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Abstract 

Due to the healthy worker effect, mortality increases in individuals who were employed or 

unemployed and decreases in those economically inactive at baseline.  To determine if such 

trends continue during economic recessions, we analysed mortality in Spain before and 

during the Great Recession in these subgroups. We included 29,933,351 individuals who 

were employed, unemployed or inactive in November 2001 and aged 30-64 in each 

calendar-year of follow-up (2002-2011). Annual age-adjusted mortality rates were 

calculated in each group. The annual percentage change (APC) in mortality rates adjusted 

for age and educational level in employed and unemployed was also calculated for 2002-

2007 and 2008-2011. In employed and unemployed men, mortality increased until 2007 and 

then declined, whereas in employed and unemployed women, mortality increased and then 

stabilized during 2008-2011. The mortality rate in inactive men and women decreased 

throughout the follow-up. In employed and the unemployed, the APC was reversed during 

2008-2011 compared with 2002-2007 (-1.2 vs 3.2 in employed men, -0.3 vs 4.1 in employed 

women, -0.8 vs 2.9 in unemployed men, and -0.6 vs 1.3 in unemployed women). The 

upward trends in mortality among individuals who were employed or unemployed in 2001 

were reversed during the Great Recession (2008-2011).  

 

Key words: Great Recession; employed, unemployed, mortality; cancer mortality; non-

cancer mortality; Spain 

 

Abbreviations 

APC: annual percentage change 

CI: confidence interval 
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Introduction 

Many studies have evaluated the relationship between economic fluctuations and mortality 

in wealthy countries throughout the 20th century and in the first years of the 21st century. 

In general, economic recessions reduce overall mortality and traffic deaths, but they are 

associated with an increase in suicides 1-9. Changes in mortality from other causes of death 

are inconsistent between studies1-3,5,8-15. For example, during the last quarter of the 20th 

century, mortality from cardiovascular diseases declined with economic recessions in the 

USA and Germany1,11, however in the case of Sweden, it has been argued whether it 

increased or decreased10,12. In the USA, cancer mortality decreased during economic 

recessions in 1945-70, did not vary during economic fluctuations in 1976-1995, but 

increased during economic recessions in 1991-20101-2,13. And, in Greece, two studies on 

overall mortality and mortality from various causes before and after the economic crisis of 

2008 showed heterogeneous findings14-15.  

 

These studies analysed temporal evolution of mortality by applying different analytic 

techniques to aggregated or individual data. Their purpose was to determine if the 

downward trend in population mortality changed during economic recessions. Given the 

large number of factors implicated in the decline of mortality, the heterogeneity of results 

on mortality from cancer and other chronic diseases suggests that some of the associations 

found could reflect could reflect the relation of other contextual variables with mortality not 

measured in each specific place and time period6,13,16-19.  

 

An alternative design to determine the possible role of economic recessions on mortality 

from these causes of death is to compare the evolution of mortality before and during the 
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economic crisis in population groups where an upward trend in mortality is expected. These 

population groups could be men and women who participate in the labour market at a 

specific time before the beginning of the economic crisis whose possible association with 

mortality one wants to determine. It is known that individuals who were employed or 

unemployed at baseline in longitudinal studies experience an increase in mortality during 

follow-up. Several studies published in the last century reported this finding20-26. Much of 

the evidence on this fact which is often ignored comes from the OPCS Longitudinal Study, 

conducted in a 1% sample of the 1971 population census of England and Wales21-24. 

Different authors analysed mortality, both in employed and unemployed subjects at the 

census date. Mortality in both groups increased throughout the follow-up decade21-24. 

 

This increase in mortality was attributed to the healthy worker effect. This phenomenon, 

initially observed in occupational diseases investigations, occurs because individuals with a 

serious disease or permanent disability, who have a higher risk of death, tend to be 

excluded from the labour market27-28. Consequently, in employed individuals mortality is 

lower than in the general population. In healthier cohorts, diseases increasingly develop 

over time20. For this reason, the mortality rate in employed persons at baseline increases 

during follow-up21-22, 25-27, 29-30. In some cohorts this increase in mortality has been observed 

during 20 or 30 years of follow-up25,30. Based on the analyses of the OPCS Longitudinal 

study, Moser et al. suggested that a healthy worker effect is also present in unemployed23-

24. These authors showed that mortality in those who were seeking work or waiting to take a 

job was lower than mortality observed in the general population at the beginning of follow-

up and, furthermore, mortality in these subjects increased during follow-up.  
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In an investigation similar to the OPCS Longitudinal Study conducted in Spain, the vital 

status of all persons included in the 2001 census was followed until 2011. This study allowed 

to analyze how mortality evolve in Spain during the Great Recession9. Here we expand on 

that research by examining the evolution of mortality in particular groups in which 

beforehand we hypothesized mortality could be increasing as it was in the OPCS 

Longitudinal Study31. Specifically, our objective was to determine whether the expected 

upward trend in mortality during follow-up among employed or unemployed at baseline 

(2001) changed during the 2008 economic crisis. 

 

 

Methods 

 

Data are from the Spanish Longitudinal Mortality Study of the 2001 Census, which included 

all residents in Spain on 1 November 2001. Almost 41 million individuals were followed up 

by the National Statistics Institute until 31 December 2011 to determine vital status. The 

census collected demographic and socioeconomic characteristics of residents. The database 

was prepared by the National Statistics Institute and was based on individual census records 

linked with the population and mortality registries using common identifiers (the national 

identity document, name, and date of birth). The National Statistics Institute provided us 

with the final data file after removing personal identifiers to maintain confidentiality. In the 

final cohort, 1.7% of subjects who could not be found in the population or the mortality 

registries, due to technical problems in the links of the identifiers, were excluded. 1% of the 

subjects moved out of Spain and their contribution to the risk of death was censored on that 

date. The sociodemographic characteristics (age, sex, educational level, employment status) 
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of the subjects who were excluded or censored did not differ from those of the remaining 

individuals. 

