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Abstract

Objective—To analyze the relationship between economic conditions and mortality in cities of 

Latin America.

Methods—We analyzed data from 340 urban areas in ten countries: Argentina, Brazil, Chile, 

Colombia, Costa Rica, Guatemala, Mexico, Panama, Peru, and El Salvador. We used panel models 

adjusted for space-invariant and time-invariant factors to examine whether changes in area gross 

domestic product (GDP) per capita were associated with changes in mortality.

Results—We find procyclical oscillations in mortality (i.e., higher mortality with higher GDP 

per capita) for total mortality, female population, populations of 0–9 and 45+ years, mortality due 

to cardiovascular diseases, malignant neoplasms, diabetes mellitus, respiratory infections and road 

traffic injuries. Homicides appear countercyclical, with higher levels at lower GDP per capita.
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Conclusions—Our results reveal large heterogeneity, but in our sample of cities, for specific 

population groups and causes of death, mortality oscillates procyclically, increasing when GDP 

per capita increases. In contrast we find few instances of countercyclical mortality.
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Introduction

There appear to be differences between high-income and low/middle-income countries 

regarding how mortality evolves during business cycles of expansion and recession. While 

procyclical oscillations predominate in the first group of countries [1–15], in the second 

group of countries there is no clear relationship between the economy and mortality. Using 

data from countries in Latin America, both countercyclical [16–20] and procyclical [21, 22] 

oscillations of mortality have been reported, while some studies have yielded conflicting 

results [16] or have found no association between the business cycle and mortality [17].

Latin American countries have suffered major economic disturbances during recent decades, 

including the debt crises of the 1980s, the financial crises of the 1990s (the tequila crisis in 

Mexico), the recessions around the turn of the century with financial collapse of Argentina 

in 2001 (the corralito), the regional impact of the global recession in 2009 and the current 

economic crisis triggered by the COVID-19 pandemic. These crises are mostly felt in the 

urban areas where 80% of the Latin American population lives [23]. In addition, Latin 

America is characterized by large social inequalities, and these inequalities are also present 

across geographic areas including cities [24]. Within each Latin American country, cities 

with living conditions similar to developed countries coexist with cities with the worst 

living conditions for a developing country. These territorial inequalities may imply different 

relationships between the economy and mortality. In Mexico countercyclical mortality was 

found in states of low socioeconomic development while mortality fluctuated procyclically 

in states of higher socioeconomic development [22].

Economic growth might reduce mortality in low socioeconomic level areas by allowing 

greater access to healthpromoting goods and services [22, 25]. It could however increase 

mortality by allowing more consumption of noxious substances, decreasing sleep time or 

leisure time and also increasing the exposure to harmful levels of pollution, traffic, stress in 

the work environment, etc.

Most investigations of business-cycle effects on mortality have focused on a single country 

and, to our knowledge, only one study focused on cities, specifically US metropolitan 

areas [11]. Our study is the first investigation on the effect of macroeconomic variations 

on mortality in urban areas of low/middle income countries. The aims of the study are: 

1) to assess the association between mortality and regional economic conditions in Latin 

American cities; and 2) to assess whether this association is modified by the socioeconomic 

level of the cities.
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Methods

This investigation used data from the SALURBAL study [26], a data platform for cross-

country studies of urban health that integrates data on indicators of health and the physical 

and social environment of the urban areas of eleven Latin American countries. We analyzed 

data from 340 urban areas or “cities,” each one with a population of at least 100,000 

inhabitants in 2010 in ten countries: Argentina, Brazil, Chile, Colombia, Costa Rica, 

Guatemala, Mexico, Panama, Peru, and El Salvador (see details in Supplementary Table 

A1, Supplementary material). These cities represent more than half of the total population 

of each country, except in El Salvador (30%), Guatemala (24%) and Peru (47%). Nicaragua 

is included in SALURBAL but proper mortality data were not available so Nicaragua was 

not included in this study. City limits were defined based on political or administrative 

boundaries as a single administrative unit (e.g., municipio) or as a combination of adjacent 

administrative units (e.g., several municipios) that are part of the urban extent as determined 

from satellite imagery [26]. The sample period was determined by the availability of 

mortality and gross domestic product (GDP) data (Supplementary Table A1).

All-cause and cause-specific mortality rates were calculated by sex and age groups (0–9, 

10–29, 30–44, 45–64, 65+ years). Causespecific mortality was calculated for the seven 

major causes of death—cardiovascular disease (CVD), respiratory diseases, malignant 

neoplasms, diabetes mellitus, respiratory infections, infectious and parasitic diseases, 

nutritional deficiencies—, and for three qualitatively important causes—road traffic injuries, 

suicide, and homicide. ICD9 and ICD10 codes were grouped in categories using the World 

Health Organization Global Health Estimates classification [27]. More details on ICD codes 

are available in Supplementary Table A2 (Supplementary material). The years with available 

mortality data varied by country: for Argentina 2010–2015, for Brazil 2002–2015, for 

Chile 2004–2015, for Colombia 1990–2015, for Costa Rica 2010–2015, for Guatemala 

2009–2015, for El Salvador 2010–2014, for Mexico 2005–2015, for Peru 2008–2015, and 

for Panama 2012–2015.

Three common concerns with vital registration data in low- and middle-income countries are 

1) missing information on sex and age, 2) deaths coded as ill-defined diseases or injuries 

of ill-defined intent, and 3) underregistration. The proportion of ill-defined causes of death 

was below 5% in Colombia, Costa Rica, Mexico, Panama, and Peru; between 5 and 10% 

in Argentina, Brazil, and Guatemala; nearly 20% in El Salvador in the last available year. 

