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Abstract: We investigated the relationship between income inequality and all-cause mortality in 87
regional county municipalities (RCMs) of Quebec (Canada) while accounting for time lags and effects
of other socioeconomic variables. We presumed to be true that income inequality entails stress and
depression. Thus, these phenomena were tested as mediating factors. The data used consist of eight
(8) area-based chronological variables: mortality rate, Gini index, disposable income, criminality
rate, number of physicians, density of population, and the proportion of people reporting feeling
stressed or depressed. The association between income inequality and mortality was analyzed using
the generalized method of moments (GMM) approach with local fixed effects to control unobservable
characteristics. Our results show that higher income inequality led to a significant increase of mortality
rate with a time lag of 5 years when socioeconomic characteristics were held constant. As expected,
households’ disposable income and mortality rate were negatively associated. Moreover, mortality
rate was positively associated with population density and negatively associated with the number
of physicians. Finally, only depression showed the potential to act as a mediating factor. Based on
our findings, we suggest that, over time, income inequality, by amplifying depression phenomena,
increases the mortality rate in Quebec’s RCMs.

Keywords: income inequality; health; mortality; mediating factors; panel data; Quebec

1. Introduction

Several characteristics of a society can influence the health status of its populations: poverty, poor
living conditions with a high level of material and social deprivation, unemployment, poor quality of
housing, limited access to health services, and a poor quality of environment [1,2]. Economic growth
was an important source of wealth in many countries at the end of the Second World War. But for three
decades, it has generated deep social inequalities. In developing countries, there is a strong evidence
that some phases of urbanization are responsible of deepening the inequalities [3], but the generation
of inequalities by wealth increase is obvious even in rich countries [4,5]. In Canada, Pampalon et al.
2010 showed that material and social deprivations (instruction, employment, income, living alone, etc.)
of one part of the population have a negative significant effect on survival [6]. Unfortunately, little is
known about the effect of relative deprivations on health. Income inequality, for example, is presented
by many researchers as the major socio-economic and non-medical determinant of health. However,
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the empirical evidence of the nature of the relationship between income inequalities and health has
not yet been definitively established [7–9]. A recent study by Tang et al. 2019 in China underlines the
high contribution of income inequalities to the pro-rich distribution of health information seeking
(that entails better health state) [10]. Several studies tried to estimate the relationship between income
inequality and population health at national and various subnational scales. The earliest paper on
mortality and income inequality—40 years ago—showed an association between Gini coefficients and
both infant mortality and life expectancy at age of 5 among a group of 56 developed and developing
countries [11]. By 2006, this association was confirmed through a meta-analysis on income inequality
and health that reviewed analyses from 168 papers. The overwhelming majority were supportive
(70%), suggesting that health is less good in societies where income differences are bigger and others
(30%) were unsupportive or partially supportive [12].

The vast majority of studies on the subject focused on the national scale and small areas
(neighborhoods, parishes, Zip codes and communities). Recent studies carried out at municipalities,
provinces, and other local communities scales showed a negative association between income inequality
and individuals’ self-rated health (often used as a proxy of population health) [13–17]. This relationship
might be stronger in the most unequal societies, as reported by Kondo et al. 2012 [17], but it remains
significant even within the most egalitarian societies such as in Sweden [18]. In Canada, Laporte and
Ferguson (2003) and Daly et al. 2001, focusing on provincial and national levels, found respectively, no
association and a positive relationship between the Gini index and all-cause mortality and homicide
rate [19,20]. Veenstra (2003), using a cross-sectional analysis among 24 coastal communities in British
Columbia, found that inequality was positively and significantly related to the crude mortality rate,
but was not significantly related to the age-standardized mortality rate [21]. In Hou and Myles (2005),
a negative correlation was found between neighborhood income inequality and average health status
at the neighborhood level [22]. Auger et al. 2009, using a dataset on health center regions of Quebec,
found that a higher income inequality was not associated with a higher risk of mortality (Mortality
rate is used as a proxy for population health) [23].

These divergent results in Canada might be explained by the insufficiency or the cross-sectional
nature of the data used by most of the authors. For instance, Leigh et al. 2009 stated that cross-sectional
relationships are likely to provide biased estimates of how income inequality affects health since income
inequality and health may have common causes [24]. Furthermore, several previous studies have
not clearly tested specific mechanisms linking income inequality to health. Although the literature is
abundant on the general question of whether the relationship exists or not, much less is known about
the real mechanisms in different contexts, and debates are still ongoing about the factors that best
explain the link between income inequality and health. Beyond those debates, it is possible that the
relevant mechanisms depend on the context. Understanding the mechanisms in different contexts
would be of great help in implementing effective public policies to mitigate the effect of inequalities
on health.

Epidemiologists and social scientists have proposed some theories explaining the link between
income inequality and health. Leigh et al. 2009, for instance, grouped them into three categories. In the
relative income mechanism, also referred to as the psychosocial mechanism, holding individual income
constant, people’s health can be affected if they compare their own income and life with those of
others [24]. In other words, this mechanism comes from people’s perception of their place in the social
hierarchy based on the relative position with respect to income [25–28]. According to Wilkinson (2006),
this perception can generate a feeling of deprivation or disadvantage, which in turn can generate
negative mental states such as anxiety, stress, and depression that are detrimental to health [12].

