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Unemployment rates in the United States remain near a 25-year high and global unemployment is rising.
Previous studies have shown that unemployed persons have an increased risk of death, but the
magnitude of the risk and moderating factors have not been explored. The study is a random effects
meta-analysis and meta-regression designed to assess the association between unemployment and all-
cause mortality among working-age persons. We extracted 235 mortality risk estimates from 42 studies,
providing data on more than 20 million persons. The mean hazard ratio (HR) for mortality was 1.63
among HRs adjusted for age and additional covariates. The mean effect was higher for men than for
women. Unemployment was associated with an increased mortality risk for those in their early and
middle careers, but less for those in their late career. The risk of death was highest during the first
10 years of follow-up, but decreased subsequently. The mean HR was 24% lower among the subset of
studies controlling for health-related behaviors. Public health initiatives could target unemployed
persons for more aggressive cardiovascular screening and interventions aimed at reducing risk-taking

Keywords:
Unemployment
All-cause mortality
Meta-analysis
Meta-regression
Systematic review
Psychosocial stress
Health behaviors

behaviors.

© 2011 Elsevier Ltd. All rights reserved.

According to the United States Department of Labor, the US
unemployment rate was 9.6% in August 2010 (compared to 5.8% in
July 2008), remaining near its highest level in 25 years (United States
Department of Labor, 2010). As of July 2010, the unemployment rate
was 7.1%in Canada, 5.3% in Australia, 4.9% in Japan, 9.6% in France, 7.3%
in Germany, 8.5% in Italy, 4.4% (June 2010) in the Netherlands, 8.4% in
Sweden, and 7.8% (May 2010) in the United Kingdom (U.S. Bureau of
Labor Statistics, 2010). Even before the 2008—2009 economic crisis,
the United Nations International Labor Organization estimated that
unemployment had reached a historical high in 2006 (United Nations
News Centre, 2007). The London Times estimated that, as a result of
the current economic crisis, the number of unemployed worldwide
could climb further, from 179 million in 2007 to 230 million
(Mortished, 2009). This recent rise makes understanding the health
effects of unemployment particularly important.

Over the last 4 decades the study of unemployment and its
association with health and mortality has expanded significantly (see
Hanisch, 1999 for an early comprehensive review on unemployment
research). Whether unemployment is causally related to mortality
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remains an open question (Janlert, 1997; Lundin, Lundberg, Hallsten,
Ottoson, & Hemmingsson, 2010; Martikainen, 1990; Martikainen,
Maki, & Jantti, 2007; Moser, Goldblatt, Fox, & Jones, 1987), and
recent research has begun to focus on possible confounding, medi-
ating, and moderating factors.

One important line of research has been exploring the role of
health behaviors such as smoking and alcohol consumption on
unemployment and health. This research has generated two major
hypotheses regarding the relationship between unemployment
and health behaviors. The first, the “coping hypothesis”, argues that
unemployment causes adverse changes in health behaviors, which
in turn lead to deterioration of health (e.g. Hammarstrom, 1994).
The second, a “latent sickness hypothesis”, suggests that the
unemployment-mortality association is spurious because pre-
existing health behaviors lead to both unemployment and adverse
health (e.g. Jusot, Khlat, Rochereau, & Sermet, 2008).

A second important line of research explores the role of macro-
level economic factors in the unemployment-health relationship.
National welfare and unemployment policies are thought to play
a moderating role, with the negative effects of unemployment being
substantially reduced in nations with more generous financial
support systems (Bambra & Eikemo, 2009; Gerdtham & Ruhm, 2006;
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Jantti, Martikainen, & Valkonen, 2000; Stuckler, Basu, Suhrcke, Coutts,
& McKee, 2009). In addition, some researchers have focused on
regional and national unemployment rates as a moderator, finding
harsher personal unemployment effects when there are relatively
few others who are also unemployed (Gerdtham & Johannesson,
2005; Martikainen et al, 2007; Martikainen & Valkonen, 1996;
Novo, Hammarstrom, & Janlert, 2001). Others have reported a seem-
ingly paradoxical relationship, noting that dangerous health behav-
iors decline when the unemployment rate is high (e.g. Ruhm, 2000).
Despite its extensiveness, only one systematic review of the
unemployment literature has been conducted (see Jin, Shah, &
Svoboda, 1995). This review, however, was qualitative in nature
and examined multiple health outcomes. A systematic, quantitative
review of the association between unemployment and mortality,
arguably the most important outcome, has not yet been conducted.
While most studies found that unemployment is associated with
decreased longevity, there is no consensus on the magnitude of the
association for any sub-group population, and reported relative
risks range from 0.68 to 4.83. Furthermore, there is little consensus
with respect to which of the possible mediating, moderating, and
confounding variables matter most. Meta-analysis is well suited to
address this important research problem. Ample cross-study vari-
ability now exists to analyze sub-groups and to assess the effects of
potential confounding, mediating, and moderating variables.

Mediating and confounding health factors in unemployment
research

Early work on the association between unemployment and
mortality suggested that the relationship is causal (Moser et al.,
1987). More recent work, however, has called this into question
and the issue of causation remains unsettled (Martikainen, 1990;
Martikainen et al., 2007). Many studies, for example, have docu-
mented that persons with pre-existing health conditions are more
likely to become and remain unemployed (Bartley & Owen, 1996;
Bockerman & Ilmakunnas, 2009; Claussen, 1993; Salm, 2009).
Browning, Moller-Dano, and Heinesen (2006) also reported that
unemployment did not lead to hospitalization for stress-related
diseases. While it has also been found that persons with health
problems fare better in the long-run if they maintain or regain
employment (Bartley, Sacker, & Clarke, 2004; Huber, Lechner, &
Wunsch, 2010), this body of work suggests that pre-existing health
may be a common cause of both unemployment and mortality.

Yet many studies continue to find an association between
unemployment and mortality even after controlling for pre-exist-
ing health status. Whether these provide evidence of a causal link is
still uncertain, and much of the debate over causation vs. spurious
association has focused on health behavior variables. Unfortu-
nately, the vast majority of individual-level studies of unemploy-
ment and health behaviors is cross-sectional and cannot be used to
adjudicate between these two hypotheses. Furthermore, many of
the macro-level studies of unemployment rates and aggregate
health behavior measures cannot be used as they lack individual-
level data on health behaviors, health outcomes, and employment
status (Catalano & Bellows, 2005). We therefore focus the review
below on studies with individual-level data.

The latent sickness hypothesis

Many researchers continue to argue that the unemployment-
mortality association is spurious. These scholars argue that health
selection into unemployment operates through health behavior
variables rather than in a direct manner (i.e. the “latent sickness
hypothesis”) (Jusot et al., 2008). For example, if the health problems
associated with high levels of drug, alcohol, and tobacco

consumption manifest themselves only after the onset of unem-
ployment, controlling for pre-existing health status would not
effectively rule out health selection. In support of this view, studies
have shown repeatedly that individuals with higher levels of
smoking, drinking, and recreational drug use are more likely to
become unemployed (Fergusson & Boden, 2008; Hammer, 1997;
Hoffmann, Dufur, & Huang, 2007; Leino-Arjas, Liira, Mutanen,
Malmivaara, & Matikainen, 1999; Montgomery, Bartley, Cook, &
Wadsworth, 1996; Morris, Cook, & Shaper, 1992).

The latent sickness hypothesis is also supported, indirectly, by
evidence that the income reduction associated with unemployment
actually leads to positive changes in health behaviors (see Temple
et al., 1991). Reduced drinking and smoking have been found
among the long term unemployed (Fagan, Shavers, Lawrence,
Gibson, & Ponder, 2007; Hammer, 1992; Liira & Leino-Arjas, 1999).
Furthermore, improved physical activity levels have been found
among the recently unemployed (Jurj et al., 2007; Matoba, Ishitake,
& Noguchi, 2003). Other studies have found no change in health
behaviors, either positive or negative, resulting from unemploy-
ment (Gallo, Bradley, Siegel, & Kasl, 2001; Goel, 2008; Iribarria, Ruiz,
Pardo, & San Martin, 2002; Peretti-Watel & Constance, 2009; Rehm &
Gmel, 1999; Rodriguez & Chandra, 2006; Virtanen et al., 2008).

