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ABSTRACT

Objectives: The relative public-health effects of changes in unemployment, inflation and
gross domestic product (GDP) per capita on population health in Latin America are unknown.
Here we determine the effects of these economic measures on population health outcomes in
Latin America.

Setting: Latin America, 1981-2010.

Participants: 19 countries.

Outcome measures: Using multivariable regression analysis, we assessed the effect of
changes in unemployment, inflation and the GDP-per-capita growth rate on five mortality
indicators. Differences in healthcare infrastructure, population structure and size were
controlled for. 1- and 3-year lag analyses were conducted.

Results: Between 1981 and 2010, a 1% rise in unemployment was associated with significant
deteriorations (p<0.05) in 5 population health outcomes, with largest deteriorations in male
adult mortality rates (1.14% increase). A 1% rise in inflation rate was associated with
significant deteriorations (p<0.01) in 4 population health outcomes, with the largest
deterioration in male adult mortality rates (0.0033% increase). 5 years after rises in
unemployment and inflation, significant deteriorations (p<0.05) occurred in 3 and 5 mortality
metrics respectively. A 1% rise in GDP-per-capita growth rate was associated with no
significant deteriorations in population health outcomes. Beta-coefficients (standardised
coefficients) suggested that the effect of unemployment increases was greater than changes in
GDP-per-capita growth rate or inflation. These results were confirmed by nine robustness
tests.

Conclusions: Rises in unemployment and inflation are associated with long-lasting

deteriorations in population health outcomes across Latin America. Unemployment exerted
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much larger effects on health than inflation. In contrast, changes in GDP per capita had

almost no association with the explored health outcomes.
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ARTICLE SUMMARY

Strengths and limitations of this study

This is the first comprehensive study to determine the effects of changes in unemployment, inflation and GDP per

capita on population health in Latin America.

The results of this study will help policymakers to prioritise the unemployment level over inflation or GDP per

capita when considering impact on population health outcomes.

The present study focuses on mortality measures; we were unable to model the effects of changes in inflation,

unemployment or the growth rate of GDP/capita on different strata of society.

Despite variations in unemployment at the regional level, the study evaluated population health outcomes and

economic trends at the national level only.
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INTRODUCTION

The recent economic history of Latin America has been dominated by financial crises,
including both the Latin American debt crisis of the early 1980s and the 2008 global financial
crash.'™ The most recent calamity has not affected Latin America as significantly as previous
crises, primarily due to better monetary and fiscal policy responses.“'6 However, at present
Latin American countries are in the throes of a currency crisis. In the wake of such crises,

. . 7 8
concerns have been raised over their adverse effects on health outcomes. "

There is a paucity of evidence on ‘healthconomic crises’® originating outside of Europe and

113 1n addition, the theoretical mechanisms

North America, especially in Latin America.
underlying most empirical results are underexplored. Further, most studies have only focused
on a limited number of economic measures, most commonly unemployment levels."*'® That
leaves the health effects of economic indicators such as inflation unexplored. As a result, few

studies provide a comprehensive analysis of the relationship between population health and

economic trends.

We build on earlier studies by exploring over a 30-year period the relationship between three
economic metrics—unemployment level, inflation rate and GDP per capita—and five
population health outcomes across 19 states in Latin America. In what we believe to be the
first study that analyses the health consequences of these economic metrics, we aim to
provide a better understanding of the relationship between government policies adopted in
economic crises and health outcomes. This research is of particular relevance given the

current economic troubles experienced by the region.
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We focus on unemployment because this serves as the most direct measure of individuals
suffering from poor economic conditions. Economic downturns generally lead to increased
unemployment.'” Latin America’s recent unemployment performance has been encouraging.
Unemployment fell during 2013'® and reached historic lows in 2012." Nonetheless,
unemployment may well rise in the future as the continent undergoes structural reforms.
Latin America has, in the past, experienced swings in unemployment rates: from 1981 to
2011, there were 8 country years in which a Latin American country experienced

unemployment of more than 20%. In 1988 Haiti’s unemployment rate was 23.9%.

It is also important to include inflation in our analysis. Latin America has long been plagued
with high levels of inflation”” and some countries are currently experiencing high levels of
price inflation (most notably, Venezuela and Argentina).”’ The mean inflation rate in Latin
America in 2010 was 5.6%, significantly higher than the European-Union average of 2% for
that year. Assessing the effect of inflation on public health is therefore important in the Latin

American context.

The third metric we include in our analysis is the growth rate of GDP per capita. The growth
rate of GDP per capita is the most obvious measure of the economic health of a country. It is
quite possible that Latin America will slip into recession during 2014, both because of the
currency trouble that it is experiencing and also sustained falls in commodity prices, from

which Latin America typically derives much income.
Importantly, we analyse unemployment, inflation and GDP per capita changes together,

including all three variables in every regression model. We do this because Latin American

economic policy over the past few decades has continually faced trade-offs between these
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three variables. In particular, during the 1980s when Latin America was experiencing
“structural adjustment” plans to improve economic performance, large sacrifices were
made.”? At the beginning of the 1980s, Latin America was plagued by high levels of
inflation.” In the quest to reduce inflation, unemployment and GDP per capita were both to
an extent sacrificed.” For example, public spending was often drastically cut: this did reduce
inflation by sucking demand out of the economy, but resulted in higher unemployment as
public workers were laid off.* Similarly, to tame inflation interest rates were increased
drastically.”® Again, this helped to control inflation by lowering the demand for money.”’

. . . . 28
However, it also led to deep recessions and large increases in unemployment.

It is possible that calls will emerge in future years for wide-ranging economic reforms in
Latin America. In some cases (in particular, in Venezuela and Argentina) these are clearly
needed. Policymakers therefore need to be aware of the public-health consequences of trade-

offs between key economic indicators, like inflation, unemployment and GDP per capita.

METHODS

Year-on-year data were obtained from the Institute for Health Metrics and Evaluation
(IHME) database (Table 1: hereafter “IHME database”)” and the World Bank’s
Development Indicators and Global Development Finance 2013 edition®® (hereafter “the
World Bank database”). Metrics investigated included: unemployment rate, inflation rate and
GDP/capita, and five population health outcomes: male adult mortality, female adult
mortality, neonatal mortality, post-neonatal mortality and one-to-five years mortality (Table

1). These health outcomes were selected on the basis that they can show the effects of

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘8z Jequisidas uo /wod fwg usdolwqy/:dny woiy papeojumod "9T0Z Arenuer 9 Uo 945/ 00-7T0Z-uadolwg/9eTT 0T se paysiiand isiy :uadO [INY


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

economic metrics on mortality for different age groups. Data were analysed for 19 states of

Latin America (Table 2; Cuba and Puerto Rico were not included because of lack of data).

In accordance with the World Bank definitions, the unemployment level was defined as the
share of the labour force that is without work but available and seeking employment.3 !
Inflation rates, as determined by consumer price index, were determined using the Laspeyres
formula and these data were taken from the World Bank database.”” The annual rate of
change in GDP was measured on a per-capita basis to facilitate the comparison of differently

sized countries. These data were taken from the World Bank database.

Multivariable regression analysis was used to assess the relationship between population
health outcomes (dependent variables) and unemployment, inflation, and the growth rate of
GDP per capita (independent variables). To ensure that results were not driven by extreme
observations for certain countries, a fixed-effects approach was used in the regression
models, including 19 dummy variables for the 19 countries in the dataset. Doing this means
that models evaluate mortality changes within individual countries while holding constant
time-invariant differences between countries including higher predispositions to mortality as
well as political, cultural and structural differences. In effect, this conservative modeling

approach makes the data more comparable.** **

Demographic structure was controlled for by incorporating total population size. In addition,

we incorporated the percentage of the population more than 65 years old, and the percentage

of the population less than 15 years of age into the model.
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The regression model was as follows:

AHi,t-AHi=0+Bx(AULt-AUi)x(AGi,t-AGi)x (AIi,t—ATi)+n x t+yixt+¢it

Where i is country and ¢ year; H is the health metric; U is the measure of unemployment; G is
the measure of annual change in GDP/capita; I is the measure of inflation; o represents the

population structure of the country being analysed, n is a dummy variable for each country

included in the regression model; and ¢ is the error term.

All of the three independent variables under investigation (namely unemployment level,
inflation rate, and the growth rate of GDP/capita) were included in all the regression models,
permitting, for example, unemployment and inflation to be controlled for when evaluating the

effects of the growth rate of GDP/capita.

We tested for multicollinearity between all the independent variables (excluding the country
dummies). For all variables the variance inflation factors were less than 4, meaning that there

is no need to remove any of the independent variables from the regression.
After using the Cook-Weisberg test®® to assess for and to confirm heteroskedasticity (where
sub-samples have different distributions) in the data used, we included Robust Standard

Errors in the regression models.

We conducted 1- and 3-year time-lag multivariable analyses to quantify the medium-term

health effects of changes in unemployment, inflation and the growth rate of GDP/capita. We
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did this by creating new variables for the three economic metrics, but leaving alone all other

independent and dependent variables.

We performed a series of robustness checks. First, we excluded year-to-year fluctuations in
mortality metrics exceeding 150%. About 1% of the sample was removed by this operation.
By doing this, we were able to exclude extreme values from the regression models. Second,
we also excluded year-on-year unemployment, inflation and GDP/capita growth rate changes
exceeding 150%. About 17.5% of the sample was removed by this operation (1635 individual
observations was reduced to 1350). Third, we controlled for urbanisation rates, with data
taken from the World Bank database. By controlling for urbanisation rates, we were
effectively controlling for the level of infrastructure in the country in question. Higher
urbanisation rates imply higher levels of infrastructure, which might imply higher levels of
development and therefore higher public health. Fourth, we omitted data from 1981-1995,
and 2008-2010, thereby excluding the Latin American debt crisis and the imposition of

military rule in certain states, in addition to the recent global recession.

Fifth, we controlled for additional economic measures—real interest rates and government
debt. Real interest rate data were taken from the World Bank database. Government debt was
measured as a percentage of GDP (thus allowing differently sized economies to be
standardised). Data for this were taken from the IMF study ‘Historical Public Debt Database’,
from 1984-2011.% By controlling for these two economic metrics, we are able to account for
other forms of economic crisis. High interest rates and high levels of government debt are

undesirable, but common, outcomes in Latin America.
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Sixth, we controlled for out-of-pocket expenses on healthcare and health expenditure per
capita (measured as purchasing power parity — constant 2005 international dollars). These
data were also taken from the World Bank database. By doing this, we account for countries
where people rely heavily on their own funds to purchase healthcare. In such countries, we
would expect economic crises to affect the population much more severely, given that people

are likely to cut back on health expenditure.

Seventh, we repeated the analysis using comparable mortality data from the World Bank
database as the dependent variables (female adult mortality, male adult mortality, neonatal

mortality and under-five mortality).

Eighth, we controlled for International Monetary Fund bailouts. Bailouts were defined as
loans made from the General Resources Account of the IMF to countries. These data were
also taken from the World Bank database. A dummy variable was created for every year in
which a country was drawing from the General Resources Account of the IMF. Those years
were labelled with a 1; all other years were labelled with a 0. This is another control for

exogenous economic factors.