The second mechanism described by Leigh et al. 2009 is the society-wide effects of inequality.
These include, among other things, violent crime and public spending. According to the authors, if
violent crime accounts for a tiny fraction of all deaths in developed countries, its second-order effects on
mortality through increased chronic stress because of the fear of being a victim, are very important [24].
On the other hand, the value of public goods and services may decline for some citizens as income
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inequality increases, which could ultimately reduce government spending on health or education.
Some circumstances, such as the fact that the rich gain more political influence, may also lead to a
reduction of government spending [24]. Income inequality can finally make people feel less confident,
whereas low levels of trust can lead to fewer friendships, which is itself correlated to higher age-specific
mortality [24]. In a radical way, Lynch et al. 2000 developed the neo-materialist interpretation. They
criticized the psychosocial mechanism and argued that health problems result from a combination
of negative exposures and lack of resources, along with underinvestment in public infrastructures
and services, regardless of income inequality [26]. In other words, the association between income
inequality depends on the material conditions that affect population health independently of the
above-mentioned psychosocial factors. However, this interpretation was challenged by Marmot and
Wilkinson (2001) shortly after. According to these authors, recognizing that the socioeconomic structure
has powerful psychosocial as well as material effects means that it is more, not less, important to
identify and tackle the structural issues of the association between income inequality and health.
In addition, this calls for urgency because psychosocial factors, unlike many direct effects of material
factors, exacerbate other social problems, including levels of violence and the gradient in educational
performance [29].

A third mechanism, the absolute income interpretation, suggests a statistical artifact in the
association between income inequality and health. Indeed, proponents of these visions explain that
the aggregate level associations between income inequality and health reflect simply the non-linear
effect of individual income on health, the income elasticity of health being much higher for the poor
than for the rich [26,27]. At a constant mean income, transfers from rich individuals to poor ones will
significantly improve the health of the latter, while affecting very little the former. Therefore, less
inequality within the society should improve population health [24] and when individual income
is accounted for, we should not observe any significant association between income inequality and
health [27].

Our study was set in the general framework of the psychosocial interpretation. In fact, we know
from Caron and Liu (2010) [30] that major depression is the most prevalent mental disorder in the
Canadian population and that French speakers and Quebec residents demonstrate higher rates of
psychological distress. In addition, the prevalence of high psychological distress was found to be 50%
higher for low-income populations than for higher-level-income populations [30], suggesting a possible
pathway between the increase of income inequality, some psychosocial mediating variables, and poor
health. We intended to answer the following questions: Is there any effect of income inequality on
health in Quebec? If so, what would explain this effect of income inequality on health in Quebec? Is
taking into account the society-wide effects of income inequality sufficient to mitigate this effect? If not,
to what extent do psychosocial factors count?

The study objective was, therefore, to test the existence of these psychosocial mechanisms in 87
regional county municipalities (RCMs) of Quebec. RCMs are administrative units that ensure regional
management of local municipalities that have power of jurisdiction and regulation. They carry out
several missions, such as spatial planning and support to local development centers [31]. According to
some authors, such as Rostila et al. 2012, in administrative entities with political autonomy, the effect of
income inequality on health is mainly expected through investments in public goods and services [18].

As explained above, we took for granted the idea that income inequality is the source of stress
and depression and we tested the following hypotheses: H1—there is an association between health
and income inequality even after controlling other socioeconomic and material conditions in the
society; H2—the association between health outcomes and income inequality is mediated by stress
and depression.

We propose to re-examine the relationship between income inequality and health, using all-cause
mortality rate as a proxy of health and panel data instead of commonly used cross-sectional data
known to provide biased results.
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2. Materials and Methods

2.1. Materials (Data and Variables)

To investigate the relationship between income inequality and all-cause mortality, relevant data
were collected from the Institute of Statistics of Quebec, the Ministry of Public Security of Quebec and
Statistics Canada (Canadian Community Health Survey—CCHS). They relate to 87 regional county
municipalities (RCM) of Quebec and cover a period of 12 years (2002 to 2013). The variables used
(Table 1) can be grouped into three categories: principal variables (mortality rate and income inequality),
psychosocial mediating variables (stress and depression), and variables relating to socioeconomic
and material conditions in the society (which serve to control other possible pathways from income
inequality to mortality).

Table 1. List of variables.

Variable Abbreviation Brief Description Sources of Data

Principal
variables Gini Gini index

Institute of Statistics of Quebec (ISQ): Data
compiled by the Directorate of Economic
Statistics and Sustainable Development
from various sources (ISQ, Revenu Quebec).