The completeness of the death registration was above 90% in Argentina, Brazil, Chile, 

Guatemala, and Panama; between 76 and 87% in Colombia, Costa Rica, and Salvador; 

and 62% in Peru [28]. To address these issues, single conditional imputation was applied 

for 1) imputing sex in each record with missing sex using the observed proportion of 

males in the same age (5-years groups)/cause of death strata for each country-year. The 

same procedure was used for imputing age using sex and cause of death. Regarding 2), 

for all deaths by an ill-defined disease/intent in each 5-years age group, sex, country and 

year, we assigned a cause of death using a single multinomial draw, based on observed 

probabilities of causes of death. The completeness of death registration was estimated using 

a set of demographic methods and incorporated in calculating mortality rates for 3). These 

methods check whether the number of deaths registered matches what would be expected 
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based on the age distribution between two time points (generally two censuses). We used 

three different methods: generalized growth balance, synthetic extinct generations, and the 

hybrid method. Additional details on each procedure are available elsewhere [29]. In order 

to estimate total mortality rates and mortality rates by sex, age group, and cause of death, 

estimated and projected population counts were obtained from the statistical agencies of 

each country.

GDP per capita data used in the analysis were obtained from Kummu et al. [30] and 

cover the years 1990–2015. This database contains annual subnational GDP per capita 

(i.e., province, state, department, region, etc.; national level only for Costa Rica) that we 

assigned in this investigation to 366 cities of 10 countries. GDP amounts are in US dollars 

of 2011 obtained by conversion of local currencies into dollars using purchasing power 

parities (PPP). Additional details on methods and sources are available elsewhere [30]. For 

26 cities we observed an annual change of 50% or more in absolute terms at some point 

over the study period. These cities (355 observations) were dropped from the analytical 

sample becauseGDP values were judged unreliable. To characterize cities according to their 

socioeconomic status (SES), we divided the cities into tertiles according to the GDP per 

capita of 2014. This was the last year with data of GDP per capita in all the cities.

We used panel regressions to study the short-term associations between economic conditions 

and mortality. The annual mortality rate (per 100,000 inhabitants) was the dependent 

variable and GDP per capita was the main explanatory variable. The main model is:

Mct = α + βGct + Πt + Ωc + γDct + λct + εct (1)

where Mct is a measure of mortality for city c in year t; Gct is citylevel GDP per capita; Πt 

and Ωc are respectively fixed effects for year and city; Dct is a vector of city demographic 

controls (percentage of population under 10 years of age; percentage of population aged 65 

or over; and a masculinity index); λct is a cityspecific linear time trend; and εct is the error 

term.

In addition to the main model (Model 1, M1), five other models were considered: Model 2 

(M2) is a model including the time-varying variables after subtracting trends computed via 

a Hodrick–Prescott (HP) filter with smoothing parameter λ = 100 [4]. Model 3 (M3) is like 

M1 but with 1-year lag in GDP per capita. Model 4 (M4) is similar to M3 but included time-

varying variables after subtracting trends computed via a HP filter with smoothing parameter 

λ = 100. Model 5 (M5) test the differential effect of macroeconomic variations on mortality 

according to the socioeconomic level of the cities. To do this, we used M1 but replacing 

the term βGct by βGct*Sct, where Sct is a categorization in tertiles of the socioeconomic 

city-level score. M5 also included interactions between Sct and the other covariates in the 

regression. Finally, Model 6 (M6) is similar to M5 but included the timevarying variables 

after subtracting trends computed via a HP filter with smoothing parameter λ = 100.

All regression models were weighted by the square root of the city population to account 

for heteroscedasticity and standard errors were clustered by city. City-specific fixed effects 

and linear trends are unneeded in M2, M4 and M6 in which detrending is effected by the 
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HP filter (Ionides et al. 2013). Models with sex-specific death rates included sex-specific 

percentages of child population (age below 10) and advanced-age population (ages 65 and 

over) as covariates. Models with age-specific mortality rates as dependent variable included 

a masculinity index computed as the ratio of men to women in the specific population. All 

analyses were conducted in Stata version 13.1 (StataCorp, College Station, TX).

The aim of this study was to use newly available data on mortality and GDP for urban areas 

of Latin America to study the impact of economic fluctuations on mortality. We used several 

slightly different panel models that are usually considered as proper procedures to analyze 

this issue. We present here the results of various models to assess the robustness of the 

results to the concrete method of analysis. In our research there was not any shifting of focus 

or altering of the methods once the data were being examined.

Results

Table 1 shows the descriptive statistics of the analyzed variables. As expected, mortality 

averages and measures of variability exponentially increase with age and mortality in men 

is higher than mortality in women. CVD and malignant neoplasms were the leading causes 

of death. On average, cities had a higher proportion of female population, with a greater 

contribution from the elderly population compared to the young population.

All Cities and Analysis by Country

Table 2 presents results of models M1 and M2. Considering the different outcomes, 

statistical models and the different samples we investigated, mortality appeared mostly 

procyclical, with positive and statistically significant effects of GDP per capita on total 

mortality (though only in M2), death rates for many age strata, causes of deaths, and 

female mortality. Considering specific countries, there were procyclical oscillations of 

total mortality, in Colombia (though only in M1), Chile (though only in M2) and Peru. 

Mortality of women appeared procyclical in the whole sample and in Brazil, Colombia, 

Chile and Peru. Results for age-specific mortality showed procyclical oscillations in children 

below age 10, as well as in adults aged 45–64, and 65+. These procyclical associations 

appeared also in Argentina (45–64 years in M2), Brazil (65+ years), Chile (45–64 years), 

and Colombia (0–9 years in M1).