Ninth, we controlled for the absolute level of per-capita income in each country. We did this
because countries that are more prone to higher levels of inflation and unemployment, and
also lower levels of GDP-per-capita growth rate, are also those countries that are generally
poorer (and thus are likely to have worse health outcomes). Including this control overcomes

a major endogeneity problem.

Stata SE version 12 was used for the analysis (Stata Corporation, Texas, USA).
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RESULTS

Table 3 shows the results of the regression models for 19 Latin American states. A 1% rise in
unemployment was associated with statistically significant (p<0.05) deteriorations in all five
population health outcomes (neonatal, postneonatal, one-to-five years of age, female adult
and male adult mortality). The largest deteriorations were in one-to-five years of age and
male adult mortality rates (1.14 and 0.53 rises; p<0.01 and p<0.0001 respectively). Lag
analysis revealed that at 1 and 3 years after unemployment rises, 5 and 4 metrics displayed
significant deteriorations respectively, with the magnitude of the effect declining over time

(Tables 4 and 5).

A 1% rise in inflation was associated with significant deteriorations (p<0.05) in 4 population
health outcomes (neonatal, postneonatal, one-to-five years of age, and male adult mortality),
with the largest deterioration in male adult mortality (0.003 increase, p<0.01). Lag analysis
revealed that at 1 and 3 years after a rise in inflation, 4 and 5 metrics displayed significant
deteriorations respectively, with the magnitude of the effect declining over time (Tables 4 and

5).

A negative value of the GDP/capita growth rate was associated no significant deteriorations
in population health outcomes. Lag analysis revealed that no metrics displayed significant
changes 1 year after changes in the growth rate of GDP/capita (Tables 3 and 5). However, at
a 3-year lag, a decline in the GDP/capita growth rate was associated with a deterioration in

under-five mortality (p<0.01).
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Beta-coefficient comparisons indicated that, at lags of 0, 1 and 3 years, the effect of changes
in unemployment levels was greater than the effect of changes in GDP/capita growth rate or
inflation. More specifically, changes in unemployment were associated with much larger
deteriorations in male adult, neonatal, one-to-five years of age and postneonatal mortality,

compared to the effect of changes in inflation.

Robustness checks

To assess the validity of these results, a series of robustness checks were conducted. First,
observations with year-to-year fluctuations in mortality metrics exceeding 150% were
removed (Appendix Table A). Re-running the regression analyses produced highly similar
results: 5, 4 and 0 population health outcomes demonstrated significant associations with
unemployment, inflation and GDP per capita changes respectively. Second, the analysis was
repeated after excluding annual unemployment, inflation and GDP per capita changes
exceeding 150% (Appendix Table B), all five mortality measures showed significant
deteriorations with unemployment rises, with no significant associations for inflation or GDP
/capita growth rates. Third, controlling for urbanisation yielded significant associations
between 4, 4, and 0 mortality metrics and unemployment, inflation, and GDP per capita
growth rates respectively (Appendix Table C). Fourth, we omitted data from 1981-1995 and
2008-2010, thereby excluding the Latin American debt crisis and the imposition of military
rule in certain states, in addition to the recent global recession. Despite substantially reducing
the size of the dataset, this yielded significant associations between 2, 3 and 0 mortality
metrics and unemployment, inflation, and GDP per capita levels respectively (Appendix
Table D). Fifth, due to the frequently high debt levels experienced by Latin American

countries, we controlled for government debt (measured as percentage of GDP) and real
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interest rates. Significant associations were found between 4, 0 and 0 mortality metrics, and
unemployment, inflation and GDP per capita respectively (Appendix Table E). Sixth, because
several Latin American countries received International Monetary Fund bailouts, we
controlled for this. Significant associations were found between 5, 4 and 0 mortality metrics,
and unemployment, inflation and GDP per capita respectively (Appendix Table F). Seventh,
we re-ran the analysis using mortality data from the World Bank database, yielding
significant associations between 1, 2 and 1 mortality metrics and unemployment, inflation,
and GDP/capita levels respectively (Appendix Table G). Next, we controlled for out-of-
pocket expenses on healthcare and health expenditure per capita (measured as purchasing
power parity — constant 2005 international dollars). Significant associations were found
between 0, 3 and 0 mortality metrics, and unemployment, inflation and GDP per capita
respectively (Appendix Table H). Finally, we controlled for the absolute level of per-capita
income in each country (Appendix Table I). We did this because countries that are more
prone to higher levels of inflation and unemployment, and also lower levels of GDP-per-
capita growth rate, are also those countries that are generally poorer (and thus are likely to
have worse health outcomes). Including this control overcomes a major endogeneity problem.

The results were almost identical.

DISCUSSION

This analysis is the first to analyse the population health effects of unemployment, inflation
and GDP per capita simultaneously for countries in Latin America. Our study provides new
findings to inform policy discussions in Latin America when trade-offs exist between these
economic metrics. We have demonstrated that increases in unemployment and inflation are

associated with significant deteriorations in population health outcomes up to five years after
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the episode, including neonatal, postneonatal, one-to-five years of age, and female and male

adult mortality rates.

Of the three economic variables monitored, rises in unemployment affected mortality metrics
most broadly, as determined by significant associations with all five mortality metrics
analysed. These changes were also greater than those observed with inflation. For both
increases in unemployment and inflation, at least three mortality metrics remained
significantly affected over subsequent 5-year periods, indicating their long-term effects on
population health. Notably, changes in the GDP/capita growth rate exhibited almost no

association with deteriorations or improvements in public health outcomes.

Causal pathways

Changes in inflation and unemployment can affect public health in different ways.

The mechanism through which inflation leads to worsening health outcomes is not yet
established in the literature. However, we suggest a number of mechanisms through which
this might occur. High inflation often leads to the decline of income when adjusted for
inflation (known by economists as “real” income).* If increases in the wage-rate fall below
increases in the price level, workers effectively see a fall in the amount of money they are
being paid. As a result, with high inflation workers may have reduced spending power: this
can lead to poorer nutrition and lower consumption of healthcare. In addition, with smaller
inflation-adjusted incomes, people may have to work longer hours, which can worsen health
outcomes through inadequate leisure time and high levels of stress.*”*® Finally, inflation may

lead healthcare providers to raise prices of medicine and treatment, thus making access to
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healthcare more difficult.” All of these problems are likely to be worst for those on low pay.
First, their wages are already low: inflation can force them below the poverty line.** Second,
inflation rates may be particularly high for things that constitute a large portion of the budget
of low-income people, in particular food.*' Finally, inflation levels can lead to economic
instability and uncertainty, which in turn may disrupt financing of health systems. Evidence
suggests that inflation contributes to lower investment.*> ** High inflation rates may therefore

be correlated to reduced access and poorer quality health care.

The causal link between employment status and health is frequently discussed.** For
example, unemployment is associated with increased prevalence of psychological problems
and unhealthy behaviours, in part due to poorer nutrition and reduced access to health care, in
addition to rises in suicide rates.*”*" Notably, controlling for out-of-pocket expenses and
healthcare expenditure per capita removed the effect of unemployment on the evaluated
mortality measures (Table H), suggesting that out-of-pocket expenses and the inability of the
unemployed to pay these may have a dominant role in the link between unemployment and

adverse health.

Third, our analysis contributes to discussions over the impact of GDP/capita changes on
public health. Our study suggests that the association between changes in the growth rate of
GDP per capita and public-health outcomes in Latin America is weak. We suggest that GDP-
per-capita changes exert their effects on population health predominantly via variations in
unemployment and inflation. When controlling for unemployment and inflation, changes in
GDP/capita growth exert almost no effect on health outcomes. In the current global economic
climate, this finding is highly relevant. During and after the global financial crash, a much of

the debate among policymakers has centred on the association between GDP and health
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outcomes.

Economists, on the whole, tend to focus on GDP as the most important
measure of economic health. Our findings suggest that this discussion must be expanded to

incorporate other economic metrics, namely inflation and unemployment levels.

Limitations

This study has several limitations. First, we only focused on mortality measures. The effects
of changes in unemployment, inflation and the growth rate of GDP per capita on other health
measures could yield different results. Second, we evaluated population health outcomes and
economic trends at the national level when, in fact, important unemployment variations exist
at the subnational and regional levels.”® We were also unable to model intra-year variations in
the level of unemployment or inflation. Third, we were unable to model the effect of changes
in inflation, unemployment or the growth rate of GDP/capita on different strata of society. As
discussed above, we would expect that changes to economic metrics would have the greatest
effect on the poorest members of society.*” Further analysis should try to test this theory
empirically. Fourth, we did not take into account the problem of endogeneity. This paper
assumes that changes to economic metrics have an effect on public-health outcomes.
However, the pathway of that causality could theoretically be the opposite: changes to public-
health outcomes (for some other reason) could have an effect on economic metrics. However,
we consider this to be unlikely. It seems implausible to suggest that changes in public health
(with the exception of a massive population health problem, such as a plague) would have a
significant effect on inflation or unemployment rates, particularly in the short-term. Fifth, we
have used beta-coefficients to enable comparison of the effect of different independent
variables on the dependent variables. While beta coefficients are probably better than non-

standardised coefficients in assessing the relative importance of different variables, they are
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controversial.”' Some argue that it is logically impossible to compare the relative strength of
different variables that are, ultimately, incommensurable.”” Standardisation is impossible.
Nonetheless, the beta coefficients for the unemployment are consistently higher than those
for inflation. That does strongly suggest that the public-health effect of changes in
unemployment is generally greater than that of inflation. Sixth, to isolate the respective
effects of the changes in unemployment, inflation and GDP per capita more satisfactorily,
additional socio-demographic controls could have been incorporated into the regression
models. Finally, the health data used are not ideal. IHME data are partly modelled: this has
stoked controversy.”®> There is a risk of circularity in the results, given that some of the
independent variables used in this study may have been used to model the dependent

variables. However, this is an unavoidable problem.

Policy implications for Latin America’s current crisis

Our results suggest that from a public-health perspective, maintaining unemployment at a low
level should be the priority of economists and public-health professionals, even if that results
in suboptimal levels of inflation and GDP per capita. This is reinforced by our finding that in
some robustness checks inflation did not demonstrate significant associations with mortality
measures, whereas unemployment did—specifically after controlling for additional economic
measures, and removing >150% changes in inflation, unemployment and GDP per capita

from the data set.

Our notion that greater emphasis be placed on unemployment over GDP and inflation is

congruent with current policy changes by the Federal Reserve (the central bank in America)

and the Bank of England which now account for changes in the rate of unemployment as well
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as changes in the rate of inflation.”* This lends support to the implementation of such policies

in Latin America.

Policymakers in Latin America should bear in mind the arguments in this study. In the past,
Latin American economic policy has tended to focus on taming inflation at the expense of
deteriorations in unemployment and GDP per capita.”> We show that from a public-health
perspective, this may be misguided. Latin America may need to undergo economic reforms
over the next few years, particularly after the problems that it has experienced over the past
few months. Policymakers should be careful not to repeat the mistakes made during the

1980s and instead look to keeping unemployment as low as possible.

