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Abstract

Objectives: To determine an association between

unemployment rates and human immunodeficiency virus

(HIV) mortality in the Organisation for Economic Co-

operation and Development (OECD).

Design: Multivariate regression analysis.

Participants: OECD member states.

Setting: OECD.

Main outcome measures: World Health Organization HIV

mortality.

Results: Between 1981 and 2009, a 1% increase in

unemployment was associated with an increase in HIV mor-

tality in the OECD (coefficient for men 0.711, 0.334–1.089,

p¼ 0.0003; coefficient for women 0.166, 0.071–0.260,

p¼ 0.0007). Time lag analysis showed a significant increase

in HIV mortality for up to two years after rises in unemploy-

ment: p¼ 0.0008 for men and p¼ 0.0030 for women in year

1, p¼ 0.0067 for men and p¼ 0.0403 for women in year 2.

Conclusions: Rises in unemployment are associated with

increased HIV mortality. Economic fiscal policy may impact

upon population health. Policy discussions should take into

consideration potential health outcomes.
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Introduction

The world is facing one of the most severe global
recessions in modern history, with rising
unemployment levels across a range of countries.1

There are concerns regarding the adverse effect of the
prolonged economic recession on population health
outcomes. 2

Yet, the prevailing governmental response to this
economic downturn, in countries around the world,

has been the introduction of austerity measures in an
attempt to reduce budget deficits.3 A result of these
fiscal policies, in addition to the economic crisis, has
been the increased national prevalence of unemploy-
ment.4,5 More specifically, the widespread adoption
of these austerity policies across the OECD
(Organisation for Economic Co-operation and
Development) has been associated with an increase
in average unemployment rate from 5.6% to 7.6%
between 2008 and 2009 (Table 1).1

Studies exploring impact of economic downturns on
population outcomes have shown that periods of eco-
nomic hardship are associated with increased mortality
and worsening health outcomes.6–8 More recent
national studies have confirmed these ‘adverse
effects’,9–11 demonstrating associations between
unemployment and all-cause mortality, suicide rates
and road traffic accidents. In contrast, detailed analyses
of the relationship between unemployment and specific
pathologies have, by and large, been neglected.

A small number of studies have investigated
the effect of financial downturns on HIV-infected
individuals in single country settings,12,13 concluding
that unemployment is an independent risk factor
for disease progression and mortality. However,
population-wide correlations at the national or multi-
national level, in addition to long-term trends, have
yet to be determined.

We sought to build on earlier studies to determine
the effect of changes in unemployment on HIV mor-
tality across the OECD between 1981 and 2009,
hypothesising that rising unemployment rates are
associated with increased HIV mortality. The sub-
stantial increases in unemployment in recent years
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Table 1. Unemployment in the OECD, 2006 and 2009.

Country

Year of OECD

membership

2006 unemployment

(% of total labour force)

2009 unemployment

(% of total labour force)

Increase or decrease

in unemployment after

the economic crisis

Australia 1971 4.8 5.6 Increase

Austria 1961 4.7 4.8 Increase

Belgium 1961 8.2 7.9 Decrease

Canada 1961 6.3 8.3 Increase

Chilea 2010 7.7 9.7 Increase

Czech Republic 1995 7.1 6.7 Decrease

Denmark 1961 3.9 6.0 Increase

Estoniaa 2010 5.9 13.8 Increase

Finland 1969 7.6 8.2 Increase

France 1961 8.8 9.1 Increase

Germany 1961 10.3 7.7 Decrease

Greece 1961 8.9 9.5 Increase

Hungary 1996 7.5 10.0 Increase

Icelandb 1961 3.0 7.2 Increase

Ireland 1961 4.4 12.0 Increase

Israela 2010 8.4 7.5 Decrease

Italy 1962 6.8 7.8 Increase

Japan 1964 4.1 5.0 Increase

South Korea 1996 3.4 3.6 Increase

Luxembourgb 1961 4.7 5.1 Increase

Mexico 1994 3.2 5.2 Increase

Netherlands 1961 3.9 3.4 Decrease

New Zealand 1973 3.9 6.1 Increase

Norway 1961 3.4 3.2 Decrease

Poland 1996 13.8 8.2 Decrease

Portugal 1961 7.7 9.5 Increase

Slovakia 2000 13.3 12.1 Decrease

Sloveniaa 2010 6.0 5.9 Decrease

Spain 1961 8.5 18.0 Increase

(continued)

2 Journal of the Royal Society of Medicine Open 8(7)



as well as the availability of high-quality epidemio-
logical and socioeconomic data within the OECD
provide a clear opportunity to assess any association.