The coping hypothesis

Other researchers, however, continue to argue for causation,
claiming that health behavior variables actually represent an
important mediating mechanism through which unemployment is
translated into mortality (i.e. the “coping hypothesis”). According to
this view, individuals cope with unemployment stress by changing
their consumption patterns in unhealthy ways (Hammarstrom,
1994; Laitinen, Ek, & Sovio, 2002; Viinamaki, Niskanen, &
Koskela, 1997), particularly individuals with low socioeconomic
status prior to the onset of unemployment (Kendzor et al., 2008)
and younger persons (Morrell, Taylor, & Kerr, 1998). Individuals
with low social status are thought to be particularly prone to
negative coping because they feel that this type of stress-relief is all
they have left (Peretti-Watel & Constance, 2009).

A large body of work supports the coping hypothesis. First,
multiple studies have found that alcohol consumption and binge
drinking rise following unemployment (Claussen, 1999). This is
especially true among men (Hammarstrom & Janlert, 2003;
Mossakowski, 2008; Virtanen et al., 2008), less educated people
(Broman, Hamilton, Hoffmann, & Mavaddat, 1995), young persons
(Janlert & Hammarstrom, 1992), and those involuntarily unem-
ployed (Ettner, 1997). Second, unemployed persons, especially
young men, are also more likely to increase their level of smoking
(Barnes & Smith, 2009; Bolton & Rodriguez, 2009; Falba, Teng,
Sindelar, & Gallo, 2005; Hammarstrom & Janlert, 1994, 2003;
Montgomery, Cook, Bartley, & Wadsworth, 1998; Reine, Novo, &
Hammarstrom, 2004). Unemployed smokers are less likely to
attempt smoking cessation (Weden, Astone, & Bishai, 2006) and are
more likely to relapse from smoking cessation efforts (Falba et al.,
2005). Finally, unemployed persons are more likely to increase
their use of illicit drugs (Alegria et al., 2004; Hammer, 1992;
Merline, O’Malley, Schulenberg, Bachman, & Johnston, 2004) or
begin using drugs (Crofts, Louie, Rosenthal, & Jolley, 1996; Green,
Doherty, Reisinger, Chilcoat, & Ensminger, 2010).

Negative health consequences may also arise through the
tendency of people to react to unemployment by reducing their
personal spending. Research has shown that unemployed persons
often substitute poorer quality diets for better ones. This may result
in obesity (Laitinen, Power, Ek, Sovio, & Jarvelin, 2002), or in
unhealthy weight loss (Bolton & Rodriguez, 2009). Some have even
found that the threat of unemployment alone was enough to
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cause increased body mass index (BMI) (Ferrie, Shipley, Marmot,
Stansfeld, & Smith, 1998). Once unemployed, increased BMI
creates a feedback loop, as those who are judged as overweight
have difficulties in finding work (Johansson, Bockerman, Kiiskinen,
& Heliovaara, 2009; Paraponaris, Saliba, & Ventelou, 2005) and
increased BMI may therefore lead to permanent labor force with-
drawal (Alavinia & Burdorf, 2008).

The present study seeks to assess the impact of potential medi-
ating, moderating, and confounding factors on the association
between unemployment status and mortality. First, we evaluate the
impact of pre-existing health status and health behaviors, variables
that are central to the current debates in the literature. Using meta-
analysis, we compare results from studies that controlled for health
and/or health behaviors with other studies that did not. Second, in
light of the literature on the potential moderating effects of national
health care systems, we compare study results between countries
with national health care systems and those without. Finally, we
assess the potential moderating roles of gender, age, time, follow-up
duration, and case/control group composition on the unemploy-
ment-mortality association. In each instance, we capitalize on cross-
study variability to assess the impact of key factors. Becoming
unemployed may also have a mediated effect on health due to the
psychosocial stress of being forced into a lower social status
(Fineman, 1979; Martikainen & Valkonen, 1996), but this mediating
factor is often assumed rather than empirically examined, and is
therefore beyond the scope of the present study.

Methods
Search strategy and coding procedures

In June 2005, we conducted a search of electronic bibliographic
databases to retrieve all publications combining the concepts of

psychosocial stress, including unemployment, and all-cause

Keyword Search

mortality. We re-ran the electronic keyword searches in these
databases in July 2008 and completed the search and coding stages
in January 2009. We used 100 search clauses for Medline, 97 for
EMBASE, 81 for CINAHL, and 20 for Web of Science. See Section 1 of
Appendix for the full search algorithm used for Medline (infor-
mation on the remaining search algorithms are available from
authors upon request). We identified 1570 unique publications.
Using these results as a base, we iteratively hand-searched the
bibliographies of eligible publications; the lists of sources citing an
eligible publication; and the sources identified as “similar to” an
eligible publication. Hand-searching was ongoing for three and
one-half years and was completed after 8 iterations (the full
description of this iterative search protocol is documented and
available from the authors upon request).

The electronic database searches were performed by a research
librarian. Two authors (DR and ES) trained in systematic review
coding procedures (Lipsey & Wilson, 2001; Stock, 1994) determined
publication eligibility and extracted the data from the articles,
consulting a third author (JS) when required (see Section 2 of
Appendix for additional details regarding coding procedures and
variables for which data were sought). Any unpublished work
encountered was considered for study inclusion. Although our
search was done in English, we were able to locate and translate the
relevant portions of 35 publications written in German, Danish,
French, Spanish, Dutch, Polish, or Japanese. Fig. 1 summarizes the
number of publications considered at each step of the search
process. The full database contains 262 publications examining the
associations between various stressful events and all-cause
mortality. To evaluate coding accuracy we randomly selected and
recoded 40 of these publications (including 446 point estimates). Of
the point estimates, 98.6% were free of coding errors.

The present analysis uses the subset of articles (n=42) that
reported the association between unemployment and all-cause
mortality. Forty of these publications appeared in peer-reviewed

Hand Search
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Fig. 1. Flow diagram.




Table 1
Studies included in the analyses.

Publication Data source Sample size  Years Unemployment  Comparison Average No.of No. of HRs controlling for:
a
measure used group HR HRs Health  Health SES
(any) behaviors  (any)
Ahs and Westerling (2006) Swedish Survey of Living Conditions 44,407 1984—2000 Unemployment Employed 1.28 6 3 0 3
Anson (2004) Census, 1991 (Belgium) 391,299 1991-1996  Not working® Employed 1.88 6 0 0 6
Blakely et al. (2006) Census, 1996 (New Zealand) 2,676,000 1996—1999 Unemployment Employed 1.23 2 0 0 2
Costa and Segnan (1987) Census, 1981 (Italy) 1,117,154 1981—1985 Unemployment Employed 2.61 2 0 0 0
Farmer et al. (1996) Corpus Christi Heart Project (U.S.) 596 1988—1992  Not working Employed 217 3 3 3 0
Gardner and Oswald (2004) British Household Panel Survey 3695 1991-2001 Unemployment Employed 1.00 4 2 2 4
Gerdtham and Johannesson (2003) Swedish Survey of Living Conditions 27,994 1980—1996 Unemployment Employed 7.20 2 1 0 1
Gognalons-Nicolet, Derriennic, Monfort, Office of Geneva Residents (Switzerland) 820 1984—-1996 Unemployment Employed 3.30 2 2 0 2
and Cassou (1999)

Helweg-Larsen, Kjoller, and Thoning (2003) Danish National Cohort Study 6693 1987—1999  Not working Employed 1.42 1 1 1 0
Herring, Bonilla-Carrién, Borland, and Hill (2008) Census, 2000 (Costa Rica) 3,744,486 2000—2005 Unemployment Employed 1.07 2 0 0 2
Hirokawa, Tsutusmi, and Kayaba (2006) Jichi Medical School Cohort Study (Japan) 11,081 1992—-2002  Not working Employed 1.45 18 6 6 6
Iversen et al. (1987) Census, 1970 (Denmark) 2,006,774 1970—1980 Unemployment Employed 1.57 8 0 0 0
Jenkinson, Madeley, Mitchell, and Turner (1993) Anglo-Scandinavian Study of Early 1376 1986—1990 Unemployment Employed 1.84 3 0 0 0