Mortality_rate Number of deaths per
1000 inhabitants

Institute of Statistics of Quebec (ISQ):
Register of demographic events

Mediating
variables Stress

Proportion of people
who declare that their
days are stressful

Statistics Canada: Canadian Community
Health Survey (CCHS)

Depression
Proportion of people
who declare feeling
depressed

Statistics Canada: Canadian Community
Health Survey (CCHS)

Control
variables Dispo_income Disposable income

Institute of Statistics of Quebec (ISQ): Data
compiled by the Directorate of Sectoral
Statistics and Sustainable Development
from various sources (ISQ, AADNC, CSST,
MAMROT, RRQ, SAA, SAAQ and SC) 1

Criminality
Number of provincial
offenses per 100,000
inhabitants

Ministry of Public Security of Quebec: Data
collected by municipal police force, Quebec
safety & other bodies and aboriginal
policing

Density Number of people per
square kilometer

Institute of Statistical of Quebec (ISQ):
Register of demographic events

Physicians Number of physicians
per 1000 inhabitants

Institute of Statistics of Quebec (ISQ): Data
collected from the Registry of the Quebec
governance of health insurance

1 Institut de la statistique du Québec (ISQ), Affaires autochtones et Développement du Nord Canada (AADNC),
Commission de la santé et de la sécurité du travail (CSST), Emploi et Développement Social Canada, ministère
des Affaires municipales, des Régions et de l’Occupation du territoire (MAMROT), ministère de l’Enseignement
supérieur, de la Recherche, de la Science et de la Technologie, Office de la sécurité du revenu des chasseurs et
piégeurs cris, Régie des rentes du Québec (RRQ), Revenu Québec, Secrétariat aux affaires autochtones (SAA), Société
de l’assurance automobile du Québec (SAAQ), Statistique Canada (SC).

2.1.1. Principal Variables

Authors like Benyamini (1997) argued that self-rating represents an irreplaceable and independent
dimension of health status and that an individual’s health status cannot be assessed without self-rated
health [32]. Others like McGee et al. 1999 reported that a self-report of fair or poor health was associated
with at least a two-fold increased risk of mortality in the United States [33]. As we were not able to



Sustainability 2019, 11, 5700 5 of 17

find the values of other potential dependent variables, mortality rate is used here as a suitable proxy
for health status.

Although disability-adjusted life expectancy (DALE) was adopted in World Health Report 2000
as the preferred and more comprehensive measure of population health, Reidpath and Allotey (2003)
recognized that mortality rate remains a good proxy of population health for countries with a mortality
rate of less than 10 per 1000 inhabitants, such as Canada [34].

As for the Gini index, it is calculated using the employment income of workers aged 25–64. It is
the most common income inequality measure in economics [35] and usually the only one for which
panel data are available. This index was formally defined by Kondo et al. 2012 as “half of the arithmetic
average of the absolute differences between all pairs of incomes within the sample, with the total then being
normalized on mean income. If incomes are distributed completely equally, the value of the Gini will be zero.
If one person has all the income (complete inequality) the Gini will assume a value of 1” [17]. The index is
sometimes expressed as a percentage by multiplying it by 100.

2.1.2. Psychosocial Mediating Variables

To suggest that a relationship is causal means predicting a subsidiary hypothesis regarding a
mediating mechanism. To do so, a testable prediction of a causal mechanism has to be suggested [9].
On causal relationship between income inequality and health, several published papers suggested that
mental illness is more common in more unequal societies [36,37].

In this study, we tested Stress (the proportion of people who declare that their days were stressful)
and Depression (the proportion of people who declare that they felt depressed) as mediating variables.
As already mentioned, in Quebec, psychological distress is significantly higher for low-income
populations than for higher-level-income populations [30].

It is acknowledged in the literature that income inequality can generate feelings of deprivation
and disadvantage, which generate mental pressures such as stress, frustration, depression, anxiety, as
well as unhealthy behaviors (abuse of tobacco, alcohol and drugs); it may also cause a lack of social
and emotional cohesion and a lack of social support, which are harmful to health [25,27,28]. Moreover,
according to Dickerson and Kemeny (2004), what matters most are uncontrollable threats to one’s
social esteem, value, and status [38]. Indeed, as supported by Marmot (2005), a low social status is
stressful because it reduces people’s control over their lives and work. Other scholars have argued
that a low social status is stressful because people are made to feel looked down on, devalued and
inferior [38,39]. Both suggestions were borne out by a review of the most salient stressors affecting
cortisol responses [38].

Data on stress were collected in the Canadian Community Health Survey (CCHS) using the
following question: “Would you say that most of your days (in the last 12 months) were: 1-not at all
stressful, 2-not so stressful, 3-a little stressful, 4-quite stressful or 5-extremely stressful?” The answers
were recoded to be binary (Yes = 3, 4 or 5; No = 1 or 2). For depression, the question was: “During the
past 12 months, did you feel sad, melancholy or depressed for a period of 2 consecutive weeks or more? 1-Yes,
2-No.”

To obtain the data on stress profile and depression, we are quite aware that the real measures
should be based on clinical and physiological data tracking the profile of stress hormones such as
adrenaline or cortisol [40,41]. Nevertheless, the data we used are not imprecise or inadequate. In fact,
the methodology used to collect them is close to PSS (perceived stress scale), which has been proven to
have significant reliability and validity [42]. Other recent studies, such that of Matthew and Brodersen
(2018), have used similar data. The authors extracted the data from the annual health telephone surveys
implemented by the United States’ Centers for Disease control and Prevention between 2006 and 2014.