Methods

Data collection

Data were analysed for 27 of the 34 current OECD
member states. Chile, Estonia, Israel and Slovenia
were excluded from our analysis as they joined the
OECD in 2010, outside the scope of our study.
Iceland, Luxembourg and Turkey were excluded
from our analysis due to insufficient HIV mortality
data (Table 4 in Appendix).

HIV mortality data by sex was obtained from the
World Health Organization’s (WHO) mortality data-
base,14 which is updated annually from civil registra-
tion systems of member states. Only medically
certified deaths attributed to HIV are recorded in
this dataset. The quality of this data has been evalu-
ated by the WHO.15 Reported national death statis-
tics were assessed by completeness, coverage and
quality. Completeness was defined as the proportion
of all deaths that are registered in the population
covered by the vital registration system for a country.
Of the 27 countries included in our analysis, 26 had
achieved 100% completeness. The Republic of Korea
had 89% completeness. Coverage is calculated by
dividing the total number of deaths reported from
vital registration system for a country-year by the
total number of deaths estimated by the WHO for
that year for the national population. Twenty-one
countries included in our analysis had 100% cover-
age. Greece (88%), Italy (99%), Japan (97%),
Republic of Korea (88%), Mexico (96%) and
Norway (98%) were assessed to have suboptimal

coverage. No adjustments have been made to the
raw data to account for under-coverage. Quality
was determined by taking into account the revision
of the International statistical classification of dis-
eases, and related health problems were used for
national vital registration statistics, the completeness
of data and minimal use of ill-defined categories of
death. Of the 27 national datasets used in our ana-
lysis, 11 were considered to be of high quality, 13 of
medium quality and 3 of low quality. We used age
standardised death rates (ASDR) per 100,000 as
the basis of our analysis. The ASDR, as defined by
the WHO, is the weighted average of age-specific
mortality rate per 100,000, where the weights
are proportional to the number of individuals in
the corresponding age groups of the WHO standard
population.15 We chose to use ASDR as it con-
trols for differences in age distribution within popu-
lations by accounting for age-specific mortality
rates.16 Socioeconomic data were obtained from the
World Bank’s Development Indicators Database
2013.17 Unemployment was taken to be the propor-
tion of the labour force without work but available
and seeking employment, as defined by the World
Bank.17

Statistical analysis

Multivariate regression analysis was used to assess the
relationship between HIV mortality (dependent vari-
able) and unemployment (independent variable). To
ensure that results were not driven by extreme observa-
tions for certain countries, a fixed-effects approach was
used in our regression models, including 26 dummy
variables for the 27 countries in the dataset. Doing
this meant that the model evaluated mortality changes
within individual countries while holding constant

Table 1. Continued.

Country

Year of OECD

membership

2006 unemployment

(% of total labour force)

2009 unemployment

(% of total labour force)

Increase or decrease

in unemployment after

the economic crisis

Sweden 1961 7.0 8.3 Increase

Switzerland 1961 4.0 4.1 Increase

Turkeyb 1961 10.2 14.0 Increase

United Kingdom 1961 5.4 7.7 Increase

United States 1961 4.6 9.3 Increase

OECD: Organisation for Economic Co-operation and Development.
aChile, Estonia, Israel and Slovenia were excluded from our analysis as they joined the OECD in 2010 (outside the scope of our study).
bIceland, Luxembourg and Turkey were excluded from our analysis due to insufficient HIV mortality data.
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time-invariant differences between countries including
higher predispositions to HIV, as well as political, cul-
tural and structural differences. This conservativemod-
elling approach made the data more comparable. The
demographic structure of the selected countries was
also controlled for by incorporating total population
size, in addition to the percentage of the population
aged over 65 years and less than 15 years into the
model. Economic factors were controlled for by incor-
porating inflation, changes in GDP (gross domestic
product) per capita and interest rates into the model.
Healthcare resources were controlled for by incorpor-
ating the number of hospital beds per 1000 and number
of physicians per 100,000. Both out-of-pocket health
expenditure and health expenditure per capita (mea-
sured in purchasing power parity) were also controlled
for. And finally, developmental indicators were con-
trolled for by incorporating the prevalence of urbanisa-
tion, the mean calorific intake of the population as well
as accessibility to clean water.

