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Abstract

Given the current depression of the global economy, questions have been raised on what the
consequences will be for the wellbeing on people all around the world. Of particular concern
are the e¤ects of this recession on developing countries, and whether the progress towards the
achievement of the Millennium Development Goals will be slowed down, stalled or even reversed
(UN, 2009). In this paper, we take a look at the consequences of previous crises in the Mexican
economy to draw conclusions on the possible e¤ects that the current global �nancial crisis will
have on infant, maternal and elderly mortality. The identi�cation of the e¤ect of the business
cycle on health is di¢ cult because the Gross Domestic Product itself may be a function of health.
Previous analyses have not successfully tackled this endogeneity issues. In order to solve for
endogeneity and in the spirit of Angrist and Kugler (2003), we propose the use of two sets of
instruments at the state level: the share of manufacturing in 1985 and distance to the closest US
port of entry, both interacted with period dummies that de�ne the business cycle. Our �ndings
suggest that a one percent decrease in economic activity would lead to almost 2,400 additional
deaths in the country. The most vulnerable groups during the economic crises were infants and
the elderly. Given our results, a one percent contraction in the economy would result in 640
additional infant deaths and around 960 additional elderly deaths. In terms of the MDGs, the
current crisis would de�nitely imply a reverse towards the attainment of the infant mortality
goal, sending us back to 2003 infant mortality levels. Given the IMF forecasts for 2009 and
2010, and our �ndings, Mexico would need to grow 7.72 percent between 2011 and 2015 in order
to attain this particular MDG. It seems thus very important to create instruments that shield
the children and the elderly from negative economic shocks.
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comments by Raymundo Campos-Vázquez, Almudena Fernández, Luis Felipe López-Calva, and Alejandro López-
Feldman. All comments by participants at the UNDP seminars are also greatly appreciated. The points of view
presented in the paper are not those of the UNDP. All remaining errors herein are my own.
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1 Introduction

Given the current depression of the global economy, questions have been raised on what the con-

sequences will be for the wellbeing on people all around the world. Of particular concern are the

e¤ects of this recession on developing countries, and whether the progress towards the achievement

of the Millennium Development Goals will be slowed down, stalled or even reversed (UN, 2009).

According to the International Monetary Fund (IMF), as a result of Mexico�s interlinkanges with

the American economy Mexico has been particularly harshly hit by the current recession. The

IMF predict that the Mexican economy will contract by 3.7 percent during 2009, and that it will

only grow by one percent during 2010 (IMF, 2009). Such a contraction, and slowdown in growth

could certainly have dire e¤ects towards the attainment of the MDGs in Mexico. In this paper,

our objective is to estimate the e¤ect of the business cycle on health. Our indicators of health will

be centered around mortality, which is an extreme bad outcome of ill health. We will use Mexico�s

past experience to draw conclusions on the e¤ect of the current global �nancial crisis on mortality

rates, especially infant mortality rates and mortality rates due to ill nutrition.

The e¤ect of the business cycle on health is still largely debated in the literature. If health is

a normal good, the theory would predict that health deteriorates during economic downturns and

improves during the upturns. However, ever since the work of Ruhm (2000), who found that the

mortality rates are procyclical in the United States, there is a large debate on what the e¤ect of the

business cycle is. According to Ruhm�s explanation, the production of health also requires time on

the part of the individual. So, when the opportunity cost of time decreases (i.e. during spells of

unemployment or shrinking real wages), health should improve. As a consequence, health improves

during economic downturns.1 In the light of these results, Ruhm concludes that policymakers who

exercise countercyclical expenditures on health may be misallocating their resources. These same

results have been found in other developed nations.2 However, we can hypothesize that the e¤ect

of the business cycle is going to be di¤erent in the case of developing countries. For instance, most

of the developing world lacks the unemployment insurance that is available in developed nations.

As a result, people in developing countries often turn to self-employment in order to get an income.

1This result was also found in Granados (2005a) using a di¤erent methodology and data from a di¤erent period.
2For Spain see Granados (2005b); for the OECD countries see Gerdtham and Ruhm (2006); for Germany refer to

Neumayer (2004).
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This means that during the recessions they do not suddenly �nd themselves with additional time

to produce health; they just have less income. Therefore, mortality may behave countercyclically.

There is a growing literature looking at the pro- or counter-cyclicality of mortality in di¤erent

countries.3 In this paper, we will focus in the case of Mexico. The case of Mexico is interesting

because it shares characteristics of an industrialized and a developing nation. As such, Mexico is

currently undergoing an epidemiological transition in which chronic diseases (such as heart disease,

diabetes and cancer) are becoming more prevalent than infectious diseases. Mexico�s health sys-

tem is characterized for being fragmented and segmented, where half of the population remained

uninsured until the advent of Seguro Popular in 2003 (Frenk, 2006 ; Frenk et al., 2003; Knaul

and Frenk, 2005). Hence, most of the out-of-pocket health expenditures were undertaken by the

uninsured population, often resulting in catastrophic expenditures (Frenk, 2006; Torres and Knaul,

2003). Moreover, the literature has found that in a climate of economic distress, households cut

back on the consumption of durables and on human capital investments, including those related to

health (Attanasio and Szekely, 2004; and McKenzie, 2003 and 2006). In consequence, the condi-

tions of the Mexican social protection system do not seem to o¤er the necessary means to shield

the population�s health from large negative shocks.