Thrombolysis (U. K.)
Johnson, Finney, and Moos (2005) Original data (U.S.) 3698 5 years Not working Employed 1.53 2 2 2 0
Kivimaki et al. (2003) 10-Town Study (Finland) 92,351 1990—2001 Unemployment Employed 2.02 4 0 0 2
Lavis (1998) Panel Study of Income Dynamics (U.S.) 5544 1968—1992 Unemployment Employed 2.26 8 0 0 8
Manor, Eisenbach, Peritz, and Friedlander (1999) Israel Longitudinal Mortality Study 72,527 1983—-1992  Not working Employed 1.85 2 0 0 1
Manor, Eisenbach, Israeli, and Friedlander (2000) Israel Longitudinal Mortality Study 79,623 1983—-1992  Not working Employed 1.43 2 0 0 1
Martikainen (1990) Census, 1980 (Finland) 4,779,535 1980—1985 Unemployment Employed 217 2 1 0 1
Martikainen and Valkonen (1996) Census, 1990 (Finland) 2,500,000 1987—1993  Unemployment Employed 2.28 30 0 0 22
Martikainen et al. (2007) Statistics Finland labor market data file 159,736 1994—-2002 Unemployment Employed 1.25 12 0 0 0

1989—-1997

Masudomi, Isse, Uchiyama, and Watanabe (2004) Original data (Japan) 375 1994—-1999 Unemployment Employed 412 2 1 0 0
Morrell, Taylor, Quine, Kerr, and Western (1999) Australian Longitudinal Survey 5997 1984—-1988 Unemployment  General popul. 2.81 5 3 0 3
Morris, Cook, and Shaper (1994) British Regional Heart Study 6191 1978—1990 Unemployment Employed 2.37 3 1 1 1
Moser et al. (1984) OPCS Longitudinal Study (U.K.) 161,699 1971—-1981 Unemployment General popul. 1.27 4 0 0 2
Moser et al. (1986) OPCS Longitudinal Study (U.K.) 161,699 1971-1981 Unemployment  General popul. 1.28 4 0 0 0
Moser et al. (1987) OPCS Longitudinal Study (U.K.) 161,699 1971-1981 Unemployment General popul. 1.26 5 0 0 0
Nylen, Voss, and Floderus (2001) Swedish Twin Registry 20,632 1973—1996 Unemployment Employed 213 16 8 8 0
Orth-Gomer, Johnson, Unden, and Edwards (1986)  Swedish Survey of Living Conditions 17,364 1976—-1981  Not working Employed 1.59 1 1 0 1
Palloni and Arias (2004) National Health Interview Survey (U.S.) 39,014 1986—1997 Unemployment Employed 1.24 2 0 0 2
Pensola and Martikainen (2003) Census, 1990 (Finland) 123,216 1990—-1998 Unemployment Employed 2.31 2 0 0 0
Pensola and Martikainen (2004) Census, 1990 (Finland) 186,408 1990—-1998 Unemployment Employed 2.72 6 0 0 2
Regidor, Calle, Dominguez, and Navarro (2001) ¢ Census, 1996 (Spain) 3,110,121 1996-1998  Not working Employed 2.05 8 0 0 4
Robinson, Lloyd, and Stevens (1998) Original data (U.K.) 2104 1985—1997 Unemployment Employed 248 4 2 0 2
Singh and Siahpush (2001) National Longitudinal Mortality Study (U.S.) 301,183 1979—-1989  Not Working Employed 4.63 6 0 0 3
Sorlie and Rogot (1990) National Longitudinal Mortality Study (US.) 452,192 1979-1983  Unemployment  General popul. 1.10 10 0 0 2
Sorlie, Backlund, and Keller (1995) National Longitudinal Mortality Study (U.S.) 530,507 1979—-1989 Unemployment Employed 1.19 12 0 0 6
Spence (2006) ¢ National Longitudinal Survey of Mature 3258 1967—-2001 Unemployment Employed 1.61 1 1 0 1

Women (U.S.)
Stefansson (1991) Swedish Survey of Living Conditions 47,701 1980—1986 Unemployment Employed 1.77 6 0 0 0
Tsai, Lan, Lee, Huang, and Chou (2004) National health insurance 185,162 2001—-2002 Unemployment Employed 1.96 3 3 0 3

and unemployment

insurance programs (Taiwan)
Voss, Nylen, Floderus, Diderichsen, Swedish Twin Registry 20,632 1973—1996 Unemployment  Employed 1.44 12 4 4 0

and Terry (2004)

Weitoft, Haglund, and Rosen (2000) Census, 1990 (Sweden) 712,479 1990-1995 Unemployment Employed 0.83 2 0 0 0

Abbreviations: HR, hazard ratio; OPCS, Office of Population Censuses and Surveys.
2 Average HRs were obtained by calculating the unweighted average of all mortality risk estimates for a given study after conversion into HRs.
> Denotes a combination of unemployed persons and those not in the labor force.

¢ Original publication in Spanish.
4 Unpublished dissertation.
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journals; 1 in a book chapter; and 1 in an unpublished dissertation.
One publication was translated from Spanish in consultation with
a native speaker; the remaining 41 publications were in English
(Table 1). Other subsets of the database of 262 publications were
used to produce analyses of war-related stress (Roelfs, Shor,
Davidson, & Schwartz, 2010), widowhood (Roelfs, Shor, Curreli,
Clemow, Burg, & Schwartz, in press), marital dissolution (Shor,
Roelfs, Bugyi, & Schwartz, unpublished), and other psychosocial
stressors.

Statistical methods and inclusion criteria

For the present analyses, a study was included if the outcome
variable was all-cause mortality, unemployment was measured at
the individual level (rather than at the neighborhood level), and
a clear comparison was made between a group of people who
experienced unemployment and another group who either did not
experience unemployment at all or experienced it to a lesser
degree. As shown in Table 1, most studies compared unemployed
persons with employed persons, while a few compared unem-
ployed persons with the general population. We examined whether
this distinction affected the estimated association between unem-
ployment and mortality.

Statistical methods varied from study to study, necessitating the
conversion of odds ratios, rate ratios, standardized mortality ratios,
relative risks, and hazard ratios (HRs) into a common metric (See
Section 3 of Appendix). For 63 of the 235 measures of mortality risk,
the death rate information required for conversion to a common
metric was not reported. In these cases, the required death rate was
estimated using multiple regression analysis (see Section 4 of
Appendix). Sensitivity analyses were performed to examine the
possible effect of including or excluding studies for which an esti-
mated death rate was used in the conversion to a common metric.

As is standard practice, we used the standard errors reported in
the publications to calculate the inverse variance weights (See
Section 5 of Appendix). When not reported, standard errors were
calculated using (1) confidence intervals, (2) t statistics, (3) x>
statistics, or (4) p-values. When upper-limit p-values were the only
estimate of statistical significance available (e.g. in cases where we
knew only that the p-value lay somewhere between 0.01 and 0.05),
the midpoint of the upper and lower limits was used to estimate
the p-value. In 24 cases, no measure of statistical significance was
reported and standard errors were estimated using multiple
regression (See Section 4 of Appendix). An indicator variable was
created so analyses could be conducted both with and without data
points where the standard error was estimated.

Quality was assessed using the Newcastle-Ottawa scale for
nonrandomized trials (Wells et al., 2009). Two authors (DR and ES)
also independently rated each publication, the average from these
two ratings being used in the analysis.

Q-tests, I tests, and examinations of the unexplained hetero-
geneity variance component were used to assess the presence and
magnitude of heterogeneity in the data (Huedo-Medina, Sanchez-
Meca, & Marin-Martinez, 2006). Q-test results from preliminary
analyses revealed substantial heterogeneity across studies’ effect
sizes. In light of this all meta-analyses and meta-regression anal-
yses were calculated by maximum likelihood using a random
effects model and sensitivity analyses were conducted using the
variables identified by the meta-regression models as significant
sources of heterogeneity. Analysis was performed with statistical
software (PASW, version 18.0) using matrix macros provided by
Lipsey and Wilson (2001). The possibility of selection and publi-
cation bias was examined using a funnel plot of the log HRs against
sample size. Funnel plot asymmetry was tested using Egger’s test
(Egger & Davey-Smith, 1998). Due to the heterogeneity in the data,

funnel plot asymmetry was also tested using weighted least
squares regressions of the log HRs on the inverse of the sample size
(Moreno et al., 2009; Peters, Sutton, Jones, Abrams, & Rushton,
2006).