The stress and depression variables used in this study correspond to the proportions of people of
the RCMs who reported being stressed or suffering from depression. By controlling other variables
(presented in the next section) that were recognized in the literature as determinants of mortality, we
assumed an aggregated correlation between stress, depression, and mortality rate to reflect possible
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relationships at an individual level. While correlation at aggregated level cannot replace individual
level analyzes, we think that the results obtained from aggregated analyses can provide interesting
insights especially if one takes into account the fact that several studies already showed that people
suffering from psychological distresses have higher heart attacks and mortality rates [43–46].

Data for stress and depression were obtained for all years except 2002, 2004, 2006, 2008, and
2011. The missing information were estimated assuming a geometric inter-annual progression of
the phenomenon. The progression of the phenomenon was set in order to follow a constant average
growth rate.

2.1.3. Other Variables Relating to Socioeconomic and Material Conditions in the Society

Control variables, which represent other possible mechanisms linking income inequality to heath,
were added in our analyses to better disentangle the independent effect of income inequality through
stress and depression. These variables are aggregated disposable income (taking into account public
transfers to people), crime rate, and number of physicians. All the variables that are commonly
used to assess socio-economic status that affect populations health [9,47–52] are also related to the
society-wide effect of income inequality described by Leigh et al. 2009 [24]. In addition to these other
possible mediators, we controlled the population density, which has also been reported to affect the
population health.

The Institute of Statistics of Quebec (ISQ) defines disposable income (Dispo_income) as an aggregate
indicator at the household level that captures the macroeconomic dynamics of a territory and allows
comparisons. It is the sum of all incomes received by households (wages, business income, property
income, transfers such as employment insurance, social assistance, etc.), minus the transfers of
households to different institutions (contributions to health and pension plans, social insurance, taxes,
etc.). This amount, which takes into account the public spending on social protection, is what remains
available to individuals for their final consumption of goods and services and for voluntary savings.
The literature indicates that income has a large salutary effect on health. Ettner (1996) for instance, found
that increases in income significantly improved mental and physical health (with strong evidence) but
increased the prevalence of alcohol consumption (with little evidence) [53].

Criminality rate (Criminality) is expressed in the number of provincial offenses per 100,000
inhabitants. This variable is associated to income inequality and impacts population health. Results
from Brush (2007) and Chintrakarn (2012) showed that income inequality was positively associated
with crime rates in the cross-sectional analysis (moving from a county to another one) but negatively
associated with crime rates in the time-series analysis (change in income inequality). In the same
vein, in high crime-rated regions, fear of crime was associated with poorer mental health and lower
quality of life. Curtailed physical and social activities helped explain the link between fear of crime
and health [54].

Physician supply (Physicians) is expressed as the number of physicians per 1000 inhabitants. Lee (2010)
reported that the supply of primary care physicians was associated with improved health outcomes,
especially in chronic diseases and cancer: a higher number of primary care physicians was associated
with lower all-cause mortality, cancer mortality, and cardiovascular mortality. However, the ratio of
primary care physicians to specialists was not related to all-cause mortality [55]. Ho (2014), assessing
the association between county-level surgeon density in British Columbia (Canada) and esophageal
and gastric cancer mortality, found than the latter was more susceptible to the benefits of increased
surgeon density [56].

Population density (Density) is usually measured as the number of people per square kilometer.
Meijer et al. 2012, found that high population density was significantly associated with a higher
mortality: residence in areas with high population density increased all-cause mortality for all age
groups [57,58]. In Beenackers et al. 2018 and Nakaya et al. 2014, higher population density was found
to be modestly related to higher mortality at the neighborhood and city levels [59,60].
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To avoid multicollinearity among these socioeconomic variables, a correlation analysis was
conducted (Table 2). The population density was highly correlated with the disposable income
(coefficient of correlation superior to 0.8). We performed a VIF (variance inflation factor) test with
and without the population density (results are reported in Appendix A). Although the average
value of the VIF remained under 2, which is often used as the threshold for establishing a possible
multicollinearity bias [61], adding the density of population significantly increased the VIF (from 1.20
to 1.56). Subsequently, we performed regressions with and without this variable.

Table 2. Pearson’s correlation matrix.

Mortality_Rate Gini Dispo_Income Criminality Physicians Density Stress Depression

Mortality_rate 1.0000
Gini 0.1409 * 1.0000

Dispo_income −0.4490 * −0.0992 * 1.0000
Criminality 0.0903 * −0.0263 −0.0278 1.0000
Physicians 0.2010 * 0.0482 −0.4198 * 0.0375 1.0000

Density −0.4037 * −0.0879* 0.8356 * −0.0950 * −0.3815 * 1.0000
Stress 0.0160 −0.0045 0.2163 * 0.2923 * −0.0113 0.1062 * 1.0000

Depression −0.0904 * −0.1024 * 0.1557 * 0.0250 0.0098 0.0561 0.1429 * 1.0000

Note: (*) Significant at 5%. The calculations are performed with Stata®.