The literature in the Mexican case o¤ers two contradicting estimations on the e¤ect of the

business cycle on mortality. First, Cutler et al. (2002) conclude that mortality rates follow a

countercyclical pattern in Mexico, especially for infants and the elderly. Using data on mortality

rates from the Ministry of Health, they �nd that mortality rates either increase, or decrease less

rapidly during the crisis periods in the 1980s and 1990s. More formally, they implement a di¤erence-

in-di¤erences model where the treated groups are infants and the elderly, and the control group

(or that una¤ected by the crisis) is composed by males between 30 and 44 years of age. They �nd

that during the 1995 peso crisis infant mortality increased by 6.9 percentage points, whereas that

of the elderly increased by 5 to 6 percentage points depending on the age group. These estimates

imply that during the 1994-5 crisis there were 7,000 additional infant deaths, and 20,000 additional

deaths for the elderly. However, we think the health e¤ects are overestimated in this paper. The

mortality of the control group �males between 30 and 44 years of age� exhibited a procyclical

3For a survey of the literature please refer to Ferreira and Schady (2008). Baird et al. (2007) performed an analysis
using data from the Demographic and Health Surveys for several developing countries and �nd that mortality rates
are countercyclical.
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behavior: in general, mortality decline faster during crisis periods than in non-crisis periods; so it

is not true that this group was una¤ected by the crisis.

In contrast, Gonzales and Quast (2009) found that mortality rates in Mexico are procyclical.

Their analysis is a straightforward application of Ruhm�s (2000) methodology. The novelty of

Ruhm�s approach was the use of panel data at the state level, which allowed him to control for

state and year �xed e¤ects. Gonzalez and Quast also used annual panel data from Mexico�s

vital statistics, and ran a regression where the explanatory variable is GDP per capita. They also

controlled for some time-variant state level characteristics such as: mean education; age composition

of the population; and, in addition to Ruhm�s control variables, public health resources, and the

extent of internal and international migration. An inherent problem with this approach is that

the methodology only exploits a very limited variation. Ruhm justi�es using the year �xed e¤ects

arguing that they control for changes in the health culture, technological changes in the production

of health and other sorts of phenomenae that are common to all states in any given year. However,

this will also eliminate the national average e¤ect of the recessions on mortality, which is something

we are interested on knowing. Moreover, it is not clear that this methodology corrects for the

endogeneity of GDP: it is very possible that other unobservable factors a¤ect both GDP and

mortality giving rise to a spurious correlation between the two.

In order to solve for the endogeneity of the GDP, in this paper we propose the use of two sets of

instrumental variables for the GDP. These instruments exploit the variation in the economic shocks

across states during the 1995 and 2000 crises. Given the nature of both crises,4 the manufacturing

sector was the most a¤ected during both recessions. Our instruments will exploit this fact, and

thus will instrument the share of the manufacturing sector using two di¤erent variables: the states�

share of the manufacturing sector in 1985, and the distance from the states�capitals to the closest

US port of entry. We will show that these two variables are correlated with GDP and argue that

they are not necessarily correlated with mortality rates. In order to introduce time variation into

our instruments, and in the spirit of Angrist and Kugler (2003), we will interact those two variables

with period dummies de�ning the precrisis, 1995 crisis, the intercrisis, and the 2000 crisis periods.

4The 1995 peso crisis was triggered by the inability to sustain the exchange rate vis à vis the dollar. As a result,
the peso was devaluated. This signi�cantly a¤ected the industries whose production hinged on imported inputs. In
contrast, the 2000 crisis was a consequence of the United States�recession. Hence, the industries that exported to
the US were the most a¤ected. We will exploit this vulnerability of the manufacturing sector during both crises to
create our instruments.
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In this way, our instruments will be related to the size of the state�s economy and will track the

business cycle.

We use data from death registries of administrative records of the vital statistics. As opposed

to Gonzales and Quast (2009), we use this data to estimate monthly death rates and we will only

control for state and month �xed e¤ects, and a time trend. The analysis will cover the period

from 1993 to 2006 given the availability of the state GDP data. Our results are in line with

those of Cutler et al. (2002) and indicate that mortality rates in Mexico are countercyclical: more

people die when there is economic distress. However, our estimates are much more conservative

than those in Cutler et al. (2002), suggesting that they were indeed overestimating the e¤ect of

the crisis. According to our �ndings, a one percent decrease in economic activity would lead to

almost 2,400 additional deaths in the country. The most vulnerable groups during the economic

crises were infants and the elderly. Given our results, a one percent contraction in the economy

would result in 640 additional infant deaths and around 960 additional elderly deaths. We did not

�nd any signi�cant di¤erences in the business cycle e¤ect between males and females. In terms

of the MDGs, the current crisis would de�nitely imply a reverse towards the attainment of the

infant mortality goal, sending us back to 2003 infant mortality levels. Given the IMF forecasts for

2009 and 2010, and our �ndings, Mexico would need to grow 7.72 percent between 2011 and 2015

in order to attain this particular MDG. It seems thus very important to create instruments that

shield the children and the elderly from negative economic shocks.

The rest of the paper is organized as follows. Section 2 describes the data sources used in

the analysis. Section 3 outlays the empirical strategy and Section 4 presents the �ndings of this

paper and some robustness checks. Section 5 concludes and explains the implications of our results

towards the attainment of the MDGs.

2 Data

The data used in this paper comes from various sources. Our health indicators are going to be

given by mortality rates, which are the extreme bad outcome of ill health. The mortality data

used to calculate those rates comes from the administrative death records from the Mexican vital
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statistics.5 This data has the information on all the deaths that occurred from 1985 to 2007.