CONCLUSION

The effects of economic downturns on population health outcomes in Latin America has until
now remained largely unevaluated. The present study has revealed that increases in
unemployment have strong negative effects on public health in Latin America, which are
both broader and stronger than changes either to inflation or the growth rate of GDP per
capita. Our analysis has also revealed that inflation exerts broad and long-lasting negative
effects on population health outcomes, whereas changes in GDP per capita exhibit almost no
association with the explored mortality measures. Although the interactions between these
economic metrics are complex, policy makers should prioritise the control of unemployment

if population health outcomes are to be optimised.
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TABLE 1: Indicator definitions

©CoO~NOUTA,WNPE

10 Name Definition Years data are available Data Source
11 Female adult mortality Number of deaths per 1,000 female adults 1981-2010 IHME
12 Male adult mortality Number of deaths per 1,000 male adults 1981-2010 IHME
13 Neonatal mortality Deaths per 1,000 live births (before age of 1 month) 1981-2011 IHME
14 Postneonatal mortality Number of deaths per 1,000 per year (before the age of 1)  1981-2011 IHME
15 One-to-five mortality Deaths per 1,000 live births (under the age of 5) 1990-2011 IHME

18 Source: IHME — The Institute for Health Metrics and Evaluation (IHME) http://www.healthmetricsandevaluation.org/
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TABLE 2: States of Latin America

Country
Argentina
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominican Republic
Ecuador

El Salvador
Guatemala
Haiti
Honduras
Mexico
Nicaragua
Panama
Paraguay
Peru

Puerto Rico
Uruguay
Venezuela, RB

Cuba and Puerto Rico were not included in the regression because of lack of data for inflation rates

Source: World Bank database

Population in 2011

40764561
10088108
196655014
17269525
46927125
4726575
11253665
10056181
14666055
6227491
14757316
10123787
7754687
114793341
5869859
3571185
6568290
29399817
3706690
3368595
29278000

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Inflation in 2011 (%) (or latest)

9.47
9.81
6.64
3.34
3.41
4.88
N/A
8.46
4.47
5.13
6.22
8.41
6.76
3.41
8.08
5.88
8.25
3.37
N/A
8.09
26.09

Unemployment in 2010 (%)
(or latest)
8.60
5.20
8.30
8.10
11.60
7.80
8.30
14.30
6.50
7.30
1.80
7.20
2.90
5.30
5.00
6.50
5.60
6.30
13.40
7.30
7.60

Growth rate of GDP per capita

in 2011 (or latest)
7.93
3.52
1.84
5.03
4.49
2.70
2.11
3.14
6.31
0.91
1.28
4.23
1.56
2.67
3.59
8.92
5.00
5.63
-1.59
5.32
2.60
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TABLE 3: The effects of rises in unemployment, inflation and the growth rate of GDP per capita on population health outcomes

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure
(proportion of population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in
addition to political, cultural and structural differences (by introducing dummy variables for each of the 19 Latin American countries).

*p < 0.05

Inflation
Coefficient

:!F7emale

Ja%ult

Mortality 0.0009
Male adult

Adortality 0.0033
Neonatal

ABortality 0.0004
Pbstneonatal

agortality 0.0005
APne-to-five

arportality 0.0009

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

#p < 0.0 < 0.00]

Confidence
interval

-0.0004 to 0.0022

0.0012 to 0.0054

0.0002 to 0.0006

0.0003 to 0.0008

0.0006 to 0.0012

P—value

0.1710

0.0024**

0.0000%**

0.0001***

0.0000%**

Beta
coefficient

0.0215

0.0540

0.0487

0.0486

0.0794

Unemployment

Coefficient

0.4033

1.1446

0.2748

0.4044

0.5284

Confidence interval

0.0248 t0 0.7818

0.4271 to 1.8621

0.1729 t0 0.3768

0.2658 to 0.5430

0.3624 to 0.6944

P—value

0.0368*

0.0019**

0.0000%**

0.0000%**

0.0000%***

Beta
coefficient

0.0525

0.1032

0.1677

0.1966

0.2646

GDP per capita
Coefficient Confidence interval

0.0140 -0.1955 to 0.2236
-0.0809 -0.5197 to 0.3580
0.0079 -0.0529 to 0.0687
0.0321 -0.0490 to 0.1133

0.0602 -0.0412 t0 0.1615
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P—value

0.8952

0.7173

0.7983

0.4363

0.2438

Beta
coefficient

0.0017

-0.0066

0.0044

0.0142

0.0274
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TABLE 4: The effects of rises in unemployment, inflation and the growth rate of GDP per capita on population health outcomes — 1 year lag

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure
(proportion of population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in

Page 24 of 38

addition to political, cultural and structural differences (by introducing dummy variables for each of the 19 Latin American countries). The three economic metrics are lagged

by one year.

*p<0.05 **p<0.01]

Inflation
Coefficient

Female adult

mortality 0.0009

Male adult

mortality 0.0033

Neonatal

mortality 0.0004

Postneonatal

mortality 0.0005

One-to-five

mortality 0.0008

**En < 0.001
Confidence P-value Beta
intervals coefficient
-0.0003 to
0.0021 0.1443 0.0211
0.0013 to
0.0053 0.0011%** 0.0552
0.0002 to
0.0006  0.0000%*** 0.0479
0.0003 to
0.0008  0.0001%*** 0.0478
0.0005 to
0.0011  0.0000%** 0.0796

Unemployment
Coefficient Confidence
intervals
0.0385 to
0.4012 0.7639
0.2322 to
0.9070 1.5817
0.1758 to
0.2718 0.3679
0.2693 to
0.3985 0.5278
0.3546 to
0.5099 0.6653

P-value

0.0302%*

0.0086**

0.0000%**

0.0000%**

0.0000%**

Beta
coefficient

0.0529

0.0833

0.1723

0.2033

0.2708

GDP per capita
Coefficient Confidence
intervals

-0.2026 to
-0.0003 0.2020
-0.5577 to
-0.1244 0.3090
-0.0661 to
-0.0076 0.0510
-0.0622 to
0.0154 0.0930
-0.0426 to
0.0533 0.1492
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P-value

0.9976

0.5728

0.7996

0.6963

0.2752

Beta
coefficient

-0.0000

-0.0104

-0.0044

0.0071

0.0257
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TABLE 5: The effects of rises in unemployment, inflation and the growth rate of GDP per capita on population health outcomes — 3 year lag

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure

(proportion of population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in
addition to political, cultural and structural differences (by introducing dummy variables for each of the 19 Latin American countries). The three economic metrics are lagged

by three years.

*p<0.05 **p<0.01]

Inflation
Coefficient

1i<"emale adult
18&hortality 0.0010
191ale adult mortality

20

0.0032

2Neonatal mortality

22

0.0004

2Postneonatal
2/mortality 0.0005
2%)Ine-to-five mortality

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

0.0007

**En < 0.001
Confidence P-value
intervals

0.0005 to

0.0016  0.0004%**%*

0.0018 to

0.0045  0.0000%**
0.0002 to

0.0005  0.0000%**
0.0002 to

0.0007  0.0001***
0.0004 to

0.0010  0.0000%**

Beta
coefficient

0.0249

0.0565

0.0474

0.0473

0.0792

Unemployment
Coefficient  Confidence
intervals

0.0441 to
0.3950 0.7460
-0.2433 to
0.3564 0.9560
0.1822 to
0.2699 0.3576
0.2840 to
0.3977 0.5113
0.3656 to
0.5024 0.6391

P-value

0.0275%*

0.2432

0.0000%**

0.0000%**

0.0000%**

Beta
coefficient

0.0530

0.0341

0.1866

0.2251

0.3007

GDP per capita
Coefficient Confidence
intervals

-0.5312 to
-0.1037 0.3239
-0.0444 to
0.0116 0.0675
-0.0323 to
0.0403 0.1129
-0.0072 to
0.0807 0.1686
-0.0785 to -
-0.0452 0.0118
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P-value

0.6336

0.6838

0.2755

0.0718

0.0082%**

coefficient

-0.0089

0.0072

0.0204

0.0432

-0.0606
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P—value

0.5254

0.9204

0.4277

0.1926

0.1473

Beta
coefficient

0.0081

-0.0018

0.0141

0.0247

0.0362
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1 SUPPLEMENTARY APPENDIX
é TABLE A: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (excluding inter-year variations in health metrics of >150%).
4
5 The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
6 population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
7 structural differences (by introducing dummy variables for each of the 19 Latin American countries). We excluded year-on-year annual changes in the economic metrics of more than 150%.
8
9
10 *p <005 *p<0.0] ***p<0.00]
11
12
ii Inflation Unemployment GDP per capita
15 Coefficient Confidence P—value Beta Coefficient Confidence interval = P—value Beta Coefficient Confidence interval
interval coefficient coefficient
1

ﬁfﬁi‘ ) -0.0002 to
hfbrality 0.0011 0.0023 0.0963 0.0258 0.4801 0.1 to 0.8602 0.0134* 0.0634 0.0681 -0.1427 to 0.279
Aale adult 0.0013 to
Abrtality 0.0035 0.0056 0.0015%* 0.0584 1.2323 0.4982 to 1.9663 0.0011** 0.113  -0.0224 -0.4635to 0.4186
%"?lebonatal 0.0003 to
23 rtality 0.0005 0.0007 0.0000%** 0.0578 0.2859 0.1813 to 0.3906 0.0000%*** 0.1802 0.025 -0.0369 to 0.0869

stneonatal 0.0004 to
Rortality 0.0006 0.0009 0.0000%** 0.0584 0.4190 0.2776 to 0.5604 0.0000%*** 0.211 0.0547 -0.0277 to 0.1371
Q}le-to.-ﬁve 0.0007 to
pprtality 0.001 0.0013 0.0000%** 0.0922 0.5391 0.3684 to 0.7097 0.0000*** 0.2822 0.0772 -0.0274 to 0.1817
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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TABLE B: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (excluding inter-annual unemployment, inflation and GDP/capita changes

>150%).

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
structural differences (by introducing dummy variables for each of the 19 Latin American countries). We excluded year-on-year annual changes in the mortality metrics of more than 150%.

*p <0.05

Inflation
Coefficient

:&46 male

ult

Jr§0rtality

0.0017

Male adult

Zfdortality

0.0083

Neonatal

Adortality

0.0007

Pystneonatal

aortality

0.0006

Axne-to-five

zgortality

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

0.0013

% 1) < 0,01

*xkp < 0,001

Confidence
interval

-0.0026 to 0.006
-0.0027 to 0.0192
-0.0007 to 0.0021
-0.0012 to 0.0024

-0.001 to 0.0036

P—value

0.4373

0.1379

0.3270

0.5146

0.2735

Beta

coefficient

0.0119

0.0403

0.0226

0.0158

0.0365

Unemployment
Confidence interval

Coefficient

0.6126

1.3125

0.2795

0.3964

0.5223

0.1886 to 1.0365

0.2962 to 2.3288

0.1395 to 0.4196

0.2131 t0 0.5798

0.279 to 0.7657

P—value

0.0048**

0.0116*

0.0001***

0.0000%***

0.0000%***

Beta

coefficient

0.0883

0.1317

0.1885

0.2196

0.3067

GDP per capita
Confidence interval

Coefficient

-0.3496

-0.978

-0.036

-0.0295

-0.0116
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-0.7099 t0 0.0108

-1.791 to -0.165

-0.1389 to 0.0669

-0.1691 to 0.1101

-0.2002 to 0.1771

P—value

0.0572

0.0186*

0.4910

0.6773

0.904

Beta

coefficient

-0.0334

-0.065

-0.0161

-0.0108

-0.0045
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TABLE C: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for urbanisation rates).