Analyses of cause-specific mortality in all cities showed economic expansion positively 

associated with mortality due to CVD, malignant neoplasms, diabetes mellitus, respiratory 

infections, and road traffic injuries (Table 2). Homicides are the only cause-specific 

mortality that we found increasing countercyclically in recessions in most models and 

samples, though only one result of the model M2 for the sample including all cities is 

statistically significant.

Analysis by Tertiles of SES

Table 3 shows the results of analyzing all cities stratified by tertiles of SES. Results for 

total mortality were procyclical in all tertiles, though not statistically significant. Female 

mortality appeared procyclical in the tertile of medium SES. Results for age-specific 

mortality revealed procyclical oscillations mostly in the tertiles of medium and high SES 
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(Table 3). Results for specific causes showed procyclical mortality mostly in the tertile 

of medium SES. Homicides (in M2) are the only cause-specific mortality that appears 

countercyclical in the tertile of medium SES.

Lagged Effects and Robustness of Results

Results from models M3 and M4 with 1-year lagged GDP per capita showed mostly 

the same results compared with models M1 and M2 (Supplementary Table A3 in 

Supplementary material). With the exception of malignant neoplasms, the statistically 

significant coefficients in models M1 and M2 did not show sign changes in models M3 

and M4. Considering specific countries the statistically significant coefficients in M1 and 

M2 mostly did not show sign changes in M3 and M4.

We also computed models applying different restrictions to balance the panel data. First, 

we restricted observations to the period 2002–2015 in Colombia (Supplementary Table A4 

in Supplementary material). Results of these models were largely unaffected, except for 

total mortality (statistically not significant in M2), population aged 10–29 years (statistically 

significant in both models), and homicides (statistically significant in M1). Second, we 

exclude countries with less than 20 observations and obtained similar results to those 

in Table 2 (Supplementary Table A5 in Supplementary material). Third, we excluded 

the observations from Brazilian cities—41% of all observations (Supplementary Table 

A5 in Supplementary material)— and obtained results mostly similar, except for total 

mortality (statistically not significant), diabetes mellitus (now statistically not significant), 

infectious and parasitic diseases (now statistically significant in M2), nutritional deficiencies 

(statistically significant in M2), and homicides (statistically not significant).

Discussion

To our knowledge, this is the first study to analyze the association between economic 

cycles and mortality in cities of developing countries. Former studies using data from 

Latin American countries have shown acyclical or countercyclical oscillations of mortality 

[17–19], although one study with Mexican data showed a procyclical oscillation [22] 

and an Argentinian investigation showed inconclusive results [16]. We found positive and 

significant effects of GDP per capita on total mortality—i.e., procyclical mortality—for all 

cities, in Chile, Colombia and Peru; in Mexico, Brazil and Argentina we found effects that 

are non-significantly different from zero—which can be interpreted as acyclical mortality.

Stratified analyses by sex reveal procyclical mortality of women in the general sample 

and in most subsamples. Women have a greater participation in the informal economies 

of urban Latin America compared to men [31] and, furthermore, Latin American women 

face lower rates of labor participation and higher unemployment rates than men [32]. These 

three factors may explain the fact that women seems in our analysis more vulnerable 

to the fluctuations of economic growth. According to Seguino [33], if economic growth 

occurs in a context of economic liberalization, women are more vulnerable than men to 

economic insecurity and labor flexibility, which would reduce the mortality ratio between 

women and men during the economic expansion. On the other hand, the acyclic association 

between male mortality and business cycles may perhaps be explained by the opposite 

Leveau et al. Page 6

Int J Public Health. Author manuscript; available in PMC 2022 January 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



patterns of mortality due to chronic diseases and transport injuries (procyclical oscillations) 

and homicides (countercyclical oscillation). Interpersonal violence is a more serious public 

health problem in Latin America than in high-income countries. For example, in our sample 

of cities the homicide rate is higher than the death rate from transport injuries, while the 

opposite is the case in US cities [11].

The procyclical oscillation of child mortality (0–9 years) found in our study could be caused 

by traffic deaths, since traffic mortality is strongly procyclical [9] and other studies [34, 

35] found decreases in traffic deaths in children during the economic crisis of 2007–2008. 

As the workforce increases due to economic growth, the ability of parents to provide care 

for their children is reduced, probably increasing their risk of death from traffic injury and 

other unintentional injuries. Considering the data analyzed in our sample of cities, mortality 

from unintentional injuries in children aged 0–9 years is the 3rd most frequent cause of 

death in Argentina, Chile and Mexico, the 4th most frequent in Brazil and Peru, and the 5th 

most frequent in Colombia. Alcohol consumption could increase during periods of economic 

growth [36], which could affect the effectiveness of supervision to protect children from 

harm [37].

Our results show procyclical oscillations in mortality due to CVD, malignant neoplasms, 

diabetes mellitus, respiratory infections and transport injuries, and a countercyclical 

oscillation of homicides. Regarding mortality from CVD and respiratory infections, 

economic growth may be associated with air pollution [38] and its impact would be 

greater in cities due to the high geographic concentration of economic activity. In addition, 

motorization, which accelerates in times of economic growth, is the most important 

contributor to atmospheric pollution in Latin American cities [39] and increases the 

probability of vehicle crash, pedestrian or cyclist hit and traffic deaths overall. Procyclical 

traffic mortality has been found without exception in both developed countries [2–4, 7–10, 

12, 14] and in Latin America [16, 22]. Regarding cancer, its procyclical oscillation similar 

to other deaths from chronic diseases suggests the presence of similar causal mechanisms 

related to the adoption of healthier habits—e.g., less consumption of alcohol and tobacco—

during periods of recession [40]. In addition, other diseases like respiratory infections can 

increase the risk of death of individuals with a malignancy that will be considered the cause 

of death [41].