We have information on the exact month and year of death, gender, age (in hours, day, months

or years), cause of death,6 schooling level, marital status, rural/urban location, and the state and

municipality of residence of the deceased. We kept the cases with a valid month and year of death,

and further restricted the data to those individuals whose usual residence was in Mexico.7 From

this data, we counted the monthly deaths corresponding to the following groups by gender and

state: neonatal deaths (a month or less of age); infant deaths (a year or less of age); child deaths

(5 years or less of age); child deaths due to nutritional de�ciencies;8 maternal deaths;9 total deaths

due to nutritional de�ciencies; total deaths of people aged 13-20, 21-44, 44-64 and 65 or more years;

and total deaths.

The mortality rates should be de�ned relative to the population at risk. In the case of neonatal,

infant, child and maternal deaths, the mortality rates are de�ned by the death cases in each group

over live births in thousands. The live births data comes from the administrative birth records of

the vital statistics, and these were also obtained by gender for each state and year.10 The national

series of the neonatal, infant, child, and maternal mortality rates are presented in Figure 1. The

shaded areas represent the 1995 and 2000 crises periods. The Figure shows that for children aged

less than 5 years old, mortality rates increased or the decreasing trend slowed down during crises

5According to Mathers et al. (2005), the Mexican vital statistics are said to be of high quality in terms of their
completeness and their coverage of the causes of death. For instance, the Mexican mortality data is said to have as
good quality as the United States, and it is better than German mortality data.

6The causes of death are coded using the International Statistical Classi�cation of Diseases and Related Health
Problems (ICD). Mexico used the 9th revision from 1985 to 1999, and has used the 10th revision since 2000.

7From 1985 to 1988 we are unable to exclude foreigners. However, those represent only between 0.19 and 0.28
percent of the data. Furthermore, once we merge the other data, we will only keep the data since 1993, so this will
not be an issue in our estimations.

8The codes related to a de�cient nutrition are 260-269 (nutritional de�ciencies), 278 (obesity and other hyperal-
imentation), and 280-281 (nutritional anemias) in the 9th revision (ICD9), and D50-D53 (nutritional anemia) and
E20-E68 (malnutrition, other nutritional de�ciencies, and obesity and other hyperalimentation) in the 10th revision
(ICD10).

9The codes related to maternal death, or more speci�cally, complications of the pregnancy, childbirth and puer-
perium, are 630-676 in the ICD9, or O00-O99 in the ICD10.
10 A problem with the data is that not every child is registered in the year when he or she was born. The baby

can be registered in subsequent years; for example, some mothers register their child until she enters school or when
she dies, given that the birth certi�cate is required in both instances. The latter cause of late registration would be
of particular concern for us, since it would introduce a mechanical relationship between the number of births and the
number of deaths rendering our measure of the mortality rate useless. We propose the following solution for this
problem. We observed that after 10 years of the birthdate, the amount of children being registered is minimal (see
Figure A-1 in Appendix A) . Hence we took the average share of children registered in the year they were born by
state from 1992 to 1994 by state. Then, we adjusted the number of children registered in the year they were born
by the reciprocal of that share to get the total amount of children born every year. The �nal series of births by state
are pictured in Figure A-2 in Appendix A.
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years. This is particularly evident for the mortality rates due to nutritional de�ciencies:11 there is

a tip for both males and females during the crises years, and during the 2000 crisis the tip is higher

for girls than for boys. The series for maternal mortality rates seem to be rather noisy; hence the

results regarding maternal mortality should be taken with caution.

The rest of the mortality rates (total deaths due to nutritional de�ciencies and people over 12

years old) were de�ned as the death cases in each group over each group�s population in hundred

thousands. In this case the population data was estimated from the 1990 and 2000 Census of

Population and the 1995 and 2005 Conteos de Población from the Instituto Nacional de Estadística

y Geografía (INEGI�the national statistical o¢ ce).12 In order to estimate the yearly time series of

population for each age group, we assumed that the population growth rate was constant between

surveys, and then estimated the missing values accordingly.13 The rest of the national time series

of the mortality rates are presented in Figure 2. The are no apparent e¤ects of the crisis for people

between 13 and 64 years of age. However, we do observe increases in mortality for the elderly.

Given the apparent e¤ects for children and the elderly, it is very possible that during economic

distress the household reallocates resources from the less productive members (children and elders)

to the more productive members of the household (people between 13 and 64 years old).14

Our Gross Domestic Product (GDP) measures come from INEGI. Annual GDP at the national

level can be found starting 1980, whereas GDP at the state level is available every �ve years from

1970 to 1985, and then annually from 1993 to 2006. Since our analysis will be at the state level, we

will mostly use the latter GDP data. In this paper we will de�ne an economic crisis as a signi�cant

decline in the economic activity, as measured by the GDP, that lasted two or more consecutive

quarters In some cases, the crisis period will be de�ned by a dummy variable. The beginning of