Analyses performed include meta-analyses of sub-groups,
bivariate meta-regression analyses, and multivariate meta-regres-
sion analyses. The covariates used in the analyses were dictated by
data availability. Variables such as race or ethnicity, which were
used as grouping variables or included in interaction terms in only
a small number of studies, could not be used in the analyses.
Likewise, variables summarizing the prevalence of smoking or
drinking, and other health behavior variables that would have been
useful for additional analyses of confounding, were not reported
and could therefore not be examined. The following independent
variables were used in these analyses: (1) whether death rate was
estimated (yes or no); (2) whether standard error was estimated
(yes or no); (3) proportion of respondents who were male; (4)
mean age of sample at baseline; (5) age of the study (i.e. years
elapsed since the beginning of baseline), divided by 10; (6) time
elapsed between the end of baseline and the beginning of follow-
up; (7) maximum follow-up duration; (8) type of comparison
group; (9) geographic region; (10) sample size, log transformed;
(11) Newcastle-Ottawa Scale rating (range, 0—9); and (12) a series
of variables indicating whether sex, age, socioeconomic status, and
health were statistically controlled.

Results

Table 1 provides summary information on the 42 publications
included in this study. This table is presented in lieu of the standard
meta-analysis forest plot because of space limitations and the
inherent difficulty in garnering data heterogeneity information
from a plot that contains 235 point estimates and confidence
intervals. The mean relative risk from each of the 42 publications,
however, was included in Table 1 in the interest of providing
information from which some heterogeneity observations might be
made. The forest plot is available from the authors on request.

Table 2 provides descriptive statistics on the 235 mortality risk
estimates included in this study. Data were obtained from 42
studies, published between 1984 and 2008, covering 15 countries
(mostly in Europe and North America), and representing more than
20 million persons. The majority of persons analyzed were men,
and almost all were of working-age at baseline. The average follow-
up duration across all studies was 9.02 years. Of the HRs analyzed,
the mean 5-year impact factor was 5.59 and the mean number of
citations received per year since publication was 2.68. The mean
score on the Newcastle-Ottawa Scale was 7.76.

Table 3 presents the results of a number of meta-analyses (See
Table 4 for sample size information). All analyses were stratified by
the level of statistical adjustment of the risk estimate. Persons who
experienced unemployment were significantly more likely to die
than the comparison group. The mean unadjusted HR was 2.08
(95% confidence interval [CI], 1.77—2.43; n =40 risk estimates);
age-adjusted HR, 1.59 (95% CI, 1.42—1.77; n=75); and HR adjusted
for age and additional covariates, 1.63 (95% CI, 1.49—1.79; n = 120).
These results show that unemployment is associated with a 63%
higher risk of mortality in studies controlling for covariates. Table 3
also shows that the exclusion of data where either the death rate or
the standard error had to be estimated does not alter the direction,
magnitude, or level of statistical significance of the mean HRs.

sub-group meta-analyses and meta-regression analyses

As described at the end of the methods section, data on the
prevalence of high BMI, smoking, drinking, drug use, or other
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Table 2
Distribution of mortality risk estimates in the analysis by selected variables.

Variable Distribution®
Publication date
1980—1989 10.2
1990—-1999 383
2000—2008 51.5
Level of statistical adjustment
Unadjusted 17.0
Adjusted for age only 31.9
Adjusted for age and additional covariates 51.1
Sex
Women only 33.6
Men only 47.2
Both 19.2
Mean age of study sample at baseline (y)
<40 315
40-49.9 51.5
50—64.9 14.4
>65 2.6
Baseline start year
1960—1969 2.1
1970—1979 35.7
1980—1989 334
1990-2001 28.8
Years elapsed between end of baseline and start of follow-up
0 80.4
>0 19.6
Comparison group
Employed only 91.1
General population 8.9
Nation
Denmark, Finland, and Sweden 46.7
United States 18.7
United Kingdom 11.5
Japan and Taiwan 9.8
Belgium, Italy, Israel, Spain, and Switzerland 9.5
Australia and New Zealand 3.0
Costa Rica 0.9
Maximum follow-up time (y): first quartile 5.0
Median 8.0
Third quartile 10.5
Death rate estimated?
Yes 26.8
No 73.2
Standard error estimated?
Yes 10.2
No 89.8
Mean Newcastle-Ottawa scale rating 7.76

2 Values are percentages unless indicated otherwise, n =235 hazard ratios.

health factors was not available for analysis. However, comparisons
between the subset of our data where health was directly
controlled (n =45 HRs) or where health-related behaviors were
controlled (n=27 HRs) and the remaining data still provides
results relevant to the debate between the coping hypothesis and
the latent sickness hypothesis. Table 5 presents the results of the
meta-regression analyses, which provide a multivariate test for
differences between key sub-groups. Model 1 shows that there was
no significant difference in HR magnitude between studies that
controlled for any measure of health and the remaining studies
(p=0.1236). Model 3, however, shows that the mean HR was 24%
lower for studies that controlled for one or more health behaviors,
when compared to the remaining studies (p=0.0159). These
results suggest that health behaviors may confound the unem-
ployment-mortality association to some degree. However, the
results also indicate that pre-existing health behaviors and

conditions do not account for 100% of the relationship between
unemployment and mortality (see the discussion for more on this
issue).

Previous studies suggested that gender is a key moderating
variable for the unemployment-mortality association. Preliminary
examinations of individual studies revealed qualitative differences
between the magnitude of HRs for men and for women, suggesting
that women and men be analyzed separately. Table 3 shows that
unemployment was associated with an increased risk of death
when HRs were adjusted for age and additional covariates.
However, gender-specific analyses show that the magnitude of the
association was greater for men (HR, 1.78; 95% Cl, 1.56—2.02; n = 54
HRs) than for women (HR, 1.37; 95% CI, 1.17—1.60; n = 36). Model 3
of Table 5 confirms that the proportion of a sample that is male had
a significant impact on the magnitude of the HR. The risk of death
for men was 37% higher than that for women (p < 0.001).

Previous research has also suggested that age may moderate the
association between unemployment and mortality. We therefore
also conducted sub-group analyses based on average age at base-
line. As shown in Table 3, unemployment was associated with a 73%
increased risk of all-cause mortality for people under the age of 40
years who were in their early careers (HR, 1.73;95% CI, 1.41-2.11;
n=29) and a 77% increased risk for those between the ages of 40
and 50 years who were in mid-career (HR, 1.77; 95% CI, 1.59—1.98;
n=70). The association was substantially reduced for those
between the ages of 50 and 65 years who were near the end of their
working careers (HR, 1.25; 95% CI, 1.03—1.52; n = 19). The results of
the meta-regression analysis (Model 3 of Table 5) show a significant
effect for mean age (a 6% decrease for each additional 10 years;
p=0.0165) confirm this finding, with HR magnitude being
approximately equal between the youngest and the middle age
group (p=0.4394) but 26% lower for the oldest age group
(p=0.0016).

While follow-up duration has not often been explored in the
literature as a moderating factor, preliminary examinations of
individual studies suggested that the association between unem-
ployment and mortality may change as time passes. Sub-group
analyses based on follow-up duration (Table 3) show that people
who experienced unemployment had a 73% higher risk of death
during the first 5 years of follow-up (HR, 1.73; 95% CI, 1.44—2.06;
n = 30). The elevation of risk of death remained approximately the
same when the follow-up duration averaged 5 to 10 years (HR, 1.76;
95% CI, 1.55—2.00; p < 0.001; n=47) but then decreased to a 42%
elevation of risk in studies with a follow-up of more than 10 years
(HR, 1.42; 95% CI, 1.22—1.64; n = 43). However, the meta-regression
results indicate that there was no significant trend associated with
follow-up duration (p = 0.3476).

Furthermore, the type of comparison group used may also have
an effect on the magnitude of the mean HR. Preliminary compari-
sons of individual studies confirmed this, leading us to also
examine sub-groups results based on the type of comparison group
used. The mean HR was much higher when the comparison group
was employed persons only (HR, 1.75; 95% CI, 1.54—1.98; Table 3)
than when the comparison group was the general population (HR,
1.24; 95% CI, 1.01—-1.51). The results of meta-regression analysis
(Table 5) confirm this, showing that HRs were 32% lower when the
general population was used as the comparison group (p < 0.001).
Table 3 also shows that the risk of death was marginally lower
when studies excluded persons not in the labor force (HR, 1.60; 95%
Cl,1.45—1.76) than when studies included a mixture of unemployed
persons and those who were not in the labor force (HR, 1.73; 95% ClI,
1.46—2.04). However, the meta-regression analyses (Table 5) show
that when unemployed persons were combined with persons not
in the labor force the HR increased by 46% (p < 0.001) once other
study-level factors were controlled.
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Table 3
Meta-analyses.?