Homicides showed a countercyclical oscillation in our samples. Our findings contrast 

with two studies in Mexico showing procyclical homicide rates [21, 22], while other 

studies in Latin America reported no connection of homicides with economic conditions 

[18, 20]. Results from developed countries regarding homicides were also mixed, with 

countercyclical oscillations [2, 6, 11, 42], procyclical oscillations [9], and no association [4, 

8, 10, 12, 43]. Two factors can explain the relationship between homicides and business 

cycles. High unemployment rates and related problems of financial duress during recessions 

can induce stress or frustration leading to violent crime [44]. On the other hand, increase in 

alcohol consumption during economic expansions, added to expanding gun ownership, can 

increase the occurrence of lethal violent events [44]. Our finding seems to support the first 

hypothesis in the Latin American context.
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Our analysis showed an acyclical oscillation of suicides in the total sample of Latin 

American cities. Most studies conducted in developed countries found an increase in 

suicides associated with economic downturns [45, 46]. It has been suggested that in Latin 

American countries the role of Catholicism could be responsible for the differential patterns 

between socioeconomic level and the risk of suicide with respect to developed countries 

[47]. So it is possible that the social cohesion promoted by Catholicism and other religions 

could act as a protective factor against the negative effects of recessions on suicide risk.

Our results for Mexico showed mostly acyclical oscillations of mortality. These results 

are different from those reported by González and Quast [21], who found procyclical 

associations in Mexico during 1993–2004 using state-level data. The discrepancy may be 

perhaps explained because our analysis used data from Mexican cities during the period 

2005–2015 and just considered cities with more than 100,000 inhabitants. Taken at face 

value, our results compared with those of Gonzalez and Quast seem to suggest that in 

Mexico mortality changed from evolving mostly procyclically before 2005 to evolve mostly 

acyclically after 2005.

Our findings by tertiles of SES do not support the hypothesis of a different relationship 

between mortality and business cycles by level of development. Previous evidence from 

Mexico suggested procyclical mortality in areas of more developed or industrialized 

economy and countercyclical mortality in the rest of the country [22]. The hypothesis of 

economic expansions reducing mortality in areas of low SES but increasing it in areas 

of high SES does not seem compatible with our results, as most effects we found in the 

analysis stratified by tertiles of city SES reveal nonsignificant effects without any pattern 

in signs. One explanation for this could perhaps be the expansion of heterogeneous social 

policies that were applied in Latin American countries since the 2000s [48]. Territories with 

high investment in health and social protection programs could mitigate both procyclical 

[49] and countercyclical oscillations [18] of mortality.

What is the public health significance of our results? To answer that question requires 

assessing the size of the effects we found. We find the most intense procyclical oscillation 

of mortality in Peru, where one thousand US$ higher GDP per capita appears associated 

with around 60 extra deaths per 100,000 for the whole population or separately for men 

or women (Table 2). Given that according to our sample of Peruvian cities the population-

weighted general mortality rate is 443 deaths per 100,000, the effect of 60 extra deaths per 

1,000 extra US$ of income is an increase of 60/443 = 0.135 = 13.5% in total mortality. This 

is a quite large effect. In our general sample including all cities, the general mortality is 571 

deaths per 100,000 and the estimated effect of 1,000 extra US$ of income is an increase 

of about 3 deaths per 100,000 (Table 2). That represents an increase of 3/571 = 0.005 = 

0.5% in general mortality associated with 1,000 extra US$ of income. This is a quite smaller 

effect but still quite important from a demographic or public health point of view. Thus we 

found a wide range of positive effects of GDP on mortality, but always indicating substantial 

procyclical oscillation of mortality. The few instances of countercyclical mortality that we 

found are probably, with the exception of homicides, isolated cases due to the computation 

of multiple models.
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Our study has several limitations. First, we used GDP per capita as business cycle indicator, 

while most of previous studies used unemployment and when GDP was used it was found 

a much worse predictor than unemployment of the changes in mortality. Unfortunately, 

unemployment data at the city-level is available for only a few urban areas in our sample. 

Furthermore, because of high frequency of informal employment, the unemployment rate 

may be a poor business cycle indicator in developing countries and Latin American 

countries in particular [17, 22]. Second, sub-national GDP per capita was used as business 

cycle indicator. This indicator assumes similar changes in GDP per capita across all cities 

in a sub-national territory (i.e., provinces in Argentina, states in Brazil or Mexico, etc.). 

Third, the relationship between business cycles and mortality can be contingent [17, 50], 

while we assume a constant relationship between both phenomena when we combine cities 

from different countries and, therefore, different periods of time. Fourth, the panel we used 

is very unbalanced with data corresponding to just one country before 2002. However, the 

sensitivity analysis restricting the data for Colombia to the 2002–2015 period did not, for the 

most part, alter the results found in the models with the entire sample of cities and years. 

Fifth, although various techniques were used to account for missing information, ill-defined 

deaths, and underreporting of deaths, they are imperfect, producing under-or over-correction 

of deaths. However, errors in variables do not tend to produce patterns but contrarily, tend 

to blur them, except if the errors are associated with the variables in the model. If, for 

instance registration of deaths significantly deteriorates in periods of economic downturn, 

that could explain in part the pattern of procyclical mortality. Sixth, we did not include race 

or ethnicity variables as independent variables related to the demographic structure of cities. 

Unfortunately, this type of information is available in few of the countries included in our 

sample.