11The most common measures of nutritional statues in the literate are height-for-age, the body mass index, and
z-cores for height and weight. Due to the lack of state-representative nutritional data in Mexico, we decided to
use mortality due to nutritional de�ciencies, since this is a well de�ned category in the ICD codes. The use of this
measure is sort of novel in the literature of nutritional status.
12There are no available yearly time series of population by gender and for each of the age groups that we de�ned.
13The exception to this "in between surveys" rule is the state of Chiapas. Chiapas�estimated population using

the 1995 Conteo de Población was too low as compared to 1990 and 2000. Our intuition is that the Zapatista
guerilla that started on 1994 prevented INEGI from entering the Zapatista region in 1995, thus producing misleading
estimates of Chiapas�population. In the case of Chiapas, we assumed a constant population growth between 1990
and 2000, and �lled the gaps in the 1990s time series using this growth rate.
14A possibly extreme result of this reallocation of resources is that found in Miguel (2005). He found that cases

of witch killing, in particular of female elders, increase when there are negative economic shocks, as measured by
rainfall. Miguel argues that families expel or kill their witches in order to protect the nutritional status of the more
productive household members.
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the crisis is de�ned by the �rst year of economic contraction. The end of the crisis will be given by

the year in which the economy reaches pre-crisis GDP levels. As shown in Figure 3, the Mexican

economy has gone through several periods of economic crisis during the past three decades. Figure

3 presents the logarithm of the GDP and the log of the GDP per capita in Mexico from 1980 to

2009. As we can see and according to our de�nition, there are �ve episodes of economic distress

in Mexico during this period, which started on: 1982:I, 1985:IV, 1995:I, 2000:IV, and 2008:III. It

is important to stress that these crises varied on their depth and duration, and hence the potential

e¤ects on social indicators may be very di¤erent. For instance, during the 1995 crisis the economy

contracted almost 5% in the �rst quarter and more than 6% in the second quarter. It took 2 years

to get back to the pre-1995 GDP level. In contrast, the 2000 crisis was characterized for exhibiting

smaller decreases in the GDP (at its trough the economy contracted by 0.506%), but it took 10

quarters to reach the pre-crisis GDP level. In this paper we will only focus on the e¤ects of the

1995 and 2000 crises on mortality rates, due in part to the availability of data. However, according

the analysts, the current crisis shares characteristics of both: it has been deep and the recovery is

going to be long.

As we brie�y mentioned in our introduction, our empirical strategy will rely on instrumental

variables. One of these instruments is partly constituted by the distance from the state capital to

the closest United States�port of entry. These data comes from the Atlas at infoplease.com.15 The

minimization of the distance was done over the top 25 ports of entry from Mexico to the US, which

were de�ned according to the volume of US-Mexico trade that enters through each port. The data

on the trade volume entering through each port was obtained from the Bureau of Transportation

Statistics, North American Transborder Freight Data.16 Since the data was not available for a

precrisis year, the ranking of the ports of entry was made as of 2005, which is a non-crisis period,

and we assumed that the volume of trade is highly correlated over time.

As part of our analysis, we will control for some time-varying state characteristics, such as the

educational composition of the state, the mean education of mothers, public health expenditures,

and interstate and international emigration rates. The state education data comes from the

censuses and conteos. In order to create yearly time series, we also assumed that education increased

15http://www.infoplease.com/atlas/calculate-distance.html
16http://www.bts.gov/programs/international/transborder/TBDR_QA.html.
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at a constant rate in between surveys. The education measures are: the proportion of people over

25 years of age with secondary, high school, or college education, and the mean education of females

over 25 of age. The public health expenditures and emigration rates data come from the Basic

Demographic Indicators at the Consejo Nacional de Población (CONAPO - National Population

Council).

Our �nal dataset will cover the period from 1993 to 2006. Table 1 presents the summary

statistics of the state level data that we will use in the empirical analysis below. According to

these statistics, the mortality rates of females are always lower than the mortality rates of males,

and the mortality rate gender gap seems to be increase with age. The only exception to this pattern

is the child mortality due to a de�cient nutrition, though the di¤erence in means is not signi�cant

(test not shown). During the period, more men were born than females. This di¤erence seems

to be compensated over time due to the higher male mortality rates: there are more females than

males for all other age groups in the table.

3 Empirical Strategy

The objective of this paper is to disentangle the e¤ect of the business cycle on mortality rates for

di¤erent age groups and causes of death. Thus, the estimating equation would have the following

form:

Y kjmt = �
k + �k log (GDPjt) + �

k
j + �

k
m + "

k
jt; (1)

where Y kjmt is the mortality rate for group k in state j in during month m in year t; GDPjt is the

state j�s GDP in year t; �kj is a state �xed e¤ect; and �
k
m is a vector of monthly dummies. We

introduce the state �xed e¤ects in order to control for any state level time-invariant characteristic.

The monthly dummies will control for the observed seasonality in mortality rates, especially those

of infants.

A particular concern in the literature has been the fact that both GDP and mortality rates

follow a natural trend: GDP has increased over time, whereas mortality (especially that of infants)

has tended to decrease. As a result, if we estimate equation (1) as it is, we will very possibly �nd

that there is a negative correlation between GDP and mortality in time series data. The literature

has proposed two di¤erent ways to solve for this issue. First, Ruhm (2000) proposed the use to
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year �xed e¤ects in a annual series of mortality and GDP in the United States. According to

Ruhm, these �xed e¤ects will control for advances in the health technology, and changes in the

health culture or preferences for health. However, the use of these year �xed e¤ects implies that

we will only use the variation on top of the annual national average for each state. If the crisis had

a signi�cant e¤ect on this annual average national mortality, we will be losing a very important

component of the e¤ect of the business cycle on our outcome variable. The second strategy is

to directly control for the trend (Baird et al, 2007). We will follow this latter strategy in order

to avoid the problems from using year �xed e¤ects.17 More speci�cally, we will only use a linear

trend, which we will assume will be enough to control for such technological and cultural changes.

