allows for independent variables that are constant over time.
The decision between models

Before we decide whether to use fixed and random effects, we need to test
whether they are better than pooled OLS. To decide whether fixed effect
estimation is better we perform the F-test.
The null hypothesis of the F-test states: ”there are no significant individual effects.” in contrary to the alternative ”there are some significant
individual effects”. The F-test is based on loss of goodness-of-fit. If at least
one specific intercept is distinct to 0, we might conclude there is a significant
fixed effect and therefore, the fixed effect model is better than pooled OLS.
We also test for random effect. The applied test is Breusch-Pagan LM
Test for random Effects. The test examines if the individual (or time) specific
variance components are zero. If the null hypothesis is rejected, we conclude
there is a significant random effect in data and the random effect model is
more suitable for dealing with heterogeneity than pooled OLS.
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In case both fixed effect and random effect are found to be significant,
we choose between them using (Hausman, 1978). The null hypothesis states
that individual effects are uncorrelated with any predictor in the model. If
the null hypothesis was not rejected, random effects fixed effect estimation
would not be efficient and therefore, we have chosen random effect estimation. Likewise, if the null hypothesis is rejected, random effect estimation is
not consistent and is biased. Therefore, in this case, we opt for fixed effect
estimation.
Multicollinearity issue

We might expect problems regarding highly correlated predictors, thereby
not satisfying the assumption of no perfect multicollinearity. The starting
point is the correlation matrix (which can be found in the appendix). Additionally, we obtain Variance Inflation Factors (VIF) for every equation to
disclose possible multicollinearity issue.
The numerical value for VIF indicates the percentage in which variance
is inflated for each coefficient (O’Brien, 2007; Wooldridge, 2008). The VIF
takes value from above 1. A VIF of 2.1 means that the variance of a particular coefficient is 110% bigger than what we would expect if there was
no multicollinearity issue. The VIF of 1 means there is no multicollinearity
issue. The value from 1 to 5 means a moderate correlation. Values above 5
indicate strong correlation among predictors. According to O’Brien (2007),
widely used VIF values are 4 or 10. However, they point out VIF of 10 or 20
does not necessarily mean we should drop some variables from our model.
We set the threshold to 10.
Tests performed after estimations

After estimating the models, we test for serial correlation and heteroskedasticity that would break the classical assumptions of OLS. In case of panel data
we cannot be sure the observations are independently distributed across time
and therefore serial correlation of regression residuals might become an issue.
Serial correlation is tested using Breusch-Godfrey/Wooldridge test. The null
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hypothesis is there is no serial correlation in idiosyncratic errors. In case the
null hypothesis is rejected, we use serial correlation robust standard errors
(method suggested by Arellano (1987) is both heteroskedasticity-robust and
serial correlation-robust).
As far as heteroskedasticity, another key assumption, is concerned, we
perform Breusch-Pagan test. The null hypothesis is that there is homoskedasticity. In case it is rejected, we use heteroskedasticity-robust standard
errors (again the suggested method by Arellano (ibid.) for fixed effects or
White (1980) in case of random effect).
3.3

Models Regarding Hypotheses

We can divide our analysis into following parts:
1. Benchmark model
2. Testing hypothesis 1 (H1),
3. Testing hypothesis 2 (H2),
4. Testing hypothesis 3 (H3),
5. Testing jointly predictors from Hypothesis 1 - Hypothesis 3,
6. Robustness analysis using Principal Component Analysis (PCA).
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Here we present short summary table regarding core variables used in
subsequent models:
Table 1: Variables of the Models
Variable

Abbreviation

Exp. effect

Hypothesis

Core variables
GDP per capita

GDPperCap

positive

H1-H3

Literacy rate 15-24

Liter

positive

H1-H3

Vaccination coverage

Vacc

positive

H1-H3

Infant mortality

InfMort

negative

H1-H3

Health care expenditures

HealthExp

positive

H1

Unemployment

Unem

negative

H2

Primary school enrolment

PrimEnr

positive

H3

Discussed variables

Benchmark model

In this model, we would like to confirm effects strongly suggested by the literature or point out in which way Mexico differs from the studies previously
conducted. With respect to the results obtained, we can test our stated
hypothesis. This model is called the benchmark model. It is composed of
four core variables: GDP per capita, literacy rate, vaccination coverage and
infant mortality. The form is the following:

LEt = α+β1 GDP perCap+β2 Liter+β3 V acc+β4 Inf antM ort+ai +ϵi,t (2)
Model - Hypothesis 1

In the first hypothesis, we test the effect of health care expenditures. Therefore, the equation goes as follows:
LEt = α + β1 GDP perCap + β2 Liter + β3 V acc + β4 Inf antM ort+
+β5 HealthExp + ai + ϵi,t
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(3)

Regarding the models used for testing our hypothesis, every model contains benchmark variables, and we add the testing ones. Based on this we
can describe the observed effect of our variable of interest. In the last model,
we will include all three tested variables to examine how they perform together.
Model - Hypothesis 2

In the second hypothesis, we examine the effect of unemployment of life
expectancy. The estimated model is:
LEt = α + β1 GDP perCap + β2 Liter + β3 V acc + β4 Inf antM ort+

(4)

+β5 U nem + ai + ϵi,t
Model - Hypothesis 3

In the third hypothesis we estimate the effect of primary school enrolment
and the fitted equation is:
LEt = α + β1 GDP perCap + β2 Liter + β3 V acc + β4 Inf antM ort+

(5)

+β5 P rimEnr + ai + ϵi,t
Model - Joint hypothesis

In the last equation, which is not a separate hypothesis, we include all the
tested variables in one equation.
LEt = α + β1 GDP perCap + β2 Liter + β3 V acc + β4 Inf antM ort+

(6)

+β5 HealthExp + β6 U nem + β7 P rimEnr + ai + ϵi,t
The decision between pooled OLS, fixed effect and random effect model
us based on the procedure described above.
3.4

Robustness Test

We have decided to perform the robustness check using Principal Component
Analysis (PCA). The analysis is useful not only in econometrics but also in
machine learning for dimensionality reduction (Jolliffe, 2002).
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For robustness, we would like to control for all four groups affecting life
expectancy (economic, social, environmental and health care). We have
obtained a large number of predictors and assigned them to these categories.
Several problems might arise.
Firstly, there is a high probability some of them will be strongly correlated. That is a serious issue violating one of the basic assumptions. We
cannot simply omit some variables as we do not know which variable should
be affecting life expectancy directly (besides variables suggested by literature, we also use proxies of those variables).
Secondly, it would be confusing to control for 40 additional variables and
explain the effect of every one of them.
Thirdly, by adding a large number of additional variables, we will be
losing degrees of freedom. Even though we have acceptable time periods, in
the case of the second hypothesis regarding unemployment (only 10 years
period), it might negatively affect our results.
Moreover, it will permit us to focus on the whole group, not only on a
specific variable. This generalization is useful to control for the effect of the
whole group of variables.
PCA will help us to deal with this stated issues efficiently. However,
it has one drawback. If we include in the model one tested variable, i.e.
health care expenditures, the group of variables corresponding to health care
might be highly correlated with the corresponding tested variable - in this
case health care expenditures. Correlation matrix and VIF might help us
disclose this issue. To enhance our robustness test, we perform an extended
robustness test where we will omit some group of variables that might be
highly correlated with the tested variable. We consider it as an additional
test to correlation matrix and VIF. The procedure is described in following
section - Extended Robustness Test.
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3.4.1

Description of Principal Component Analysis

Principal Component Analysis is a dimension-reduction tool that can be
used to reduce a large set of variables to a small set that retains most
of the information from the large set. The resulting variables (Principal
Components) are basically a linear combination of original variables such
that the maximum variance is extracted from them.
Jolliffe (2002) well describes the general method in his book. PCA is
an orthogonal linear transformation of data which transforms the original
data into a new coordinate system. N-dimensional data are transformed to
N Principal Components (PC). The greatest variance is projected to the
first Principal Component (PC1), the second greatest one is projected to
the second Principal Component (PC2) and so on. The information on
projection is contained in an eigenvector. The eigenvector proceeds from
a transformation of the covariance matrix and serves as a basis of linear
combination for producing Principal Components.
From the mathematical point of view, the procedure is following. We
obtain the matrix of centered and scaled variables. Afterwards, we calculate the covariance matrix. Then we perform the eigendecomposition of
the covariance matrix, obtaining eigenvectors and eigenvalues. Eigenvectors
represent the directions for projection of the normalized matrix used for covariance calculation. Eigenvalue represents the magnitude for the direction.
The higher the magnitude, the higher variance explained out of the total
variance of our data. We sort eigenvectors according to eigenvalues. The
first eigenvector corresponds to the first Principal Component, the last eigenvector to the last Principal Component. The eigenvector and eigenvalues
might be described by the following equation:

A⃗x = λ⃗x

(7)

where A represents the normalized matrix of data, ⃗x the eigenvector and λ
the eigenvalue.
Principal components are by their nature orthogonal among themselves
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and therefore, this technique is suitable for dealing with multicollinearity.
As the goal is to reduce the number of variables, we have to choose an
appropriate number of Principal Components. There are several different
approaches. One of them is Kaiser’s rule (Guttman, 1954). The authors
suggest taking all Principal Components having an eigenvalue greater than
1. However, others criticize this approach, as on random data, half of the
eigenvalues are greater than 1. Therefore, this approach overestimates the
number of PC that should be used (Jackson, 1993). In this thesis, we use a
simple one which is based on the percentage of variance retained. The suggested cumulative explained variance varies among fields. Williams, Brown
and Onsman (2010) mention the threshold of cumulative variance might be
set to 50% - 60% in the case of human sciences and over 95% in natural
sciences. We set the threshold to 80%. It should be mentioned more complex approaches analyzed by Peres-Neto, Jackson and Somers (2005) exist.
Nevertheless, for our purpose, the chosen method should work well.
PCA will be conducted on each group of variables separately. Therefore,
we will obtain 3 different sets of Principal Components. Data will be centered
and scaled before the PCA procedure.
3.4.2

PCA for Panel Data

In order to perform the PCA, we will pool data within each group of variables. On this pooled data, Principal Components are obtained. Probably,
for every group of variables, we will construct a different number of Principal
Components. We have to admit it might not be the most efficient way as we
are losing the panel structure information (time, countries). One suggested
approach might be to perform PCA on subsets per every federative entity
and afterwards, get averages of those PCAs. As 21 years is our maximum
period (benchmark model) and in hypothesis testing unemployment effect
(H2) we have to restrict our time period to only 10 years, the PCA would
not be improved much. The subset would be 10 years x N variables for one
country, which is a really small sub panel. Even though we are aware of the
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fact that our approach is not the best one, due to data limitations we consider it as a reasonable approach. This application is inspired by Francois
and Manchin (2013). The authors successfully applied this PCA approach
on trade data.
As we admit our PCA approach might not be the best one, it is still
reasonable to apply it. We have also looked for more accurate dimensionality reduction techniques. Tucker3 (Smilde, Bro and Geladi (2005)) and
Parafac (Rasmus and Henk (2003)) are examples of two models reducing
N -dimensional array. They are usually used in chemistry or complex data
structures. Sometimes, they are also applied to regression tasks. Unfortunately, we have not found any evidence on panel data regression with Parafac
or Tucker3. As these two models are not straightforward, it would need a
complex analysis to determine what their implications are for panel data
regressions.
Besides these two advanced models, we have also studied modified PCA
or factor analysis. We can understand our predictors as functions of time.
Therefore, we might look for functional PCAs (Peng and Paul, 2009; James,
Hastie and Sugar, 2000). Their weak point is that they are able to work
with only one time series or by the nature of their algorithm, where certain
smoothing transformations are applied, the sparsity (and short period) of
our data would cause a bias. Therefore, taking the small imperfections into
consideration, we stick to the proven PCA approach.
3.4.3

Models Used for Robustness Test

All four models (H1, H2, H3 and the joint hypothesis) are subject to robustness test. For all of them we use the same Principal Components. Let
PC.Health be a set of PC corresponding to health care group, PC.Enviro
to environemntal, PC.Soc to social and PC.Soc corresponding to economic
group. The models are defined similarly as before, in equation (2)-(6) we
substitute core variables by these Principal Components. The new models
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have the following format:
LE = α + β1 testing variable + α2 P C.Health + α3 P C.Enviro+

(8)

α4 P C.Social + α5 P C.Eco + ai + ϵi,t
β1 represents the effect of testing variable and β2 , β3 , β4 are vectors of coefficients matching Principal Components.
The same econometric procedure as for simple models related to hypotheses is performed. Even though Principal Components are orthogonal
among themselves, PC from different groups of variables might be correlated. Therefore, the Variance Inflation Factor will be obtained in the same
way as before.
3.5

Extended Robustness Test

As mentioned earlier, after performing PCA on every one of the four groups
(health care, social, environmental, economic), the tested variable (health
care expenditures, unemployment, primary school enrolment) might by highly
correlated with the Principal Components of its theoretical group where
it belongs (health care - health care expenditures; unemployment - social;
primary school enrolment - social). We examine the correlation matrix (see
Table 2) and maximum VIF obtained while estimating regressions.
Table 2: Correlation Between Tested Variable and Principal Components

Variable

Group

Max corr.

Health care expenditures

Health Care

-0.53

Unemployment

Social

-0.66

Primary school enrolment

Social

-0.30

Max corr. is the maximum correlation between
Variable and Principal Components from the
Group
Source: Author’s computations.

The maximum correlation coefficient between primary school enrolment
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and social Principal Component is -0.30 which does not indicate problems regarding multicollinearity. Between health care expenditures and health care
Principal Component, the maximum correlation coefficient is -0.53 which
slightly indicates possible multicollinearity issue. Lastly, maximum correlation coefficient between unemployment and social Principal Component is
-0.66. This negligible value might already suggest problems related to highly
correlated variables. Therefore, we perform this additional robustness test
to discover more about the relationship.
We will exclude all Principal Components from the corresponding group
(i.e. health care expenditures - PCA on health care group) and estimate the
model as before. We expect two possible outcomes. Either we confirm the
robustness of the results or we conclude instability of the results:
(a) The coefficient of the tested variable (i.e. health care) remains significant with nearly the same value. We can conclude that our results are
robust. We do not confirm high correlation between the tested variable
and corresponding Principal Components (i.e. health care expenditures
- health care group).
(b) The coefficient of tested variables changed significantly. In this case we
consider two options. Firstly, the dropped Principal Components play
an important role in determining life expectancy. In this case we face
omitted variable bias. The variable should be included in the model,
but the high correlation with tested variables might produce biased
estimates with large standard errors. The second option is that the
previous result was distorted due to the multicollinearity between tested
variable and corresponding Principal Components. We do not dare
to decide between these two possibilities as it would need additional
testing. One of the possible suggestions might be using instrumental
variables to distinguish between them.
The additional robustness test model for health care expenditures is de-
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scribed by this equation:
LE = α + β1 HealthExp + α3 P C.Enviro + α4 P C.Social+

(9)

+α5 P C.Eco + ai + ϵi,t
where coefficients and vectors are identical to those described in equation
(8). That is PC.Enviro, PC.Social and PC.Eco represents vectors of Principal Components. α3 , α4 and α5 are vectors of estimated coefficients, β1
is the coefficient corresponding to the tested variable, α is the intercept, ϵi,t
represents a random error term satisfying standard assumptions and ai is an
unobserved time-invariant individual effect.
In the case of unemployment, we estimate following equation:
LE = α + β1 Unem + α2 P C.Health + α3 P C.Enviro + α5 P C.Eco+

(10)

+ai + ϵi,t
and for primary school enrolment we set:
LE = α + β1 PrimEnr + α3 P C.Enviro + α4 P C.Social+

(11)

+ai + ϵi,t
These models will allow us to deal with possible additional multicollinearity between groups of Principal Components and testing variables.
Moreover, it serves as an additional test for robustness.
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4

Results

4.1

The Benchmark Model

The first model we estimate is our benchmark model. We include GDP per
capita, vaccination coverage, literacy rate and infant mortality as predictors.
The panel consists of 21 years of data starting in 1994. Taking into account
all 32 federative entities, we are facing 21x32 balanced panel. The extension
of the period is not possible due to data limitations (vaccination rates being
the most limiting factor in this case). We use the Variance Inflation Factor
to detect signs of multicollinearity. Maximum VIF is 1.08 which is far less
than the widely used threshold of 5 or 10 mentioned by O’Brien (2007).
Therefore, we do not expect problems caused by multicollinearity.
After performing Lagrange Multiplier Test and F-test, we could conclude
that both fixed effects and random effects are preferred to simple OLS.
Hausmann test suggested fixed effect model (p-value = 0.0012). BreuschGodfrey/Wooldridge test for serial correlation suggested the presence of
serial correlation, and according to the Breusch-Pagan test, heteroskedasticity is present. After fixing for heteroskedasticity and serial correlation using
heteroskedasticity-robust and serial correlation robust standard errors, vaccination has a significant but negative effect on LE (at 5% significance level),
literacy rate has a significant positive effect, and infant mortality has significant negative effect at 5% significance level. The results of the models are
presented in table 3 including the benchmark model.
Performing Lagrange Multiplier Test and F-test, we can conclude that
both fixed effects and random effects are preferred to simple OLS. Hausmann test suggest fixed effect model (p-value = 0.0012). Breusch-Godfrey/
Wooldridge test for serial correlation suggests the presence of serial correlation and according to Breusch-Pagan test, heteroskedasticity is present.
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Table 3: Results of the Models

GDPperCap

Model 1

Model 2

Model 3

Model 4

Model 5

Benchmark

testing H1

testing H2

testing H3

joint Hyp.