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
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population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
structural differences (by introducing dummy variables for each of the 19 Latin American countries). We included the rate of urbanization as a further control.

*p<0.05 **p<0.0] ***p<0.00]

Inflation
Coefficient

AQ@male

Z2llult

Adortality 0.0009

Male

adult

aaortality 0.0033

Nponatal
zgortality 0.0004

stneonatal

ne-to-five

gortality 0.0005
ortali 0.0009
30 K4

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

Confidence

interval

-0.0002 to 0.0021

0.0011 to 0.0055

0.0003 to 0.0006

0.0003 to 0.0008

0.0005 to 0.0012

P—value

0.1207

0.0036**

0.0000%**

0.0000%**

0.0000%**

Beta

coefficient

0.0215

0.054

0.0487

0.0486

0.0793

Unemployment

Coefficient

0.294

1.2104

0.1649

0.2678

0.3831

Confidence interval

-0.0762 to 0.6641

0.4854 to 1.9353

0.0823 to 0.2475

0.1505 to 0.3851

0.245t0 0.5212

P—value

0.1192

0.0011%*

0.0001***

0.0000%**

0.0000%**

Beta

coefficient

0.0383

0.1091

0.1006

0.1302

0.1919

GDP per capita
Coefficient Confidence interval

0.0419 -0.1572 t0 0.2411
-0.0976 -0.5171 t0 0.3218
0.0359 -0.0191 to 0.0909

0.067 -0.007 to 0.141

0.0972 0.0048 t0 0.1896
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P—value

0.6791

0.6474

0.1997

0.076

0.0392%*

Beta

coefficient

0.005

-0.008

0.02

0.0296

0.0443
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0.3018

0.5142

Beta

coefficient

0.0083

-0.01

-0.0036

0.0117

-0.0101
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1 TABLE D: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (only including data from 1996 to 2007)
2 The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
3 population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
‘51 structural differences (by introducing dummy variables for each of the 19 Latin American countries). We only looked at data from 1996 to 2007.
6
7 *p<0.05 *p<00] ***p<0.00]
8
9
10
11 Inflation Unemployment GDP per capita
12 Coefficient Confidence P—value Beta Coefficient Confidence interval P-value Beta Coefficient Confidence interval
13 interval coefficient coefficient
f male
ult
ﬁortality 0.0881  0.0265 to 0.1496 0.0053** 0.0266 0.2563 -0.1017 t0 0.6142 0.1593 0.0321 0.0852 -0.1012 to 0.2715
ale adult
ortality 0.1471  0.0136 to 0.2806 0.0311* 0.0371 0.4391 -0.3441 to 1.2222 0.2698 0.0461 -0.1221 -0.528 to 0.2838
onatal
Mortality 0.0044 -0.0049 to 0.0138 0.3504 0.0104 -0.0689  -0.1241t0-0.0136  0.0149* -0.0674 -0.0048 -0.0349 to 0.0254
4tdstneonatal
Adortality 0.0159  0.0017 to 0.0302 0.0281* 0.0308 -0.0566 -0.1173 to 0.0041 0.0673 -0.0454 0.0186 -0.0169 to 0.0541
A2ne-to-five
2@ortality 0.0132  -0.0012 to 0.0275 0.0721 0.029 -0.1226  -0.1976 t0-0.0475 0.0015** -0.1124 -0.0141 -0.0566 to 0.0284
24
25
26
27
28
29
30
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32
33
34
35
36
37
38
39
40
41
42
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44
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TABLE E: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for additional economic measures — real interest rates and
government debt (measured as % of GDP))

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
structural differences (by introducing dummy variables for each of the 19 Latin American countries). We included real interest rates and government debt as further controls.

£p<0.05 *p<00] ***<0.00]

©CoO~NOUTA,WNPE

12 Inflation Unemployment GDP per capita

13 Coefficient Confidence P—value Beta Coefficient Confidence interval P-value Beta Coefficient Confidence interval P— Beta
]11: interval coefficient coefficient value coefficient

male

fgult
ortality -0.0003  -0.0016 to 0.0011 0.699 -0.006 0.209  -0.2463 to 0.6643 0.3669 0.0261 0.0722  -0.1791t00.3234 0.5723 0.0077
ale adult

ﬁ?rtality 0.0002  -0.0027 to 0.003 0.9099 0.0027 1.353 0.6494 t0 2.0566  0.0002%** 0.1257 -0.1277  -0.6424t0 0.3871 0.6258 -0.0101
onatal

Afdortality 0.0000  -0.0004 to 0.0003 0.8905 -0.0027 0.2114 0.0972 t0 0.3256  0.0003%%** 0.1275 0.0203  -0.0529to 0.0934 0.5859 0.0104

Pbstneonatal

Adortality 0.0000  -0.0005 to 0.0004 0.8911 -0.003 0.2601 0.1052t0 0.4151  0.0011%** 0.127 0.0332  -0.0688t0 0.1352 0.5224 0.0138

APne-to-five

agortality 0.0001  -0.0006 to 0.0008 0.826 0.0069 0.3585 0.173t0 0.544  0.0002%** 0.1712 0.0457  -0.0901t0 0.1814 0.5082 0.0186

25

26

27

28
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32
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TABLE F: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for IMF bailouts)

BMJ Open

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
structural differences (by introducing dummy variables for each of the 19 Latin American countries). We controlled for bailouts from the International Monetary Fund.

*p <0.05

Inflation
Coefficient

male

0.0009

0.0033

onatal

JnQortality

0.0004

A% stneonatal

Adortality

0.0005

A2ne-to-five

a@ortality

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

0.0008

% 1) < 0,01

wxkp < 0,001

Confidence

interval

-0.0004 to 0.0023
0.0012 to 0.0054
0.0002 to 0.0006
0.0002 to 0.0008

0.0005 to 0.0011

P-value

0.1635

0.0025%*

0.0000%**

0.0001***

0.0000%**

Beta

coefficient

0.0223

0.0539

0.0450

0.0446

0.0744

Unemployment
Confidence interval

Coefficient

0.3939

1.1456

0.2837

0.4163

0.5426

0.0008 to 0.787

0.4156 to 1.8757

0.1835 t0 0.3839

0.28 to 0.5527

0.3789 to 0.7062

P—value

0.0495%*

0.0022%**

0.0000%**

0.0000%**

0.0000%**

Beta

coefficient

0.0513

0.1033

0.1730

0.2024

0.2718

GDP per capita
Confidence interval

Coefficient

0.0129

-0.0807

0.009

0.0336

0.0619
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-0.1974 t0 0.2232

-0.5205 to 0.359

-0.0522 t0 0.0701

-0.0479 t0 0.1151

-0.04 t0 0.1638

P—

value

0.9039

0.7183

0.7729

0.4180

0.2331

Beta

coefficient

0.0015

-0.0066

0.005

0.0149

0.0282
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TABLE G: The effects of rises in unemployment, inflation and per capita GDP on comparable mortality metrics from the World Bank.

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
structural differences (by introducing dummy variables for each of the 19 Latin American countries). We used mortality metrics from the World Bank instead of the IHME.

£p<0.05 *p<00] ***<0.00]

Inflation Unemployment GDP per capita

Coefficient Confidence P—value Beta Coefficient Confidence interval P—value Beta Coefficient Confidence interval P-value  Beta
interval coefficient coefficient coefficient

male

ﬁ(;:za;gilt -0.0097  -0.0376 to 0.0182 0.4934 -0.0035 -0.0385 -0.2424 t0 0.1654 0.7100 -0.0047 -0.1566  -0.2732t0-0.0401  0.0087** -0.0162

ortality -0.0318  -0.0763 to 0.0127 0.1602 -0.0081 0.1455 -0.1871 to 0.4782 0.3890 0.0126 -0.158 -0.3469 to 0.0309 0.1006 -0.0115
190(:'[:::3; 0.0005  0.0003 to 0.0007 0.0000%** 0.0398 0.0195 -0.0905 to 0.1295 0.7277 0.0131 -0.0018 -0.0535 to 0.0498 0.9451 -0.001
gggl-iﬁt;e 0.0019  0.0012 to 0.0026 0.0000%** 0.0577 1.0892 0.708 to 1.4703  0.0000%** 0.1811 0.1021 -0.128 to 0.3322 0.3834 0.0155

22
23
24
25
26
27
28
29
30
31
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34
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41
42
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45
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value

0.3088

0.6303

0.9960

0.2785

0.8661

Beta coefficient

0.0100

-0.0081

0.0001

0.0132

-0.003
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1 TABLE H: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for out-of-pocket expenses on healthcare and health expenditure
5 per capita (purchasing power parity — constant 2005 international dollars)).
3 The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
4 population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
5 structural differences (by introducing dummy variables for each of the 19 Latin American countries). We included out-of-pocket expenses on healthcare and health expenditure per capita as
6 further controls.
7
8
9 *p<0.05 **p<0.0] ***p<0.00]
10
11
12 . .
13 Inflation Unemployment GDP per capita
14 Coefficient Confidence P—value Beta Coefficient Confidence interval P-value Beta Coefficient Confidence interval
interval coefficient coefficient

]1l<5 male
éult

ortality 0.0741 0.0222 to0 0.126 0.0054** 0.0243 0.1709 -0.2386 to 0.5804 04115 0.0216 0.0957 -0.0892 to 0.2806

ale adult
2J:%)rtality 0.1557 0.0395t0 0.2718  0.0089** 0.0417 0.7225 -0.1427 to 1.5878 0.1012 0.0747 -0.0956 -0.4866 to 0.2954

onatal

Adortality 0.0060 -0.0028 to 0.0147 0.1786 0.0142 -0.0289 -0.0846 to 0.0269 0.3082 -0.0264 0.0001 -0.0331 to 0.0333
Fdstneonatal
2@ortality 0.0171 0.0048 to 0.0295  0.0067** 0.0342 -0.0197 -0.0854 to 0.0459 0.5535 -0.0152 0.0209 -0.017 to 0.0588
Ane-to-five
Jnortality 0.0108 -0.0025t0 0.0242 0.1107 0.025 -0.0789 -0.1633 to 0.0055 0.0666 -0.0703 -0.0041 -0.0518 to 0.0436
26
27
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30
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41
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TABLE I: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for the absolute value of GDP per capita).

The impact of annual changes in unemployment, inflation and the growth rate of GDP per capita on mortality metrics, controlling for population size, population structure (proportion of
population below 14 years of age, proportion of population above 65 years of age) and controlling for inter-country differences in healthcare infrastructure in addition to political, cultural and
structural differences (by introducing dummy variables for each of the 19 Latin American countries). We included the absolute value of GDP per capita for that year as another control.