The equation of interest thus becomes:

Y kjmt = �
k + �k log (GDPjt) + �

k
j + �

k
m + �t+ "

k
jt; (2)

where t is controlling for the annual trend.

We still have another concern with regards to the estimation of equation (2) by OLS. Individual

level literature has often found that wealthier people are healthier. There is still a large debate

on the direction of this relationship. Some authors argue that wealthier people are able to a¤ord

health-improving goods, and higher quality health services; thus making wealthier people healthier

(Cutler, Deaton and Lleras Muney, 2006; Pritchett and Summers, 1996; Smith, 1999). However,

another strand of the literature argues that healthier people are more productive and, in general,

more able to work; thus making healthier people wealthier (Smith, 1999; Strauss and Thomas,

1998). Hence, the literature indicates that there might be an endogeneity problem in the estimation

of equation (2) implying that �kOLS would be biased upwards, since in the aggregate wealthier states

would be also healthier.

In order to solve for the endogeneity problem, we propose the use of two di¤erent sets of

instrumental variables: (1) the share of manufacturing on the state GDP in 1985,Mj;1985; interacted

with period dummies; and (2) the distance of the state capital to the closest US port of entry

interacted, Dj ; with period dummies. The idea behind these instruments is to exploit the fact that

the manufacturing sector was the most a¤ected during the 1995 and 2000 crises. The correlation

17 If there were a large national shock in a given year, this trend would not take that variation away. We will thus
be enabled to use this national level variation in our estimation, and relate it to the business cycle.
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between the 1985 share of manufacturing and the prevailing share of manufacturing is evident. As

for the distance to the United States border, Hanson (1997, 1998) establishes that the location

of the manufacturing sector in Mexico is heavily clustered close to the US border and around the

Mexico City belt, especially after the North American Free Trade Agreement (NAFTA). Figure

4 shows the GDP against the share of manufacturing in 1985 (Panel A) and the distance to the

closest US port of entry (Panel B). Each dot in the scatter plot is a state-year observation. These

two variables induce cross-state variation in our sets of instruments. As the Figure shows, those

states which had a large share of manufacturing in 1985 (or were closer to the US ports of entry)

have a higher GDP in the period of interest. Since each vertical set of dots represents a state, the

Figure also shows that there is wide variation in the GDP across states and within states across

time.

Following Angrist and Kugler (2003), the time variance in the instruments comes from the

interactions with period dummies. These period dummies are given by: the pre-crisis period

(1995-1996) C2t , inter-crises period (1997-1999) C
3
t , 2000 crisis period (2000-2004) C

4
t , and the

post-crisis period (2005-2007) C5t :
18 These period dummies thus track the business cycle closely.

Our sets of instruments will explore whether there are within state breaks from the general time

trend in the mortality rates over the business cycle.

The �rst-stage equations in each case will thus be given by:

log (GDPjt) = �0 +
4X
p=1

�pMj;1985 � Cpt + �j + �5t+ ujt (3)

or

log (GDPjt) = 
0 +

4X
p=1


pDj � C
p
t + �j + 
5t+ �jt (4)

The identi�cation assumptions are that the instruments are relevant (i.e. correlated with the

state GDP); and that the instruments are uncorrelated with the error term in equation (2) : In

our empirical implementation all the regressions will be weighted by the square root of the state�s

population, and the standard errors are going to be clustered at the state level. The next section

presents our estimation results.

18This later period will be omitted to avoid multicolinearity.
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4 Empirical Results

Table 2 presents the coe¢ cients of the �rst-stage regressions in equations (3) and (4). Column (1)

presents the results with the logarithm of GDP as the dependent variable and the set of instruments

with the share of manufacturing in 1985. Since the reference period is 2005-2007, all the coe¢ cients

have a negative sign. However, the coe¢ cient on the interaction with the 1995 crisis dummy is

the largest in absolute terms re�ecting the sharp decrease in GDP experienced during that period.

The coe¢ cient on the 2000 crisis is not signi�cant, possibly re�ecting the fact that this recession

was not very deep, and that the post-recession period did not exhibit large growth rates either.

Column (2) presents the results using the set of instruments with the logarithm of the distance to

the closest US port of entry. As expected, all the coe¢ cients are of the opposite sign as compared

to those in Column (1). The coe¢ cients show those states farther away from the US experienced

a smaller decrease in economic activity during the 1995 and 2000 crises as compared to the states

closer to the border. We also estimated the regressions using the logarithm of the GDP per capita.

The results remain more or less the same as in the case of GDP. The F-statistic for the joint

signi�cance of the instruments is large enough for us to conclude that our sets of instruments are

strong.19 The instruments seem to be a little more powerful when using the logarithm of GDP, so

our analysis will focus on this case.

The main results of this paper are presented in Table 3. The Table just presents each coe¢ cient

�k for each of the groups of interest. The �rst two Columns in the Table have the resulting

coe¢ cients from OLS estimation. Most of the OLS coe¢ cients are not signi�cant, the exception

being for elder mortality and total mortality. Our IV estimates are generally larger in magnitude

than the OLS coe¢ cients, suggesting that we were in fact underestimating the e¤ect of mortality.