0.017

0.002

0.015

0.017

0.010

(0.012)

(0.006)

(0.018)

(0.012)

(0.018)

∗∗∗

−1.061

Vacc

∗∗∗

−1.033

(0.250)
∗∗∗

Liter15 24

36.820

(0.227)

∗∗∗

−0.631

InfMort

26.961

(4.156)

(Intercept)

∗∗

20.943

(6.867)

∗∗∗

−0.384

(0.083)

0.836

(0.344)

∗∗∗

(3.823)

∗

(0.072)

∗∗∗

−0.337

(0.088)

∗∗∗

−1.066

(0.257)
∗∗∗

38.349

(4.043)
∗∗∗

−0.535

(0.337)
20.468∗∗
(6.841)
−0.118

(0.078)

(0.071)

47.864∗∗∗

36.581∗∗∗

53.339∗∗∗

(3.942)

(4.186)

(6.781)

∗∗∗

HealthExp

0.679∗

0.258

0.157∗

(0.060)

(0.065)

Unem

−10.483

−12.065

(7.250)

(8.680)

PrimEnr

1.094

0.146

(1.153)

(2.012)

R2

0.69

0.72

0.21

0.67

0.23

Adj. R2

0.67

0.71

0.11

0.67

0.22

672

672

320

672

320

Num. obs.
∗∗∗

p < 0.001,

∗∗

∗

p < 0.01, p < 0.05

Source: Author’s computations.

After fixing for heteroskedasticity and serial correlation using heteroskedasticity - robust and serial correlation robust standard errors, vaccination
has a significant but negative effect on LE (at 5% significance level), literacy
rate has a positive significant effect and infant mortality has negative significant effect at 5% significance level. The results of models are presented in
table 3 including the benchmark model.
As expected, education approximated by literacy rate plays an important
role in determining life expectancy at birth. Also, infant mortality has a
negative effect on LE as it serves as a proxy for health care quality (or
concretely obstetrics). What we did not expect was the negative effect of
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vaccination. The idea of a higher standard of health care through high levels
of vaccination coverages was not confirmed. We might only speculate the
reason, but the case of Mexico does not correspond with the previous group
studies, and negative effect of vaccination was observed. The significant
positive effect of the most widely used determinant, GDP per capita, was
also not confirmed. The corresponding p-value was quite high (0.13).
Therefore, we could not conclude GDP (per capita) affects life expectancy.
As the P value is close to the 5% threshold, extended time period might help
us discover the relationship. Another possibility is that Mexico is different to
other regions. Income inequality and poverty have a non-negligible impact
in Mexico (Eckstein, 1977) which might translate into biased indicators such
as GDP per capita.
4.2

The Effect of Health Care Expenditures

In the first hypothesis, we focused on the effect of health care expenditure.
We expected a positive effect on LE. With more resources, we should be
able to offer better health care, equipment, and well-educated staff. We
used VIF for verifying the presence of multicollinearity. VIF of 1.4 did
not suggest multicollinearity issue. Lagrange Multiplier Test and F-test
indicated the presence of fixed effect and random effect respectively. Using
Hausmann test we obtained the p-value of 0.1 and therefore we decided
to use random effect model. Model is estimated using control variables
from the benchmark model. Vaccination, literacy rate and infant mortality
rates remain significant at 5% level with the same sign of the effect as in
benchmark model (see table 3). Health care expenditure turned out to be
strongly statistically significant with p-value < 0.01 having a positive effect.
The adjusted R2 from the regression is 71.3%. The p-value of the regression
was smaller than 0.01 with 4 and 667 degrees of freedom. The regression
was performed on a balanced panel.
The positive effect of health care expenditures turned out to be in concordance with the expectations. Higher expenditures in health care sector
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positively affect the lifespan of the Mexican population. Even though we
have found strong statistical evidence, the economic effect as such is not
that big.
If we increase spending per capita by 1 unit (that is 1 thousand of Mexican
pesos), on average we would expect 0.0003 years of increase in lifespan. That
corresponds to 2.4 hours. Recent research suggests one cigarette decreases
lifespan by 11 minutes (M. Shaw, Mitchell and Dorling, 2000). That is: One
minute corresponds to 0.09 cigarette. In Mexico, an average packet costs
around 50 pesos and therefore one cigarette costs around 2.5 pesos. With
that said it can be estimated one lost minute of lifespan costs a Mexican
smoker 0.225 pesos. In comparison, one gained minute through health care
expenditures costs 0.7 pesos. It is much cheaper to lose minutes of our lives
than to gain additional ones (and we do not take into account that gaining
lifespan in the case of smokers would be probably more costly due to smokerelated diseases). To sum up, through health care expenditures, the Mexican
government should be able to increase the lifespan of their population and
catch up with developed countries regarding life expectancy.
4.3

The Effect of Unemployment

The second hypothesis was examining the effect of unemployment. We tested
the hypothesis ”Unemployment has a significant negative effect on LE” using
all four control variables. Vaccination, infant mortality, and literacy rate
remain significant at a 5% significance level while GDP per capita remains
insignificant (see Table 3). The effect of infant mortality remains negative
and literacy positive, as expected. Surprisingly, in this model, the effect of
vaccination is significant and positive, as we have expected initially. The
adjusted R2 in this model dropped to only 0.11, which indicates we explain
only 11% of the variation in life expectancy. That is far less than in the
benchmark model where we explain almost 70% of the variation in LE. The
drop might be caused by the fact unemployment was found to be insignificant
– in this case at a 5% significance level (and even at 10%). We have to take
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into account that in case of this hypothesis, only 10 years period is available
due to limited data on unemployment.
Unemployment should be an important factor determining life expectancy
as it is a social determinant of health, affects suicide rates, cardiovascular
diseases and induces mental health issues (McLeod et al., 2012; Roelfs et al.,
2011). Moreover, it is highly related to unhealthy lifestyle (consumption of
tobacco and alcohol or chronic stress) which is linked with higher mortality
rates (Blackwell, Lucas and Clarke, 2014). Based on that, we were expecting
a strong negative relationship with life expectancy. The insignificance might
be caused by a relatively short period of only 10 years. A longer time window
for unemployment might help us discover a significant effect.
In addition to that, we observed a dramatic drop in adjusted R2 . We
suspect unemployment is highly correlated with some omitted variable that
we have not included in the model. For future improvement, inspection of
additional variables might help to confirm the negative effect on life expectancy.
4.4

The Effect of Primary School Enrolment

In the last hypothesis, we tested the effect of school attendance measured by
the primary school enrolment rate. We expected a significant positive effect
on life expectancy at birth.
In this case, full 21 years panel is available. Without any doubts, education should have a positive effect on LE, but it depends on how we approach
the measurement. The estimated coefficient regarding primary school attendance is 1.09 (p-value 0.41). Vaccination coverages, literacy rate and
infant mortality rates remain significant with the same signs as in the benchmark model. Adjusted R2 for this model is 0.67 (see Table 3).
We did not find evidence of a significant relationship between school enrolment measured by the primary school enrolment and life expectancy at
birth. The variable was found to be insignificant with a positive coefficient.
Adjusted R2 remains approximately the same in comparison to the bench-
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mark model. We explain 67% of the variance in life expectancy at birth.
The result is unexpected as education should play an important role in the
case of Mexico.
Literacy rates and school enrolment have been rising over the past two
decades. We were expecting a strong positive relationship. There are parts of
Mexico (the south in general) where labour unions have so much power that
it sometimes happens that teachers do not attend classes for several weeks.
A few years ago, a reform was implemented to mitigate this irresponsible
behaviour.11 The enrolment rate does not capture this phenomenon. In
addition to that, even though there are really poor parts where children have
to work rather than study (mainly indigenous parts),12 they still attend at
least the primary level of education.
Secondary school attendance might bring additional results. This part
of the education path might already demonstrate the educational difference
among the population and explain some variation in life expectancy at birth.
4.5

Joint Testing

Besides the fact three models corresponding to our hypothesis (namely
health care expenditure, unemployment, and school attendance), we estimated a model including all these variables while controlling for predictors
from the benchmark model (see Table 3).
What is interesting is that vaccination again turns out to have a positive
effect. This change was also observed while testing the Hypothesis 2 inspecting effect of the unemployment. Literacy rate and infant mortality remain
significant (at 5% significance level). Health care expenditures retain its significant positive effect, even though with a relatively small economic impact
(less than 0.16). The coefficient corresponding to unemployment remains
almost unchanged. Still insignificant with a negative effect. Primary school
11 The

reform was implemented in during 2012-2013. A description could be found at https://www.gob.