We used the Cook–Weisberg test18 to assess for and
to confirm heteroskedasticity (where sub-samples have
different distributions) in the data used. Therefore,
robust standard errors were included in the regression
models; this allowed us to account for heterogeneity
in unemployment data due to differences in the way
that countries measured unemployment rates, along
with factors such as underemployment or social pro-
grammes (for example, back-to-work initiatives or
programmes that see individuals move from employ-
ment to education or training) that may otherwise
have hidden or suppressed actual unemployment rates.

This methodology has been widely used in similar
health-economic studies and is regarded as a statistic-
ally robust approach.8,19–22

The ordinary-least-squares linear regression model
was as follows:

�Hi,t��Hi ¼ aþ �Ui,t��Uið Þ � �Gi,t��Gið Þ

� �Ii,t��Iið Þ � �Ri,t��Rið Þ

� �Bi,t��Bið Þ � �Pi,t��Pið Þ

� �Xi,t��Xið Þ � �Yi,t��Yið Þ

� �Ti,t��Tið Þ � �Ci,t��Cið Þ

� �Wi,t��Wið Þ � �� �þ "i,t

where i is country and t is year; H is the health metric
(age-standardised HIV mortality); U is the measure
of unemployment; G is the measure of annual change
in GDP/capita; I is the measure of inflation; R is
the interest rate; B is the number of hospital beds; P
is the number of physicians; X is the level of private
health expenditure; Y is the level of public health
expenditure; T is the rate of urbanisation; C is the
calorific intake of the population; W is rate of
access to clean water; a represents the population
structure of the country being analysed; Z is a
dummy variable for each country included in the
regression model; and " is the error term. The coeffi-
cient values of these control variables can be found in
Table 5 in Appendix.

We conducted one-, two- and three-year time-lag
multivariate analyses to quantify the long-term effects
of changes in unemployment on HIV mortality.
Several robustness checks were also conducted;
these are detailed in the Results section.

Stata SE version 12 was used for the analysis
(Stata Corporation, Texas, USA). The ‘‘regress’’
command was used for our analysis.

Table 2. Multiple regression and lag analysis.

Number of years

after 1% rise in

unemployment

Male HIV mortality per 100,000 Female HIV mortality per 100,000

Coefficient p value

Lower

confidence

interval

Upper

confidence

interval Coefficient p value

Lower

confidence

interval

Upper

confidence

interval

Year 0 (year of

change in

unemployment)

0.7112 0.0003 0.3338 1.0886 0.1657 0.0007 0.0712 0.2601

Year 1 0.6271 0.0008 0.2668 0.9873 0.1368 0.0030 0.0475 0.2262

Year 2 0.4468 0.0067 0.1263 0.7674 0.0825 0.0403 0.0037 0.1613

Year 3 0.0604 0.6545 -0.2058 0.3265 -0.0072 0.8266 -0.0718 0.0574

The data show the impact of a hypothetical 1% rise in unemployment on HIV mortality, controlling for proportion of population up to age of 14,

proportion of population over age of 65, population size, 30 country controls, inflation, changes in GDP per capita, interest rates, urbanisation,

nutrition (mean calorie intake), access to water, number of hospital beds per 1,000, number of physicians per 100,000, out of pocket expenses, health

spending per capita (measured in purchasing power parity).
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Results

Table 2 displays the results of the regression model
based on data collected from 27 OECD countries in
the period between 1981 and 2009. The results dis-
played are adjusted for inter-country differences in
demographic structure, financial influences, health-
care infrastructure as well as other developmental
indicators, totalling 13 potential confounders and 26
country-specific dummy variables.