A concern with our results is that although the signs of the e¤ects are in general maintained

across IV speci�cations, the magnitude of the coe¢ cients di¤ers. According to our �rst set of

instruments (those that use the share of manufacturing in the state in 1985�Columns 3 and 4),

neonatal, infant, maternal, elder and total mortality behave countercyclically. That is, as the GDP

decreases, mortality for these groups increases. For the rest of the groups of interest, we did not

19 In the presence of one endogenous variable (GDP), Stock et al. (2002) suggest a critical value of 16.85 in order to
reject the null hypothesis that the instruments are weak (Murray, 2006). Our F-statistics are well above that critical
value.
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any signi�cant e¤ect of GDP on mortality. In addition, we did not �nd any indication that females

fared worse during recessions than males. Quite the opposite, we �nd that the e¤ect is in general

larger for males, but it is a well known fact that male mortality is higher than female mortality at

all ages. When we use distance to the US to instrument, we �nd that infant, "nutritional-child",

elder, and total mortality behave countercyclically. In this case however, we do �nd a procyclical

e¤ect on the mortality of young adults (people between 21 and 44 years of age). The results using

the logarithm of GDP per capita are shown in Table A-1 in Appendix A; they look very similar

as when using the log of GDP instead. In what follows, we will try to overcome the issue arising

from the di¤erence in the estimates from the two sets of instruments.

Even though our results should be exercised with caution, we would like to provide the reader

with an interpretation of our estimates. If we take, for instance, the results for infant deaths

in Column (3) and (4), our results imply that a one percent decrease in the GDP would lead on

average to 0.021 and 0.028 additional female and male infant deaths per thousand live births per

month, respectively. Using the population at risk as of 2006 (see Table 4), our results imply that a

one percent decrease in GDP in 2006 would produce 288 and 396 additional female and male infant

deaths during the year, respectively. These results also point to 15 additional maternal deaths per

one percent decrease in the GDP. Similarly, a one percent decrease in GDP would produce 480

and 420 additional female and male elder deaths during the year, respectively.

We are still concerned that the estimation of equation (2) by 2SLS will possibly produce a

biased e¤ect of GDP on health due to omitted variables. An important omitted variable could be

the education level of people in state j: More educated people are healthier on average and they

are also more productive; the omission of education would thus bias our results downwards. This

will also be the case if having higher GDP leads to having better health services and, hence, lower

mortality. Another important omission from our model is the fact that di¤erent states exhibit

di¤erent emigration rates. The literature on the e¤ect of emigration on health has found that

both migration and remittances are positively correlated to the health status of those left behind

(Hildebrandt and McKenzie, 2005; López-Córdova, 2004; Kanaiaupuni & Donato, 1999). These

kind of omissions are going to be particularly troublesome for us if these omitted variables are

correlated with our instruments. If education and public expenditure levels are highly correlated

over time, then these variables are going to be correlated with the share of manufacturing in 1985

13



as well. Similarly, there is some evidence that international emigration is correlated with distance

to the US, though not very strongly.

In order to overcome this omitted variable issues and following Gonzales and Quast (2009), we

will control for the following variables in our 2SLS model: (1) the share of the population with

secondary, high school, and college or more in the state; (2) total public health expenditures per

capita; and (3) the interstate and international emigration rates. Our estimating model thus

becomes:

Y kjmt = �
k + �k log (GDPjt) + 
Xjt + �

k
j + �

k
m + �t+ "

k
jt; (5)

where Xjt is a vector of time-variant state characteristics containing the variables just mentioned.

The �rst stage equations should be modi�ed accordingly.

Table 5 presents the �rst-stage regressions when we control for these variables. The introduction

of those variables diminished the power of our instruments, in particular those that use distance

to the US, but the F-statistics remain relatively high. Table 6 has the coe¢ cients on log(GDP)

of our 2SLS model. These IV estimates are higher than those in Table 3. Controlling for the

variables mentioned above only strengthened our results, and corrected for many of the di¤erences

that existed between the estimates of the two sets of instruments. These will be our preferred

speci�cation. These results imply that mortality behaves countercyclically for almost all groups.

These estimates in fact point to a marginally signi�cant negative coe¢ cient on maternal mortality

(see Column 3 in the Table). According to the coe¢ cients in Columns 3 and 4 of Table 6, and

using the population at risk as of 2006, we estimated the total amount of additional deaths that a

1 percent decrease in GDP would produce. For instance, a 1 percent drop in GDP would lead to

almost 2,400 additional deaths in Mexico (see our estimates in Table 7).

4.1 Robustness Checks

The literature has found that the mother�s education is instrumental on the health outcomes of

children and maternal health (Currie and Moretti, 2003; Cutler, Deaton and Lleras-Muney, 2006).

For these reason we added an additional control to our speci�cation in equation (5): the states�

mean education of females over 25 years of age. Table 8 presents the coe¢ cient estimates. Our

main results do not change much with the addition of this variable.
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One could be concerned with whether states farther away from the US have a di¤erent weather.

In particular, these states may exhibit much more rainfall and warmer weather than the states in

the center or the north. If weather is somehow correlated with death rates, then states farther

away from the border may exhibit higher mortality rates, and hence our instrument would be

rendered irrelevant. We are con�dent that the introduction of state �xed e¤ects will control for

these weather di¤erences.