mx/cms/uploads/attachment/file/2924/Resumen_Ejecutivo_de_la_Reforma_Educativa.pdf,

accessed

on 03 March 2018.
12 This indigenous parts might be approached by percentage of people speaking an indigenous language.
Unfortunately, this statistic is available uniquely every 5 years.
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enrolment also remains insignificant with an even higher p-value (0.83).
Adjusted R2 dropped to only 0.22 (benchmark model 0.67). The drop is
probably mainly caused by the unemployment variable. While testing the
hypothesis 2 regarding unemployment, the adjusted R2 also dropped dramatically.
In Model 2 and 4 (testing health care expenditures and school attendance)
we have not spotted any significant drop regarding adjusted R2 . Because of
that, in this large model containing all variables, the drop in adjusted R2
is probably caused by the unemployment. Unemployment is possibly highly
correlated with some variable that is not included in the model and therefore
the drop in adjusted R2 is observed. Besides, due to the relatively short time
period on unemployment, this large model contains only 320 observations
corresponding to 10 years of data. Larger time window might help us retrieve
this low adjusted R2 and unemployment might become significant. This
effect needs further research.
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5

Robustness Test

In this section, we examine the robustness of our models. Our approach
is to use PCA using many variables from 4 groups that, based on previous
evidence, affect life expectancy.
5.1

PCA Creation

For all three models regarding our hypotheses, we use the same set of Principal Components. Here we present representatives of all four groups of
variables - health care, environmental, social and economic (Table 4). A
detailed description of variables can be found in the appendix (Table 9).
Table 4: Variables Used for PCA
Group
Environmental

Variables
CarrReg, Mineral 1, Mineral 10, Mineral 2, Mineral 3, Mineral 4,
Mineral 5, Mineral 6, Mineral 7, Mineral 8, Mineral 9, Petro, Reforest, Trees

Health Care

Beds, InfMort, DengueRate, MalarRate, MatRes 1, MatRes 10,
MatRes 11,

MatRes 12,

MatRes 13,

MatRes 14,

MatRes 16,

MatRes 17,

MatRes 18,

MatRes 20,

MatRes 21,

MatRes 22,

MatRes 23,

MatRes 24,

MatRes 25,

MatRes 26,

MatRes 27,

MatRes 28,

MatRes 29,

MatRes 19,

MatRes 15,
MatRes 2,

MatRes 3, MatRes 30, MatRes 4, MatRes 5, MatRes 6, MatRes 7,
MatRes 8, MatRes 9, MedStaff, SocSys, TuberRate, Vacc
Social

Divor, HighSchRate, Liter15 24F, Liter15 24M, UniRate

Economical

GDPperCap

PCA was performed using the stats package in R. Principal components
were created separately for each group. The threshold for the retained variance was set to represent at least 80% of the variation within every group
(see Methodology chapter). The time period is set to 2004-2014 due to data
restrictions for certain variables. In this new data set compound by principal
components, we have around 3% of missing data. A fact that will affect the
estimations in the models only slightly.
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In case of the health care group, we have chosen three first Principal
Components, cumulatively explaining 80.5% of variance within the group.
We introduce some loss of information by omitting some components, but it
will help us to fix the high correlation between variables, and moreover, we
can estimate our model with fewer variables and refer to groups themselves
rather than to specific variables.
For the environmental group, we will work with two first Principal Components explaining more than 90% of the variation within the group. In the
social group, we include three first Principal Components. They cumulatively explain 87% of the variation in the group.
For the economic group, as mentioned earlier, we do not perform PCA
as we have the only GDP per capita in this category. We might include
some variable from the social group in the economic one as certain factors
might belong to more than one group. Using our approach, we have the
advantage to see the effect of GDP per capita of a federative entity directly.
To maintain consistency in the Robustness test chapter, we refer to GDP
per capita as to Eco.PC1.
Eigenvectors for every component are attached in the appendix (Table
13, Table 12 and table 11). Variance explained by the components are in
Figure 3.
5.2

Robustness Test - Health Care Expenditures

We have estimated a model where health care expenditures and all principal
components are included. Data is available for a ten year period starting
in 2004. We have 3% of missing values. Even though components within
one PCA are orthogonal, as we have three different groups of principal components, multicollinearity might arise. Using VIF we have not detected a
presence of strong multicollinearity (max VIF 3.96). The estimated coefficient on health care expenditure is positive (0.001) but strongly insignificant
(p-value 0.98). Regarding principal components, Heal.PC1 is significant at
1% significance level with a negative effect. The third health care Principal
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Component Heal.PC2 is also statistically significant at the 5% significance
level. Environmental Principal Components are insignificant even at the
10% significance level. The second and the third social Principal Components are significant at 1% significance level. Adjusted R2 dropped, in
comparison with the original model, to only 0.22 (see Table 5).
According to the robustness test, health care expenditures do not seem
to be robust. The positive effect is retained, but it is not significant. The
p-value raised dramatically. It might be caused by health care Principal
Components, which are more important for determining life expectancy.
We can still report evidence of a significant positive effect of health care
expenditures on life expectancy, but our results suggest there are even more
related variables. This idea would need further investigation. The drop in
adjusted R2 is probably caused by introducing Principal Components that
do not have an effect on life expectancy. We have confirmed that social and
health care groups have a significant impact on life expectancy at birth.
5.3

Robustness Test - Unemployment

Examining the robustness of our model related to unemployment, all determined principal components were controlled for. The VIF test for multicollinearity showed maximum VIF of 3.9, and therefore, we do not expect
problems related to highly correlated variables. The estimated coefficient on
unemployment is negative (-17.24) and significant (p-value 0.447). Principal
components have slightly changed in comparison with the previous model.
The first Principal Component on health care Heal.PC1 and Heal.PC3 turns
out to be insignificant. The first and the third social Principal Component
are significant at the 5% significance level. The second one, which was significant while testing the robustness of health care expenditures, turns out to
be insignificant. Both environmental Principal Components and GDP per
capita (Eco.PC1 ) remains insignificant. Adjusted R2 slightly rose to 0.31.
Controlling for all four groups, unemployment turns out to be significant
(p-value 0.02) with a negative coefficient (-17.24) as expected initially (see
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Table 5: Results of the Models for Robustness Test

Heal.PC1

Heal.PC2

Heal.PC3

Env.PC1

Env.PC2

Soc.PC1

Soc.PC2

Soc.PC3

Eco.PC1

Model 6

Model 7

Model 8

Model 9

Model 10

Only PCA

H1 rob.

H2 rob.

H3 rob.

joint H. rob.

−0.099∗∗

−0.099∗∗

−0.073

−0.098∗

−0.077

(0.038)

(0.037)

(0.049)

(0.041)

(0.048)

0.066

0.066

0.093

0.067

0.093

(0.039)

(0.039)

(0.057)

(0.038)

(0.057)

−0.090∗

−0.090∗

−0.081

−0.090∗

−0.082

(0.044)

(0.044)

(0.048)

(0.045)

(0.048)

−0.000

−0.000

0.000

−0.000

0.000

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

−0.000

−0.000

−0.000

−0.000

−0.000

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

−0.116

−0.115

−0.195∗

−0.119

−0.177∗

(0.075)

(0.078)

(0.086)

(0.084)

(0.088)

−0.090∗∗

−0.090∗∗

−0.034

−0.090∗∗

−0.030

(0.033)

(0.032)

(0.036)

(0.034)

(0.037)

0.371∗∗∗

0.370∗∗∗

0.532∗∗∗

0.371∗∗∗

0.527∗∗∗

(0.065)

(0.068)

(0.120)

(0.065)

(0.119)

0.000

0.000

−0.000

0.000

−0.000

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

HealthExp

0.001

0.033

(0.038)

(0.050)

Unem

−17.242∗

−17.812∗

(7.475)

(8.004)

PrimEnr

−0.252

0.850

(1.226)

(1.445)

R2

0.313

0.31

0.40

0.31

0.40

Adj. R2

0.221

0.22

0.31

0.22

0.31

341

341

341

341

341

Num. obs.
∗∗∗

p < 0.001,

∗∗

p < 0.01, ∗ p < 0.05

Source: Author’s calculation
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Table 5). The change is probably caused by additionally introduced Principal Components that bear other effect and disclose negative relationship
between unemployment and life expectancy. We have to keep in mind the
relatively short period of only ten years.
The minor rise in adjusted R2 might be caused by Principal Components
that are related to unemployment and jointly disclose some hidden effect.
The low adjusted R2 is probably caused by insignificant Principal Components that were included in the model.
As a conclusion, controlling for environmental, social, health care and
economic group, unemployment has a significant effect on determining life
expectancy. Furthermore, the explained variance in life expectancy slightly
increased. This determinant would need additional research and signs of a
relationship between life expectancy, and unemployment might be disclosed.
5.4