*p<0.05 *p<00] ***p<0.00]
Inflation Unemployment GDP per capita

Coefficient Confidence P—value Beta Coefficient Confidence interval P-value Beta Coefficient Confidence interval P— Beta
interval coefficient coefficient value coefficient

:&46 male

ult

Jr§0rtality 0.0009 -0.0004 to 0.0022 0.1719 0.0215 0.4022 0.0155to0 0.7888 0.0415* 0.0524 0.0154 -0.2001 to 0.2308 0.8886 0.0018

Male adult

Afdortali 0.0033 0.0011 to 0.0054  0.0026** 0.0537 1.1559 0.4317to 1.88 0.0018** 0.1042 -0.0941 -0.5406 to 0.3524 0.6787 -0.0077
ty

Neonatal

ARortality 0.0004 0.0002 to 0.0006  0.0000%** 0.0456 0.2902 0.1887 t0 0.3918 0.0000%** 0.1771 -0.0102 -0.0722to 0.0518 0.7458 -0.0057

Pystneonatal

agortality 0.0005 0.0003 to 0.0008  0.0001%*** 0.0452 0.4255 0.2874 to 0.5635 0.0000%** 0.2069 0.0074 -0.0759 to 0.0906 0.8622 0.0033

A¥ne-to-five
zgortality 0.0008 0.0005 to 0.0011 0.0000%** 0.0751 0.5535 0.38731t00.7198 0.0000%** 0.2772 0.0305 -0.0729t00.134 0.5619 0.0139

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
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ABSTRACT

Objectives: The relative health effects of changes in unemployment, inflation and gross
domestic product (GDP) per capita on population health have not been assessed. We aimed to
determine the effect of changes in these economic measures on mortality metrics across Latin
America.

Design: Ecological study.

Setting: Latin America (21 countries), 1981-2010.

Outcome measures: Uses multivariate regression analysis to assess the effects of changes in
unemployment, inflation and GDP per capita on 5 mortality indicators across 21 countries in
Latin America, 1981-2010. Country-specific differences in healthcare infrastructure,
population structure and population size were controlled for.

Results: Between 1981 and 2010, a 1% rise in unemployment was associated with
statistically significant deteriorations (p<0.05) in 5 population-health outcomes, with largest
deteriorations in one-to-five years of age and male adult mortality rates (1.14 and 0.53 rises
per 1000 deaths respectively). A 1% rise in inflation rate was associated with significant
deteriorations (p<0.05) in 4 population health outcomes, with the largest deterioration in male
adult mortality rate (0.0033 rise per 1000 deaths). Lag analysis showed that 5 years after rises
in unemployment and inflation, significant deteriorations (p<0.05) occurred in 3 and 5
mortality metrics respectively. A 1% rise in GDP per capita was associated with no
significant deteriorations in population-health outcomes either in the short or long term. Beta
coefficient comparisons indicated that the effect of unemployment increases was substantially
greater than that of changes in GDP per capita or inflation.

Conclusions: Rises in unemployment and inflation are associated with long-lasting
deteriorations in several population-health outcomes. Unemployment exerted much larger

effects on health than inflation. In contrast, changes in GDP per capita had almost no
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association with the explored health outcomes. Contrary to neoclassical development
economics, policy makers should prioritise amelioration of unemployment if population

health outcomes are to be optimised.

Strengths and limitations of this study

e This study investigates three important macroeconomic measures across the Latin
America region; we hope that it will promote in-depth study of macroeconomic trends
in relation to population health outcomes in this region.

e Results validated by robustness checks (e.g. controlling for urbanisation and access to
water, and omitting data from 1981-1989), with more than 25 controls for inter-
country variations.

e Important unemployment variations exist at the subnational and regional levels, which
are not exposed by study at the multinational level.

e Further socio-demographic controls could be incorporated into the regression models
to isolate the respective effects of changes in unemployment, inflation and GDP per

capita more satisfactorily.
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INTRODUCTION

The recent economic history of Latin America has been dominated by financial crises,
including both the Latin American debt crisis of the early 1980s and the 2008 global financial
crash [1, 2, 3]. The most recent calamity has not affected Latin America as significantly as
previous crises, owing principally to more flexible exchange rate methods, the development
of domestic bond markets, and more credible monetary and fiscal policy [3, 4, 5, 6, 7, 8, 9].
However, in the wake of such crises, concerns have been raised over the potential adverse

effects on health outcomes [10, 11].

Although the mechanisms for such ‘healthconomic’ crises have been studied at the theoretical
level [12, 13], empirical insights remain limited. In particular, there is a paucity of evidence
originating outside of Europe and North America, especially in Latin America [14, 15, 16,
17]. The majority of studies have focused on single or small groups of countries, with limited
numbers of population outcomes and few economic measures, most commonly
unemployment levels. However, the adverse health effects of economic indicators such as
gross domestic product (GDP) and inflation have been less well explored. As a result, few
studies provide a comprehensive analysis of the relationship between population health and

economic trends [18, 19, 20, 21, 22, 23, 24, 25].

We build on earlier studies by exploring over a 30-year period the relationship between three
economic metrics — unemployment level, inflation rate, and GDP per capita — and six
population health outcomes across the 21 states of Latin America. In what we believe to be

the first study that analyses the health consequences of these economic metrics, we aim to

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 35

"yBuAdoo Ag peroalold 1sanb Ag €20z ‘8z Jequiaidas uo /wod fwg uadolwgy/:dny woiy papeojumod "9T0Z Arenuer 9 Uo 945/ 00-7T0Z-uadolwg/9eTT 0T se paysiiand isiy :uadO [NY


http://bmjopen.bmj.com/

Page 5 of 35

©CoO~NOUITA,WNPE

BMJ Open

provide a better understanding of the relationship between government policies adopted in

economic crises and health outcomes.
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METHODS

Year-on-year data were obtained from the Institute for Health Metrics and Evaluation
(IHME) [26, 27] and the World Bank’s Development Indicators and Global Development
Finance 2013 edition [28] (Table 1). Metrics investigated included: unemployment rate,
inflation rate and GDP per capita, and five population health outcomes (Table 1). Data were

analysed for the 21 states of Latin America (Table 2).

In accordance with the World Bank definitions, the unemployment level was defined as the
share of the labour force that is without work but available and seeking employment [29].
Inflation rates, as determined by consumer price index, were determined using the Laspeyres
formula [30]. The annual rate of change in GDP was measured on a per capita basis to

facilitate the comparison of differently-sized countries.

This ecological study uses multivariate regression analysis to assess the relationship between
population health outcomes (dependent variables) and unemployment, inflation, and the
growth rate of GDP per capita (independent variables). To ensure that results were not driven
by extreme observations for certain countries, a fixed-effects approach was used in the
regression models, including 20 dummy variables to account for the 21 countries in the
dataset. Demographic structure of the countries analysed was controlled for by incorporating
total population size. In addition, we incorporated the percentage of the population more than

65 years old and less than 14 years of age into the model.

All of the three independent variables under investigation (namely unemployment level,

inflation rate, and the growth rate of GDP per capita) were included in all the regression
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models, permitting, for example, unemployment and inflation to be controlled for when
evaluating the effects of the growth rate of GDP per capita. We therefore ran 5 multiple
regression models,with five different dependent variables and extracted the coefficients of the
three independent variables of interest.

We thus used the following model:

Hi= ﬂo +ﬂleit +...+ ,Bkait + Uit+77t

where Hj; is the mortality-based response variable for which i is country and ¢ is time in
years; X represents the independent variables, which include the three economic indicators
of interest as well as the standard or expanded set of control variables; S is the coefficient for
the independent variables; and Uy is the error term; and # is a dummy variable for the

countries included in the regression model.

We used the Cook-Weisberg test [31] to assess for and to confirm heteroskedasticity (where
sub-samples have different distributions) in the data used. Robust Standard Errors were
therefore included in the regression models. We conducted 1, 3 and 5-year time-lag
multivariate analyses to quantify the medium-to long-term health effects of changes in

unemployment, inflation or GDP per capita.

We performed a series of robustness checks, after which the multiple regression analyses
were re-run. Robustness checks included: excluding year-to-year fluctuations in mortality
metrics exceeding 150%; excluding year-on-year unemployment, inflation and GDP per
capita changes exceeding 150%; controlling for urbanisation; omitting data from 1981-1995,
and 2008-2010, thereby excluding the Latin American debt crisis and the imposition of
military rule in certain states, in addition to the recent global recession; controlling for

additional economic measures — real interest rates and government debt; controlling for
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International Monetary Fund bailouts; repeating the analysis using mortality data from the
World Bank; and controlling for out-of-pocket expenses in addition to health expenditures

per capita.

Stata SE version 12 was used for the analysis (Stata Corporation, Texas, USA).
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TABLE 1: Indicator definitions

P OO~NOULAWNPE

0 Name Definition Years data are available Data Source
11| Female adult mortality Number of deaths per 1,000 female adults 1981-2010 IHME

Male adult mortality Number of deaths per 1,000 male adults 1981-2010 IHME

14 "Neonatal mortality Deaths per 1,000 live births (before age of 1 month) 1981-2010 IHME

16 | Postneonatal mortality Number of deaths per 1,000 per year (after the age of 1 1981-2010 IHME
17 month, before 1 year)
18 One-to-five mortality Deaths per 1,000 live births (over the age of 1 year, under 5 1981-2010 IHME
years)

41 Sources:

42 http://ghdx.healthmetricsandevaluation.org/record/infant-and-child-mortality-estimates-country-1970-2010

43 http://ghdx.healthmetricsandevaluation.org/record/adult-mortality-estimates-country-1970-2010

44

45
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1
2
3
4
5 TABLE 2: States of Latin America
s Civil registration coverage of cause
8Country Total population in 2010 Inflation (consumer prices) in Unemployment in 2010 GDP per capita in 2010 (US$) of death (%)*
2010 (%) (% of total labour force)
1 frgentina 40,374,224 n/a 7.7 9,133 99.2 (2008-2010)
Eolivia 10,156,601 2.5 n/a 1,935 n/a
18razil 195,210,154 5.0 n/a 10,978 93 (2008-2010)
13hile 17,150,760 1.4 8.1 12,671 97.7 (2007-2009)
L8olombia 46,444,798 23 11.6 6,180 98.5 (2007-2009)
Costa Rica 4,669,685 5.7 73 7,783 90.4 (2009-2011)
[ Guba 11,281,768 n/a 2.5 n/a 99.8 (2008-2010)
1Bominican Republic 10,016,797 6.3 124 5,157 56.9 (2010)
18cuador 15,001,072 3.6 5.0 4,501 85.3 (2008-2010)
201 salvador 6,218,195 1.2 7.0 3,444 77.1 (2007-2009)
“Guatemala 14,341,576 3.9 3.5 2,882 85.3 (2007-2009)
S Haiti 9,896,400 5.7 21.0 670 9.5 (2000-2004)
oHonduras 7,621,204 4.7 4.8 2,078 53.9 (1990-1994)
28lexico 117,886,404 42 5.2 8,779 93.9 (2008-2010)
2Ricaragua 5,822,209 5.5 8.0 1475 67.6 (2009-2011)
“Panama 3,678,128 3.5 6.5 7,229 90.3 (2007-2009)
- Raraguay 6,459,721 47 5.7 3,101 81.8 (2008-2010)
3Peru 29,262,830 1.5 7.9 5,047 66.8 (2008-2010)
Bfuerto Rico 3,721,208 n/a 16.1 26,106 n/a
B8ruguay 3,371,982 6.7 6.8 11,520 99 (2008-2010)
zgenezuela, RB 29,043,283 28.2 8.6 13,559 100 (2007-2009)
35
36
37 * Period selected on the basis of availability, overlap with the 1981-2010 study period and proximity to 2010. From http://apps.who.int/gho/data/node.main.121.
38
39 Source:
40 http://data.worldbank.org/indicator
41
42
P 10
45
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TABLE 3: The effects of rises in unemployment, inflation and GDP per capita on mortality metrics