Data Unadjusted

Adjusted for age only Adjusted for age

and additional covariates®

All available data
Non-estimated death rate only
Non-estimated standard error only

2.08 (1.77, 2.43)
2.04 (1.73, 2.40)
2.08 (1.77, 2.43)

Sex
Women only 1.62 (1.25, 2.09)
Men only 2.38(1.85, 3.08)

Average age (y)
<40 1.84 (1.37, 2.48)

40—-49.9 2.25(1.87,2.71)

50—65 1.64**(0.97, 2.76)
Mean follow-up duration (y)

<5 1.70* (1.15, 2.52)

5.1-10 2.65 (2.15, 3.25)

>10 1.58 (1.22, 2.04)

Comparison group
Employed 2.09 (1.79, 2.45)
General population -

Unemployment measure
Unemployed only
Unemployed or not in labor force

1.75 (1.48, 2.08)
3.76 (2.75, 5.14)

1.59 (1.42, 1.77)
1.48 (130, 1.68)
1.67 (1.48, 1.89)

1.63 (1.49, 1.79)
1.66 (1.48, 1.86)
1.69 (1.54, 1.85)

1.31* (1.10, 1.56)
1.79 (1.56, 2.05)

1.37 (1.17, 1.60)
1.78 (1.56, 2.02)

1.66 (1.39, 1.97)
1.77 (1.51, 2.08)
1.33* (1.02, 1.74)

1.73 (141, 2.11)
1.77 (1.59, 1.98)
1.25** (1.03, 1.52)

1.50 (1.26, 1.80)
1.83 (1.55, 2.15)
1.37* (1.12, 1.67)

1.73 (1.44, 2.06)
1.76 (1.55, 2.00)
1.42 (1.22, 1.64)

1.75 (1.54, 1.98) 1.63 (1.50, 1.78)
1.24** (1.01, 1.51) -

1.58 (1.41, 1.77)
1.62 (1.25, 2.10)

1.60 (1.45, 1.76)
1.73 (1.46, 2.04)

*p<001.
** p < 0.05.
** p>0.05.

2 All meta-analyses were calculated by maximum likelihood using a random effects model. See Table 4 for information on sample sizes for each analysis. Values are
presented as mean hazard ratio (95% confidence interval). Unless indicated otherwise p < 0.001. Ellipses indicate situations where n < 1 and meaningful mean HR could not be

calculated.
b The number and type of covariates varies between studies.

Sensitivity analysis

The between-groups Cochrane’s Q for the meta-analysis of all
235 HRs was statistically significant (p = 0.0149) and the [ statistic
was quite high (12, 76.2; 95% CI, 22.1-92.8), indicating that impor-
tant moderating variables exist and supporting the decisions to use
random effects models and conduct sub-group meta-analyses. As
shown in Table 4, the Q-tests for these sub-group meta-analyses
were statistically significant only for statistically-unadjusted HRs.

Table 4

In all of the remaining sub-group analyses however, Q-tests and >
tests were non-significant, indicating that heterogeneity was
adequately accounted for by the use of a random effects model.
Since the discussion of the meta-analysis focused on HRs adjusted
for age and additional covariates, the results discussed above are
not an artifact of heterogeneity in the data.

To be conservative however, meta-regressions were used to
examine other possible sources of heterogeneity in the data. The
model fit statistics for Model 3 of Table 5 (R?, 0.3702; p < 0.001 for

Tests of heterogeneity and sample size information for the meta-analyses reported in Table 3.

Unadjusted Adjusted for age only Adjusted for age and additional
covariates
n Q-test p-value n Q-test p-value n Q-test p-value

All available data 40 0.001 75 0.892 120 0.999
Non-estimated death rate only 35 0.000 59 0.996 78 0.999
Non-estimated SE only 37 0.000 60 0.950 114 0.999
By sex

Women 13 0.024 30 0.755 36 0.956

Men 13 0.015 44 0.896 54 0.939
By average age (y)

<40 12 0.466 33 0.993 29 0.958

40—-49.9 23 0.000 28 0.254 70 0.999

50—65 5 0.957 10 0.877 19 0.817
By mean follow-up duration (y)

<5 7 0.750 27 0475 30 0917

5.1-10 18 0.000 27 0.395 47 0.993

>10 15 0.529 21 0.993 43 0914
By comparison group

Employed 39 0.000 55 0.770 120 0.999

General population 1 - 20 0.999 0 -
By unemployment measure

Unemployed only 31 0.090 61 0.747 90 0.991

Unemployed or not in labor force 9 0.002 12 0.360 30 0911
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Table 5

Bivariate and multivariate meta-regression analyses predicting the magnitude of the effect of unemployment on mortality.?

847

Variable

Multivariate model 1

Multivariate model 2

Parsimonious model”

Death rate estimated? (1, Yes; 0, No)

Standard error estimated? (1, Yes; 0, No)

Proportion of sample that is male (0 to 1)

Mean age of study sample at baseline (reference group, <40)
40—49.9
50—65

Study age (per 10 y)

Years between end of baseline and start of follow-up

Years between end of baseline and end of follow-up

Comparison group (1, general population; 0, employed persons)

Unemployment measure (1, any non-working; 0, unemployed only)

Region (reference group, other developed nations)

United States
Scandinavia

Controlled for sex (1, Yes; 0, No)

Controlled for age (1, Yes; 0, No)

Controlled for socioeconomic status (reference group, no controls)
Controlled for only education or only income (1, Yes; 0, No)
Controlled for two or more SES measures (1, Yes; 0, No)

Controlled for health
Controlled for any health status variable (1, Yes; 0, No)
Controlled for health behaviors specifically (1, Yes; 0, No)

Log of sample size

Newcastle-Ottawa quality rating

1.00 (0.44, 2.80)
0.84 (0.64, 1.08)
1.35* (1.18, 1.54)
0.99 (0.83, 1.18)
0.70** (0.56, 0.87)
1.02 (0.93, 1.13)
1.06** (1.02, 1.10)
0.99 (0.97, 1.01)
0.67** (0.50, 0.88)
1.49* (1.23, 1.79)
1.02 (0.82, 1.28)
1.00 (0.78, 1.27)
0.89 (0.71, 1.11)
0.83*** (0.70, 0.97)
1.48 (0.99, 2.23)
0.87 (0.76, 1.00)

0.84 (0.67, 1.05)

1.01 (0.97, 1.05)
1.05 (0.96, 1.14)

1.00 (0.86, 1.18)
0.83 (0.64, 1.08)
1.35* (1.19, 1.54)
0.99 (0.83, 1.18)
0.70* (0.56, 0.86)
1.02 (0.92, 1.13)
1.05** (1.01, 1.10)
0.99 (0.97, 1.01)
0.66** (0.50, 0.87)
1.51* (1.25, 1.82)
1.03 (0.83, 1.29)
1.01 (0.79, 1.29)
0.87 (0.70, 1.09)
0.84*** (0.72, 0.99)
1.24 (0.87, 1.77)
0.87*** (0.75, 1.00)

0.75*** (0.58, 0.96)
1.00 (0.96, 1.04)
1.05 (0.96, 1.14)
1.25

0.3974

0.0959*

1.37* (121, 1.56)
1.06 (0.92, 1.22)
0.74** (0.61, 0.89)

1.06* (1.03, 1.10)
0.68* (0.55, 0.83)
1.46* (1.27, 1.69)

0.84*** (0.72, 0.97)
1.17 (0.87, 1.58)
0.87*** (0.77, 0.98)

0.76*** (0.60, 0.95)

1.62*
0.3702
0.1017*

Constant 1.11
R? 0.3875
Unexplained heterogeneity variance component 0.0972*
*p<0.001.
*p<0.01.
*** p <0.05.

