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Abstract

Income comparisons have been found to be important for individual
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are used to correct for income endogeneity bias due to omitted variables.
Using German Socio-Economic Panel data (SOEP), results show that
relative deprivation has a positive effect, while relative satisfaction has
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1 Introduction

There have been many attempts to disentangle the relationship between income

distribution and health. The idea that income distribution matters appeared after

finding an income gradient in health when analysing the Absolute Income Hypoth-

esis, which states that income has a direct effect on health. Initial hypotheses

suggested that more equal societies might have a protective effect for health. If it

would be the case, redistribution could be a health enhancing policy (Wagstaff and

Van Doorslaer, 2000; Deaton, 2003). However, empirical evidence is not conclusive

about the validity of this relationship (Wilkinson and Pickett, 2006). Therefore, it

is difficult to make recommendations to health policy makers.

A way of measuring income distribution is by means of income distances within

a reference group, what is known as relative income. Relative income is expected to

have a deleterious effect on health —Relative Income Hypothesis. As it is claimed in

the literature, being or feeling deprived might cause psychosocial stress to the indi-

viduals. Stress might trigger psychosomatic diseases and individuals’ health might

worsen (Sapolsky, 1994; Deaton, 2003). However, while some studies find evidence

of this negative effect of relative income on health, in others it is not significant,

or even positive (Feng and Myles, 2005; Miller and Paxson, 2006; Theodossiou and

Zangelidis, 2009).

These results disparities might be explained by the methodological caveats which

have not been solved yet. First, the validity of the relative income measure used. As

far as I know, previous empirical evidence focuses on “upward” income comparisons.

In other words, what is relevant for health might be only the income distances with

the better-off individuals in the reference group. In the health analysis this has

been mainly measured by means of relative deprivation indexes. Nevertheless, new

evidence on well-being shows that individuals also compare themselves with the

worse-off, what is called, “downward” comparisons (Falk and Knell, 2004; Wunder

and Schwarze, 2009).

Additionally, it is not so clear that a higher income distance with the better-off

might generate psychosocial stress. For example, Hirschman and Rothschild (1973)
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find evidence of a “tunnel effect”. The tunnel effect is an analogy from a traffic

jam on a road with two lanes. The stationary drivers anticipate the dissolution of

the traffic jam when they observe cars moving in the other lane. In the income

comparisons context, it would mean that individuals might use the information of

individuals in comparable circumstances to predict their own future income situa-

tion. If it is the case, individuals might derive pleasure from having richer people

in the group, because they consider it as a future opportunity to improve their own

income.

Therefore, since income comparisons might generate both, positive and negative

psychosocial effects, a deleterious effect might be expected on health when indivi-

duals feel deprived or suffer from psychosocial stress, and a protective effect when it

is not so. Although some authors find evidence of those effects on well-being, such

a distinction regarding income has not been considered to understand how relative

income operates on health.

Second, the validity of the reference group. Again, there is no consensus in

the literature about which is the relevant reference group. This might be different

depending on the country or the population group considered (Karlsson, Nilsson,

Hampus, and Leeson, 2010).

Last, the validity of the health measures used in previous studies. It is difficult

to find datasets which include both a wide range of socioeconomic variables and

health measures, particularly objective health. Therefore, most of the studies are

based on self-assessed health. Although self-assessed health is a valid measure, it

might present reporting bias, especially in cross-country analysis (Sadana, Mathers,

Lopez, Murray, and Moesgaard, 2002).

Thus, the aim of this paper is to try to overcome the methodological caveats

mentioned above when studying the Relative Income Hypothesis. First, the main

contribution is to analyse the relationship between relative income and health based

on a relative income measure, which allows to distinguish between the effect of

“upward” and “downward” income comparisons on health. In this paper they are

referred to as Relative Deprivation and Relative Satisfaction respectively.

To my knowledge, this is the first study to analyse this relationship tacking into
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account the panel-dimension of the data to control for unobserved heterogeneity.

This is important in order to correct for income endogeneity due to omitted variables.

This seems to be the case, since the size and significance of the estimated coefficients

in this paper are reduced once unobserved heterogeneity is included.

The analysis is based on the German Socio-Economic Panel (SOEP), which in-

cludes longitudinal income and health data for the period 1994-2010. Since this

study is the first to use this data set to analyse the relationship between relative

income and health, this paper also contributes to the empirical evidence for the Ger-

man case. Additionally, SOEP includes “quasi objective” health measures, which

allow to test the hypotheses using more objective health indicators, distinguishing

between the mental and physical dimensions of health.

Finally, different reference groups are considered to find out which is the rele-

vant reference group for Germans. New evidence suggests that Germans compare

themselves with people in the same profession (Mayraz, Wagner, and Schupp, 2009).

However, more traditional reference group definitions are used as a robustness check.