Table 3 shows descriptive statistics of the selected variables. The mean annual mortality rate and
mean Gini index across the RCMs are respectively 8 per 1000 and 38.8 percent (with coefficients of
variation (CV) of 23.6% and 5.9% respectively). These figures seem higher in comparison to the whole
country of Canada over the same period (2002–2013). The mortality rate in Canada was about 7.1 per
1000 according to Statistics Canada (Statistics Canada, Table 13-10-0392-01 Deaths and age-specific
mortality rates, by selected grouped causes), while the Gini index was about 36.9 according to the
World Income Inequality Database (UNU-WIDER, World Income Inequality Database 3.4). The average
annual disposable income over the study period was 920.4 million Canadian dollars (with a CV of
97.6%). About 93.4 offenses per 100,000 inhabitants were reported annually. Inter-annual variation of
these committed offenses was very high (CV is 70.9%). The average number of physicians was almost
two per 1000 inhabitants, with a CV of 28.4% while the density of the population was almost 57.4
persons per square kilometer, with a very high CV of 210.3. Southern RCMs of Quebec’s provinces are
more populated than the northern ones. Finally, the proportion of people who declared their days as
stressful and the ones who declared feeling depressed were, respectively, 19.9% and 25.4% (with 25.6%
and 39% as respective CV).

Table 3. Descriptive statistics of the selected variables.

Variable Mean Coefficient of Variation (in %) Min. Max. N

Mortality_rate 8.0 23.6 1.0 13.9 1044
Gini 38.8 5.9 33.5 49.9 1044

Dispo_income 920.4 97.6 80.7 4991.6 1044
Criminality 93.4 70.9 0 462.4 1044
Physicians 1.9 28.4 1.3 3.5 1044

Density 57.4 210.3 0.05 765.8 1044
Stress 19.9 25.6 9.1 27.1 1044

Depression 25.4 39.0 11.2 73.0 1044

2.2. Methods

2.2.1. Quantifying the Correlation between Income Inequality and Mortality Rate

The modeling approach was built on the panel data analysis techniques described by Ahn and
Schmidt (1995), Blundell and Smith (1990) and Greene (2011) [62–64].
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We started by testing the nature of the effects associated to each individual (here, each RCM).
To do so, we performed a Hausman test (Appendix B), which led us to model the effects as fixed rather
than random. Fixed effects may mask or reduce the effect of income inequality on mortality as other
unobservable specific characteristics of the geographical areas considered are automatically taken
into account [65]. However, in our case, it was rather an advantage because we sought to control the
maximum characteristics of RCMs to better capture the effect of stress and depression.

Further tests on the residuals of the model were performed to check whether the ordinary least
square estimator (OLS) was suitable. The tests revealed the heterogeneity and autocorrelation of the
residuals (Appendices C and D), which are symptomatic of endogeneity of regressors and bias on
the OLS estimator. Authors like Leigh et al. 2009 pointed to a link between income inequality and
health in both directions. The reverse effect of poor health on income inequality has been less studied,
but plausible hypotheses stated that poor health undermines school performances and labor market
competitiveness, reducing income [24]. This simultaneity effect is a potential source of endogeneity, but
the mechanisms explaining the effect of health on economic inequality do not really hold for a proxy
variable such as mortality rate. Therefore, the problem of endogeneity could come from a missing
third factor acting on both variables.

To take into account the local fixed-effects and deal with the above-mentioned problems, we used
the generalized method of moments (GMM) approach. This method is indeed particularly adapted to
panels data characterized by fixed effects, few time periods, many individuals, and autocorrelation of
the residuals. [66,67]

The dynamic model can be written as follows:

Yit = α+ β1Yi(t−1) + β2Xit + γZit + µi + ηit

where:

Yit is the mortality rate of RCM i at time t
Xit is the Gini index of RCM i at time t
Zit is a vector of the mediating and control variables
µi represents the fixed effects linked to RCM i
ηit is the error term
α, β1, β2 and γ are the estimated parameters

We tried different time lags in order to find the delay between the variation of income inequality
and its effect on the mortality rate.

To implement the GMM regressions, we ran under Stata® the xtabond2 command developed by
Roodman (2009) [67]. To deal with fixed effects and the endogeneity of regressors, we chose the system GMM
specification, which combines equations in levels to equations in first difference. First differencing copes with fixed
effects and different lags of the regressors that proved to be good instruments were used to cope with endogeneity
problem. It is indeed possible to include all valid lags of the untransformed variables as instruments [68]. Finally,
to deal with panel autocorrelation, robust standard covariance matrixes were used.

2.2.2. Analyzing Stress and Depression as Mediating Factors

The role of stress and depression as mediating factors was tested in two stages following Baron
and Kenny (1986) [68]. In the first stage, we tested whether these two variables would vary with
income inequality. We performed this test by controlling for the average disposable income and the
criminality rate, which may affect stress or depression [49,51,52,69,70].

In the second stage, we tested whether the introduction of the two variables in the dynamic model
would modify or cancel the effects of income inequality on mortality. Specifically, we intended to see if
(i) income inequality would affect the mediating factors, (ii) the mediating factors were significant
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in the dynamic model, and (iii) their introduction in the dynamic model would reduce or cancel the
effects of income inequality on mortality.