Despite the limitations of this study, our results show that in our general sample and our 

samples of cities of ten Latin American countries, as well as in the samples of cities of 

Chile, Colombia, and Peru, and specific age-groups and causes of death, once long-term 

trends are taken into account, economic expansions are associated with an increase in 

mortality. Our results do not support the notion that countercyclical oscillations of mortality 

are proper of areas of low SES while procyclical oscillations of mortality are restricted to 

high SES levels. More studies with better data will be convenient to confirm the patterns 

observed in this paper in cities of these and other developing countries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The authors acknowledge the contribution of Usama Bilal, Ana Diez Roux, Brisa Sanchez, Goro Yamada and 
all other SALURBAL project team members. For more information on SALURBAL see https://drexel.edu/lac/
salurbal/team/. The suggestions made by the reviewers improved the manuscript. SALURBAL acknowledges the 
contributions of many different agencies in generating, processing, facilitating access to data or assisting with other 
aspects of the project. Please visit https://drexel.edu/lac/data-evidence for a complete list of data sources. The Salud 
Urbana en América Latina (SALURBAL)/Urban Health in Latin America project is funded by the Wellcome Trust 
(205177/Z/16/Z).

Leveau et al. Page 9

Int J Public Health. Author manuscript; available in PMC 2022 January 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://drexel.edu/lac/salurbal/team/
https://drexel.edu/lac/salurbal/team/
https://drexel.edu/lac/data-evidence


Funding

The authors declare that this study received funding from the Wellcome Trust (205177/Z/16/Z). The funder was not 
involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to 
submit it for publication.

References

1. Ariizumi H, Schirle T. Are Recessions Really Good for Your Health? Evidence from Canada. Soc 
Sci Med. 2012; 74: 1224–31. DOI: 10.1016/j.socscimed.2011.12.038 [PubMed: 22365938] 

2. Gerdtham U-G, Ruhm CJ. Deaths Rise in Good Economic Times: Evidence from the OECD. Econ 
Hum Biol. 2006; 4: 298–316. DOI: 10.1016/j.ehb.2006.04.001 [PubMed: 16713407] 

3. Tapia Granados JA. Increasing Mortality during the Expansions of the US Economy, 1900-1996. Int 
J Epidemiol. 2005; 34: 1194–202. DOI: 10.1093/ije/dyi141 [PubMed: 16051620] 

4. Ionides EL, Wang Z, Tapia Granados JA. Macroeconomic Effects on Mortality Revealed by Panel 
Analysis with Nonlinear Trends. Ann Appl Stat. 2013; 7: 1362–85. DOI: 10.1214/12-AOAS624 
[PubMed: 24587843] 

5. Tapia Granados JA. Macroeconomic Fluctuations and Mortality in Postwar Japan. Demography. 
2008; 45: 323–43. DOI: 10.1353/dem.0.0008 [PubMed: 18613484] 

6. Khang Y-H, Lynch JW, Kaplan GA. Impact of Economic Crisis on Cause-specific Mortality in 
South Korea. Int J Epidemiol. 2005; 34: 1291–301. DOI: 10.1093/ije/dyi224 [PubMed: 16338946] 

7. Miller DL, Page ME, Stevens AH, Filipski M. Why Are Recessions Good for Your Health. Am 
Econ Rev. 2009; 99: 122–7. DOI: 10.1257/aer.99.2.122 

8. Neumayer E. Recessions Lower (Some) Mortality Rates: Evidence from Germany. Soc Sci Med. 
2004; 59: 1993. doi: 10.1016/j.socscimed.2004.02.018 

9. Ruhm CJ. Are Recessions Good for Your Health. Q J Econ. 2000; 115: 617–50. DOI: 
10.1162/003355300554872 

10. Stevens AH, Miller DL, Page ME, Filipski M. The Best of Times, the Worst of Times: 
Understanding Pro-cyclical Mortality. Am Econ J Econ Pol. 2015; 7: 279–311. DOI: 10.1257/
pol.20130057 

11. Strumpf EC, Charters TJ, Harper S, Nandi A. Did the Great Recession Affect Mortality Rates in 
the Metropolitan United States? Effects on Mortality by Age, Gender and Cause of Death. Soc Sci 
Med. 2017; 189: 11–6. DOI: 10.1016/j.socscimed.2017.07.016 [PubMed: 28772108] 

12. Tapia Granados JA. Recessions and Mortality in Spain, 1980-1997. Eur J Popul. 2005; 21: 393–
422. DOI: 10.1007/s10680-005-4767-9 

13. Tapia Granados JA, Diez Roux AV. Life and Death during the Great Depression. Proc Natl Acad 
Sci. 2009; 106: 17290–5. DOI: 10.1073/pnas.0904491106 [PubMed: 19805076] 

14. Tapia Granados JA, Ionides EL. Population Health and the Economy: Mortality and the Great 
Recession in Europe. Health Econ. 2017; 26: e219–35. DOI: 10.1002/hec.3495 [PubMed: 
28345272] 

15. Toffolutti V, Suhrcke M. Assessing the Short Term Health Impact of the Great Recession in 
the European Union: a Cross-Country Panel Analysis. Prev Med. 2014; 64: 54–62. DOI: 10.1016/
j.ypmed.2014.03.028 [PubMed: 24718086] 

16. Abdala, F, Geldstein, RN, Mychaszula, SM. The Mortality Crisis in Transitional Economies. 
Oxford University Press; Oxford: 2000. 328–50. 