2 All meta-regressions were calculated by maximum likelihood using a random effects model. N = 235 hazard ratios for all analyses. Numbers reported are the expo-
nentiated regression coefficients (exponentiated 95% confidence intervals). Ellipses indicate situations when a variable was not entered into a model.

b Obtained using backwards elimination, variables removed if p > 0.10.

the Cochrane’s Q of the model) indicate that this model captured
a very substantial portion of the heterogeneity in the data. Never-
theless, the unexplained heterogeneity variance component for this
and the other models shown in Table 5 was highly significant (each
p < 0.001), confirming the need to use a random effects model for
all analyses.

As reported earlier, health behaviors, sex, mean age, and the
composition of the case and control groups moderate the mean HR.
Model 3 of Table 5 shows that other significant moderators include
the time elapsed between the end of baseline and the beginning of
follow-up (a 6% increase in risk for each additional year;
p =0.0006), whether the risk estimate was adjusted for age (a 16%
decrease when age was controlled; p =0.0159), and whether the
risk estimate was adjusted for socioeconomic status (a 13%
decrease when SES was well-controlled; p=0.0265). While HRs
from the United States and the Scandinavian nations are over-
represented in the data, the results do not seem to be biased by this
factor as there was no significant difference in HR magnitude
between either region and the remaining nations (p =0.7707 and
p =0.9216, respectively).

Of the 235 HRs, 93 were statistically-adjusted for age or had an
age range smaller or equal to 35 years, did not use the general
population as the control group, did not include persons not in the
labor force in the case group, were from studies with less than a one
year gap between the end of baseline and the beginning of follow-
up, and were from studies in which men and women were analyzed
separately. These 93 HRs were then grouped according to sex and
age group, the resulting six sub-groups subjected separately to
meta-analysis (see Table 6). The mean HR among women under the
age of 40 was 1.73 (95% CI, 1.41-2.11; n, 19), was 1.34 (95% CI,
1.15—1.56; n, 14) when the mean age was 40 to 49.9 years, and was
0.94 (95% CI, 0.80—1.11; n, 9) when the mean age was 50 years or

above. The mean HR among men under the age of 40 was 1.95 (95%
Cl, 1.69—2.26; n, 26), was 1.86 (95% CI, n, 14) when mean age was 40
to 49.9 years, and was 1.17 (95% CI, 1.00—1.36; n, 11) when the mean
age was greater than or equal to 50 years. In all six meta-analyses,
the Q-test was not significant and the I statistic was not signifi-
cantly different from zero, indicating homogeneity in the data. The
high correspondence between these six more conservative meta-
analyses and the full sample meta-analyses reported in Table 3
further confirm that heterogeneity in the sub-group data was not
a major problem.

Discussion

Our findings show that unemployment was associated with an
increased relative risk of all-cause mortality. We show that the risk
of death was 63% higher among those who experienced

Table 6
Meta-analyses stratified by gender and age.®

Gender Mean age HR (95% CI) n Q-test p-value
Women Less than 40 1.73* (141, 2.11) 19 0.937
40—-49.9 1.34* (1.15, 1.56) 14 0.233
50—65 0.94 (0.80, 1.11) 9 0.999
Men Less than 40 1.95* (1.69, 2.26) 26 0.398
40-49.9 1.86* (1.63, 2.12) 14 0.842
50—65 1.17** (1.00, 1.36) 11 0.365
*p<0.001.
**p<0.05.

2 Analyses based on 93 hazard ratios that were statistically-adjusted for age or
had an age range smaller or equal to 35 years, did not use the general population as
the control group, did not include persons not in the labor force in the case group,
and were from studies with less than a one year gap between the end of baseline and
the beginning of follow-up.
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unemployment than among those who did not, after adjustment
for age and other covariates. Before proceeding to a more detailed
discussion of the specific findings, however, some important limi-
tations must be considered.

Limitations

There is also an unknown degree of nonreporting of non-
significant findings (also known as the file-drawer effect) and
selection bias that may affect the results (Berman & Parker, 2002;
Egger & Davey-Smith, 1998). For example, some may suggest that
the inclusion of studies based on census data is problematic
because their analyses often rely on comparisons with the general
population, as opposed to the employed population. While this is
a valid point, we have tried to control for this by including the
appropriate indicator variables in the analysis. To guard against
other aspects of selection bias, we excluded no publications con-
taining data on the association between unemployment and
mortality. As with all meta-analyses however, some studies of the
association between unemployment and mortality will have been
missed. The funnel plot of the log HRs against sample size appears
asymmetric around the mean HR, suggesting significant selection
bias (Fig. 2). The results of Egger’s test indicated significant funnel
plot asymmetry (p < 0.001). However, recent simulation studies
indicate that heterogeneity in the data (such as is the case here)
produces misleading Egger’s test results (Moreno et al., 2009;
Peters et al., 2006; Terrin, Schmid, Lau, & Olkin, 2003). Using
Peters’ test (Moreno et al., 2009; Peters et al., 2006), we regressed
the log HRs on the inverse of the sample size. The results of this
second test indicated non-significant levels of funnel plot

asymmetry after data heterogeneity had been taken into account
(p =0.993). Given the discrepancy in the results of the two tests,
however, caution is warranted in the interpretation of the results.

Another limitation stems from the reliance on studies with
observational designs, which limit the ways in which one can
account for potential confounders. None of the studies of unem-
ployment were randomized clinical trials, as unemployment is not
a “treatment” one induces. In the worst case scenario, the use of an
observational design creates the risk that one or more highly
important confounding factors are not accounted for and the results
ofthe study are biased (Egger, Schneider, & Davey-Smith, 1998). Even
when important factors are controlled, differences in the method of
control between studies have the potential to affect the results of
a meta-analysis. For example, Model 3 in Table 5 shows that the
method for controlling for socioeconomic status affects the magni-
tude of the HR. While the HR associated with unemployment is
elevated across all levels of control for SES, the mean HR was 13%
lower among the subset which measured SES using two or more
factors. There is a danger of systematic bias in our results due to our
reliance on studies with observational designs and due to the
different methods used to control for confounders in the studies we
examined. However, this danger is reduced by our efforts to account
for the mediating, moderating, and confounding factors that have
thus far been investigated in the literature.

Discussion
Three findings from our study support the idea that the pathway

between unemployment and mortality is not completely spurious,
and could be consistent with a causal association. First,
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Fig. 2. Funnel plot of logarithmic hazard ratios vs. sample size®.
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unemployment remains associated with an increased risk of death
even after the exclusion of individuals who were not in the labor
force. This supports Moser et al.’s (1987) finding that elevated risk
levels among the unemployed were not simply an artifact of
misclassification. Second, the lack of significant difference between
the subset of our data where health was directly controlled (n =45
HRs) and the remaining data (p = 0.1236) suggests that pre-existing
health problems were not, in a broad sense, the common cause of
both unemployment and mortality. These findings are consistent
with those of Lundin et al. (2010), who reported that a substantial
portion of the association between unemployment and mortality
remained even after accounting for possible confounding factors.
However, our regressions indicated that the 27 HRs that controlled
for health behaviors were 24% lower than the remaining HRs
(p =0.0159). This latter result provides limited support for the latent
sickness hypothesis. Health-related behaviors existing at baseline
account for a portion of the unemployment-mortality association
and are clearly important to include in future studies. However, the
coping hypothesis provides a better overall explanation as the lack of
large differences in HR magnitude suggests that the post-unem-
ployment pathway exerts a stronger effect on mortality outcomes.
The method available to us for the testing of these competing
hypotheses, while suggestive of the overarching patterns, cannot
provide definitive evaluations of these hypotheses.

The results of this systematic review confirm our early expecta-
tions that the estimated adverse association between unemploy-
ment and mortality would not be uniform across all sub-groups and
studies. Meaningful differences were observed by age group, gender,
follow-up duration, time period, geographic region, and case and
control group composition.

First, mean HRs were higher for those in their early and middle
careers (an increased risk of 73% and 77%, respectively) but lower
for persons in their late careers (only a 25% increase in risk),
a finding consistent with those of earlier reports (Iversen,
Andersen, Andersen, Christoffersen, & Keiding, 1987; Moser, Fox,
& Jones, 1984; Sorlie & Rogot, 1990). This pattern may be the
result of a smaller net increase in stress among older workers, who
often hold jobs with above average stress levels and who may have
already been contemplating retirement (Brenner & Levi, 1987). The
pattern may also result from health selection into retirement
among older workers (Disney, Emmerson, & Wakefield, 2006),
a process that leads to the overrepresentation of healthier older
persons in the workforce. Some caution must be exercised when
interpreting this finding. When the underlying death rates are very
high in both the case and control groups (as is the case at older
ages), ratio statistics such as the HR lack statistical power to detect
group differences. However, this is not likely a problem in the
present study because we focus on the working-age population.
The death rates remain low enough to enable ratio-type measures
such as HRs to detect differences in death rates between the
employed and unemployed.