A 1% rise in unemployment was found to be asso-
ciated with a statistically significant rise in HIV mortal-
ity per 100,000 in both men and women (coefficient for
men 0.7112, 95% CI: 0.3338–1.0886, p¼ 0.0003; coeffi-
cient for women 0.1657, CI: 0.0712–0.2601, p¼ 0.0007).
According to the most recent UN estimates,23 the com-
bined population of theOECDcountries is estimated to
exceed 1.24 billion individuals. Based on this, a hypo-
thetical 1% rise in unemployment across the OECD
would be associated with 4327 male and 1050 female
additionalHIVdeaths, during the yearof theunemploy-
ment rise, not taking into consideration any lagged or
longer term effects of unemployment. Time lag analysis
showed that each given 1% rise in unemployment was
associated with increased HIV mortality for up to two
years after the initial unemployment change (Table 2,
Figure 1). For year 1, coefficient for men is 0.6271, CI:
0.2668–0.9873, p¼ 0.0008; coefficient for women is
0.1368, CI: 0.0475–0.2262, p¼ 0.0030. In year 2, coeffi-
cient for men is 0.4468, CI: 0.1263–0.7674, p¼ 0.0067;
coefficient for women is 0.0825, CI: 0.0037–0.1613,
p¼ 0.0403. In year 3, changes were non-significant.

Robustness checks

To ensure the robustness of our findings, we con-
ducted a series of further statistical analyses with

various additional control variables. The first of
these involved controlling for overall tuberculosis
mortality, as it has been well documented that tuber-
culosis co-infection during HIV infection is associated
with a worsened prognosis and an increased risk of
mortality.24,25 Second, we controlled for changes in
public spending on healthcare (measured as a per-
centage of GDP). Reduced public healthcare expend-
iture could potentially impact the availability of
healthcare resources.26 Third, we controlled for
changes in private healthcare expenditure. Fourth,
we repeated our core analysis without out of pocket
expenditure, since this could be one potential mech-
anism responsible for an association between
unemployment and HIV mortality. Fifth, we con-
trolled for the implicit increased risk of mortality
that is associated with unemployment.27 Finally, the
phenomenon of autocorrelation is when the national
annual data from consecutive years is not truly inde-
pendent from each other. Assessment of our dataset
by the Woolridge test revealed that autocorrelation
was present within our dataset. This was corrected
for by including the Newey–West variance estimator.
Our results (Table 3) showed that, even after account-
ing for each of these variables, unemployment
remained associated with HIV mortality in a statistic-
ally significant manner (p< 0.001).

Discussion

Findings

This study has shown that increased unemployment in
the OECD countries is associated with an increase in
HIV mortality. These effects become apparent in the
immediate time frame but also persist in the medium
term. The scale of this association is such that a hypo-
thetical 1% rise in unemployment in the OECD would
be associated with an excess HIV mortality, in the
order of thousands. Importantly, this statistically sig-
nificant finding persisted even after accounting for a
variety of potential confounding factors.

Our results show that the increase in HIV mortal-
ity, associated with rising unemployment, dispropor-
tionately affects males in comparison to females.
This difference is reflected in the WHO’s reported
HIV mortality figures.14 The underlying explanation
for this difference is likely to be a complex interplay
between various biological, behavioural and social
factors. Furthermore, the increased risk of suicide
and all-cause mortality during unemployment tends
to be greater in men.27–29 This observed difference
may partially be the result of men being more reluc-
tant to seek healthcare services and therefore present-
ing at later stages of disease progression.30

Figure 1. A 1% rise in unemployment is associated with

statistically significant lagged increases in HIV mortality for

two years, in both men and women.
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Potential mechanisms

The mechanism by which unemployment might drive
HIV mortality is currently unclear. We hypothesise
that a number of mechanisms may potentially link
the two variables. First, unemployment might nega-
tively impact upon the socioeconomic status of
HIV-infected individuals. The influence of social
background on health outcomes has been extensively
documented in the published literature.31 Studies
have shown that there is a strong association between
low socioeconomic status and increased risk of HIV
mortality.32–35 Some propose that this is the result of
delayed diagnosis and treatment due to reduced
healthcare access.32 Others have demonstrated that
a statistical association remains even after adjustment
for such factors, suggesting that low socioeconomic
status may be an independent factor for HIV
mortality.34

Similarly, previous regional studies have shown
that unemployment itself is also associated with
delayed access to treatment.35 It has been shown
that even after accounting for this, unemployment
remains an independent risk factor for HIV morbid-
ity and mortality.13 Our study shows that this associ-
ation, at least with regard to HIV mortality, holds
true on a much more macroscopic level, across the
OECD.