*p<0.05

#*p < 0.01

*HEp < 0.001

Inflation

Unemployment

GDP per capita

Coefficient

Confidence interval

P—value

Beta
coefficient

Coefficient

Confidence interval

P—value

Beta
coefficient

Coefficient | Confidence interval

P—value

Beta
coefficient

18 Female adult
14 mortality

0.0009

-0.0004 to 0.0022

0.1710

0.0215

0.4033

0.0248 t0 0.7818

0.0368*

0.0525

0.0140 -0.1955 to 0.2236

0.8952

0.0017

- Male adult
[ mortality
R

0.0033

0.0012 to 0.0054

0.0024**

0.0540

1.1446

0.4271 to 1.8621

0.0019**

0.1032

-0.0809 -0.5197 to 0.3580

0.7173

-0.0066

Neonatal
mortality

0.0004

0.0002 to 0.0006

0.0000%***

0.0487

0.2748

0.1729 to 0.3768

0.0000%***

0.1677

0.0079 -0.0529 to 0.0687

0.7983

0.0044

Postneonatal
mortality

0.0005

0.0003 to 0.0008

0.0007 ***

0.0486

0.4044

0.2658 to 0.5430

0.0000%***

0.1966

0.0321 -0.0490 to 0.1133

0.4363

0.0142

One-to-five
mortality

0.0009

0.0006 to 0.0012

0.0000%***

0.0794

0.5284

0.3624 to 0.6944

0.0000%***

0.2646

0.0602 -0.0412 to 0.1615

0.2438

0.0274
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TABLE 4: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics — 1 year lag

*p < 0.05

< 0.01

w8 < 0,001

Page 12 of 35

Inflation

Unemployment

GDP per capita

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient | Confidence interval

P-value

Beta
coefficient

14 Female adult
- mortality

0.0009

-0.0003 to 0.0021

0.1443

0.0211

0.4012

0.0385 to 0.7639

0.0302*

0.0529

-0.0003 -0.2026 to 0.2020

0.9976

-0.0000

: Male adult
3 mortality

0.0033

0.0013 to 0.0053

0.0011**

0.0552

0.9070

0.2322 to 1.5817

0.0086**

0.0833

-0.1244 -0.5577 to 0.3090

0.5728

-0.0104

Neonatal
mortality

3

N

0.0004

0.0002 to 0.0006

0.0000%3*x*

0.0479

0.2718

0.1758 t0 0.3679

0.0000%**x*

0.1723

-0.0076 -0.0661 to 0.0510

0.7996

-0.0044

Y Postneonatal
mortality

0.0005

0.0003 to 0.0008

0.0007 ***

0.0478

0.3985

0.2693 t0 0.5278

0.0000%***

0.2033

0.0154 -0.0622 to 0.0930

0.6963

0.0071

One-to-five
- mortality

0.0008

0.0005 to 0.0011

0.0000%**

0.0796

0.5099

0.3546 to 0.6653

0.0000%***

0.2708

0.0533 -0.0426 to 0.1492

0.2752

0.0257

NNNNNRPRPRPRPRRERRE
O 1=

FANet

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
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TABLE 5: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics — 3 vear lag

P OO~NOULAWNPE

0
11
12

*p<0.05

#*p < 0.01

*HEp < 0.001

Inflation

Unemployment

GDP per capita

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient | Confidence interval

P—value

Beta
coefficient

18 Female adult
14 mortality

0.0010

0.0005 to 0.0016

0.0004***

0.0249

0.3950

0.0441 to 0.7460

0.0275*

0.0530

-0.1037 -0.5312 to 0.3239

0.6336

-0.0089

- Male adult
[ mortality
R

0.0032

0.0018 to 0.0045

0.0000%**

0.0565

0.3564

-0.2433 to 0.9560

0.2432

0.0341

0.0116 -0.0444 to 0.0675

0.6838

0.0072

Neonatal
mortality

0.0004

0.0002 to 0.0005

0.0000%**

0.0474

0.2699

0.1822 to 0.3576

0.0000%***

0.1866

0.0403 -0.0323 t0 0.1129

0.2755

0.0204

Postneonatal
mortality

0.0005

0.0002 to 0.0007

0.0007 ***

0.0473

0.3977

0.2840 to 0.5113

0.0000%***

0.2251

0.0807 -0.0072 to 0.1686

0.0718

0.0432

One-to-five
mortality

0.0007

0.0004 to 0.0010

0.0000%***

0.0792

0.5024

0.3656 to 0.6391

0.0000%***

0.3007

-0.0452 | -0.07851t0-0.0118

0.0082**

-0.0606

NNNNNRPRRRERR
AW PO T

NDNDNDNN
© 00N O

w
o

ADDBADIMDDDEDIMDOWWWWWWWW
NO U BRARWNRPOOO~NOORA,WNE

S D
O

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

13

y6uAdod Ag parosiold 1senb Ag €20z ‘8z J8qwisidas uo /wod fwg uadofwg//:dny woij papeojumoq 910z Arenuer 9 uo 915/00-7T0Z-uadolwag/9eTT 0T st paysiignd 1s11y :uadO (NG



http://bmjopen.bmj.com/

BMJ Open Page 14 of 35

TABLE 6: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics — 5 year lag

*p<0.05 *p<0.0] **%p<0.00]

P OO~NOULAWNPE

0 Inflation Unemployment GDP per capita

11 Coefficient | Confidence interval P-value Beta Coefficient Confidence interval | P—value Beta Coefficient | Confidence interval | P-value | Beta

12 coefficient coefficient coefficient
18 Female adult
14 mortality 0.0010 0.0005 t0 0.0016 | 0.0003*** 0.0274 0.2477 -0.0808 to 0.5763 0.1388 0.0340 -0.0559 -0.1684 t0 0.0138 0.0256 0.0489
- Male adult
R mortality 0.0024 0.0015 to0 0.0034 | 0.0000*** 0.0466 -0.4018 -0.9154t00.1118 0.1247 -0.0400 -0.1684 -0.5242 10 0.1874 0.3523 -0.0146
Neonatal
mortality 0.0003 0.0002 to 0.0005 | 0.0001*** 0.0448 0.2417 0.1623 t0 0.3211 | 0.0000*** 0.1804 0.0138 -0.0375 t0 0.0652 0.5960 0.0090
Postneonatal
mortality 0.0004 0.0002 to 0.0006 | 0.0007*** 0.0431 0.3528 0.2521 t0 0.4534 | 0.0000*** 0.2190 0.0256 -0.0409 to 0.0921 0.4496 0.0138
One-to-five

mortality 0.0006 0.0003 to 0.0008 | 0.0000%** 0.0707 0.4396 0.3183 t0 0.5609 | 0.0000%*** 0.2928 0.0489 -0.0312 to 0.1291 0.2304 0.0284

NNNNNRPRRRERR
AW PO T

NDNDNDNN
© 00N O

w
o

A DDBEBDNOWWWWWWWW
WNPFPOOONOOOULASWN P

14

A A D
(o2 I F SN

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

N
~

y6uAdod Ag parosiold 1senb Ag €20z ‘8z J8qwisidas uo /wod fwg uadofwg//:dny woij papeojumoq 910z Arenuer 9 uo 915/00-7T0Z-uadolwag/9eTT 0T st paysiignd 1s11y :uadO (NG

S D
O


http://bmjopen.bmj.com/

Page 15 of 35

©CoO~NOUITA,WNPE

BMJ Open

RESULTS

Table 3 shows the results of the 15 regression models for the 21 Latin American states. A 1%
rise in unemployment was associated with statistically significant (p<0.05) deteriorations in
all five population health outcomes (neonatal, postneonatal, one-to-five years of age, female
adult and male adult mortality). The largest deteriorations were in one-to-five years of age
and male adult mortality rates (1.14 and 0.53 rises; p<0.01 and p<0.0001 respectively). Lag
analysis revealed that at 1, 3 and 5 years after unemployment rises, 5, 4 and 3 metrics
displayed significant deteriorations respectively, with the magnitude of the effect declining

over time (Tables 4, 5 and 6).

A 1% rise in inflation was associated with significant deteriorations (p<0.05) in 4 population
health outcomes (neonatal, postneonatal, one-to-five years of age, and male adult mortality),
with the largest deterioration in male adult mortality (0.0033, p<0.01). Lag analysis revealed
that at 1, 3 and 5 years after a rise in inflation, 4, 5 and 5 metrics displayed significant
deteriorations respectively, with the magnitude of the effect declining over time (Tables 4, 5

and 6).

A 1% rise in GDP per capita was associated no significant deteriorations in population health
outcomes. Lag analysis revealed that no metrics displayed significant changes at 1 or 5 years
after changes in GDP per capita (Tables 4 and 6). However, at 3 year lag, an increase and
improvement in GDP per capita was associated with an improvement in one-to-five years of
age mortality (p<0.01). Notably, removing inflation and unemployment as controls from the
regression model, revealed that increases in GDP per capita were associated in significant

improvements in all five mortality measures (p<0.01).
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Beta coefficient comparisons indicated that, at lags of 0, 1, 3 and 5 years, the effect of
changes in unemployment levels was greater than the effect of changes in GDP per capita or
inflation. More specifically, changes in unemployment were associated with approximately
two-fold larger deteriorations in male adult mortality, three-fold larger deteriorations in
neonatal and one-to-five years of age mortality, and four-fold larger deteriorations in

postneonatal mortality, compared to inflation.