 

Our analyses included 10,954,254 men and 10,979,097 women aged 30-64 in each calendar-

year of follow-up. A minimum age of 30 was established because using this criterion the 

youngest people analysed in 2011 were aged 20 at baseline, and below that age, the 

percentage of subjects in the labour market was very small. Maximum age was 64 because 

at older ages the percentage of subjects in the labour market is very small. Subjects were 

asked about their employment status in the week before the census date, with the following 

response options: student, employed, unemployed looking for the first job, unemployed 

who has worked before, receiving income for permanent disability, receiving income for 

widowhood or orphanage, receiving income for retirement or pre-retirement, performing 

housework, needing help for basic activities of daily living, and other situations. Men were 

divided into three groups according to employment status – employed, unemployed and 

inactive – and women into four groups – employed, unemployed, inactive and housework, 

given the high percentage of women in the last category. Tables 1 and 2 show the number 

of deaths and person-years by calendar-year, respectively, for each group of employment 

status. 

 

The underlying cause of death was coded according to the International Classification of 

Diseases, 10th Revision. Bearing in mind the objective of the present study, external causes 

of death (suicide, homicide and unintentional injuries) were not considered. By using 

weights from the European standard population, we estimated directly age-standardized 

mortality rates for all diseases during the pre-crisis period (2002-2011) and the crisis period 
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(2008-2011) for each group of employment status, and the annual age-standardized 

mortality rates for all diseases in those employed, unemployed and inactive at baseline.  

 

The unemployment rate in Spain reached a minimum of 8.2% in 2007 to rise up to 26.1 in 

2013 and then decreased32. The Bank of Spain dates the start of the crisis in the second 

quarter of 2008 and its end in 201333. Between 2007 and 2013 real Gross Domestic Product 

per capita fell by 9%, in 2014 the recovery started with Gross Domestic Product per capita 

growing 1.4%33.  

 

We estimated annual age-adjusted mortality rates for cancer and non-cancer diseases in 

employed and unemployed people, given the healthy worker effect is much less for cancer 

than for nonmalignant diseases (diseases of young age that are related to health status at 

start of employment or long term chronic diseases that interfere with employment during 

periods of life when individuals are likely to be member of the workforce)27,34. Likewise, we 

tested whether in employed and unemployed there was a change in the upward trend in 

mortality from all diseases, cancer and non-cancer diseases after the crisis began. For this 

purpose, we estimated segmented Poisson regression models. The number of deaths was 

the outcome variable and person-years (py) were included as an offset variable, which is 

equivalent to modelling the mortality rate as a dependent variable. Time was defined as a 

continuous variable from year 2002 to year 2011.  An indicator variable was used to define 

the crisis, with a value of zero in pre-crisis calendar-years (2002-2007) and one in crisis 

calendar-years (2008-2011). An interaction term between crisis and time was defined to 

estimate the linear trend change in mortality rate between crisis and pre-crisis periods. If β1, 

β2, β3 are the model coefficients for time, the indicator variable, and the interaction term, 
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respectively, β2 reflects the immediate level change in the mortality rate with the onset of 

the crisis, β1 and β1+β3 reflect the trend in the mortality rate before and during the crisis, 

respectively, and β3 reflects the difference in the trend during the crisis compared with the 

trend before the crisis. We included age and educational level as covariates. For 

presentation of the trend results, the annual percentage change (APC) in mortality rate 

before and during the crisis was calculated, as well as the crisis-period effect size, using the 

difference between the APCs during and before the crisis. We calculated the 95% CI for 

these estimates. 

 

 

Results 

 

Table 3 shows the number of persons by employment status and the age-standardized 

mortality rate before (2002-2007) and during (2008-2011) the crisis.  Employed and 

unemployed men were 8,697,387 and 909,712, respectively; employed and unemployed 

women were 5,282,611 and 1,086,797 respectively. In both periods, the lowest mortality 

rate was observed in employed persons and the highest in those who were economically 

inactive at baseline. In the employed, the unemployed and those who exclusively did 

housework, the mortality rate during the crisis was higher than before, whereas the 

opposite occurred in inactive persons.   

 

Figure 1 shows the annual age-standardized mortality rate for all diseases in the individuals 

who were employed, unemployed, or inactive persons in 2001, and for the total number of 

subjects analysed.  In employed men, the mortality rate per 100,000 py increased from 
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219.5 in 2002 to 266.7 in 2007, and then declined to 254.2 in 2011. In unemployed men, the 

rate increased from 475.9 in 2002 to 562.5 in 2007, and then decreased to 531.5 in 2011. In 

employed women, the mortality rate rose from 92.4 in 2002 to 121.4 in 2008, and remained 

around that value thereafter. In unemployed women, the rate increased from 125.6 in 2002 

to 162.1 in 2009, and then to 155.8 in 2010 and to 159.2 in 2011. The mortality rate in 

inactive men and women and in the total group of men and women decreased during the 

period analysed. In some years (2003, 2005 and 2007), the mortality rate showed an 

increase with respect to the previous year in unemployed and inactive persons, as well as in 

the total group of subjects. 

 

Table 4 shows the linear trend in mortality risk from the causes of death analysed before 

(2002-2007) and during the crisis (2008-2011), and the comparison of these trends between 

periods among the employed and the unemployed. In those employed, the APCs in 

mortality risk were positive in 2002-2007 and negative in 2008-2011. In men, the APCs 

before and during the crisis were 3.2 vs -1.2 for all diseases, 3.9 vs -1.1 for cancer, and 2.5 vs 

-1.3 for non-cancer diseases; the difference (95% CI) between the two periods was -4.4 (-4.9 

to -3.9), -4.8 (-5.6 to -4.2) and -3.8 (-4.6 to -3.1), respectively. In women, the APCs were 4.1 

vs -0.3 for all diseases, 5.6 vs -0.1 for cancer, and 1.2 vs -0.9 for non-cancer diseases, with a 

respective difference (95% CI) between the two periods of -4.4 (-5.4 to -3.4), -5.7 (-6.9 to -

4.5), and -2.1 (-3.9 to -0.4).  