17. Arroyave I, Hessel P, Burdorf A, Rodriguez-Garcia J, Cardona D, Avendaño M. The Public Health 
Impact of Economic Fluctuations in a Latin American Country: Mortality and the Business Cycle 
in Colombia in the Period 1980-2010. Int J Equity Health. 2020; 14 Accessed April 24, 2020 

18. Hone T, Mirelman AJ, Rasella D, Paes-Sousa R, Barreto ML, Rocha R, et al. Effect of Economic 
Recession and Impact of Health and Social protection Expenditures on Adult Mortality: a 
Longitudinal Analysis of 5565 Brazilian Municipalities. Lancet Glob Health. 2019; 7: e1575–
e1583. DOI: 10.1016/s2214-109x(19)30409-7 [PubMed: 31607469] 

19. Jacinto, PdA; Tejada, CAO; Sousa, TRVd. Efeitos das condições macroeconômicas sobre a 
saúde no Brasil. Rev Saúde Pública. 2010; 44: 310–7. DOI: 10.1590/s0034-89102010000200011 
[PubMed: 20339630] 

Leveau et al. Page 10

Int J Public Health. Author manuscript; available in PMC 2022 January 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



20. Palloni A, Hill K, Aguirre GP. Economic Swings and Demographic Changes in the History of 
Latin America. Popul Stud. 1996; 50: 105–32. DOI: 10.1080/0032472031000149076 

21. Gonzalez F, Quast T. Macroeconomic Changes and Mortality in Mexico. Empir Econ. 2011; 40: 
305–19. DOI: 10.1007/s00181-010-0360-0 

22. Gonzalez F, Quast T. Mortality and Business Cycles by Level of Development: Evidence from 
Mexico. Soc Sci Med. 2010; 71: 2066–73. DOI: 10.1016/j.socscimed.2010.09.047 [PubMed: 
21074307] 

23. UNPD. World Urbanization Prospects: The 2018 Revision. United Nations Population Division; 
New York: 2018. 

24. Riffo, L. Reunión de Expertos Sobre: “Población Territorio y Desarrollo Sostenible. Comisión 
Económica para América Latina y el Caribe CEPAL; Santiago de Chile: 2011. 1–14. 

25. Ferreira FHG, Schady N, Schooling C, Health C. Aggregate Economic Shocks, Child Schooling, 
and Child Health. The World Bank Res Observer. 2009; 24: 147–81. DOI: 10.1093/wbro/lkp006 

26. Quistberg DA, Diez Roux AV, Diez Roux AV, Bilal U, Moore K, Ortigoza A, et al. Building a Data 
Platform for Cross-Country Urban Health Studies: the SALURBAL Study. J Urban Health. 2019; 
96: 311–37. DOI: 10.1007/s11524-018-00326-0 [PubMed: 30465261] 

27. World Health Organization. WHO Methods and Data Sources for Country-Level Causes of Death 
2000-2015. Glob Health Estim Tech Pap Whohisierghe20163 Dep Inf Evid Res. 2017. 

28. World Health Organization. WHO Methods and Data Sources for Life Tables 1990-2015. 2016. 

29. Bilal U, Hessel P, Hessel P, Perez-Ferrer C, Michael YL, Alfaro T, et al. Life Expectancy 
and Mortality in 363 Cities of Latin America. Nat Med. 2021; 27: 463–70. DOI: 10.1038/
s41591-020-01214-4 [PubMed: 33495602] 

30. Kummu M, Taka M, Guillaume JHA. Gridded Global Datasets for Gross Domestic Product and 
Human Development Index over 1990-2015. Sci Data. 2020; 5 Accessed April 24, 2020 

31. Reyes GE. Centros urbanos de América Latina2006: disparidades salariales según género y 
crecimiento económico. Rev Cienc Soc. 1997; 2011: 131–2. Accessed July 22, 2020 

32. Organización Internacional del Trabajo. Panorama laboral Lima: Perú. Organización Internacional 
del Trabajo; 2018. 2018

33. Seguino, S. The Great Equalizer?: Globalization Effects on Gender equality in Latin America and 
the Caribbean In: Globalization and the Myths of Free Trade. Routledge; London: 2007. 197–234. 

34. International Transport Forum. Why Does Road Safety Improve when Economic Times Are Hard. 
Paris: France: 2015. 

35. Longthorne, A, Subramanian, R, Chen, C-L. An Analysis of the Significant Decline in Motor 
Vehicle Traffic Fatalities in 2008. National Highway Traffic Safety Administration; Washington, 
DC, USA: 2010. 

36. Munné MI. Alcohol and the Economic Crisis in Argentina: Recent Findings. Addiction. 2005; 100: 
1790–9. DOI: 10.1111/j.1360-0443.2005.01248.x [PubMed: 16367979] 

37. World Health Organization. World Report on Child Injury Prevention. World Health Organization; 
Geneva: 2008. 

38. Li Z, Chen WT, Chang IC, Hung CC. Dynamic Relationship between Air Pollution and Economic 
Growth in Taiwan Deduced from Mathematical Models. Clean-Soil Air Water. 2021; 49 2100081 
doi: 10.1002/clen.202100081 

39. Cepal, C. De la urbanización acelerada a la consolidación de los asentamientos humanos en 
América Latina y el Caribe: El espacio regional Económica para América Latina y el Caribe. 
Comisión Económica para América Latina y el Caribe; Santiago: 2000. 