Finally, our �rst stage equation in the previous tables show that the instrument is mostly

working through the e¤ect of the 1995 Peso crisis. In order to shed light on this, we split the

sample in two periods: 1993-1998, and 1998-2006. Using these separate samples we proceeded with

a 2SLS analysis in which our instruments are only given by the interaction of the crisis dummy of

the period, and either the share of manufacturing in 1985 or the distance to the closest US port

of entry. The �rst stages of this analysis are shown in Table 9. As expected, the instruments

are only relevant for the 1995 peso crisis. It seems that the 2000 crisis was not big enough to

be captured by our �rst-stage estimation. Table 10 shows the 2SLS results when we restrict the

estimation to the 1995 crisis period (1993-1998). The sign and the magnitude of the estimates

is robust to the exclusion of the 2000 crisis period, suggesting that our results are indeed being

identi�ed with the 1995 crisis. However, many of the coe¢ cients are now statistically insigni�cant

or only marginally signi�cant (infant mortality, for instance), mostly as a result of the reduction of

our sample size. Interestingly, the results for child mortality due to malnutrition, elderly mortality,

and total mortality are very robust to the sample restriction.

Though we do not show all the following results we also did the estimations: (1) using the

logarithm of the mortality rate as a dependent variable; (2) using the logarithm of GDP as an

explanatory variable (see Tables A-1-A-4 in Appendix A); and (3) aggregating the mortality data

to the quarter, half year, and year. None of these changes produced any signi�cance di¤erence

in our results. We are con�dent that after controlling for time-variant state characteristics, our

results are robust.
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5 Conclusions and Implications for the MDGs

This paper presented a new method to estimate the e¤ect of the business cycle on mortality rates

in Mexico. Previous literature had attempted to identify this e¤ect, but we have made our case

on why we do not believe those estimates are accurate. We propose the use of two di¤erent sets of

instrumental variables and then perform a time series analysis with state level data. We found that

for most age groups, the mortality rates exhibits a countercyclical behavior. Our estimates suggest

that a one percent decrease in economic activity would lead to almost 2,400 additional deaths in

the country. The most vulnerable groups during the economic crises were infants and the elderly.

Given our results, a one percent contraction in the economy would result in 640 additional infant

deaths and around 960 additional elderly deaths. It is very important to stress out that the

mortality due to malnutrition increases during crisis periods: we found that 30 additional children

die, and in total there are 160 additional deaths due to malnutrition. It seems thus very important

to create instruments that shield the children and the elderly from negative economic shocks.

The topic is of particular importance given that the current global �nancial crisis has hit Mexico

harshly. The application of our results in the current context deserves a note of caution. Given

that most of the e¤ect captured in our analysis comes from the e¤ect of the 1995 Peso crisis, an

extension of our results to the current economic crisis would necessarily imply that the conditions

now are similar to those in 1995. The latter is not necessarily true. The 1995 peso crisis was

characterized by high in�ation, high interest rates, and lack of credit in the �nancial sector. The

2008 crisis shares none of those characteristics; the two crises are only similar in the sharp decline

in economic activity and the high unemployment rates. Given the drop in real wages and the

sharp increase in interest rates, it seems that the microeconomic e¤ects of the 1995 were felt by

the population at large. In contrast, the current crisis has not really been felt by those who have

managed to keep their jobs. In consequence, any inference drawn from the results in this paper

must be taken with caution.

Another important di¤erence between the 1995 and the 2008 crisis refers to the role of remit-

tances. During the 1995 crisis, households continued to receive remittances from international

migrants given that the world economy, and in particular the United States, was experiencing a

boom. These remittances allowed migrants�households to hedge against the negative shock. In
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contrast, the current crisis is global, and thus the in�ow of remittances experienced a sharp de-

crease. As a result, households which were more dependent on remittances as an income source

will now be much more exposed to the e¤ects of the negative macroeconomic shock than in 1995.

Given the evidence in the literature, this cut back in remittances will deteriorate the health status

of the migrants�dependents.

Notwithstanding, we consider it important to analyze the implications of our results for the

2008 crisis. The IMF estimates that the Mexican economy will contract by 3.7 percent during

2009 and it will only grow by one percent in 2010 (MF, 2009). According to our estimates and

using the 2006 population at risk, such a contraction would entail almost 9,000 additional deaths in

the country, around 600 of those deaths would be due to a de�cient nutrition, and 105 deaths would

be due to malnutrition of children speci�cally. Although these numbers seem to be small relative

to the total population, Van den Berg et al. (2006) provide evidence that harsh macroeconomic

conditions during childhood result in higher probabilities of dying at younger ages. Hence, our

estimates represent only a short-run e¤ect of the business cycle on mortality. Future research

should also focus on the long-run e¤ects of negative macroeconomic shocks on mortality, and on

the speci�c causes of death.

As for infant mortality, our �ndings imply that a 3.7 contraction would induce 2.0207 additional

infant deaths per live birth. According to CONAPO�s Basic Demogra�c Information forecasts,

Mexico was well on the path towards reducing infant mortality by 2
3 between 1990 and 2015. In

2008, infant mortality was 15.2 deaths per thousand live births. The crisis will in fact increase this

number to 17.22 (this is the infant mortality level we had in 2003). If the economy does grow by

one percent in 2010, infant mortality will decrease by 0.54156 during that year. Mexico would thus

need to grow 7.72 percent between 2011 and 2015 in order to attain the infant mortality MDG.
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Figure 3: Mexican Economic Crises
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Table 1: Summary statistics of state level data
Mean S.D.