 

In the unemployed group, the APCs were positive before the crisis and negative during the 

crisis, except for cancer mortality in 2008-2011. In men, the APCs before and during the 

crisis were 2.9 vs -0.8 for all diseases, 2.7 vs 0.6 for cancer, and 3.0 vs -1.7 for non-cancer 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019



10 
 

diseases, with the respective difference (95% CI) between the two periods of -3.6 (-4.8 to -

2.5), -2.0 (-3.8 to -0.2) and -4.7 (-6.2 to -3.3). In women, the APCs were 1.3 vs -0.6 for all 

diseases, 2.2 vs 0.2 for cancer, and 0.2 vs -1.8 for non-cancer diseases; the difference (95% 

CI) between the two periods was -1.9 (-3.8 to 0.1), -1.9 (-4.5 to 0.6), and -2.0 (-5.0 to 1.0), 

respectively.  

 

 

Discussion 

 

All-disease mortality, both in baseline employed and unemployed subjects, rose in the pre-

crisis period (2002-2007), but decreased in men and was steady in women during the crisis 

(2008-2011). In prospective studies similar to ours, conducted in cohorts of subjects who 

were employed at baseline, the mortality rate showed a continuous increase21-22,25-26,30. 

However, few investigations have analysed the evolution of mortality in cohorts of subjects 

who were unemployed at baseline, with the exception of the analyses of unemployed men 

in the OPCS Longitudinal Study23-24. Those analyses showed that the mortality rate in men 

who were unemployed in 1971 was higher in 1976-81 than in 1971-75.  

 

In our study, individuals who were employed in 2001 were the healthiest subjects. They had 

the lowest mortality at the beginning of follow-up, followed by the unemployed who, in 

turn, had a lower mortality than the inactive individuals. In the two healthiest groups –

employed and unemployed – the development of diseases over time would be responsible 

for the increasing mortality rate observed during the pre-crisis period. In contrast, the 

decrease or stabilization of mortality during the economic crisis in these subjects we believe 
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is to be attributed to improved patient prognosis. An improvement in treatment of diseases 

during the economic recession, as the cause of increased survival, does not seem plausible. 

However, an improvement in prognosis due to changes in health behaviors and 

environmental factors that modify the hazard of death in person with latent or clinical 

chronic disease seems to us the most likely explanation.  

 

Smoking and alcohol consumption decline during economic crises1,35-36, probably due to the 

drop in purchasing power. Smoking reduces survival in patients with lung or other types of 

cancer37-38 and is a risk factor for mortality in patients with cardiovascular disease39, 

respiratory diseases40 or diabetes41. Alcohol consumption is associated with decreased 

survival in patients with several types of cancer38, and excessive alcohol consumption is 

known to increase the risk of mortality from many diseases, including liver cirrhosis42 and 

diabetes41. In Spain the decrease in smoking was due to smokers quitting the habit and 

fewer cigarettes smoked among many who continued smoking43, and the decline in alcohol 

consumption was due to a reduction in the prevalence both of persons consuming any 

amount of alcohol and of those who consumed it in amounts considered harmful for 

health43-44.  Apart from reducing alcohol and tobacco consumption, some authors have 

noted that during economic crises people have more time to do physical activity35-36 . In 

Spain the proportion of gym users increased during the crisis with respect to the previous 

period45. For patients with cancer, cardiovascular diseases or diabetes, physical activity is 

known to reduce premature mortality46.  

 

In our study, 26% of the women who were employed and unemployed in 2001 had 

university studies compared to 15% of men. Given women’s higher professional 
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qualifications, the economic crisis may have affected their income to a lesser extent 

compared to men. This would explain why the mortality rate for all diseases in employed 

and unemployed women continued its upward trend until 2008-2009 and then stabilized, 

whereas in men the mortality rate rose until 2007, and then decreased. The stabilization 

was due to mortality from cancer, given that mortality from non-cancer diseases in 

employed and unemployed women decreased during the crisis. The fact that smoking 

prevalence in women age 45-64 increased during the crisis, although to a lesser extent than 

in the previous period43, may be an explanation of this finding. 

 

Using time series and panel regression models, some studies have found that the decline in  

Gross Domestic Product (or the increase in unemployment), as a reflection of economic 

recessions, is associated with an immediate decrease in mortality from cancer and other 

diseases1-3,7-8,11. And other studies have found increase in cancer mortality13, 47. For some 

authors, it is difficult to suggest a plausible explanation for these findings6,13,16-19. In their 

opinion, this variation could be due to other health determinants that have a spurious 

relationship with macroeconomic fluctuations. The contradictory findings in cancer 

mortality would support this spurious relationship. However, the findings of our longitudinal 

study suggest: a) that the economic crisis of 2008 was very likely responsible for the change 

in the trend of mortality from cancer and non-cancer in employed and unemployed subjects 

at the beginning of follow-up; and b) that the changes in cancer mortality could be 

explained by the same mechanisms producing changes in mortality from other diseases.  
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Strengths and limitations 

 

We included in the analysis all subjects from the 2001 census. During follow-up, some 

employed people probably lost their job or retired, some unemployed people could have 

found a job, and some who were inactive could have joined the labour market. These 

changes, however, are beyond the realm of our study, as our purpose was to analyse the 

evolution of mortality in various groups of subjects according to their employment status at 

baseline.  