40. Regidor E, Ronda E, Tapia Granados JA, Viciana-Fernández FJ, de la Fuente L, Barrio G. Trends 
in Disease Mortality before and during the Great Recession in Individuals Employed in Spain in 
2001. J Public Health. 2019; 29: 954–9. DOI: 10.1093/eurpub/ckz025 

41. Regidor E, Mateo A, Barrio G, Fuente Ldl. Mortality in Spain in the Context of the 
Economic Crisis and Austerity Policies. Am J Public Health. 2019; 109: 1043–9. DOI: 10.2105/
ajph.2019.305075 [PubMed: 31095411] 

42. Gordon SH, Sommers BD. Recessions, Poverty, and Mortality in the United States: 1993-2012. 
Am J Health Econ. 2016; 2: 489–510. DOI: 10.1162/ajhe_a_00060 

Leveau et al. Page 11

Int J Public Health. Author manuscript; available in PMC 2022 January 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



43. Bushway S, Phillips M, Cook PJ. The Overall Effect of the Business Cycle on Crime. Ger Econ 
Rev. 2012; 13: 436–46. DOI: 10.1111/j.1468-0475.2012.00578.x 

44. Cook PJ, Zarkin GA. Crime and the Business Cycle. J Leg Stud. 1985; 14: 115–28. DOI: 
10.1086/467767 

45. Fountoulakis KN, Kawohl W, Theodorakis PN, Kerkhof AJFM, Navickas A, Höschl C, et al. 
Relationship of Suicide Rates to Economic Variables in Europe: 2000-2011. Br J Psychiatry. 2014; 
205: 486–96. DOI: 10.1192/bjp.bp.114.147454 [PubMed: 25359926] 

46. Haw C, Hawton K, Gunnell D, Platt S. Economic Recession and Suicidal Behaviour: 
Possible Mechanisms and Ameliorating Factors. Int J Soc Psychiatry. 2015; 61: 73–81. DOI: 
10.1177/0020764014536545 [PubMed: 24903684] 

47. Vijayakumar L, Nagaraj K, Pirkis J, Whiteford H. Suicide in Developing Countries (1). Crisis. 
2005; 26: 104–11. DOI: 10.1027/0227-5910.26.3.104 [PubMed: 16276752] 

48. Lavinas L. Políticas sociales en América Latina en el Siglo XXI: los programas de transferencias 
monetarias condicionadas. Desarro Económico. 2014. 3–34. 

49. Bilal U, Cooper R, Abreu F, Nau C, Franco M, Glass TA. Economic Growth and Mortality: Do 
Social protection Policies Matter. Int J Epidemiol. 2017; 46: 1147–56. DOI: 10.1093/ije/dyx016 
[PubMed: 28338775] 

50. Ruhm CJ. Recessions, Healthy No More. J Health Econ. 2015; 42: 17–28. DOI: 10.1016/
j.jhealeco.2015.03.004 [PubMed: 25839783] 

Leveau et al. Page 12

Int J Public Health. Author manuscript; available in PMC 2022 January 02.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Leveau et al. Page 13

Table 1

Descriptive statistics of the variables used in the models. Values weighted by the population size of each city 

(Salud Urbana en América Latina Project, ten countries of Latin America, 1990–2015).

Variable Mean Median Stand. Dev. Minimum Maximum

Death rate per 100,000 population

   Total mortality 571 560 113 58 1,103

   Female 491 479 108 46 1,045

   Male 656 650 133 70 1,425

   0–9 years 182 172 61 16 1,110

   10–29 years 121 106 68 22 790

   30–44 years 228 221 73 42 1,162

   45–64 years 740 749 158 121 2031

   65+ years 4,742 4,657 641 547 13,800

   Cardiovascular diseases 161 152 48 14 384

   Respiratory diseases 36 33 16 0 213

   Malignant neoplasms 97 94 28 9 233

   Diabetes mellitus 38 26 27 0 173

   Respiratory infections 29 23 17 2 150

   Infectious and parasitic diseases 27 25 12 2 252

   Nutritional deficiencies 5 4 4 0 49

   Road traffic injuries 17 16 8 0 75

   Suicide 5 5 3 0 29

   Homicide 34 24 37 0 453

Covariates

   GDP per capita
1 14 12 10 1 148

   Population 0–9 years (%) 17 17 3 10 31

   Population 65+ years (%) 7 6 2 1 15

   Masculinity index
2 94 94 5 76 129

   Female population 0–9 years (%) 16 16 3 10 31

   Male population 0–9 years (%) 18 18 3 11 32

   Female population 65+ years (%) 7 7 2 1 18

   Male population 65+ years (%) 6 6 1 1 14

1
Thousand US$ at 2011 prices.

2
Men per 100 women in the population.
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Table 2

Effects of one thousand US$ (at 2011 prices) of added GDP per capita on mortality (per 100,000 population), 

as estimated from regressions in which observations are weighted by the square root of the population size
1 

(Salud Urbana en América Latina Project, ten countries of Latin America, 1990–2015).

Dependent 
variable 
(death rate 
per 100,000 
population)