Robustness Test - Primary School Enrolment

In this analysis, we also include all of our selected principal components while
retaining primary school enrolment as a measure of school attendance. VIF
has slightly risen, to 4, but we still do not expect problems regarding a high
correlation between variables. Primary enrolment coefficient was estimated
to be -0.25 but insignificant as in the original model (p-value 0.83). As
in the first robustness models examining health care expenditures, the first
and the third health care Principal Components (Heal.PC1, Heal.PC3 ) with
similar magnitudes and p-values (see Table 5). The second and the third
social Principal Components (Soc.PC2, Soc.PC3 ) are significant at a 5%
significance level with really similar coefficients and corresponding standard
errors as in the robustness test regarding health care expenditures. GDP
per capita and environmental Principal Components remain insignificant.
Adjusted R2 is 0.22.
Even after controlling for all four groups, primary school enrolment is
still insignificant. Added Principal Components does not change the insignificance. Our results do not suggest a significant relationship with life
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expectancy. Even though Mexico has its issues regarding education, the
majority attends primary level of school, and therefore it does not help us
explain life expectation. Our suggestion for future study might be to focus
on secondary enrolment or high school enrolment where differences might
be more ample. Moreover, we have also stated that the attendance does not
capture circumstances related to real received education.
Comment on the effect of Principal Components

We have stated that certain principal component of some group has a positive/negative effect. As our groups are named health care or environmental
one might expect a positive effect of health care and environmental group.
Every principal component is a compound of many variables where some of
them should be negatively related (pollution) to life expectancy and some
positively (doctors per capita). As every Principal Component is a linear
combination of our selected variables, in case pollution has more importance
inside this component, the resulting effect might be skewed to this variable
(even though others are included). Therefore, we have to inspect the composition of every component. Moreover, one variable, for example, pollution,
might appear in one or five components and therefore, we have to keep in
mind that pollution contained in PCA1 might also be contained in PCA2, in
both cases with ”high importance”. In our analysis, we refer to the groups
themselves, which help us control for the overall effect of the given group.
5.5

Extended Robustness Test

As mentioned in Methodology chapter, we were aware of possible multicollinearity between created Principal Components and testing variables.
Therefore, we drop Principal Components corresponding to the group where
the testing variable should belong to (i.e. health care expenditures - social
group PCs), that might be highly correlated with the testing variable. Here
we present the result of these restricted models.
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Table 6: Results of the Models for Extended Robustness Test
Model 11

Model 12

Model 13

HealthExp

Unem

PrimEnr

−0.080

−0.077

(0.066)

(0.056)

∗

−0.097

−0.074

(0.045)

(0.040)

Heal.PC1

Heal.PC2

∗∗∗

−0.145

Heal.PC3

Env.PC1

Env.PC2

−0.136∗∗∗

(0.031)

(0.033)

−0.000

∗

−0.000

−0.000∗

(0.000)

(0.000)

(0.000)

−0.000

−0.000

−0.000

(0.000)

(0.000)

(0.000)

0.000

0.000

0.000

(0.000)

(0.000)

(0.000)

−0.138

Soc.PC1

(0.076)
−0.047

Soc.PC2

(0.047)
0.295∗∗∗

Soc.PC3

(0.059)
Eco.PC1

−0.018

HealthExp

(0.040)
−4.588

Unem

(6.225)
PrimEnr

1.744
(1.390)

2

R

0.26

0.13

0.13

Adj. R2

0.17

0.00

0.02

311

341

Num. obs.
∗∗∗

p < 0.001,

341
∗∗

∗

p < 0.01, p < 0.05

Source: Author’s computations.

5.5.1

Extended Robustness Test - Health Care Expenditures

We have assigned health care expenditures to health care group. Therefore,
in this model we have dropped Heal.PC1, Heal.PC2 and Heal.PC3. En-
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vironmental and economic Principal Components remain insignificant (see
Table 6). The second social Principal Components turns out to be insignificant indicating possible relationship with one of the dropped health care
component. The third social Principal Component is still significant but the
effect of the component slightly decreased. In line with the first robustness
test, the health care expenditures remain insignificant at any significance
level (p-value 0.76). The minor drop insignificance might indicate a relationship between health care expenditures and Principal Components from
the health care group. We can conclude that the standard model controlling
for core variables is not strongly robust but still suggest a positive relationship between health care expenditures and life expectancy at birth.
We might expect strong correlation between health care expenditures and
health care group of variables. However, the maxim correlation between two
predictors in this model is -0.59 with social Principal Component Soc.PC1.
The correlation is not negligible but does not suggest strong correlation.
The maximum VIF was found to be 2.77 which is less than the threshold of
5 and thus it does not indicate multicollinearity issue.
5.5.2

Extended Robustness Test - Unemployment

In this restricted model, we drop Principal Components from the social group
of variables (see Table 6). When deciding between fixed effect and random
effect, the Hausmann test failed due to the singularity of the system (R was
not able to create the inverse matrix of covariance matrix). Therefore, we
apply fixed effect estimations as it is more restrictive than random effect
estimation. We should take this decision into consideration.
Heal.PC3 and Env.PC1 turns to be significant which was not observed
in the previous robustness model regarding unemployment. Moreover, unemployment is no longer significant. That is in line with the base model
used for testing the effect of unemployment. The adjusted R2 is almost
0 which is also suspicious. These changes in robustness models suggest a
more complex relationship and it needs further research. It is not clear how
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the unemployment affects life expectancy and its relationship with other
variables. Therefore, we are convinced that further research could disclose
possible relationships.
5.5.3

Extended Robustness Test - Primary School Enrolment

In case of primary school enrolment we drop social related Principal Components as in previous model (see Table 6). The third Principal Component
related to the health care remains significant with a negative effect. Surprisingly, the first environmental Principal Component Enc.PC1 turns out
to be significant which nor was found in model related to hypothesis neither
in the previous robustness test. The studied variable, primary enrolment
rate, remains insignificant even at 10% significance level. Even after eliminating social components, the coefficient related to primary school enrolment
does not change significantly. The additional robustness test did not disclosed any dubious relationship and we still suggest to focus on enrolment
in higher levels of education.
In this extended robustness test we confirm the dubious effect of unemployment that would need further research. In addition, there is probably
some relationship between environmental group of variables and life expectancy as it, in the two previous models, Enc.PC1 turns to be significant.
This change is probably caused by social Principal Components that seem
to be related to the environmental group but bear more effect. Therefore,
we might suggest to focus on unemployment and environmental variables.
Apart from the unclear behaviour of unemployment, we did not disclose
substantial additional relationship of health care expenditures and primary
school enrolment.
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6

Discussion

In this section, we would like to point out the limitations of our analysis.
Even though our results suggest a positive effect of health care expenditures
on life expectancy, we did not confirm the statistically significant effect of
unemployment and primary school enrolment. Firstly, we need to mention
the data issues. There are several statistics related to Mexico. INEGI or
BIE provides many time series with long periods (30 years and more), often
with a frequency less than one year. On the other hand, finding statistics
related to federative entities is not easy. There is a small number of indicator
where federative entity is present. Therefore, we had to limit our analysis
to predictors bearing the entity information. Usually, these time series are
shorter (currently around 10 years). The time limitation is not the only issue. According to previous research, there should be more variables related
to life expectancy such as pollution (CO2 particles) or pharmaceuticals consumption. Unfortunately, Mexico does not provide this detailed times series.
Even proxies are not available as information regarding environmental pollution is really sparse. We have tried to approach it by reforested area which
should approximate how Mexico cares about nature. Of course, it is not
the best way, but one is viable. Additional time series bearing the information about federative entity would help us explain more of variation in life
expectancy and identify another key factors.
Primary school enrolment seems to be insignificant. We think it might be
because nearly everyone attends the primary level of education. We suggest
focusing on secondary school enrolment of even high school enrolment which
might already show wider discrepancies. Using these additional variables we
might find evidence of significant effect of these variables and explain more
variation in life expectancy.
Unemployment was second insignificant variable. It is not straightforward to find another predictor related to unemployment as in the case of
education. Therefore, a longer time period might help us discover negative
(or positive) relationship or bring another evidence of insignificance. Fur54

thermore, robustness test suggest there might be some relationship with life
expectancy.
Health care expenditures are a significant variable that affects life expectancy at birth in Mexico. Further analysis might focus on expenditure
in the private and public sector respectively. As we pointed out earlier,
even though nearly all Mexicans have access to medical care, there are not
enough institutions and patients need to wait a long time. This issue might
be approached by the division between public and private sector as we expect
better and immediate care in private institutions. Only fraction of Mexicans
has enough resources to access private medical care.
The extended robustness test confirms the dubious effect of unemployment and thus, its relationship with life expectancy is not clear. Under
certain conditions it turns out to be significant, but while controlling for
core variables it is not. It requires additional study.
In addition to that, the results suggest some correlation between social
and environmental Principal Components. If we examine robustness of unemployment or primary school enrolment, while dropping the social Principal Components, one environmental component turns out to be significant.
This suggests a correlation between social and environmental group of variables. The relationship between environmental and social variables and its
effect on life expectancy is not clear and we can suggest this issue for further
research.
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7