 

The separation of subjects into different groups by employment status at baseline showed 

that both the level and evolution of mortality is very different in inactive persons compared 

with employed and unemployed. Although inactive are a small percentage, their high 

mortality is responsible for the trend in the mortality rate in the overall population.   

 

The OPCS Longitudinal Study showed that mortality in men who in 1971 were inactive 

decreased in 1976-81 with respect to 1971-7548. According to Moser et al., there was a large 

proportion of sick people in this group23. In our study, 29% of the inactive men and 21% of 

inactive women had a permanent disability or required help to perform the activities of 

daily living. This explain their extremely high mortality rate at the start of the follow up. The 

decrease in mortality in this group during the following years would be the consequence of 

a process of “harvesting”, that is, deaths of the persons in this group with the most severe 

ailments, which subsequently raise the level of health in the group. We notice, however, 

that in 2005 and 2007 mortality did not decrease, or even increased, compared with the 

previous year. This was probably due to increased influenza activity in 2005 and 2007 in 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019



14 
 

Spain49-50, which resulted in increased deaths in persons with underlying respiratory or 

cardiovascular diseases.  

 

Mortality in inactive persons also declined more during than before the crisis, especially in 

men (web table 1). Better evolution of chronic diseases by reduction of the factors 

stimulating their progress to death may explain this acceleration of mortality decline. But in 

that better prognosis a possible increase in informal family care of chronically ill and disable 

people by the rest of relatives who became unemployed during the crisis cannot be ruled 

out. Given that the burden of care falls on women51, this would explain the greater 

reduction in male mortality. Likewise, this possible increase in informal care could have 

contributed to the greater acceleration of the decrease in mortality in employed men 

compared with employed women. 

 

Like other investigations, we found higher mortality in unemployed individuals compared 

with employed48. One of the proposed explanations for this finding is a selection bias —the 

healthy worker effect-. That is, the higher mortality of the unemployed would be caused by 

the fact that persons with poorer health are more likely to lose their job or remain jobless52. 

Moser et al. ruled also out a selection bias in unemployed workers53 because, although their 

health was poorer than that of employed people, it was better than the health of inactive 

people. These authors supported their reasoning by pointing out that the harvesting effect 

was observed in inactive people, not in unemployed in which mortality increased during 

follow-up. In our study we found a similar result. However, the large increase in mortality in 

unemployed women in 2003 and in all unemployed in 2005 and 2007, with respect to 

previous years, suggests the existence of many sick persons in this group. The August 2003 
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heat wave54 and increased influenza activity in 2005 and 200749-50 surely contributed to the 

increased number of deaths in sick people.  

 

A possible explanation of the change in the trend of mortality that took place when the 

economic crisis started, in both the employed and unemployed individuals in 2001, is a 

change in the incidence of disease. However, we find this explanation extremely unlikely. 

Most diseases that are presently important causes of death in Spanish adults are chronic 

processes, requiring years to become clinical processes significantly increasing the risk of 

death. For that reason, we believe implausible that a decrease in unhealthy behaviours had 

led to relevant changes in disease incidence in such a short period of time.  

 

In conclusion, during the economic crisis, the upward trend in the rate of mortality from all 

diseases was inverted in the groups of employed and unemployed subjects at baseline. This 

is probably a consequence of improved prognosis in patients with cancer and other chronic 

diseases. 

References  

1. Ruhm CJ. Are recessions good for your health? Q J Econ. 2000;115 8(2):617–50. 

2. Tapia Granados JA. Macroeconomic effects on mortality: issues, controversies, and 

directions for research. In: Scott RA, Kosslyn SM (eds). Emerging trends in the social 

and behavioural sciences. New York, New York. John Wiley, 2017:  

3. Tapia Granados JA. Recessions and Mortality in Spain, 1980–1997. Eur J Popul. 2005 

21 (4): 393–422. 

4. Gerdtham U, Ruhm C J. Deaths rise in good economic times: evidence from the 

OECD. Econ Hum Biol. 2006; 4 (3): 298-316. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019



16 
 

5. Stuckler D, Basu S, Suhrcke M, et al. The public health effect of economic crises and 

alternative policy responses in Europe: An empirical analysis. Lancet. 2009; 374 

(9686):315–23. 

6. Suhrcke M, Stuckler D. Will the recession be bad for our health? It depends. Soc Sci 

Med. 2012; 74(5): 647–653. 

7. Chang SS, Stuckler D, Yip P, Gunnell D. Impact of 2008 global economic crisis on 

suicide: time trend study in 54 countries. BMJ. 2013;347:f5239. 

8. Toffolutti V, Suhrcke M. Assessing the short term health impact of the Great 

Recession in the European Union: A cross-country panel analysis. Prev Med. 

2014;64:54–62. 

9. Regidor E, Vallejo F, Tapia Granados J, et al. Mortality decrease according to 

socioeconomic groups during the economic crisis in Spain: a cohort study of 36 

million people. Lancet. 2016;388 (10060):2642-265. 

10. Gerdtham UG, Johannesson M. Business cycles and mortality: results from Swedish 

microdata. Soc Sci Med. 2005(1);60:205-18. 

11. Neumayer E. Recessions lower (some) mortality rates. Soc Sci Med. 2004; 

58(6):1037-47. 

12. Svensson M. Economic upturns are good for your health but watch out for accidents: 

a study on Swedish regional data 1976–2005. Appl Econ. 2010 (5);42:615–25. 