All cities
Country

Argentina Brazil Chile Colombia Mexico Peru

M1
2

M2
3 M1 M2 M1 M2 M1 M2 M1 M2 M1 M2 M1 M2

Total mortality 3.08
+

2.83
* 7.70 7.99 1.93 1.36 6.67

+
7.01

*
9.83

*
7.16

+ –6.10 –4.67 59.46
*

57.55
*

Female 
mortality 4.1

***
3.95

*** 7.83 8.08 2.69
*

2.50
*

7.39
*

7.57
*

6.44
*

4.98
* 0.27 0.14 55.99

*
54.10

*

Male mortality 2.29 1.92 8.57 8.92 1.15 0.26 5.97 6.40
+

13.25
* 9.52

–

12.62
+

–

9.49
+ 62.49

*
60.59

*

0–9 years 4.11
***

2.50
*** 3.72 3.65 1.22 1.15 3.55

+ 3.20 10.45
** 3.49 1.37 1.15 53.05

+
52.73

+

10–29 years –1.46 –2.10 1.45 1.48
–

1.61
+ –1.85

* 0.02 0.08 6.84
+ 5.08 –8.90

+ –

7.12
+ 9.74

+
9.68

+

30–44 years –1.12 –1.78 –0.77 –0.71 –1.62
–

1.69
+ 2.74 3.22 6.49 3.67 –9.07 –6.70 13.68 14.39

45–64 years 6.04
***

5.14
***

25.88
+

25.97
* 1.38 0.77 10.12

*
10.32

*
9.29

+ 6.25 2.47 1.72 32.01 33.95

65+ years 40.35
**

34.35
*** 115.26 117.25 31.11

*
26.46

* 49.65 51.68 47.58 49.99
+ 1.95 1.23 375.41 385.22

Cardiovascular 
diseases 1.33

**
1.21

*** 5.94 5.98 1.15
*

1.09
* 1.53 2.13

+
2.69

*
2.45

** 0.06 –0.04 9.70
**

9.39
**

Respiratory 
diseases 0.03 0.22 –5.60

*
–5.49

* 0.13 –0.06 0.60
+

0.51
+ –0.00 0.08 –0.38

* –

0.36
* 12.15 11.89

Malignant 
neoplasms 0.52

*
0.42

* 2.48 2.50 0.08 –0.01 0.47 0.68 0.66 –0.08 0.12 0.10 8.32
+

7.97
*

Diabetes 
mellitus 0.41

***
0.28

**
1.77

+
1.78

* –0.03 0.00 0.16 0.07 0.29 0.28
+ –0.18 –0.32 0.00 –0.12

Respiratory 
infections 0.37

**
0.46

***
6.23

*
6.30

*
0.61

**
0.56

** 0.06 0.40 0.24 0.24 0.21 0.20 1.58 0.84

Infectious and 
parasitic 
diseases

0.15 0.21
+

–6.66
*

–6.61
* –0.18 –0.23 0.16 0.26 0.26 0.13 0.15 0.14 10.16

+
9.90

+

Nutritional 
deficiencies 0.06 0.04 0.03 0.04 –0.03 –0.02 0.27 0.29 0.10 0.19 0.21 0.20

+ 0.60 0.63

Road traffic 
injuries 0.68

***
0.58

*** –0.33 –0.32 –0.26 –0.37
*

0.63
**

0.47
**

1.03
*

1.06
* 0.15 0.22 –1.11 –1.21

Suicide 0.07 0.07 0.80 0.78 0.06 0.05 0.40 0.48 0.07 0.05 0.16 0.13 –0.60
+

–0.63
*

Homicide –1.73 –1.79
* 0.54 0.54 –0.07 –0.12 –0.17 –0.24 2.87 1.22 –7.26

+ –

5.45
+ 0.25 0.21

Observations 4383 198 1806 252 910 979 184

1
Regressions in which the dependent variable is an age-specific rate only include as demographic covariate an index of masculinity. All other 

regressions include the population proportions of children younger than 10 and elderly older than 64.

2
Model including fixed effects for city and year, and city-specific linear trends.

3
Model with series detrended with the Hodrick-Prescott filter with a smoothing parameter γ = 100.
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***
p < 0.001.

**
p < 0.01.

*
p < 0.05.

+
p < 0.10.
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Table 3

Effects of one thousand US$ (at 2011 prices) of added GDP per capita on mortality (per 100,000 population), 

as estimated from regressions in which observations are weighted by the square root of the population size
1 

(Salud Urbana en América Latina Project, ten countries of Latin America, 1990–2015).

Dependent variable (death rate per 100,000 
population) Tertiles of socioeconomic status (SES)

2

First tertile (low SES) Second tertile(medium SES) Third tertile (high SES)

M1
3

M2
4 M1 M2 M1 M2

Total mortality 3.84 1.45 0.93 0.33 0.65 1.84

Female 3.49 1.71 4.70
***

3.68
** 1.32 2.33

+

Male 4.51 1.30 –2.48 –2.55 0.05 1.52

0–9 years 5.13 3.14 2.08 0.95 1.75
*

1.99
**

10–29 years 1.17 0.76 –4.84 –7.08
* –1.07 –0.33

30–44 years 2.02 0.75 –5.57 –8.42
+ –0.61 0.35

45–64 years 5.78 2.06 6.49
* 4.77 1.95 3.81

**

65+ years 50.16 0.36 44.25
**

40.57
** 12.14 23.50

*

Cardiovascular diseases 0.66 –0.88 1.20
*

0.82
+ 0.59 0.95

Respiratory diseases –0.80 –0.23 0.09 0.13 0.14 0.27

Malignant neoplasms 0.86
* 0.50 1.01

*
0.72

+ –0.08 –0.004

Diabetes mellitus 0.40 0.50 0.31 0.18 0.37
* 0.22

Respiratory infections –0.01 –0.21 0.35
*

0.45
** 0.22 0.34

+

Infectious and parasitic diseases –0.17 0.02 0.38
*

0.45
*

–0.28
+ –0.16

Nutritional deficiencies 0.30 0.23 0.003 –0.03 –0.09 –0.02

Road traffic injuries 0.44 0.16 0.80
**

0.76
**

0.43
***

0.48
***

Suicide 0.13 0.09 0.07 0.10 0.07 0.06

Homicide 0.74 –0.01 –4.73 –4.58
* –0.67 –0.30

1
Regressions in which the dependent variable is an age-specific rate only include as demographic covariate an index of masculinity. All other 

regressions include the population proportions of children younger than 10 and elderly older than 64.

2
Urban areas (n = 340) classified according to GDP per capita of 2014. Observations (years-city) = 4,383.

3
Model including fixed effects for city and year, and city-specific linear trends.

4
Model with series detrended with the Hodrick-Prescott filter with a smoothing parameter γ = 100.

***
p < 0.001.

**
p < 0.01.

*
p < 0.05.

+
p < 0.10.
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