Second, this study confirms that the magnitude of the association
between unemployment and mortality is higher for men than for
women (an increased risk of 78% vs. 37%). There are two possible
explanations for this finding, First, the labor force participation rate
for women is considerably lower than for men in most nations. Being
engaged in unpaid labor at home or employed as part-time or on
a temporary basis may provide less health protection than full-time
work. The data can be used to partially evaluate this first explanation.
The difference between men’s and women'’s labor force participation
rates is particularly low in the Scandinavian nations, and if this first
explanation is valid one would expect to see a correspondingly
smaller difference between men’s and women'’s relative mortality
risk. To test this we included an interaction term between gender and
Scandinavian region in a separate meta-regression (not shown in

tables, but using the same covariates as Model 2 in Table 5). The lack
of significance for the interaction term (p = 0.8156) suggests that
absolute differences in the labor force participation rate between
men and women do not account for differences in the relative
mortality risk. A second explanation for the gender gap in relative
mortality risks may be that employment status remains more central
to men’s identities than to women’s despite the continuing upward
trend in women'’s participation in the formal labor market. This
explanation cannot be evaluated with our data.

Third, the association between unemployment and mortality is
significant in both the short and long term. While the meta-analysis
results showed a decrease in the mean risk of mortality in those
studies where the follow-up period exceeded 10 years (the risk
dropped from 76% to 42%), this trend was not significant in the final
meta-regression model (p=0.3476). This finding must be appr-
oached conservatively as it may result from the fact that many of the
studies included in the meta-analysis were cross-sectional. In cross-
sectional studies the employment status reported at baseline tends to
become less and less accurate as time passes. In other words, group
differences may become obscured over time because some of those
who initially reported being unemployed later found work and some
who were employed at baseline (and served as the comparison
group) later lost their jobs. The constancy of the mean relative risk
over time, however, does lend some support to the hypothesis and
previous findings that both the stress and the negative lifestyle
effects associated with the onset of unemployment tend to persist
even after a person has regained a job (Bolton & Rodriguez, 2009;
Cohen et al.,, 2007; Janicki-Deverts, Cohen, Matthews, & Cullen,
2008; Khan, Murray, & Barnes, 2002; Montgomery et al., 1998;
Wadsworth, Montgomery, & Bartley, 1999).

Fourth, the results of the meta-regression analyses show no
significant changes in the magnitude of the unemployment-
mortality association over the last four decades, as shown by the
lack of a significant association between the age of a study and the
magnitude of the HR (Model 2 of Table 5; p =0.6972). Despite
dramatic changes in the composition of the workforce and in work
environments over this period (such as women'’s increased labor
market participation, changing government unemployment poli-
cies, and the general trend towards more part-time and temporary
jobs), the association between unemployment and mortality
remained unchanged.

Fifth, the results of the meta-regressions suggest that differ-
ences between national welfare and health care systems may not
translate into differences in the magnitude of the unemployment-
mortality association. Ideally, this question would be tested using
a direct measure of national health system scope. While this data
was not available for our analyses, the geographic region variables
can be used to partially assess the hypothesis. Among the nations
represented in this study (see Table 2 for a complete list), only the
United States lacks some form of universal health coverage.
Furthermore, unemployment benefits in the United States tend to
be less generous than in most of the other nations examined. In
contrast, public health care coverage is most comprehensive in the
Scandinavian nations. If the degree of coverage provided by
national welfare and health care systems was related to the
unemployment-mortality association, one would expect to see
significant differences in HR magnitude between the U.S. and the
Scandinavian nations. The lack of a significant difference between
the mean HR for the U.S. (p = 0.7707), Scandinavia (p = 0.9216), and
the remaining nations suggests that these national-level policy
differences may not have much of an effect on the rate of mortality
following unemployment. This result should be treated conserva-
tively and should not be extrapolated to populations in developing
countries, as almost all the data came from studies of the developed
world.
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Finally, the composition of both the cases and controls was
important. When comparing unemployed persons with the general
population, the effect is much smaller than when comparing
unemployed persons with employed persons (the risk decreases
from 75% to 24%). This is to be expected because the general pop-
ulation, while primarily consisting of employed persons, also
includes some unemployed persons and individuals who are not in
the labor force (e.g. early retirees, the disabled, homemakers, and
students). Furthermore, the mean risk of death increases (from 60%
to 73%) when those who are not in the labor force are mixed with
the unemployed. This confounds the stress of unemployment with
health status and other factors that may influence the magnitude of
the association. These findings suggest that future studies of the
unemployment-mortality association must strive to include only
unemployed persons as cases and only employed persons as
controls. The quality of study design is critical for assessing the risk
of death among unemployed persons because this risk tends to be
understated if cases or controls are not both precisely specified.

Conclusion

This study shows that unemployment was associated with
a substantially increased risk of death among broad segments of the
population. Future research should continue to focus on possible
mediating, moderating, and confounding factors and on whether
this risk is modifiable, either at the health system level or the
individual level. Until more is known about the mechanisms by
which this association occurs, more proactive primary prevention
screening and interventions among the unemployed are needed.
Due caution is warranted, however, as Dorling (2009) suggests that
some interventions, such as low-wage work programs, appear to
exacerbate the hazard of dying due to unemployment. However,
studies suggest that cardiovascular screening programs among the
unemployed, interventions aimed at increasing unemployed
persons’ awareness of behavioral risk factors (Hanewinkel, Wewel,
Stephan, Isensee, & Wiborg, 2006), and stress-management
programs (aimed at preventing risk-taking behavior that leads to
the observed increase in injury rates among the unemployed) may
be particularly beneficial. Studies such as the current one are
particularly important in the current economic climate, with many
national unemployment rates exceeding 10% and expected to
remain elevated for some time. Much work remains to be done
using more detailed specifications of unemployment for which
systematic data could not be found. Studies should be conducted in
developing nations, where welfare and health care systems are
much less developed and unemployment may result in more direct
threats to a person’s health. Future studies should also collect data
on unemployment duration, informal labor market participation,
sources of support, and other possible mediators beyond those
discussed in this paper.
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Appendix

Section 1: Full search algorithms for Medline.

1. exp stress, psychological/mo
2. exp Stress, Psychological/

3. exp mortality/

4, mo.fs.

5. (death$ or mortalit$ or fatal$).tw.

6. or/3—5

7.2 and 6

8.1or7

9. stress$.tw.

10. exp caregivers/

11. caregiv$.tw.

12. (care giver$ or care giving).tw.

13. exp family/

14. exp siblings/

15. exp divorce/

16. exp marriage/

17. (marital adj (strife or discord)).tw.

18. widow$.tw.

19. (marriage or married).tw.

20. divorce$.tw.

21. famil$.tw.

22. (son or sons).tw.

23. daughter$.tw.

24. (spous$ or partner$ or husband$ or wife or wives).tw.

25. (mother$ or father$ or sibling$ or sister$ or brother$).tw.

26. exp dissent/and disputes.mp. [mp =title, original title,
abstract, name of substance word, subject heading word]

27. exp domestic violence/

28. domestic violence.tw.

29. ((child$ or partner$ or spous$ or elder$ or wife or wives)
adj5 (violen$ or abuse$ or beat$ or cruelty or assault$ or
batter$)).tw.

30. ((mental$ or physical$ or verbal or sexual$) adj2 (violen$ or
abuse$ or cruelty)).tw.

31. exp PEDOPHILIA/

32. (pedophil$ or paedophil$).tw.

33. exp social class/

34. exp socioeconomic factors/

35. (socioeconomic$ or socio economic$).tw.

36. ((financ$ or money or economic) adj (stress$ or problem$ or
hardship$ or burden$)).tw.

37. exp poverty/

38. (poverty or poor or depriv$).tw.

39. exp residence characteristics/

40. ((neighbo?rhood or resident$) adj (characteristic$ or
factor$)).tw.