13. Ruhm CJ. Recessions, healthy no more? J Health Econ. 2015; 42: 17-28. 

14. Tapia Granados JA, Rodriguez JM. Health, economic crisis, and austerity: A 

comparison of Greece, Finland and Iceland. Health Policy. 2015;119(7):941–53. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24046155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stuckler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24046155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yip%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24046155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunnell%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24046155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang+Stuckler+bmj
https://www.ncbi.nlm.nih.gov/pubmed/27745879
https://www.ncbi.nlm.nih.gov/pubmed/27745879
https://www.ncbi.nlm.nih.gov/pubmed/27745879
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerdtham%20UG%5BAuthor%5D&cauthor=true&cauthor_uid=15482879
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johannesson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15482879
https://www.ncbi.nlm.nih.gov/pubmed/15482879


17 
 

15. Laliotis I, Ionnidis JPA. Stavrooulou C. Total and cause-specific mortality before and 

after the onset of the Greek economic crisis: an interrupted time-series analysis. 

Lancet Public Health. 2016; 1(2):e56-65. 

16. Catalano R, Goldman-Mellor S, Saxton K. The health effects of economic decline. 

Annu Rev Public Health. 2011; 32: 431–450. 

17. Berg JE. Are there health effects of an economic crisis? Conflicting evidence and 

murky definitions. Review Pub Administration Mang. 2015; 3:1. 

18. Stuckler D, Reeves A, Karanikolos M, et al. The health effects of the global financial 

crisis: can we reconcile the differing views? A network analysis of literature across 

disciplines. Health Econ Policy Law. 2015;10(1):83-99. 

19. Avendano M, Moustgaard H, Martikainen P. Are some populations resilient to 

recessions? Economic fluctuations and mortality during a period of economic decline 

and recovery in Finland. Eur J Epidemiol. 2017; 32(1): 77-85. 

20. Steenland K, Stayner L. The importance of employment status in occupational cohort 

mortality studies. Epidemiology. 1991;2(6):418-23. 

21. Fox AJ, Collier PF. Low mortality rates in industrial cohort studies due to selection for 

work and survival in the industry. Brit J Prev Soc Med. 1976;30(4):225–230. 

22. Fox AJ, Goldblatt PO, Adelstein AM. Selection and mortality differentials. J Epidemiol 

Community Health. 1982;36(2):69-79. 

23. Moser KA, Fox AJ, Jones DR. Unemployment and mortality in the OPCS Longitudinal 

Study. Lancet. 1984;2(8415):1324-9. 

24. Moser KA, Goldblatt PO, Fox AJ, et al. Unemployment and mortality: comparison of 

the 1971 and 1981 longitudinal study census samples. BMJ. 1987; 294 (6564):86-90. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019

https://www.ncbi.nlm.nih.gov/pubmed/25662198
https://www.ncbi.nlm.nih.gov/pubmed/25662198
https://www.ncbi.nlm.nih.gov/pubmed/25662198
https://www.ncbi.nlm.nih.gov/pubmed/1790193
https://www.ncbi.nlm.nih.gov/pubmed/1790193
https://www.ncbi.nlm.nih.gov/pubmed/7119660
https://www.ncbi.nlm.nih.gov/pubmed/2868304
https://www.ncbi.nlm.nih.gov/pubmed/2868304
https://www.ncbi.nlm.nih.gov/pubmed/3105667
https://www.ncbi.nlm.nih.gov/pubmed/3105667


18 
 

25. Howe GR, Chiarelli AM, Lindsay JP. Components and modifiers of the healthy worker 

effect: evidence from three occupational cohorts and implications for industrial 

compensation. Am J Epidemiol. 1988;128 (6):1364-1375. 

26. Goldblatt P, Fox J, Leon D. Mortality of employed men and women. Am J Ind 

Med. 1991;20(3):285-306. 

27. Choi BC: Definition, sources, magnitude, effect modifiers, and strategies of reduction 

of the healthy worker effect. J Occup Med. 1992; 34 (10):979-988. 

28. Porta M. A dictionary of epidemiology. Oxford, England: Oxford University Press, 

2008: 114. 

29. Gilbert ES Some confounding factors in the study of mortality and occupational 

exposures. Am J Epidemiol. 1982;116 (1):177-88. 

30. Baillargeon J, Wilkinson G, Rudkin L, Baillargeon G, Ray L. Characteristics of the 

healthy worker effect: a comparison of male and female occupational cohorts. J 

Occup Environ Med. 1998;40 (4):368-73.  

31. Regidor E, Ronda E, Tapia Granados JA,  et al. Trends in disease mortality before and 

during the Great Recession in individuals employed in Spain in 2001. Eur J Public 

Health [available online ahead of print Mach 8, 2019]. 

https://doi.org/10.1093/eurpub/ckz025 

32. Instituto Nacional de Estadística. Economically Active Population Survey. Annual 

Results. 

https://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=125473

6176918&menu=resultados&idp=1254735976595 (access 26 March 2019). 

33. Mari F, Pérez JJ. Spanish Public Finances Through The Financial Crisis. Documentos 

de Trabajo nº 160. Madrid,  Banco de España, 2016. Available in: 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019

https://www.ncbi.nlm.nih.gov/pubmed/1928107
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilbert%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=7102651
https://www.ncbi.nlm.nih.gov/pubmed/?term=gilbert+Am+J+Epidemiol+1982
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baillargeon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9571529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9571529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rudkin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9571529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baillargeon%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9571529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ray%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9571529
https://www.ncbi.nlm.nih.gov/pubmed/?term=baillargeon+wilkinson+1998
https://www.ncbi.nlm.nih.gov/pubmed/?term=baillargeon+wilkinson+1998
https://doi.org/10.1093/eurpub/ckz025
https://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176918&menu=resultados&idp=1254735976595
https://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176918&menu=resultados&idp=1254735976595


19 
 

https://www.bde.es/f/webbde/SES/Secciones/Publicaciones/PublicacionesSeriadas/

DocumentosTrabajo/16/Fich/dt1620e.pdf(access 26 March 2019). 

34. Breslow NE, Day NE. Statistical methods in cancer research. Vol II. The design and 

analysis of cohort studies. Lyon: International Agency for Research on Cancer, 1987: 

17-18. 