In case these conditions are observed, we assumed that those factors seemed to really act as
mediating factors in the potential pathway from income inequality to mortality.

3. Results and Discussion

Columns 1 and 2 of Table 4 show the results of the regressions of mortality rate on all the selected
variables except stress and depression. These two columns present the results with and without the
population density variable, which could potentially introduce a multicollinearity bias because of its
high correlation with the disposable income.

Table 4. Results of the regressions of mortality rate on income inequality without and with the
mediating variables.

lMortality_Rate

Variable

Regression
without

Mediating
Variables (1)

Regression without
Mediating Variables

and the Density
Variable (2)

Regression (2)
with the

Depression
Variable (3)

Regression (2)
with the Stress

Variable (4)

lMortality_ratet-1 0.80 *** (0.12) 0.74 ** (0.14) 0.83 *** (0.08) 0.83 *** (0.06)
lGinit-5 2.27 ** (1.01) 2.07 ** (0.91) 0.90 (0.69) 1.41 ** (0.66)

lDispo_incomet-5 −0.17 ** (0.07) −0.11 *** (0.04) −0.07 * (0.04) −0.07 ** (0.03)
lCriminality −8.23 (12.51) −2.71 (12.30) −3.52 (9.42) −3.81 (8.69)
lPhysicians −0.05 (0.06) −0.15 *** (0.06) −0.09 (0.06) −0.10 * (0.06)

lDensity 0.06 ** (0.03) - - -
lDepressiont-1

lStresst-1

-
-

-
-

0.04 * (0.02)
-

-
−0.01 (0.04)

Constant −8.32 ** (3.77) −8.03 ** (3.58) −3.69 (2.51) −5.39 ** (2.24)
Number of

observations 609 609 609 609

Arellano-Bond test
for AR(1) 0.002 0.003 0.000 0.000

Arellano-Bond test
for AR(2) 0.286 0.343 0.220 0.242

Hansen test 0.515 0.608 0.392 0.637

Note: All the variables are specified in logarithms. (***) Significant at 1%; (**) significant at the 5%; (*) significant at
10%. The number of observations shrinks because of the lags on certain variables. The p-value of the Arellano–Bond
tests indicates no order-2 serial correlation of the residuals (null hypothesis), allowing the use of longer lags of the
regressors as instruments. Lags 3–5 were used as instruments and the instruments proved to be valid (p-value of the
Hansen test failed to reject null hypothesis of exogenous instruments). The estimates were made with Stata®.

There was a significant correlation between the level of both income inequality and disposable
income and the level of the mortality rate. The mortality rate increased with increasing income
inequality and decreased with increasing disposable income. The rise in the mortality rate associated
with the rise in income inequality was more than proportional (elasticity coefficient is between 2.07%
and 2.27%) even after controlling for some variables related to exposures and material conditions of
the populations. In comparison, the increase of disposable income had little effect on the mortality rate
(elasticity coefficient is between −0.11%–0.17%). To some extent, this is in line with the assumption
of Wilkinson (2010) which suggests that with regards to health problems, income inequality matters
more than income level in developed countries [71]. Our hypothesis H1 cannot be rejected: there is an
association between health and income inequality even after controlling for the society-wide effects of
income inequality.

While these results are in line with many others [23], they differ from those of Auger et al. 2009,
who found no significant effect of three indicators of income inequality (measured through decile
ratio, coefficient of variation, and through the proportion of total household income received by the
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50% least well-off) on all-cause mortality [23], at the local community level (health center regions) in
Quebec. McLeod et al. 2003 also reported no significant effect of income inequality on self-rated health
status at the metropolitan area level in Canada, in their study [72]. This divergence with our results
might be explained by the nature of the data used. Auger et al. 2009 and McLeod et al. 2003 used
cross-sectional data instead of panel data.

Moreover, both variables (income inequality and disposable income) have lagged effects (5 years
lag) on the mortality rate, suggesting that these effects are not instantaneous and involve mediating
factors. In addition to the 5-year lag and given the limited time series (12 years only), we also tested 0-
to 6-year lags, but were not able to find a statistically significant effect of income inequality on mortality
rate while satisfying all the econometric specification tests (AR and Hansen tests are described in the
three last rows of Table 4). Other time lags likely occurred, but we could not find them. This finding on
the existence of time lags coincides with results of Blakely et al. 2000, who scanned lag time between
inequality and poor self-rated health at the national level in the United States. They found possible
lag effects of up to 15 years among people aged 45 years or older [73]. This could be explained by
the fact that it would be easier and would take less time to perceive differences and inequalities in
one’s immediate environment than at the level of an entire country. Consistently with the psychosocial
mechanism, if one perceives the inequality more quickly, it is very likely that the consequences in
term of anxiety, stress, and depression, and ultimately the consequences on mortality, would manifest
themselves more quickly. One can think that inequality could affect health more easily and quickly if
people compare themselves and find a difference between themselves and others who are closer to
their environment. Moreover, time lag tends to decrease after controlling for state and regional fixed
effects [74].