Conclusion

In this paper, life expectancy at birth in Mexican states was studied. The
effect of health care expenditures, unemployment and primary school enrolment using a panel data approach was examined. As control variables, the
literacy rate of people between 15 and 24 years, vaccination rates, and children mortality rates were used. Those factors are widely used for determining life expectancy and different authors generally agree on their effect. Our
results suggest that Mexico follows the trend. These three core variables turn
out to be significant. Literacy rate with a positive effect and infant mortality with negative. Vaccination seems to be related with another variable
as it has a negative effect in 4 out of 6 models. Possibly caused by another variable that is not included or by relation to other, already included,
determinant.
Our analysis confirms the hypothesis that health care expenditures have
a significant positive effect on life expectancy at birth in Mexican states.
We contribute to the debate where authors do not agree on the sign of
effect and its significance. That has important implications for Mexico’s
government regarding the distribution of resources. In order to keep up
with developed countries, where the life expectancy at birth is higher, one
of the ways for Mexico is to increase health care expenditures and maintain
its efficiency. As a suggestion to other researchers, we recommend to dig
deeply into the expenditures and determine which sector covered by health
care expenditures bears the majority of the effect.
We were expecting a strong relationship between life expectancy and
school enrolment rates. Results of the regression using fixed effect do not
show any significant evidence of that. We suggest focusing on secondary
school enrolment or even high school enrolment rate. It is in these levels of
education where the attendance rate is diminishing and therefore, we might
already see some significant relationship with life expectancy as education
plays an important role according to literature.
Regarding unemployment, we did not find any significant relationship.
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We still contribute to the related debate with this uncertain result. There
might be another factor related to unemployment as the robustness test suggests. Unemployment affects the economy in many ways and to determine,
whether it also affects life expectancy, might be valuable for demography.
The results of robustness test also suggest a correlation between environmental and social group of variables. The relationship is not clear and
instrumental variables might be used for further analysis.
As far as we know, it is the first investigation studying life expectancy
using PCA as a robustness test. There are many benefits to this approach.
We include several variables related to main determinant groups (economic,
health care, social and environmental) as control variables. That permits
us to control for numerous factors while dealing with multicollinearity efficiently. This approach is mainly limited by data availability. Therefore, we
suggest improving this technique by including a larger period of variables
that should be available in next years or decades.
This paper is the first one studying life expectancy at birth in Mexican
states. There are just a few studies related to Latin American countries and
therefore, our study can serve as a starting point for analysis conducted in
neighbouring countries. Results of the paper bring important implications
for the government and statistics institutions. Even though CONAPO is
forecasting life expectancy well, there is a lack of its determinants.
We have examined the effect of currently discussed variables and we suggest to focus on additional ones, such as pollution (CO2), lifestyle (smoking,
alcohol consumption) when data is available. CO2 is currently measured in
selected cities and we believe measurements will improve.
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Taşkaya, Serap and Mustafa Demirkiran (2016). ‘Environmental determinants of life expectancy at birth in Turkey’. In: International Journal of Research in Medical Sciences
4.4, pp. 995–999. issn: 2320-6012. doi: 10.18203/2320-6012.ijrms20160673. (Visited on 21/02/2018).
Temporelli, Karina and Valentina Viego (2011). ‘An Analysis of the Relationship Between
Income and Life Expectancy for Latin America and the Caribbean’. In: Lecturas de
Economı́a 74, pp. 61–85. issn: 01202596. url: https://econpapers.repec.org/
RePEc:lde:journl:y:2011:i:74:p:61-85 (visited on 09/04/2018).
Uchida, Eiichi, Shunichi Araki and Katsuyuki Murata (1992a). ‘Socioeconomic factors
affecting the longevity of the Japanese population: a study for 1980 and 1985’. In:
Journal of Biosocial Science 24.4, pp. 497–504. doi: https://doi.org/10.1017/
S0021932000020058. (Visited on 18/01/2018).
— (1992b). ‘Socioeconomic factors affecting the longevity of the Japanese population:
a study for 1980 and 1985’. In: Journal of Biosocial Science 24.4, pp. 497–504. doi:
10.1017/S0021932000020058. (Visited on 02/03/2018).
Walker, Lewis J. (2013). ‘Life Expectancy and Health Care Planning’. In: Journal of
financial planning.
63

Wang, Cuicui, Xiaodan Zhou, Renjie Chen, Xiaoli Duan, Xingya Kuang and Haidong
Kan (2013). ‘Estimation of the effects of ambient air pollution on life expectancy of
urban residents in China’. In: Atmospheric Environment 80, pp. 347–351. issn: 13522310. doi: https : / / doi . org / 10 . 1016 / j . atmosenv . 2013 . 08 . 018. (Visited on
21/02/2018).
White, Halbert (1980). ‘A Heteroskedasticity-Consistent Covariance Matrix Estimator
and a Direct Test for Heteroskedasticity’. In: Econometrica 48.4, pp. 817–838. issn:
00129682, 14680262. url: http : / / www . jstor . org / stable / 1912934 (visited on
18/02/2018).
Williams, Brett, Ted Brown and Andrys Onsman (2010). ‘Exploratory factor analysis: A
five-step guide for novices’. In: 8, pp. 1–13. issn: 1447-4999. (Visited on 21/02/2018).
Williamson, John B. and Ulrike Boehmer (1997). ‘Female life expectancy, gender stratification, health status, and level of economic development: A cross-national study
of less developed countries’. In: Social Science & Medicine 45.2, pp. 305–317. issn:
0277-9536. doi: https://doi.org/10.1016/S0277-9536(96)00346-2. (Visited on
18/02/2018).
Wooldridge, Jeffrey (2008). Introductory Econometrics: A Modern Approach (with Economic Applications, Data Sets, Student Solutions Manual Printed Access Card). 4th ed.
South-Western College Pub. isbn: 0324581629.

64

Appendix
Table 7: Descriptive Statistics of Core Variables

Statistic

N

Mean

St. Dev.

Min

Pctl(25)

Pctl(75)

Max

LifeExp

672

73.71

1.36

68.68

72.93

74.71

76.12

InfMort

672

1.10

1.21

0.10

0.39

1.22

7.19

Vacc

672

0.82

0.11

0.35

0.75

0.90

1.12

GDPperCap

672

7.44

8.48

1.20

3.66

8.67

83.58

Liter15 24

672

0.97

0.02

0.86

0.97

0.99

1.00

HealthExp

672

3.16

1.58

0.79

2.07

3.87

12.63

Unem

320

0.04

0.02

0.01

0.03

0.06

0.08

PrimEnr

672

0.98

0.04

0.76

0.96

1.01

1.09

Source: Author’s computations.

Table 8: Correlation Matrix of Core Variables

LifeExp

InfMort

Vacc

GDPperCap

Liter15 24

HealthExp

Unem

PrimEnr

LifeExp

1

-0.06

0.18

0.23

0.63

0.39

0.35

0.01

InfMort

-0.06

1

-0.21

-0.12

-0.03

0.10

0.15

0.31

Vacc

0.18

-0.21

1

0.15

0.20

0.17

0.22

0.02

GDPperCap

0.23

-0.12

0.15

1

0.10

0.44

-0.05

0.03

Liter15 24

0.63

-0.03

0.20

0.10

1

0.35

0.60

0.08

HealthExp

0.39

0.10

0.17

0.44

0.35

1

0.33

0.22

Unem

0.35

0.15

0.22

-0.05

0.60

0.33

1

0.20

PrimEnr

0.01

0.31

0.02

0.03

0.08

0.22

0.20

1

Source: Author’s computations.
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Table 9: Description of Variables Used for PCA

Variable

Description

Source

Beds

Number of hospital beds in private institutions

INEGI

Barite (tons)

Mineral 2

Barite (tons)

Coke (tons)

Mineral 4

Coke (tons)

Copper (tons)

Mineral 3

Copper (tons)

INEGI

Environemnt

Yes

Dengue rates

DengueRate

Occurence of Dengue

DGIS

Health care

Yes

Census beds

Shorcut

Group

PCA

Health care

Yes

INEGI

Environemnt

Yes

INEGI

Environemnt

Yes

Divorces

Divor

Number of divorces in a given year

INEGI

Social

Yes

Fluorite (tons)

Mineral 6

Fluorite (tons)