35. Ruhm CJ. Healthy living in hard times. J Health Econ. 2005;24(2):341–63. 

36. Xu X. The business cycle and health behaviors. Soc Sci Med. 2013; 77:126–36. 

37. Gritz ER, Toll BA, Warren GW. Tobacco use in the oncology setting: advancing clinical 

practice and research. Cancer Epidemiol Biomarkers Prev. 2014 (1);23:3-9. 

38. Park SM, Lim MK, Shin SA, et al. Impact of prediagnosis smoking, alcohol, obesity, 

and insulin resistance on survival in male cancer patients: National Health Insurance 

Corporation Study. J Clin Oncol. 2006;24 (31):5017-24. 

39. Prugger C, Wellmann J, Heidrich J, et al. Cardiovascular risk factors and mortality in 

patients with coronary heart disease. Eur J Epidemiol. 2008;23(11):731-7.  

40. Celli BR. Predictors of mortality in COPD. Respir Med. 2010;104(6):773-9. 

41. Sluik D, Boeing H, Li K, Kaaks R, et al. Lifestyle factors and mortality risk in individuals 

with diabetes mellitus: are the associations different from those in individuals 

without diabetes? Diabetologia. 2014;57(1):63-72. 

42. Hatton J, Burton A, Nash H, et al. Drinking patterns, dependency and life-time 

drinking history in alcohol-related liver disease. Addiction. 2009;104 (4):587-92. 

43. Ministerio de Sanidad, Consumo y Bienestar Social. Encuesta Nacional de Salud de 

España. Serie histórica. Available in: 

https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/Comun/ArbolNodos.

aspx?idNodo=42 (accessed October 30, 2018). 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019

https://www.bde.es/f/webbde/SES/Secciones/Publicaciones/PublicacionesSeriadas/DocumentosTrabajo/16/Fich/dt1620e.pdf
https://www.bde.es/f/webbde/SES/Secciones/Publicaciones/PublicacionesSeriadas/DocumentosTrabajo/16/Fich/dt1620e.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24420982
https://www.ncbi.nlm.nih.gov/pubmed/24420982
https://www.ncbi.nlm.nih.gov/pubmed/17075121
https://www.ncbi.nlm.nih.gov/pubmed/17075121
https://www.ncbi.nlm.nih.gov/pubmed/17075121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prugger%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18855105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wellmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18855105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heidrich%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18855105
https://www.ncbi.nlm.nih.gov/pubmed/?term=prugger+wellman+eur+j+epidemiol+2008
https://www.ncbi.nlm.nih.gov/pubmed/20417082
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sluik%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24132780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boeing%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24132780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24132780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaaks%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24132780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diewertje+Sluik+%26+Heiner+Boeing+diebetologia+2013
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hatton%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19215600
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burton%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19215600
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nash%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19215600
https://www.ncbi.nlm.nih.gov/pubmed/19215600
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/Comun/ArbolNodos.aspx?idNodo=42
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/Comun/ArbolNodos.aspx?idNodo=42


20 
 

44. Colell E, Sánchez-Niubò A, Delclos GL, et al. Economic crisis and changes in drug use 

in the Spanish economically active population. Addiction. 2015;110 (7):1129-37. 

45. Regidor E, Albaladejo R, Mateo A, et al. Macroeconomic fluctuations, changes in 

lifestyles and mortality from diabetes: a quasiexperimental study. J Epidemiol 

Community Health. 2019; 73(4):317-323.  

46. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the 

evidence. CMAJ. 2006 14;174(6):801-9. 

47. Maruthappu M, Watkins J, Noor AM, et al. Economic downturns, universal health 

coverage, and cancer mortality in high-income and middle-income countries, 1990-

2010: a longitudinal analysis. Lancet. 2016;388 (10045):684-95. 

48. Fox AJ, Goldblatt PO, Jones DR. Social class mortality differentials: artefact, selection 

or life circumstances? J Epidemiol Community Health. 1985;39(1):1-8. 

49. Arkema JMS, Meijer A, Meerhoffd TJ, et al. Epidemiological and virological 

assessment of influenza activity in Europe, during the 2006-2007 winter. Euro 

Surveill. 2008; 13(34): 18958. 

50. Instituto de Salud Carlos III. Scientific and Technical Services. Epidemiology. Diseases. 

Influenza. Available in: 

http://www.eng.isciii.es/ISCIII/es/contenidos/fd-servicios-cientifico-tecnicos/fd-

vigilancias-alertas/fd-enfermedades/gripe.shtml (access 1 October 2018). 

51. Instituto Nacional de Estadística. Survey of Health in Spain 2014. Health 

determinants. Informal care. 

https://www.ine.es/jaxiPx/Tabla.htm?path=/t15/p420/a2014/p03/l0/&file=07007.p

x&L=1(access 26 March 2019). 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019

https://www.ncbi.nlm.nih.gov/pubmed/25776577
https://www.ncbi.nlm.nih.gov/pubmed/25776577
https://www.ncbi.nlm.nih.gov/pubmed/30700493
https://www.ncbi.nlm.nih.gov/pubmed/30700493
https://www.ncbi.nlm.nih.gov/pubmed/16534088
https://www.ncbi.nlm.nih.gov/pubmed/16534088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruthappu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27236345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watkins%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27236345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noor%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=27236345
https://www.ncbi.nlm.nih.gov/pubmed/?term=cancer+mortality+recession+lancet
https://www.ncbi.nlm.nih.gov/pubmed/3989429
https://www.ncbi.nlm.nih.gov/pubmed/3989429
https://www.eurosurveillance.org/content/10.2807/ese.13.34.18958-en
https://www.eurosurveillance.org/content/10.2807/ese.13.34.18958-en
http://www.eng.isciii.es/ISCIII/es/contenidos/fd-servicios-cientifico-tecnicos/fd-vigilancias-alertas/fd-enfermedades/gripe.shtml
http://www.eng.isciii.es/ISCIII/es/contenidos/fd-servicios-cientifico-tecnicos/fd-vigilancias-alertas/fd-enfermedades/gripe.shtml
https://www.ine.es/jaxiPx/Tabla.htm?path=/t15/p420/a2014/p03/l0/&file=07007.px&L=1
https://www.ine.es/jaxiPx/Tabla.htm?path=/t15/p420/a2014/p03/l0/&file=07007.px&L=1


21 
 

52. Avendano M, Berkman LF. Labor Markets, Employment Policies, and Health. In LF 

Berkman LF, Kawachi I, Glymour MM. Social Epidemiology. New York: 

Oxford University Press, 2014: 182-233. 