The results show that both upward and downward comparisons are statistically

significant even after controlling for unobserved heterogeneity. Relative deprivation

within the reference group generates a positive effect on health. And relative satis-

faction affects health negatively. In the case of Germany psychosocial stress might

not be derived from relative deprivation, but from relative satisfaction. These results

might contradict the initial hypothesis and might explain some of the discrepancies

found in the literature.

This paper is structured as follows. Section 2 presents the theoretical back-

ground. Section 3 summarizes previous empirical evidence regarding the relative

income hypothesis. The employed data and the econometric specifications used in

this paper are described in Section 4. Section 5 shows the empirical findings. And

finally, Section 6 concludes.
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2 Theoretical considerations

2.1 Income comparisons and well-being

Since Easterlin (1979) found a low correlation between income and well-being in

richer countries, and suggested that a higher income does not make people happier

once it rises above a ‘subsistence level’,1 a great bulk of studies have focused on the

implications of income comparisons on individual well-being. Especifically, empirical

evidence shows that well-being is affected by the income gap between individual’s

income and her reference income (Easterlin, 1974; Ferrer-i Carbonell, 2005; Clark

and Senik, 2010).

This idea stems from the assumption that the utility function of an individual i

is determined by the interdependence of preferences and social status (Ferrer-i Car-

bonell, 2005 and Wunder and Schwarze, 2009). Accordingly, consumption and indi-

viduals’ behaviour are influenced by other individuals’ decisions and consumption.2

Thus, individuals would feel deprived when they cannot reach others’ consumption

level, that is to say, that social comparisons are relevant for well-being. In this case,

individual well-being might be affected not only by individual income yi,
3 but also

by individual relative income —denoted by yj— within his reference group, as it is

shown in the following equation:

Ui = (yi, yj, X) (1)

where Ui stands for the utility or well-being level of individual i, and X includes

a set of individual and household characteristics, which might also be relevant for

individual well-being.

Additionally, income comparisons also provide individuals with information about

their self-value and individual esteem within the reference group. In this sense, rel-

ative income would be a measure of the contentment derived from social status and

would help individuals to assess their own success or failure (Dakin and Arrowood,

1This has been dubbed the Easterlin Paradox.
2Ferrer-i Carbonell (2005) suggests that if everybody were to drive a Rolls Royce, one would

feel unhappy with a cheaper car.
3Note if this is the case absolute income might have a positive effect on health as it is claimed

by the absolute income hypothesis.
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1981; Wunder and Schwarze, 2009).

Fehr and Schmidt (1999) propose the following utility function to capture the

effects of individual income and income comparisons on well-being:

Ui = yi −
α

n− 1

∑
yj>yi

(yj − yi)−
β

n− 1

∑
yj<yi

(yi − yj) (2)

They assume that α ≥ β and 1 > β ≥ 0. Thus, individual’s welfare might

depend positively on his own income and upward and downward comparisons might

have a negative effect. This effect might be higher for upward comparisons.

However, there is still controversy in the direction and the sign of income com-

parisons. For example, Duesenberry in 1949 pointed out that individuals compare

themselves with richer individuals, namely, he suggested that in most cases social

comparisons are upwards. Being worse-off might lower individual well-being, be-

cause individuals might feel deprived and would consider it as a signal for social

failure. As a matter of fact, Duesenberry (1949) called it “envy” effect. Ferrer-i

Carbonell (2005) using SOEP data also finds evidence of upward comparisons.

On the contrary, Hirschman and Rothschild (1973) were concerned about the

existence of an “information effect” or “Tunnel effect” as it is pointed out in the

previous section. In the social comparisons context, Hirschman and Rothschild

(1973) claimed that individuals might use the information of individuals in compa-

rable circumstances to predict their own future income situation. Following this line

of thought, an increase in the average income of the reference group would be seen

as an individual’s own future income improvement, and individual well-being would

be higher.4 This is what D’Ambrosio and Frick (2012) find in Germany, when they

analyse the effect of relative income on welfare.

Alternatively, income comparisons might also be downwards, and individuals

would pay attention to the worse-off (Falk and Knell, 2004). Again, the effect of

social comparisons might be positive or negative. Being richer might be interpreted

4Note that a self-deception problem might arise in the long run once individuals experiment an
income increase, and the average difference with the reference group disappears, in other words,
the hope of further improvement vanishes and also the effect on well-being.
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as a “prestige or status effect”, because it might be informative of individual social

success (Frank, 1985). On the contrary, some individuals might feel “regret” for be-

ing richer, that is to say, individuals might have aversion to advantageous inequality

(Hopkins, 2008). For example, Wunder and Schwarze (2009) using reference groups

based on occupation and region in Germany find evidence of both downward and

upward comparisons. However, they claim that the latter dominate in the absolute

impact on well-being.

To sum up, relative income might generate satisfaction and discontent depending

on which of these effects, informative, prestige, envy or regret are generated by

income comparisons on individuals.