The link between unemployment and an elevated
incidence of suicide has also been well estab-
lished.7,8,10 Underpinning these observations are the
detrimental effects that unemployment has on psy-
chological health and wellbeing. It is possible that
this psychological effect and its associated behav-
ioural changes may also contribute to increased mor-
tality in HIV patients.

Exclusion of out of pocket expenditure from our
analysis reduced the magnitude of association
between unemployment and HIV mortality, suggest-
ing that reduced out of pocket expenditure during
times of unemployment may not contribute towards
increased HIV mortality in year 0 (Table 2).

Strengths and limitations

Our quantitative macroeconomic approach confers
several methodological strengths. We considered a
much larger range of countries than previous studies,
enabling investigation of international trends.
Notably, our study used a conservative, fixed-effects
regression analysis model. Modelling rates as nor-
mally distributed above and below the predicted
value, which is essentially done by linear regression,
is an unusual approach (rates cannot be negative, for
example, yet this method permits and indeed expects
negative rates). However, with large datasets, it can

be justified if the model fits the data sufficiently: We
believe that our analysis meets both of these criteria.
This model together with the implemented robustness
checks, and inclusion of 13 potential confounders and
26 country-specific dummy variables, account for
many of the criticisms levelled at other studies look-
ing at the relationship between health outcomes and
unemployment, namely, the omission of potential
confounding variables that are likely to be correlated
with both unemployment rates and HIV mortality
rates. In using a panel data approach to compare
unemployment rates at interval of one year, for
each year after the increase in unemployment with
the mortality rates in each country, we also controlled
for time-invariant heterogeneity between countries;
something that aggregate, time-series analyses fail to
do. The potential influence of bias was also minimised
from this study by only using data taken from high-
quality, objective, centralised databases. The quality
of the mortality data has been evaluated by the
WHO.15 However, the dataset makes no attempt to
correct suboptimal national civil registration cover-
age. Despite this, across the whole OECD dataset, a
high degree of total coverage is achieved. In addition,
mortality in HIV persons where cause of death was
not attributed to HIV would have been omitted from
our analysis.

However, the broad overview of this study is also a
source of weakness. Since we only evaluated annual
data compiled at the national level, any variations or
discrepancies that might have been present, in smaller
geographical regions or across shorter timeframes,
would not have been captured. Indeed, it has been
shown that substantial variation in unemployment
occurs at the subnational and regional levels and
this can influence health outcomes.36 Second, the end-
points of our analysis focused solely on measures of
mortality. We did not consider the effects of changes
in unemployment on other HIV health measures,
which could have yielded different results. Third, we
were unable to stratify unemployment distribution by
socioeconomic class. As discussed above, socioeco-
nomic status is thought to contribute to HIV mortal-
ity. As a result, this study fails to dissect the influence
of this potential confounding factor. Fourth, while
this study does show an association between
unemployment and HIV mortality, a causal link
cannot be established. It is possible that rises in
HIV mortality could result in a rise in unemployment;
a phenomenon known as endogeneity. Indeed, there
is substantial historical precedent of employment
discrimination against HIV-infected individuals.
However, the impact of HIV infection status on
employability is extremely variable depending on
geo-social factors.37 The likelihood of endogeneity

Maruthappu et al. 7



confounding our findings is unlikely, since implausibly
large increases in HIV prevalence would probably be
required in order to affect unemployment rates in such
a short timeframe. Additionally, our lag analysis which
demonstrates a long-term influence of unemployment
on HIV mortality would not be consistent with such a
phenomenon. Finally, our study analyses ecological
data and so is prone to ecological fallacy – we
cannot infer conclusions about individual doctors or
patients from country-level data.