53. Moser KA, Fox AJ, Jones DR, et al.Unemployment and mortality: further evidence 

from the OPCS Longitudinal Study. Lancet. 1986;1(8477):365-367. 

54. Larsen J. Setting the Record Straight: More than 52,000 Europeans Died from Heat 

in Summer 2003. Plan B Updates, Earth Policy Institute, 2006. http://www.earth-

policy.org/?/plan_b_updates/2006/update56/ (access 2 August 2018). 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/advance-article-abstract/doi/10.1093/aje/kw

z150/5523268 by U
niversidad de Alicante user on 23 July 2019

https://www.ncbi.nlm.nih.gov/pubmed/?term=Moser%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=6150333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=6150333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=6150333
https://www.ncbi.nlm.nih.gov/pubmed/?term=moser+lancet+1984
http://www.earth-policy.org/?/plan_b_updates/2006/update56/
http://www.earth-policy.org/?/plan_b_updates/2006/update56/


22 
 

Table 1. Number of deaths in people aged 30-64 by gender, employment status in 2001 and calendar-year. Spain, 2002-2011. 

Employment status 
in 2001 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

MEN 
            Employed  12,821 15,310 16,833 17,872 18,932 19,757 20,422 20,923 21,193 20,966 

  Unemployed 3,020 3,271 3,470 3,777 3,767 3,937 3,745 3,789 3,688 3,823 

  Inactive 15,371 13,368 11,425 10,590 9,114 8,427 7,644 6,757 6,103 5,478 

  All 31,212 31,949 31,728 32,239 31,813 32,121 31,811 31,469 30,984 30,267 

WOMEN 
            Employed  2,796 3,490 3,710 4,191 4,587 4,813 5,240 5,476 5,584 5,894 

  Unemployed 784 946 922 1,063 1,068 1,189 1,291 1,366 1,373 1,458 

  Inactive 4,823 4,221 3,651 3,471 3,138 2,949 2,714 2,448 2,295 2,283 

  Housework 5,244 5,563 5,592 5,567 5,407 5,589 5,424 5,375 5,272 5,146 

  All 13,647 14,220 13,875 14,292 14,200 14,540 14,669 14,665 14,524 14,781 
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Table 2. Number of person-years in people aged 30-64 by gender, employment status in 2001 and calendar-year. Spain, 2002-2011. 

 

Employment status 
in 2001 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

MEN 
            Employed  7,433.0 7,646.4 7,851.3 8,026.2 8,167.6 8,186.5 8,252.0 8,278.2 8,268.8 8,228.8 

  Unemployed 721.7 744.8 770.5 796.7 823.6 834.4 857.0 877.4 896.2 913.7 

  Inactive 1,144.2 1,047.1 980.6 923.2 885.5 868.4 887.4 922.2 974.1 1,046.3 

  All 9,298.8 9,438.3 9,602.4 9,746.1 9,876.7 9,889.3 9,996.4 10,077.8 10,139.2 10,188.8 

WOMEN 
            Employed  4,315.3 4,503.6 4,694.1 4,875.6 5,038.9 5,122.3 5,228.8 5,303.5 5,347.4 5,363.5 

  Unemployed 847.0 890.8 936.3 982.5 1,029.3 1,062.6 1,104.3 1,140.5 1,170.0 1,193.3 

  Inactive 874.3 825.6 795.2 772.2 767.4 779.4 823.6 888.7 975.5 1,082.7 

  Housework 3,354.1 3,298.5 3,247.0 3,174.9 3,089.7 2,988.7 2,891.2 2,783.2 2,670.7 2,559.2 

  All 9,390.6 9,518.5 9,672.6 9,805.2 9,925.3 9,952.9 10,047.9 10,115.9 10,163.7 10,198.6 
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Table 3. Number of subjects and age-standardized mortality rate before and during the 2008 economic recession in people aged 30-64 in each 

calendar-year by gender and employment status in 2001. Spain, 2002-2011. 

  

Subjects 

Mortality rate (MR) per 100,000 person-years 
and 95% CI 

Employment 
status in 2001 2002-2007 2008-2011 

MRa 95% CI MRa 95% CI 

Men 
       Employed  8,697,387 253.4 252.0, 254.7 261.9 260.3, 263.4 

  Unemployed 909,712 525.7 519.5, 531.9 529.6 522.1, 537.1 

  Inactive 1,347,155 927.7 920.3, 935.2 775.2 766.1, 784.3 

  All 10,954,254 357.5 356.1, 359.0 323.4 321.8, 324.9 

Women 
       Employed  5,282,611 109.2 107.9, 110.5 120.6 119.2, 122.0 

  Unemployed 1,086,797 141.3 137.9, 144.7 158.9 155.0, 162.7 

  Inactive 1,048,518 399.6 394.3, 404.9 329.4 323.2, 335.7 

  Housework 3,561,171 141.8 140.4, 143.3 145.3 143.3, 147.4 

  All 10,979,097 152.1 151.2, 153.0 146.8 145.7, 147.8 

            

Abbreviation: IC, confidence interval 

a The number of deaths and the number of person-years by 5-year age groups were used to calculate the age-specific mortality rates in order to obtain the 
age-standardized mortality rate. Weights for age standardization came from the 2013 European Standard Population. 
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Table 4. Age-adjusted mortality rates per 100,000 person-years and time trends in mortality rate from all diseases, cancer and non-cancer 
diseases, before and during the 2008 economic crisis in employed and unemployed people in 2001, aged 30-64 in each calendar-year, by 
gender.  Spain, 2002-2011. 