To assess the validity of these results, a series of robustness checks were conducted. First,
observations with year-to-year fluctuations in mortality metrics exceeding 150% were
removed (Appendix Table A). Re-running the regression analyses produced highly similar
results: 4, 4 and 0 population health outcomes demonstrated significant associations with
unemployment, inflation and GDP per capita changes respectively. Second, the analysis was
repeated after excluding annual unemployment, inflation and GDP per capita changes
exceeding 150% (Appendix Table B), all five mortality measures showed significant
deteriorations with unemployment rises, with no significant associations for inflation or GDP
per capita; suggesting potential skewness of the inflation data. Third, controlling for
urbanisation yielded significant associations between 4, 4, and 0 mortality metrics and
unemployment, inflation, and GDP per capita levels respectively (Appendix Table C).
Fourth, omitting data from 1981-1995 and 2008-2010, thereby excluding the Latin American
debt crisis and the imposition of military rule in certain states, in addition to the recent global
recession. Despite substantially reducing the size of the dataset, this yielded significant
associations between 2, 3 and 0 mortality metrics and unemployment, inflation, and GDP per
capita levels respectively (Appendix Table D). Fifth, due to the variable and at times high
debt levels experienced by Latin American countries, we controlled for government debt

(measured as percentage of GDP) and real interest rates. Significant associations were found
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between 4, 0 and 0 mortality metrics, and unemployment, inflation and GDP per capita
respectively (Appendix Table E). Sixth, because several Latin American countries received
International Monetary Fund bailouts (defined as loans made from the General Resources
Account of the IMF to countries), we controlled for this. Significant associations were found
between 3, 0 and 0 mortality metrics, and unemployment, inflation and GDP per capita
respectively (Appendix Table F). Seventh, we re-ran the analysis using mortality data from
the World Bank’s Development Indicators and Global Development Finance 2013 edition,
yielding significant associations between 2, 3 and 1 mortality metrics and unemployment,
inflation, and GDP per capita levels respectively (Appendix Table G). Finally, we controlled
for out-of-pocket expenses on healthcare and health expenditure per capita (measured as
purchasing power parity — constant 2005 international dollars). Significant associations were
found between 0, 3 and 0 mortality metrics, and unemployment, inflation and GDP per capita
respectively (Appendix Table H). Notably, across all robustness checks where mortality
measures displayed significant deteriorations with rises in inflation and unemployment, beta
coefficients consistently indicated that unemployment exerted a substantially larger effect of

mortality.
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DISCUSSION

This analysis, we believe is the first to include the three economic dimensions of
unemployment, inflation and GDP per capita, and evaluate their effects on population health
outcomes in the 21 states of Latin America. As demonstrated recently [32], the interplay
between such economic variables plays a significant role in policy development. Our study
provides new findings to inform policy discussions in Latin America when trade-offs exist
between unemployment, inflation and GDP levels. We have demonstrated that increases in
unemployment and inflation are associated with significant deteriorations in population
health outcomes up to five years after the episode, including neonatal, postneonatal, one-to-

five years of age, and female and male adult mortality rates.

Of the three economic variables monitored, rises in unemployment affected mortality metrics
most broadly, as determined by significant associations with all five mortality metrics
analysed. These changes were also substantially greater (up to four-fold) than those observed
with inflation. For both increases in unemployment and inflation, at least 3 mortality metrics
remained significantly affected over subsequent 5-year periods, indicating their long-term
effects on population health. Notably, changes in GDP per capita exhibited almost no

association with deteriorations or improvements in public health outcomes.

Policy implications for Latin America’s current crisis

The policy recommendations of this study are clear. First, there are policy implications of our

findings for unemployment. The association and causal link between employment status and

health is frequently discussed [33]. For example, unemployment is associated with increased
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prevalence of psychological problems and unhealthy behaviours, in part due to poorer
nutrition and reduced access to health care, in addition to rises in suicide rates [19, 20, 21, 34,
35, 36, 37, 38, 39]. One time trend analysis found that suicide rates were 6.4% higher in 18
American countries than expected trends had predicted in the year following the global
economic crash and rises in male suicide rates correlated with the magnitude of
unemployment increases [37]. Another ecological study on the impact of the economic crisis
in Greece used a join-point analysis on data from the Hellenic Statistical Authority to show a
clear increase in suicides in working-age persons that coincided with austerity measures [40].
In our analysis, unemployment proved to be the most significant predictor of adult mortality,
with rising unemployment associated with significant deteriorations in all five population
health outcomes. Controlling for out-of-pocket expenses and healthcare expenditure per
capita removed the effect of unemployment on the evaluated mortality measures, suggesting
that out-of-pocket expenses and the inability of the unemployed to pay these may have a

dominant role in the link between unemployment and adverse health.

A prior study by members of the present group used data from the World Bank and World
Health Organization to analyse the effects of changes in unemployment and public healthcare
expenditure on cerebrovascular mortality across 99 countries between 1981and 2009 [41].
Using similar methods, controlling for country-specific differences in infrastructure and
demographics and performing one- to five-year lag analyses and robustness checks, the
investigators found that increases in unemployment and reductions in public healthcare
expenditure are associated with significant increases in cerebrovascular mortality. Of note,

these changes were independent of changes in inflation and GDP per capita.
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Second, in recent decades, economic policy in Latin America has been focused on inflation
reduction. Low inflation appears to hold certain benefits for public health. Above-target
inflation levels can lead to economic instability and uncertainty, which in turn may disrupt
financing of health systems. Inflation rates may therefore be correlated to reduced access and
poorer quality health care [42, 43]. Since the mid-1990s, inflation targeting has been adopted
by a handful of Latin American countries, including Peru, Mexico, Chile and Colombia,
where it has been accompanied by improved short-term macroeconomic outcomes and

medium-term economic growth [44].

However, targeting low inflation has disadvantages. Pursuing low inflation can interfere with
other economic targets, including reduction of unemployment or avoiding falls in GDP. In
the sphere of Latin American economics, this interaction will be continually debated. From a
public health perspective we advocate targeting unemployment at the expense of changes in
inflation and GDP, to maintain population health particularly during economic downturns and
crises. This is reinforced by our finding that in some robustness checks inflation did not
demonstrate significant associations with mortality measures, whereas unemployment did —
specifically after controlling for additional economic measures, and removing changes in

inflation, unemployment and GDP per capita >150% from the data set.

Third, our analysis contributes to discussions over the impact of GDP per capita changes on
public health which have thus far focused on North America and Europe, and have met with
conflicting results [20, 21, 22, 23]. Although high levels of GDP per capita may lead to
increases in health expenditures, our study suggests that the association between GDP per
capita and population health outcomes in Latin America is weak. Notably, after removing

inflation and unemployment as controls from our regression analysis, GDP per capita
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increases were found to be associated with improvements in all mortality metrics. This
suggests that GDP per capita changes may exert their effects on population health
predominantly via subsequent variations in unemployment and inflation. In the current global

economic climate, this finding is highly relevant.

This supports the findings of studies showing, for example, that economic expansions over
the course of the twentieth century were associated with raised mortality when regressing
age-adjusted total mortality rates for specific population groups on GDP [21]. Proposed
explanations for such changes have referred to rises in alcohol and tobacco consumption,
reduced immune resilience with increased stress and less sleep, less social interaction, and
increases in transport-related mortality. In the aftermath of the global financial crash, a
significant proportion of the debate among policy makers has centred around the association
between GDP and health outcomes [45, 46]. Our findings suggest that this discussion must be
expanded to incorporate other economic metrics and that this should be a focus for future

study.

Finally, levels of unemployment, inflation and GDP per capita frequently change. Their
effects on population health are likely to be substantial, but are rarely considered. The wide-
ranging and long-lasting health impact of changes in the investigated economic variables
emphasises the need for health consequences to be considered in policy analyses. Indeed,
despite the increasing body of evidence correlating crises with deteriorations in health
outcomes [18, 19, 20], public health voices have remained largely silent in recent times, with

limited influence on economic policy discourse or responses.

Limitations of the study
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This study has several limitations. First, we focused on selected mortality measures. The
effects on other health measures could yield different results. Second, we evaluated
population health outcome and economic trends at the multinational level when, in fact,
important unemployment variations exist at the subnational and regional levels [47]. Third, to
isolate the respective effects of the changes in unemployment, inflation and GDP per capita
more satisfactorily, additional socio-demographic controls could have been incorporated into

the regression models.

Overall, the robustness checks performed served to validate our results by corroborating our
original analyses. In the cases of controlling for urbanisation and access to water, and
omitting data from 1981-1989, fewer mortality metrics were affected by changes in

unemployment and inflation, suggesting that these factors may have affected our analyses.

Given its nature as an ecological study, we have been careful to avoid making inferences
from the population data at the individual level. Numerous confounders have not been
controlled for in our multivariate regression analysis and alternative time trend associations
may yet be found. As such, we can only hypothesise about associations highlighted by our
data and have strayed from making claims of causality. Of the nine Bradford Hill criteria for
causation [48], our findings for the relationship between unemployment and inflation on
mortality outcomes meet criteria for strength, consistency, temporality, plausibility,
biological gradient, and analogy. The strength and consistency criteria are not held for our

findings on GDP per capita.
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Nevertheless, our study investigated three important economic measures with 26 controls for
inter-country variations, using numerous robustness checks. We have also considered all

countries within Latin America, enabling discussion of trends across the region.

Conclusions

The impact of economic downturns on population-health outcomes in Latin America has until
now remained largely unevaluated. The present study has revealed that increases in
unemployment have strong negative effects on public health in Latin America, which are
both broader and stronger than either inflation or GDP per capita changes. Our analysis has
also revealed that inflation exerts broad and long-lasting negative effects on population health
outcomes, whereas changes in GDP per capita exhibits almost no association with the
explored mortality measures. Although the interactions between these economic metrics are
complex, policy makers should prioritise the control of unemployment if population health

outcomes are to be optimised.
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TABLE A: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (excluding inter-year variations of >150%).

*p < 0.05

< 0.01

5 < (.001

Page 28 of 35

Inflation

Unemployment

GDP per capita

©CoO~NOUTA,WNPE

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient

Confidence interval

P-value

Beta

coefficient

Coefficient

Confidence interval

P—value

Beta coefficient

JF@male adult
mortality

0.0011

0.0035 to 0.0005

0.0006

0.0010

0.4801

1.2323 to 0.2859

0.419

0.5391

0.0681

-0.0224 to 0.025

0.0547

0.0772

ale adult
Anortality

0.0035

0.0013 to 0.0056

0.0015%**

0.0584

1.2323

0.4982 to 1.9663

0.0011%**

0.1130

-0.0224

-0.4635 to 0.4186

0.9204

-0.0018

“Neonatal
rtality

0.0005

0.0003 to 0.0007

0.0000%**

0.0578

0.2859

0.1813 to 0.3906

0.0000%***

0.1802

0.025

-0.0369 to 0.0869

0.4277

0.0141

Xbfant
Taortality

0.0006

0.0004 to 0.0009

0.0000%**

0.0584

0.419

0.2776 to 0.5604

0.0000%**x*

0.211

0.0547

-0.0277 t0 0.1371

0.1926

0.0247

nder-five
_ﬁ)rtality

0.001

0.0007 to 0.0013

0.0000%**

0.0922

0.5391

0.3684 to 0.7097

0.0000%***

0.2822

0.0772

-0.0274 to 0.1817

0.1473

0.0362

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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*p < 0.05

< 0.01

5 < (.001

BMJ Open

TABLE B: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (excluding inter-annual unemployment, inflation and GDP/capita changes >150%).