41. (crowd$ or overcrowd$).tw.

42. exp prejudice/

43. (prejudic$ or racis$ or discriminat$).tw.

44, exp social isolation/

45, exp social support/

46. (social adj (isolat$ or support$ or connect$ or depriv$ or
function$ or influen$ or interact$ or relationship$ or separat$ or
ties)).tw.

47. exp friends/

48. (acquaintance$ or companion$ or friend$).tw.

49, neighbo?r$.tw.

50. exp interpersonal relations/

51. (social adj network$).tw.

52. exp social behavior/

53. (social$ adj activ$).tw.

54. exp work/

55. exp employment/

56. exp job satisfaction/

57. exp work schedule/

58. exp occupational disease/

59. exp occupational health/
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60. exp workplace/

61. (job or jobs).ti,ab.

62. employ$.ti,ab.

63. unemploy$.ti,ab.

64. (shiftwork$ or (work adj2 shift$)).ti,ab.

65. karaseks$.ti,ab.

66. overwork$.ti,ab.

67. ((job or work or employ$ or occupation$) adj (satisf$ or
condition$ or discontent or stress$)).ti,ab.

68. exp ACCULTURATION/

69. acculturat$.ti,ab.

70. (migrant$ or immigrant$ or guest work$).ti,ab.

71. exp Life Change Events/

72. ((traumas$ or life) adj (change or event$ or stress$)).ti,ab.

73. exp natural disasters/

74. (natural disaster$ or earthquake$ or hurricane$ or volcan$ or
typhoon$ or tsunami$ or avalanche$ or fire$ or flood$).ti,ab.

75. exp FIRES/

76. exp STRESS DISORDERS, POST-TRAUMATIC/or exp OXIDATIVE
STRESS/or exp ECHOCARDIOGRAPHY, STRESS/or exp HEAT STRESS
DISORDERS/or exp DENTAL STRESS ANALYSIS/or exp STRESS, MEC-
HANICAL/or exp STRESS FIBERS/or exp URINARY INCONTINENCE,
STRESS/or exp FRACTURES, STRESS/or stress disorders, traumatic,
acute/or exp exercise test/

77. ((stress or exercise) adj test$).sh,tw.

78. exp Accidents, Occupational/

79. (occupation$ adj (hazard$ or accident$)).tw.

80. or/76—79

81.2o0r9

82. or/10-75

83. or/76—79

84. 82 not 83

85. and/6,81,84

86. 8 or 85

87. exp Cohort Studies/

88. Controlled Clinical Trials/

89. controlled clinical trial.pt.

90. ((incidence or concurrent) adj (study or studies)).tw.

91. comparative study.sh.

92. evaluation studies.sh.

93. follow-up studies.sh.

94. prospective studies.sh.

95. control$.tw.

96. prospectiv$.tw.

97. volunteer$.tw.

98. or/87—-97

99. 86 and 98

100. limit 99 to humans

Section 2: Coding procedures and variables for which data were
sought.

As already mentioned in the main text, two authors (DR and ES)
trained in systematic review coding procedures determined
publication eligibility and extracted the data from the articles. Prior
to coding, both authors jointly reviewed the titles and abstracts of
potential publications to determine whether a given work war-
ranted a full examination for coding purposes. Each of these
publications was read independently, with each author forming an
opinion on final publication eligibility, assigning a tentative
subjective quality rating, and highlighting the data to be coded (see
below). The two authors then met in conference to discuss each
publication. Data was entered into a spreadsheet only after agree-
ment had been reached on final publication eligibility, the number
of relative risk estimates available for extraction, the values to be

assigned for the study design variables (e.g. age range, baseline
date) corresponding to each relative risk, and consensus had been
established with respect to the final subjective quality rating. In
some cases, the data entry involved calculating relative risk esti-
mates from raw death rates or from raw count data. For publica-
tions reporting multiple analyses of a single sample, data was
sought from a statistically-unadjusted model, a model adjusted for
age alone, and from the most statistically-adjusted multivariate
model. Data was entered basic spreadsheets (the data spreadsheet
being later imported into SPSS for analysis). The variables we
sought to obtain from publications were:

1) Author names; 2) author genders; 3) publication date; 4)
publication title; 5) place of publication; 6) characteristics of high
stress group (e.g. unemployed); 7) characteristics of low stress
group (e.g. employed); 8) characteristics shared by both high and
low stress groups; 9) percent of the sample that was male; 10)
minimum age; 11) maximum age; 12) mean age; 13) ethnicity;
name of data source used; 14) geographic location of study sample;
15) baseline start date (day, month, year); 16) baseline end date
(day, month, year); 17) follow-up end date (day month, year); 18)
maximum follow-up duration; 19) average follow-up duration; 20)
information on timing of stress relative to baseline start date; 21)
information on the structure of the follow-up period (e.g. were
there any gaps between the end of baseline and the beginning of
follow-up?); 22) statistical technique used; 23) total number of
persons analyzed in the publication; 24) total number of persons
analyzed for the specific effect size; 25) number of persons in the
high stress group; 26) number of deaths in the high stress group;
27) number of persons in the low stress group; 28) number of
deaths in the low stress group; 29) death rate in the high stress
group; 30) death rate in the low stress group; 31) effect size; 32)
confidence interval; 33) standard error; 34) t statistic; 35) Chi-
square statistic; 36) minimum value for p-value; 37) maximum
value for p-value; 38) full list of control variables used; 39) date of
data extraction; 40) subjective quality rating; 41) number of cita-
tions received by publication according to Web of Science; 42)
number of citations received according to Google Scholar; 43)
5-year impact factor for place of publication.

Section 3: Additional information on the conversion of odds ratios
and relative risks to hazard ratios.

All non-hazard ratio point estimates were converted to hazard
ratios (the most frequently reported type) using one or both of the
following equations (Zhang & Yu, 1998): RR = OR/((1 —r)+
(rx OR)) and HR = In(1 —RR x r)/In(1 —r), where RR is the
relative risk, OR is the odds ratio, HR is the hazard ratio, and r is the
death rate for the reference (i.e. employed) group.

Section 4: Additional information on the estimation of death rates
and standard errors.

Significant predictors of the death rate were follow-up duration,
mean age at baseline, sample size (log transformed), an indicator
for whether the study statistically controlled for gender, the
subjective quality assessment score assigned by the coders, the
proportion of the sample that was male, and an indicator for
whether the study statistically controlled for age.

Multiple R = 0.797. As mortality is the outcome variable in the
included studies, it needs to be made explicit that it was the death
rate (used to convert different measures of relative risk to
a common metric) that was estimated, not the mortality risk esti-
mate itself.
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Significant predictors of the standard error were sample size
(log transformed), mean age at baseline, follow-up duration, the
magnitude of the hazard ratio, and publication date.

Multiple R = 0.721.

Section 5: Additional information on method for adjusting inverse
variance weights.

Many meta-analysts prefer to use only the most general point
estimates reported in a given publication. While this strategy
makes it easier to maintain independence between point estimates
and makes the calculations of the inverse variance weights
straight-forward, it also results in a substantial loss of information.
We sought instead to maximize the number of point estimates
analyzed, capturing variability both between and within each
publication rather than just the former. For example, when
a publication (see hypothetical Study X in Table A1) reported
mortality risks by gender sub-groups alone the data requires no
adjustment. Likewise, when a study reported mortality risks by age
group alone (see hypothetical Study Y) the data also requires no
adjustment. However, when a publication first reports mortality
risks by gender and then again by age (see hypothetical Study Z)

Table A1
Illustration of adjustments made to the inverse variance weights to correct for
double reporting.

Author, Gender Age Original inverse  Corrected inverse
publication variance weight  variance weight
year
Study X Men only All ages 4 4
Study X Women only  All ages 2 2
Study Y Men only 20-44 5 5
Study Y Men only 45-65 7 7
Study Y Men only 65+ 3 3
Study Z Men only All ages 12 6
Study Z Women only  All ages 20 10
Study Z Both men & 20—44 16 8
women
Study Z Both men & 45—-65 24 12
women
Study Z Both men & 65+ 16 8
women

this creates a violation of independence because each person is
represented twice. To correct for this double-counting, each of the
variance weights was adjusted to half of its original value, thus
preserving information on the gender and age variables while
effectively counting each subject only once.
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