Implications

Our findings could have important implications both
for healthcare professionals and to policy makers.
Previous studies have shown that unemployment
can exacerbate the perceived barriers to healthcare
access.38 This is directly reflected by reduced health-
care utilisation by unemployed individuals compared
to their employed counterparts.39 Our study provides
further support to the importance of clinician aware-
ness of the potentially increased vulnerability of
unemployed patients. Steps to facilitate healthcare
access and ensure the rapid delivery both of diagnosis
and treatments could address such vulnerabilities.
What strategies would be most suitable in tackling
such an issue is unclear. The evidence supporting
the efficacy of different interventions with the aim of
addressing health inequalities due to social determin-
ants has been largely inconclusive.40

At the macro level, the influence of economic
policy on public health cannot be overlooked. Fiscal
policies that increase unemployment rates should
only be exercised with due consideration, not only
because of their social and economic repercussions
but also since they may also act to adversely affect
population health, specifically in this case, HIV mor-
tality. Indeed, current austerity measures could con-
tribute towards exacerbating the burden of infectious
diseases, including HIV.41 Policies promoting return-
to-work such as work-sharing programmes or those
that prevent further unemployment could potentially
benefit HIV survival.1

Conclusions

The recent global recessions led to a rapid increase in
unemployment across almost all OECD member
states, and the economies of many countries have
yet to recover. This event has raised the question of
how unemployment may impact HIV outcomes at the
population level. Our study has shown that increases
in aggregate unemployment are associated with sig-
nificantly higher HIV mortality in the OECD. Policy
interventions and austerity measures, which may

increase unemployment, are a key concern, possibly
presenting additional barriers to HIV management.
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Appendix

Table 4. Basic descriptive statistics of the raw HIV mortality data used in our analysis.

Country

Number of

observations

Mean HIV mortality

(per 100,000)

Standard

deviation Min Max

Australia 24 2.15 1.88 0 5.9

Austria 24 1.34 0.87 0.3 3.4

Belgium 18 1.23 0.94 0 3.1

Canada 19 4.74 2.85 1.8 9.6

Czech Republic 24 0.04 0.05 0 0.1

Denmark 13 2.30 2.55 0.6 7.8

Finland 23 0.16 0.20 0 0.9

France 22 5.32 4.27 1.4 13.2

Germany 20 1.76 1.31 0.6 4.0

Greece 23 0.32 0.32 0 1.1

Hungary 23 0.21 0.16 0 0.7

Icelanda 0 N/A N/A N/A N/A

Ireland 23 0.58 0.72 0 2.5

Italy 22 4.75 3.99 0.1 12.8

Japan 22 0.06 0.05 0 0.1

South Korea 14 0.14 0.09 0 0.3

Luxembourga 0 N/A N/A N/A N/A

Mexico 11 8.14 0.14 7.9 8.4

Netherlands 27 1.66 1.46 0.1 4.6

New Zealand 23 1.47 1.12 0.2 3.4

Norway 24 0.94 0.69 0.2 2.5

Poland 11 0.48 0.06 0.4 0.6

Portugal 19 10.73 5.43 1.2 18.5

Slovakia 18 0.04 0.05 0 0.1

Spain 26 7.76 6.65 0 23.3

Sweden 23 0.83 0.67 0.2 2.3

Switzerland 13 3.17 3.19 0.9 11.6

Turkeya 0 N/A N/A N/A N/A

United Kingdom 22 0.80 0.65 0 2.0

United States 26 9.91 8.17 0 25.5

aIceland, Luxembourg and Turkey were excluded from our analysis due to insufficient HIV mortality data.
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Table 5. Control variable coefficient values.

Variable

Male analysis

coefficient

Female analysis

coefficient

Population aged >65 �1.4778 �0.4714

Population aged <15 �0.7895 �0.2218

Population size �0.0000 �0.0000

GDP per capita 0.0363 0.0185

Inflation 0.2212 0.0669

Interest rate 0.0688 0.0195

Hospital beds per 1,000 0.2695 0.0030

Physicians per 100,000 �0.9478 �0.2723

Out-of-pocket health expenditure 1.7849 0.4508

Public health expenditure 0.5691 0.0977

Calorific intake �0.0795 0.0005

Prevalence of urbanisation 0.2687 0.1067

Access to clean water 0.9168 0.2787

GDP: gross domestic product.
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