INEGI

Environemnt

Yes

GDP per capita

GDPperCap

GDP per capita in thousands of pesos

INEGI

Economical

Yes

Gold (kilograms)

Mineral 7

Gold (kilograms)

INEGI

Environemnt

Yes

High school enrollment

HighSchRate

High school enrollment

INEGI

Social

Yes

Infant mortality

MortInf

Infant mortality rates

INEGI

Health care

Yes

Lead (tons)

Mineral 9

Lead (tons)

INEGI

Environemnt

Yes

Literacy rate

Liter15 24

Overall literacy for population 15-24 years old

SIODS

Social

No

Literacy rate females

Liter15 24F

Female literacy for population 15-24 years old

SIODS

Social

Yes

Literacy rate males

Liter15 24M

Male literacy for population 15-24 years old

SIODS

Social

Yes

Malaria rate

MalarRate

Occurence of Malaria

INEGI

Health care

Yes

Material resources

MatRes 1

Surgeries

INEGI

Health care

Yes

Material resources

MatRes 10

Operating rooms

INEGI

Health care

Yes

Material resources

MatRes 11

Expulsion rooms

INEGI

Health care

Yes

Material resources

MatRes 12

Incubators

INEGI

Health care

Yes

Material resources

MatRes 13

Cots for newborns

INEGI

Health care

Yes

Material resources

MatRes 14

Pediatric area

INEGI

Health care

Yes

Material resources

MatRes 15

Emergency area

INEGI

Health care

Yes

Material resources

MatRes 16

Isolation area

INEGI

Health care

Yes

Material resources

MatRes 17

Magnetic resonance imaging units

INEGI

Health care

Yes

Material resources

MatRes 18

Dialysis equipment

INEGI

Health care

Yes

Material resources

MatRes 19

Hemodialysis stations (units)

INEGI

Health care

Yes

Material resources

MatRes 2

Censable beds

INEGI

Health care

Yes

Material resources

MatRes 20

Mammography equipment

INEGI

Health care

Yes

Material resources

MatRes 21

Ultrasound equipment

INEGI

Health care

Yes

Material resources

MatRes 22

Electrocardiograph

INEGI

Health care

Yes

Material resources

MatRes 23

Endoscope

INEGI

Health care

Yes

Material resources

MatRes 24

Electroencephalograph

INEGI

Health care

Yes

Material resources

MatRes 25

Lithotripters

INEGI

Health care

Yes

Material resources

MatRes 26

Computerized axial tomography scanners

INEGI

Health care

Yes

Material resources

MatRes 27

Cobalt pump

INEGI

Health care

Yes

Material resources

MatRes 28

Blood banks

INEGI

Health care

Yes

Material resources

MatRes 29

Intensive care unit

INEGI

Health care

Yes

Material resources

MatRes 3

Non-census beds

INEGI

Health care

Yes

continued . . .
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. . . continued
Variable

Shorcut

Description

Source
INEGI

Group
Health care

PCA

Material resources

MatRes 30

Dental units

Yes

Material resources

MatRes 4

Clinical analisys laboratory

INEGI

Health care

Yes

Material resources

MatRes 5

Pathological anatomy laboratory

INEGI

Health care

Yes

Material resources

MatRes 6

Radiology rooms or cabinets

INEGI

Health care

Yes

Material resources

MatRes 7

X-ray equipment (mobile or fixed)

INEGI

Health care

Yes

Material resources

MatRes 8

Radiation therapy area

INEGI

Health care

Yes

Material resources

MatRes 9

Radiation therapy equipment

INEGI

Health care

Yes

Medical staff

MedStaff

Number of medical staff

INEGI

Health care

Yes

Pellets of iron (tons)

Mineral 5

Pellets of iron (tons)

INEGI

Environemnt

Yes

Planted trees

Trees

Planted trees

INEGI

Environemnt

Yes

Raw oil

Petro

Raw oil extraction

BIE

Environemnt

Yes

Reforested area

Reforest

Reforested area

INEGI

Environemnt

Yes

Registered cars

CarrReg

Number of registered cars in a given year

INEGI

Environemnt

Yes

Silver (kilograms)

Mineral 8

Silver (kilograms)

INEGI

Environemnt

Yes

Social systém

SocSys

Population inscripted in social systém

BIE

Social

Yes

Sulfur (tons)

Mineral 1

Sulfur (tons)

INEGI

Environemnt

Yes

Tuberculosis

TuberRate

Ocurence of tuberculosis

DGIS

Health care

Yes

University enrollment

UniRate

% of students enrolled in university education

INEGI

Social

Yes

Vaccination

Vacc

% of vaccinated children under 1 year

DGIS

Health care

Yes

Zinc (tons)

Mineral 10

Zinc (tons)

INEGI

Environemnt

Yes

Source: Author’s elaboration.
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Figure 3: Variance Explained by Component per Every Group

Source: Plots elaborated by the Author.
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Table 10: Descriptive Statistics of Variables Used for PCA

Variable

N

Mean

St. Dev.

Min

Pctl(25)

Pctl(75)

Max

Beds

416

95.986

101.314

8.000

35.000

123.250

556.000

MalarRate

800

10.772

35.946

0.000

0.000

4.903

483.513

DengueRate

800

1.159

7.001

0.000

0.000

0.000

100.000

TuberRate

800

19.391

11.271

2.919

10.198

26.174

58.523

MedStaff

416

414.642

701.863

12.000

100.000

456.500

6,188.000

SocSys

576

622.602

688.418

89.054

240.297

705.291

4,564.733

MatRes 1

416

413.656

469.897

24.000

162.000

457.250

2,267.000

MatRes 10

416

148.897

151.215

9.000

56.000

199.000

671.000

MatRes 11

416

87.740

96.732

7.000

31.000

103.000

524.000

MatRes 12

416

176.892

204.334

10.000

54.000

217.250

1,107.000

MatRes 13

416

343.014

363.892

20.000

115.750

358.250

1,694.000

MatRes 14

416

43.685

54.330

2.000

14.000

48.000

317.000

MatRes 15

416

89.036

93.828

3.000

30.000

100.000

454.000

MatRes 16

416

21.781

25.833

0.000

5.000

28.000

128.000

MatRes 17

416

4.841

5.814

0.000

1.000

6.000

41.000

MatRes 18

416

10.606

16.442

0.000

1.000

13.250

87.000

MatRes 19

416

13.469

19.655

0.000

1.000

17.000

103.000

MatRes 2

416

1,074.488

1,150.362

67.000

386.750

1,366.250

5,915.000

MatRes 20

416

11.721

13.051

0.000

3.000

15.000

67.000

MatRes 21

416

66.981

68.996

1.000

25.000

83.250

375.000

MatRes 22

416

55.690

51.440

2.000

20.000

71.000

229.000

MatRes 23

416

26.892

31.064

0.000

8.000

33.000

164.000

MatRes 24

416

4.675

6.361

0.000

1.000

6.000

49.000

MatRes 25

416

3.363

4.020

0.000

1.000

5.000

26.000

MatRes 26

416

8.123

8.629

0.000

3.000

9.000

45.000

MatRes 27

416

0.986

1.933

0.000

0.000

1.000

11.000

MatRes 28

416

5.721

8.688

0.000

1.000

7.250

121.000

MatRes 29

416

38.916

41.846

0.000

11.000

50.250

217.000

MatRes 3

416

273.678

298.383

4.000

84.000

328.250

1,574.000

MatRes 30

416

11.637

17.143

0.000

3.000

12.000

88.000

MatRes 4

416

27.548

23.757

1.000

12.000

32.250

115.000

MatRes 5

416

7.305

9.256

0.000

2.000

9.000

63.000

MatRes 6

416

37.757

36.668

3.000

16.000

40.000

160.000

MatRes 7

416

57.548

58.748

5.000

22.000

64.250

290.000
continued . . .
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. . . continued
Variable

N

Mean

St. Dev.