Unlike Stafford et al. 2007, we found no significant relationship between criminality rate and
mortality [54]. However, our results are not very surprising since, for the case of Quebec and
Canada, the most important predictors of mortality are heavy substance use [75,76] which might be
under-reported to police services.

When added in the regression (Table 4, Column 1), the density of population was positively
correlated to mortality. This correlation was weak since a 1% increase in density is associated with an
increase of only 0.06% in mortality.

In the regression without population density (Table 4, Column 2), the number of physicians has a
significant effect with a negative sign. A 1% increase in the number of physicians is associated with a
decrease of only 0.15% in mortality. In 2013, 24.6% of Quebec’s inhabitants did not have access to a
regular family doctor (Statistics Canada, Table 13-10-0484-01 Access to a regular family physician).
It seems consistent that a larger number of physicians would allow individuals to have access to a family
doctor, which may ultimately play a positive role on their health status and the global mortality rate.

To test depression and stress as possible mediating factors of the pathway between income
inequality and mortality while avoiding any potential multicollinearity problem, we kept all the
previous variables, except density of population, in the model. The test was performed in two steps.
First, depression and stress were both found to be positively correlated with income inequality, with
time lags of 3 and 5 years, respectively (Table 5). If there is a causal relationship, the effects of income
inequality on both variables seem important. A 1% increase in income inequality is correlated with an
increase in the number of people feeling depressed and stressed by 4.17% and 14.34%, respectively.
We were not able to obtain significant effects of income inequality on both variables using other time
lags while satisfying all econometric specification tests (AR and Hansen tests are described in the six
last rows of Table 5).
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Table 5. Results of the regression of stress and depression on income inequality.

lDepression lStress

lDepressiont-1 0.43 *** (0.12)
lStresst-1 −0.90 *** (0.07)
lGinit-3 4.17 *** (1.06)
lGinit-5 14.34 *** (2.36)
Constant −13.47 *** (3.54) −46.69 *** (8.56)

Number of observations 783 609
Arellano-Bond test for AR(1) 0.000 0.000
Arellano-Bond test for AR(2) 0.171 0.000
Arellano-Bond test for AR(3) 0.063
Arellano-Bond test for AR(4) 0.076
Arellano-Bond test for AR(5) 0.348

Hansen test 0.691 0.223

Note: All the variables are specified in logarithms. Standard errors are in parentheses. (***) Significant at 1%.
The number of observations shrinks because of the lags on certain variables. For the regression on lDepression, the
p-value of the Arellano–Bond tests indicates no order-2 serial correlation of the residuals (null hypothesis) allowing
the use of longer lags of the regressors as instruments. Lags 9–10 were used as instruments and these instruments
proved to be valid (the p-value of the Hansen test failed to reject null hypothesis of exogenous instruments). As
for the regression on lStress, the p-value of the Arellano–Bond tests indicates no order-5 serial correlation of the
residuals (null hypothesis), allowing the use of longer lags of the regressors as instruments. Lags 7–8 were used as
instruments and the instruments proved to be valid (the p-value of the Hansen test failed to reject null hypothesis of
exogenous instruments). The estimates were made with Stata®.

Second, when depression was controlled for (Column 3 of Table 4), the correlation between income
inequality and mortality weakened (the elasticity coefficient ranges from 2.07–2.27 to 0.90) and became
statistically non-significant. If we support the idea that income inequality entails depression, this
suggests that depression is potentially one of the mechanisms by which income inequality affects the
mortality rate. Thus, hypothesis H2 cannot be rejected for depression: the association between health
outcomes and income inequality is mediated by depression.

In addition, controlling for the specific variables mentioned above, depression was positively
associated to mortality (elasticity coefficient is 0.04), with a time-lag of 1 year. We were not able to find
a statistically significant association with other time lags. However, we recognized here that the use of
aggregated data instead of individual data may have prevented us from accurately determining the
actual time lags and the degree of association between depression and mortality.

Controlling for stress (Column 4 of Table 4) also decreased the effect of income inequality on
mortality rate, but the coefficient of the stress variable is not statistically significant (Different time lags
were also tested for the stress variable. None had a significant impact on the mortality rate). According
to these results and following Baron and Kenny (1986), only depression can be considered here as a
potential mediating factor which would connect income inequality to mortality.

Our results support those of Lopez (2004), who pointed to depressive disorder as a mechanism
that connects income inequality to (poor) health [77]. These results are in line with Muramatsu (2003)
and Pabayo et al. 2014, whose findings showed a positive and significant association between income
inequality and depression [78,79]. Except for stress, our results also support the conclusions of several
other studies, namely those of Yusuf et al. 2004, Liu et al. 2016, Nguyen et al. 2016, and that of the
WHO (2018) [43–46]. Yusuf et al. 2004, in a study on 24,767 people in 52 countries, found that people
who experienced several periods of stress or depression had a risk of heart attack increased by 38%,
compared to people who did not suffer from stress or depression [46]. According to the World Health
Organization (WHO) (2018), myocardial infarction is, in Western countries, one of the leading causes of
death after heart disease and cancer [45]. Liu et al. 2016 and Nguyen et al. 2016 showed that compared
to non-depressed subjects, depressed people recorded the highest mortality rates [43,44]. However,
Liu et al. 2016 have shown that when depressed people received adequate medical treatment, the
relationship between mortality and depression disappeared [43].
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4. Conclusions

In this article, we analyzed the correlation between income inequality and all-cause mortality in
Quebec (Canada) using panel data and dynamic econometric modeling. Mortality rate was used as a
proxy to capture health problems. Our results show a positive and significant correlation between
income inequality and mortality rate at the regional county municipalities (RCM) level. In addition,
our results suggest that there was a lagged effect of income inequality on population mortality, which
implies transmission pathways through mediating factors.