Logarithm of GDP 17.1554 0.8582
Logarithm of GDP per capita 2.5857 0.4446
Share of manufacturing in 1985 0.1889 0.1095

Log of distance to US port 6.3089 1.0111
Males Females

Mean S.D. Mean S.D.
Mortality rates:

Neonatal 0.9852 0.4138 0.7585 0.3368
Infant 1.5157 0.6697 1.2139 0.5513
Child 0.1785 0.1108 0.1483 0.1042

Child due to de�cient nutrition 0.0166 0.0305 0.0170 0.0314
Maternal 0.0409 0.0344

Age: 13-20 8.2028 3.0812 3.4405 1.7409
Age: 21-44 22.6063 6.0524 8.1242 2.3686
Age: 44-64 74.8904 15.7308 49.1738 10.6960
Age: 65+ 364.4717 75.3766 328.6394 69.9825

Due to de�cient nutrition 0.9944 0.5799 0.9902 0.5976
Total 43.3245 7.3446 31.8858 6.5144

Population at risk:
Births (�000s) 38.6615 30.8439 37.4572 30.0443

Age: 13-20 (hundred �000s) 2.5141 2.1115 2.5921 2.1808
Age: 21-44 (hundred �000s) 4.9557 4.5527 5.5203 5.0911
Age: 44-64 (hundred �000s) 1.9086 1.7314 2.0731 1.9575
Age: 65+ (hundred �000s) 0.7447 0.5992 0.8526 0.7725
Population (hundred �000s) 14.5876 12.4654 15.3729 13.3427

Source: Author�s estimations. See text for data sources.

24



Table 2: First-stage regression coe¢ cients
(1) (2) (3) (4)
log(GDP) log(GDP pc)

Precrisis x Share of manuf. �85 -0.2382 -0.1859
(0.1474) (0.1983)

1995 Crisis x Share of manuf. �85 -0.4737** -0.5293**
(0.1184) (0.1659)

Intercrisis x Share of manuf. �85 -0.1531 -0.2769*
(0.0884) (0.1189)

2000 Crisis x Share of manuf. �85 -0.0460 -0.1318
(0.0499) (0.0657)

Precrisis x Distance to US port 0.0179* 0.0306**
(0.0067) (0.0057)

1995 Crisis x Distance to US port 0.0049 0.0120*
(0.0056) (0.0054)

Intercrisis x Distance to US port 0.0097* 0.0124**
(0.0040) (0.0044)

2000 Crisis x Distance to US port 0.0059** 0.0056**
(0.0021) (0.0016)

R-squared 0.998 0.997 0.982 0.982
Signi�cance of instruments: F-stat 61.08 29.10 55.35 48.34

Observations 448 448 448 448
Clustered standard errors at the state level in parentheses. The regressions included
state and monthly dummies, and a linear time trend.
** p<0.01, * p<0.05
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Table 4: Population at risk in 2006
Group Females Males

Births (�000s) 1144.7780 1193.524
Age: 13-20 (hundred �000s) 87.1926 86.2504
Age: 21-44 (hundred �000s) 215.1697 189.4476
Age: 44-64 (hundred �000s) 102.4348 91.6285
Age: 65+ (hundred �000s) 39.2998 33.8397
Population (hundred �000s) 571.4045 534.0058
Source: Author�s estimations. See text for data sources.

Table 5: First-stage regression coe¢ cients
(1) (2) (3) (4)
log(GDP) log(GDP pc)

Precrisis x Share of manuf. �85 -0.1079 -0.0475
(0.1435) (0.1522)

1995 Crisis x Share of manuf. �85 -0.4064** -0.4253**
(0.1272) (0.1424)

Intercrisis x Share of manuf. �85 -0.0980 -0.1738
(0.0905) (0.1021)

2000 Crisis x Share of manuf. �85 -0.0045 -0.0256
(0.0521) (0.0587)

Precrisis x Distance to US port 0.0098 0.0172**
(0.0068) (0.0048)

1995 Crisis x Distance to US port -0.0048 -0.0003
(0.0054) (0.0052)

Intercrisis x Distance to US port 0.0022 0.0041
(0.0039) (0.0042)

2000 Crisis x Distance to US port 0.0022 0.0034*
(0.0021) (0.0014)

Additional controls:
State educational composition Y Y Y Y
Public health expenditures Y Y Y Y
Emigration rates Y Y Y Y
R-squared 0.998 0.998 0.987 0.987
Signi�cance of instruments: F-stat 32.93 23.13 32.99 30.62
Observations 448 448 448 448
Clustered standard errors at the state level in parentheses
** p<0.01, * p<0.05
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Table 7: Additional deaths for a one percent contraction of GDP
(1) (2) (3)

Group Females Males F+M
Neonatal 112 175 287
Infant 271 369 640

Child due to nutritional de�ciencies 13 15 29
Child 34 59 93

Maternal 7 7
Nutritional 78 83 161
Age: 13-20 12 NS 12
Age: 21-44 79 111 190
Age: 65+ 571 393 963

Total 1201 1180 2381
These estimates use the 2006 population at risk.
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Table 9: First-stage regression coe¢ cients by crisis period
1995 crisis period

(1) (2) (3) (4)
log(GDP) log(GDP pc)

1995 Crisis x Share of manuf. �85 -0.2108** -0.2386**
(0.0207) (0.0204)

1995 Crisis x Distance to US port -0.0069** -0.0080**
(0.0012) (0.0013)

R-squared 0.999 0.999 0.996 0.995
Observations 448 448 448 448

2000 crisis period
(1) (2) (3) (4)
log(GDP) log(GDP pc)

2000 Crisis x Share of manuf. �85 0.0100 0.0343
(0.0167) (0.0197)

2000 Crisis x Distance to US port 0.0005 0.0011
(0.0006) (0.0014)

R-squared 0.999 0.999 0.988 0.988
Observations 448 448 448 448
Clustered standard errors at the state level in parentheses
** p<0.01, * p<0.05
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