Inflation

Unemployment

GDP per capita

©CoO~NOUTA,WNPE

Coefficient

Confidence interval

P-—value

Beta
coefficient

Coefficient

Confidence interval

P—value

Beta coefficient

Coefficient

Confidence interval

P-value

Beta coefficient

JF@male adult
mortality

0.0017

-0.0026 to 0.006

0.4373

0.0119

0.6126

0.1886 to 1.0365

0.0048**

0.0883

-0.3496

-0.7099 to 0.0108

0.0572

-0.0334

ale adult
Anortality

0.0083

-0.0027 to 0.0192

0.1379

0.0403

1.3125

0.2962 to 2.3288

0.0116*

0.1317

-0.978

-1.791 to -0.165

0.0186*

-0.065

“Neonatal
rtality

0.0007

-0.0007 to 0.0021

0.327

0.0226

0.2795

0.1395 t0 0.4196

0.0001 ***

0.1885

-0.036

-0.1389 to 0.0669

0.491

-0.0161

Ibfant
Taortality

0.0006

-0.0012 to 0.0024

0.5146

0.0158

0.3964

0.2131 t0 0.5798

0.0000%*x*

0.2196

-0.0295

-0.1691 to 0.1101

0.6773

-0.0108

nder-five
_ﬁ)rtality

0.0013

-0.001 to 0.0036

0.2735

0.0365

0.5223

0.279 to 0.7657

0.0000%***

0.3067

-0.0116

-0.2002 to 0.1771

0.904

-0.0045

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
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45
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TABLE C: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for urbanisation rates).

*p<0.05 *p<0.0] **p<0.00]

Inflation Unemployment GDP per capita

O~NO U WN P

Coefficient | Confidence interval | P—value Beta Coefficient | Confidence interval | P—value Beta coefficient | Coefficient | Confidence interval | P—value | Beta coefficient
coefficient

Yemale adult
Tbrtality 0.0009 -0.0002 to 0.0021 0.1207 0.0215 0.294 -0.0762 to 0.6641 0.1192 0.0383 0.0419 -0.1572t0 0.2411 0.6791 0.005

Male adult
mortality 0.0033 0.0011 to 0.0055 0.0036** 0.054 1.2104 0.4854 to 1.9353 0.0011%** 0.1091 -0.0976 -0.5171t0 0.3218 | 0.6474 -0.008

L5

onatal
%}rtality 0.0004 0.0003 to 0.0006 0.0000%*** 0.0487 0.1649 0.0823 to 0.2475 | 0.0001*** 0.1006 0.0359 -0.0191 to 0.0909 0.1997 0.02

fifant
l&rtality 0.0005 0.0003 to 0.0008 0.0000%** 0.0486 0.2678 0.1505 to 0.3851 | 0.0000*** 0.1302 0.067 -0.007 to 0.141 0.076 0.0296

AGder-five
Trportality 0.0009 0.0005 to 0.0012 0.0000%** 0.0793 0.3831 0.245t0 0.5212 | 0.0000%*** 0.1919 0.0972 0.0048 to 0.1896 | 0.0392%* 0.0443

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
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*p<0.05

#*p < 0.01

**Ep < 0.001

TABLE D: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (only including data from 1996 to 2007)

Inflation

Unemployment

GDP per capita

~NoO b WNPE

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient

Confidence interval

P-value

Beta coefficient

Coefficient

Confidence interval

P—value

Beta coefficient

Female adult
gnortality

0.0881

0.0265 to 0.1496

0.0053**

0.0266

0.2563

-0.1017 to 0.6142

0.1593

0.0321

0.0852

-0.1012 to 0.2715

0.368

0.0083

Male adult
mortality

0.1471

0.0136 to 0.2806

0.0311*

0.0371

0.4391

-0.3441 to 1.2222

0.2698

0.0461

-0.1221

-0.528 t0 0.2838

0.5532

-0.01

onatal
Jprtality

0.0044

-0.0049 to 0.0138

0.3504

0.0104

-0.0689

-0.1241 to -0.0136

0.0149*

-0.0674

-0.0048

-0.0349 to 0.0254

0.755

-0.0036

I:fant
ortality

0.0159

0.0017 to 0.0302

0.0281*

0.0308

-0.0566

-0.1173 to 0.0041

0.0673

-0.0454

0.0186

-0.0169 to 0.0541

0.3018

0.0117

Hder-five
Tfortality

0.0132

-0.0012 to 0.0275

0.0721

0.029

-0.1226

-0.1976 to -0.0475

0.0015%**

-0.1124

-0.0141

-0.0566 to 0.0284

0.5142

-0.0101

17
18
19
20
21
22
23
24
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

y6uAdod Ag parosiold 1senb Ag €20z ‘8z J8qwisidas uo /wod fwg uadofwg//:dny woij papeojumoq 910z Arenuer 9 uo 915/00-7T0Z-uadolwag/9eTT 0T st paysiignd 1s11y :uadO (NG



http://bmjopen.bmj.com/

*p<0.05

as % of GDP))

#*p < 0.01

*HEp < 0.001
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TABLE E: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for additional economic measures — real interest rates and government debt (measured

Inflation

Unemployment

GDP per capita

O~NO U WN P

Coefficient

Confidence interval

P-value

Beta
coefficient

Coefficient

Confidence interval

P—value

Beta coefficient

Coefficient

Confidence interval

P-value

Beta coefficient

Yemale adult
Tbrtality

-0.0003

-0.0016 to 0.0011

0.699

-0.006

0.209

-0.2463 to 0.6643

0.3669

0.0261

0.0722

-0.1791 to 0.3234

0.5723

0.0077

Male adult
mortality

0.0002

-0.0027 to 0.003

0.9099

0.0027

1.353

0.6494 to 2.0566

0.0002°%**

0.1257

-0.1277

-0.6424 to 0.3871

0.6258

-0.0101

L5

j§onatal
niortality

-0.0004 to 0.0003

0.8905

-0.0027

0.2114

0.0972 to 0.3256

0.0003***

0.1275

0.0203

-0.0529 to 0.0934

0.5859

0.0104

fiifant
lﬁlrtality

-0.0005 to 0.0004

0.8911

-0.003

0.2601

0.1052 to 0.4151

0.0011%*x*

0.127

0.0332

-0.0688 to 0.1352

0.5224

0.0138

A6rder-five
Trportality

0.0001

-0.0006 to 0.0008

0.826

0.0069

0.3585

0.173 to 0.544

0.0002°%**

0.1712

0.0457

-0.0901 to 0.1814

0.5082

0.0186

18
19
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*p<0.05

#*p < 0.01

**Ep < 0.001

BMJ Open

TABLE F: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for IMF bailouts)

Inflation

Unemployment

GDP per capita

~NoO b WNPE

Coefficient

Confidence interval

P—value

Beta
coefficient

Coefficient | Confidence interval

P—value

Beta coefficient

Coefficient | Confidence interval

P-value

Beta coefficient

Female adult
gnortality

0.0001

-0.001 to 0.0012

0.7916

0.0066

0.1447 -0.7016 to 0.991

0.7344

0.0207

-0.2277 -0.7327 t0 0.2772

0.3719

-0.0217

Male adult
mortality

0.0017

-0.0001 to 0.0035

0.0603

0.0468

1.3063 -0.1453 to 2.7579

0.0771

0.1151

0.0167 -0.9695 to 1.0029

0.9732

0.001

onatal
Jprtality

0.0001

-0.0002 to 0.0004

0.4532

0.0197

0.2948 0.0597 t0 0.53

0.0147*

0.1548

-0.0529 -0.2256 to 0.1198

0.5436

-0.0185

I:fant
ortality

0.0001

-0.0003 to 0.0005

0.5944

0.0149

0.4509 0.1337t0 0.768

0.0059**

0.1867

0.0225 -0.2014 to 0.2464

0.842

0.0062

Hder-five
Tfortality

0.0003

-0.0004 to 0.0010

0.3626

0.0391

0.566 0.1519 to 0.9801

0.0080%**

0.2246

0.0583 -0.2095 to 0.3261

0.6659

0.0154

17
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TABLE G: The effects of rises in unemployment, inflation and per capita GDP on comparable mortality metrics from the World Bank.

*p<0.05 *p<0.0] **p<0.00]

Inflation Unemployment GDP per capita

Coefficient | Confidence interval | P—value Beta Coefficient | Confidence interval | P—value Beta coefficient | Coefficient | Confidence interval | P—value Beta coefficient
coefficient

~NoO b WNPE

ET\\Ieonatal
9nortality 0.0005 0.0003 to 0.0007 0.0000*** 0.0398 0.0195 -0.0905 to 0.1295 0.7277 0.0131 -0.0018 -0.0535 to 0.0498 0.9451 -0.001

JA0fant
ortality 0.0011 0.0007 to 0.0015 0.0000%** 0.0495 0.6210 0.3909 to 0.8511 | 0.0000%*** 0.1528 0.0475 -0.0935 to 0.1885 0.5084 0.0106

der-five
auprtality 0.0019 0.0012 to 0.0026 0.0000%** 0.0577 1.0892 0.708 to 1.4703 | 0.0000*** 0.1811 0.1021 -0.1280 to 0.3322 0.3834 0.0155

male
f:ortality -0.0097 -0.0376 to 0.0182 0.4934 -0.0035 -0.0385 -0.2424 t0 0.1654 0.7100 -0.0047 -0.1566 -0.2732 t0 -0.0401 | 0.0087** -0.0162

Male
Tfportality -0.0318 -0.0763 t0 0.0127 0.1602 -0.0081 0.1455 -0.1871 t0 0.4782 0.38900 0.0126 -0.158 -0.3469 to 0.0309 0.1006 -0.0115

17
18
19
20
21
22
23
24
25
26
27
28
29
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*p<0.05

#*p < 0.01

*HEp < 0.001

TABLE H: The effects of rises in unemployment, inflation and per capita GDP on mortality metrics (controlling for out-of-pocket expenses on healthcare and health expenditure per capita (purchasing
power parity — constant 2005 international dollars)).

Inflation

Unemployment

GDP per capita

O~NO U WN P

Coefficient

Confidence interval

P—value

Beta
coefficient

Coefficient

Confidence interval

P—value

Beta coefficient

Coefficient

Confidence interval

P-value

Beta coefficient

Yemale adult
Tbrtality

0.0741

0.0222 t0 0.126

0.0054**

0.0243

0.1709

-0.2386 to 0.5804

0.4115

0.0216

0.0957

-0.0892 to 0.2806

0.3088

0.0100

Male adult
mortality

0.1557

0.0395 t0 0.2718

0.0089**

0.0417

0.7225

-0.1427 to 1.5878

0.1012

0.0747

-0.0956

-0.4866 to 0.2954

0.6303

-0.0081

L5

j§onatal
niortality

0.0060

-0.0028 to 0.0147

0.1786

0.0142

-0.0289

-0.0846 to 0.0269

0.3082

-0.0264

0.0001

-0.0331 to 0.0333

0.9960

0.0001

fiifant
lﬁlrtality

0.0171

0.0048 to 0.0295

0.0067**

0.0342

-0.0197

-0.0854 to 0.0459

0.5535

-0.0152

0.0209

-0.017 to 0.0588

0.2785

0.0132

A6rder-five
Trportality

0.0108

-0.0025 to 0.0242

0.1107

0.025

-0.0789

-0.1633 to 0.0055

0.0666

-0.0703

-0.0041

-0.0518 to 0.0436

0.8661

-0.003
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