We support the hypothesis set by many authors that depression is one of the factors of transmission
of income inequality to mortality. In Quebec’s RCMs, it seems that increasing the degree of relative
income deprivation (income inequality) increases the number of people affected by depression, which,
in turn, leads to a higher mortality rate. A time lag of 5 years is observed when the values taken by
income inequality and by mortality became correlated. This time lag seems shorter for the association
between depression and mortality (1 year). If confirmed, this suggests that the time for intervention to
avoid premature death is very strained. Therefore, specific interventions for depressed people are an
emergency. This might be out of the reach of public policy as it needs time to be implemented. It is
urgent to find efficient ways of preventing depression, which is a widespread problem related to the
characteristics and functioning of modern societies.

Nevertheless, based on the above findings, the most efficient action at the policy level would be to
implement long-term measures to identify and reduce the factors that cause income inequality. For
instance, supra and local authorities should put more emphasis on the economic and social integration
of disadvantaged populations, such as indigenous populations and immigrants, while improving
their access to adequate health insurance and services. As the apparent elasticity coefficient between
income inequality and mortality is high (about 2%), we can expect that a tiny decrease of the first
(by distributing more subsidy to the less well off part of the population or by increasing the lower
wages) would entail a real drop in mortality rate in the RCMs without jeopardizing the public budgets.
Moreover, the bad feelings caused by inequality likely do not only depend on income inequality [71].
In addition, the influence of other inequality factors ought to be correctly accounted for.

However, our study suffers from certain limitations. For instance, because of lack of data, we
were not able to highlight all the time lags between the evolutions of the values taken by the variables.
These limitations are, in particular, due to lack of data to accurately address and control the influence
of other socioeconomic determinants of mortality. For example, we were not able to find appropriate
data on access to health insurance and services, as well as rates and levels of education corresponding
to the RCM scale. This study suggests a causal pathway starting from bad feelings inspired by high
income inequality and moving toward depression and eventually, premature death, at the RCMs
level. Yet, many questions remain open about the variations caused by the level of analysis, the role of
the political autonomy of the surveyed entities, the influence of increases and decreases of the Gini
coefficient with time-lags in the same place, the other factors of inequality, the role of public goods, etc.

Further research is needed to analyze the validity of our findings for different income inequality
variables and for different health problems. In order to generalize the results of this study, it would be
interesting to extend this study to other Canadian provinces while considering similar scales to those
of the RCMs of Quebec.
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Appendix A

Table A1. Multicollinearity tests (variance inflation factor tests).

VIF VIF

Gini 1.04 1.03
Dispo_income 2.52 1.48
Criminality 1.11 1.11
Physicians 1.46 1.37
Density 2.55
Stress 1.18 1.18
Depression 1.05 1.04
Mean VIF 1.56 1.20

Note: All the variables are specified in logarithms. Tests are made with Stata®.

Appendix B

Table A2. Hausman test.

lMortality_Rate
b-B

Fixed Effects (b) Random Effects (B)

lGini −0.5237644 −0.4507633 −0.0730011
lDispo_income 0.1420331 0.0238672 0.1181659
lCriminality 9.455.255 1.441.207 −4.956.813
lPhysicians 0.07344 0.1782056 −0.1047656
lDensity −0.1656255 −0.0220127 −0.1436128
lStress −0.0198026 −0.0017459 −0.0180567
lDepression −0.0020765 −0.0034886 0.0014121

chi2(5) = (b-B)’[(V_b-V_B)ˆ(-1)](b-B) = 53.84, Prob > chi2 = 0.0000 Note: All the variables are specified in logarithms.
Tests are made with Stata®.

Appendix C

Table A3. Heteroscedasticity test.

Residualsˆ2

lGini −0.02 *** (0.00)
lDispo_income 0.06 *** (0.02)
lCriminality 206.58 (133.00)
lPhysicians 0.04 (0.04)
lDensity −0.05 *** (0.01)
lStress −0.02 (0.03)
lDepression 0.05 * (0.03)
Constant 0.56 *** (0.21)
Number of observations 1044

F(7, 1036) = 8.26, Prob > F = 0.0000. Note: All the variables are specified in logarithms. (***) Significant at 1%; (*)
significant at 10%. Standard errors in parentheses. Tests made with Stata®.
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Appendix D

Table A4. Wooldridge test for serial autocorrelation in panel data.

H0: No First Order Autocorrelation

F(1, 86) = 5.862
Prob > F = 0.0176

Note: Tests are made with Stata®.
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