Cause of deatha 

Before recession (2002-2007) During recession (2008-2011) 
Difference in APCsb (95% 

CI) 

Rate Trend 2002-2007  Rate Trend 2008-2011  
Difference 95% CI 

 
2002 2007 APC2 95% CI 2008 2011 APC2 95% CI 

Employed 
  

            
  

  

Men 
              

     All diseases  219.5 266.4 3.2 2.8, 3.6 266.1 254.2 -1.2  -1.8,  -0.6 -4.4  -4.9, -3.9 
   Cancer  111.6 145.2 3.9 3.3, 4.4 143.9 137.9 -1.1  -1.9,  -0.3 -4.8  -5.6, -4.2 
   Non-cancer diseases 107.9 121.2 2.5 2.0, 3.1 122.1 116.3 -1.3   -2.2, -0.5 -3.8  -4.6, -3.1 
 Women   

           All diseases  92.4 117.2 4.1 3.3, 4.9 121.4 120.9 -0.3   -1.4, 0.9 -4.4  -5.4, -3.4 
   Cancer  58.1 80.1 5.6 4.6, 6.6 83.5 84.8 -0.1  -1.4, 1.3 -5.7  -6.4, -4.5 
   Non-cancer diseases 34.3 37.0 1.2  -0.1, 2.6 37.9 36.1 -0.9  -3.0, 1.2 -2.1  -3.9, -0.4 
 Unemployed 

  
         Men 

  
           All diseases  475.9 562.5 2.9 2.1, 3.7 533.0 531.5 -0.8  -2.2, 0.7 -3.6  -4.8, -2.5 

   Cancer 205.0 235.1 2.7 1.4, 3.9 222.3 228.6 0.6  -1.6, 2.9 -2.0  -3.8, -0.2 
   Non-cancer diseases 270.9 327.4 3.0 1.9, 4.1 310.7 302.9 -1.7  -3.5, 0.1 -4.7  -6.2, -3.3 
 Women   

           All diseases  125.6 149.2 1.3  -0.2, 2.8 158.4 159.2 -0.6  -2.9, 1.8 -1.9  -3.8, 0.1 
   Cancer 70.2 88.5 2.2 0.2, 4.2 95.3 98.6 0.2  -2.8, 3.3 -1.9  -4.5, 0.6 
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  Non-cancer diseases 55.4 60.6 0.2  -2.1, 2.5 63.0 60.6 -1.8  -5.4, 1.9 -2.0  -5.0, 1.0 
 Abbreviation: IC, confidence interval 

a. International Classification of Diseases, 10th revision. Codes A00-R99 (All diseases),  codes C00-C97 (Cancer) and all other codes A00-B99 and 
D00-R99 (Non-cancer diseases). 
b. The annual percentage changes (APCs) were estimated from segmented Poisson regression model for each cause of death: 
Ln (D)= β0 + β1 time + β2 crisis + β3 (time x crisis) + ΣδAge + Σρ educational level + ln(PY) 
D  and PY represents the number of deaths and the person-years in each combination of age group and categories of educational level in each 
of the years of death from 2001 to 2016; β0 is the model intercept, β1 is the model coefficient for the annual time trend, β2 is the coefficient of 
the indicator variable for crisis, β3 is the coefficient of the interaction between the indicator variable for crisis and the annual time trend, δ 
denotes the effects for the different indicator variables of each of the five-year age groups and ρ denotes the effects for the different indicator 
variables of each four categories of educational level (primary, low secondary, high secondary tertiary). 
We estimated the APCs in the mortality rate before and after the crisis as 100 x [(exp (β1))-1] and 100 x [(exp (β1+β3))-1], respectively.  We 
calculated the 95% confidence interval of the APCs as follows: 100 x [(exp (β1±1.96XSE (β1))-1] and 100 x [(exp (β1+β3)±1.96XSE(β1+β3))-1].  
SE(β1+β3) reflects the square root of the var (β1+β3), where var (β1+β3)= var (β1)+ var (β2)+ 2 cov (β1, β3). 
 
 
log M = β0 + β1 time + β2 crisis + β3 (time x crisis) + βk (age, educational level)+e    
where M denotes the response (mortality rate); β0 is the model intercept, β1 is the model coefficient for the annual time trend, β2 is the 
coefficient of the indicator variable for crisis, β3 is the coefficient of the interaction between the indicator variable for crisis and the annual 
time trend, βk denotes the effects for a set of covariates of interest (age, educational level) and e is the error term. 
We estimated the APCs in the mortality rate before and after the crisis as 100 x [exp (β1)-1] and 100 x [exp (β1+β3)-1], respectively.  We 
calculated the 95% confidence interval of the APCs as follows: 100 x [exp (β1±1.96XSE (β1)-1] and 100 x [exp (β1+β3)±1.96XSE(β1+β3)-1].  
SE(β1+β3) reflects the square root of the var (β1+β3), where var (β1+β3)= var (β1)+ var (β2)+ 2 cov (β1, β3). 
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Figure 1. Age-standardized mortality rate from all diseases in different groups of subjects 

aged 30-64 in each calendar-year. Spain, 2002-2011. A) Men employed; B) Women 

employed; C) Men unemployed; D) Women Unemployed; E) Men Inactive; F) Women 

inactive; G) All men; H) All women. 
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