Min

Pctl(25)

Pctl(75)

Max

MatRes 8

416

1.707

2.654

0.000

0.000

2.000

16.000

MatRes 9

416

2.113

3.367

0.000

0.000

3.000

21.000

UniRate

544

82.435

18.405

33.761

69.398

97.587

141.403

HighSchRate

864

41.113

13.887

9.954

30.077

51.268

90.036

1,024

2,041.579

2,220.841

80.000

713.750

2,538.750

20,026.000

Liter15 24F

864

97.251

2.943

79.300

96.800

99.100

99.900

Liter15 24M

864

97.431

1.788

89.200

96.500

98.700

99.800

CarrReg

1,184

570.874

738.133

16.640

144.887

684.109

6,549.299

Reforest

668

6.390

6.970

0.065

2.058

7.973

64.872

Trees

671

0.556

0.681

0.000

0.166

0.679

8.114

Petro

1,632

1.610

8.677

0

0

0

72

Mineral 1

704

30,208.970

83,059.050

0.000

0.000

0.000

452,460.000

Mineral 10

704

15,180.110

42,473.900

0.000

0.000

4,495.250

338,689.000

Mineral 2

704

6,063.131

27,773.310

0.000

0.000

0.000

314,190.000

Mineral 3

704

11,611.410

53,890.960

0.000

0.000

1,059.250

483,510.000

Mineral 4

704

58,475.930

283,833.800

0.000

0.000

0.000

1,824,028.000

Mineral 5

704

215,028.600

708,300.800

0.000

0.000

0.000

3,944,485.000

Mineral 6

704

25,373.750

129,973.100

0.000

0.000

0.000

1,150,234.000

Mineral 7

704

1,577.346

4,649.963

0.000

0.000

756.600

42,591.500

Mineral 8

704

107,927.100

302,520.800

0.000

0.000

71,008.500

2,494,855.000

Mineral 9

704

5,344.237

17,451.920

0.000

0.000

2,115.500

165,348.000

Divor

Source: Author’s computations.
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Table 11: Loading Vector for PCA - Health Care
Group

Variable

Heal.PC1

Heal.PC2

Heal.PC3

Health care

InfMort

0.168

0.218

0.103

Health care

Vacc

-0.018

-0.207

-0.581

Health care

Beds

0.168

0.303

-0.018

Health care

MalarRate

-0.032

0.080

0.594

Health care

DengueRate

0.009

0.092

-0.088

Health care

TuberRate

-0.054

-0.088

0.332

Health care

MedStaff

0.172

-0.071

0.152

Health care

SocSys

0.173

-0.136

0.161

Health care

MatRes 1

0.184

0.091

0.027

Health care

MatRes 10

0.185

0.142

0.007

Health care

MatRes 11

0.170

0.294

-0.065

Health care

MatRes 12

0.180

0.188

-0.002

Health care

MatRes 13

0.186

0.130

0.017

Health care

MatRes 14

0.169

0.269

-0.102

Health care

MatRes 15

0.183

0.148

-0.080

Health care

MatRes 16

0.175

0.091

-0.123

Health care

MatRes 17

0.166

-0.241

-0.012

Health care

MatRes 18

0.131

-0.161

0.015

Health care

MatRes 19

0.153

-0.116

0.103

Health care

MatRes 2

0.187

0.052

0.058

Health care

MatRes 20

0.164

-0.128

-0.093

Health care

MatRes 21

0.178

0.187

-0.079

Health care

MatRes 22

0.186

0.085

-0.014

Health care

MatRes 23

0.177

-0.164

0.062

Health care

MatRes 24

0.162

-0.235

0.096

Health care

MatRes 25

0.160

-0.261

0.091

Health care

MatRes 26

0.177

-0.151

-0.014

Health care

MatRes 27

0.119

-0.243

-0.008

Health care

MatRes 28

0.171

-0.112

0.038

Health care

MatRes 29

0.179

-0.112

0.020

Health care

MatRes 3

0.181

-0.134

0.055

Health care

MatRes 30

0.176

0.015

0.066

Health care

MatRes 4

0.177

0.159

-0.022

Health care

MatRes 5

0.168

-0.057

0.012

Health care

MatRes 6

0.181

0.008

-0.052
continued . . .
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. . . continued
Group

Variable

Heal.PC1

Heal.PC2

Heal.PC3

Health care

MatRes 7

0.188

-0.063

-0.007

Health care

MatRes 8

0.146

-0.129

-0.135

Health care

MatRes 9

0.154

-0.133

-0.108

Source: Author’s computations.

Table 12: Loading Vector for PCA - Environmental
Group

Variable

Env.PC1

Env.PC2

Environmental

CarrReg

0.0001

-0.0002

Environmental

Reforest

-0.00000

0.00000

Environmental

Trees

-0.00000

-0.00000

Environmental

Petro

0.00000

-0.00001

Environmental

Mineral 1

0.011

-0.036

Environmental

Mineral 10

0.007

0.119

Environmental

Mineral 2

-0.001

-0.003

Environmental

Mineral 3

0.004

0.030

Environmental

Mineral 4

-0.171

0.031

Environmental

Mineral 5

-0.984

0.040

Environmental

Mineral 6

0.0004

0.005

Environmental

Mineral 7

0.001

0.009

Environmental

Mineral 8

0.045

0.989

Environmental

Mineral 9

0.002

0.047

Source: Author’s computations.

72

Table 13: Loading Vector for PCA - Social
Group

Variable

Soc.PC1

Soc.PC2

Soc.PC3

Social

UniRate

-0.431

0.228

-0.266

Social

HighSchRate

-0.364

-0.023

0.919

Social

Divor

-0.254

-0.950

-0.142

Social

Liter15 24F

-0.548

0.196

-0.232

Social

Liter15 24M

-0.563

0.077

-0.101

Source: Author’s computations.

-0.38

-0.20

-0.07

-0.66

0.17

-0.07

0.23

-0.53

0.16

-0.05

-0.06

-0.59

-0.11

0.38

0.44

Unem

0.35

0.34

1.00

0.20

0.29

-0.24

-0.22

-0.04

0.16

-0.66

-0.13

0.13

-0.05

PrimEnr

0.01

0.22

0.20

1.00

0.38

-0.19

0.07

0.07

0.08

-0.14

-0.30

0.19

0.03

Eco.PC1

-0.28

0.29

Soc.PC3

Env.PC2

0.14

0.22

Soc.PC2

Env.PC1

0.01

0.34

Soc.PC1

Heal.PC3

0.35

1.00

Heal.PC1

0.40

0.40

PrimEnr

1.00

HealthExp

Unem

LifeExp

LifeExp

Heal.PC2

HealthExp

Table 14: Correlation of Variables Used for Robustness Test

Heal.PC1

0.14

0.29

0.29

0.38

1.00

-0.03

-0.01

0.12

-0.10

-0.32

-0.78

-0.18

-0.04

Heal.PC2

-0.28

-0.53

-0.24

-0.19

-0.03

1.00

0.00

0.05

-0.01

0.39

-0.09

-0.24

-0.22
-0.06

Heal.PC3

-0.38

0.16

-0.22

0.07

-0.01

0.00

1.00

0.09

-0.12

0.27

-0.14

0.20

Env.PC1

-0.20

-0.05

-0.04

0.07

0.12

0.05

0.09

1.00

0.00

0.06

-0.11

0.13

0.02

Env.PC2

-0.07

-0.06

0.16

0.08

-0.10

-0.01

-0.12

0.00

1.00

-0.09

0.03

-0.05

-0.09

Soc.PC1

-0.66

-0.59

-0.66

-0.14

-0.32

0.39

0.27

0.06

-0.09

1.00

0.02

0.01

-0.20

Soc.PC2

0.17

-0.11

-0.13

-0.30

-0.78

-0.09

-0.14

-0.11

0.03

0.02

1.00

0.01

0.11

Soc.PC3

-0.07

0.38

0.13

0.19

-0.18

-0.24

0.20

0.13

-0.05

0.01

0.01

1.00

-0.02

Eco.PC1

0.23

0.44

-0.05

0.03

-0.04

-0.22

-0.06

0.02

-0.09

-0.20

0.11

-0.02

1.00

Source: Author’s computations.
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Table 15: Results of Statistical Tests

Test:

Random effect

Fixed effect

RE/FE

F-test

Breusch-Pagan LM

Hausmann test

0.00

∗

Model2

0.00

∗

Model3
Model4

Model1

∗

0.00

0.00

Serial corr.

Heteroskedasticity

Breusch-Godfrey/Wooldridge

∗

Breusch-Pagan

∗

0.00∗

∗

0.00

∗

0.00

0.14

0.00

0.00∗

0.00∗

0.00∗

0.00∗

0.00∗

0.00∗

0.00

∗

∗

0.07

∗

0.00∗

0.00

∗

∗

0.00∗

Model6

0.00

∗

∗

0.00∗

Model7

0.00∗

0.00∗

0.00∗

0.00∗

0.00∗

Model8

0.00

∗

0.00

∗

0.00

∗

0.00

∗

0.00∗

Model9

0.00

∗

0.00

∗

0.00

∗

0.00

∗

0.00∗

Model10

0.00∗

0.00∗

0.00∗

0.00∗

0.00∗

Model11

0.00∗

0.00∗

0.00∗

0.00∗

0.00∗

Model12

0.00

∗

0.00

∗

0.00

∗

0.00∗

0.00

∗

0.00

∗

0.00

∗

0.00∗

Model5

Model13

0.00

∗

0.08

∗

∗

0.00
0.00

0.00

NA
0.00

∗

Displayed numbers represents the p-value from corresponding test; ∗ p-value less than 0.004

Source: Author’s computations.
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0.00
0.00

0.00