2.2 Income comparisons and health

Income comparisons might also affect health. The major concern is on the difficulties

that an individual might face when he is situated at the bottom of the social ladder

(Sapolsky, 1994; Wagstaff and Van Doorslaer, 2000). Previous evidence claims that

health is affected by social status, rather than by absolute income, as is suggested

by the non-linear relationship found between income and health (Preston, 1975;

Rodgers, 1979; Wilkinson and Pickett, 2006). Accordingly, Deaton (2003) argues

that social status is important in determining how much control individuals have

over their own life and over their level of participation in society (Marmot, 2004).

Firstly, a lower social position might threaten individuals’ health by reducing the

access to health enhancing goods –such as better housing or health services–, and

secondly by the feeling of deprivation based on the fact that individual’s cannot

reach others’ consumption level (Wilkinson, 2000; Deaton, 2003; Theodossiou and

Zangelidis, 2009; Subramanyam, Kawachi, Berkman, and Subramanian, 2009). In

both cases an individual might suffer from psychosocial stress.

It has been already proved by psychosomatic medicine that stress derived of

psychosocial causes attack the immunological system. A psychosomatic disease is

defined as a physical illness believed to be caused by psychosocial factors, such

as recent or early life events, personality, psychological well-being and chronic or

daily stress. This medical discipline claims that psychosocial well-being helps to
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the immunological, endocrine and cardiovascular systems. For example, it plays an

important role in coping with stress in transplant treatments. Moreover, it has a fa-

vorable impact on a disease course, implying a longer survival time (Sapolsky, 1994;

Fava and Sonino, 2000). Following these arguments, income comparisons might

determine psychosocial well-being due to its informative role about consumption

possibilities, future income and self-value, and ultimately individual health.

Psychosocial stress might also be related to more health compromising behaviour.

Individuals suffering from stress might eat and drink alcohol in excess, smoke more

or even sleep less. Again, this might threaten individuals’ health (Eibner and Evans,

2005).

3 Empirical evidence

3.1 Relative Income and health

Income comparisons are measured in health literature by means of the distance bet-

ween individual’s income and a reference income. Depending on the reference income

considered, it is obtained a different measure of relative income. As it is highlighted

in the previous section, relative income was expected to have a deleterious effect on

health.

Three are the measures of relative income mainly used in previous studies (Wagstaff

and Van Doorslaer, 2000). The first one is the average income of the reference group,

which proxies the distance between individual income and the mean income of the

reference group. This hypothesis —which is known as relative income hypothesis

per se—suggests that the higher the distance, the more psychosocial stress might

be experimented by individuals, and their health status would worsen. However,

there are situations where average income of the reference group might vary with-

out changing the distance between individuals’ income, in other words, without

changing relative income (Deaton, 2003). In this case, a negative effect of average

income of the reference group on health might only reflect a negative effect of be-

longing to a poorer reference group, but not relative income. Thus, average income

of the reference group would not a be a good indicator of relative income, although
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it has been extensively used in the analysis of relative income and health.

Secondly, the deprivation hypothesis is based on a deprivation index. In this

case, the distance between individual income and an income threshold –usually the

poverty threshold— might be determinant for health. Again a higher distance would

mean that it is more difficult for the individual to reach the desired consumption

level. And finally, the relative-position hypothesis from which it can be drawn that

it is the relative position in the income distribution that matters, which is measured

by the rank of the individual in the income distribution (Deaton, 2003).

Although all these three measures have been vastly tested in the literature, there

is still controversy about the effect of relative income on health. For example,

Gerdtham and Johannesson (2004) do not find evidence of the effect of relative in-

come measured by means of community average income for the Swedish population,

but a protective effect at the county level. Following the same analysis, Hildebrand

and Van Kerm (2005) find only weak evidence of the negative effect of relative in-

come using ECHP data for 11 European countries. In this case, their relative income

measure is also the mean income of the regional reference group. On the contrary,

Feng and Myles (2005) after analysing US data state that living in richer neighbour-

hoods enhances health of the worse-off. They find a positive effect on health of the

median neighbourhood income, showing that individuals might benefit from living

with richer peers. Wealthier neighbourhoods might spend more on health-related

public goods, and it may operate as a positive externality for the poor living there

(Miller and Paxson, 2006). However, Pham-Kanter (2009) when analysing the effect

of living with richer neighbours in the US using National Social Life, Health, and

Aging Project (NSHAP) data finds that relative income is detrimental for health of

those at the bottom and the top of the income distribution. In any case, the positive

effect might contradict the initial hypothesis regarding the effect of relative income

on health.

Similarly, the same disparity of results is found using deprivation as a relative

income measure. Eibner and Evans (2005) analyse data from the National Health

Interview Survey for Multiple Causes of death for the USA, considering reference

group based on individual characteristics. The relative deprivation indexes show
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a negative effect of relative income on health. But again, another study of Jones

and Wildman (2008) on BHPS data from 1991 to 2002 and relative deprivation

measures finds no effect of relative income on self-assessed health when allowing

parametric and semiparametric models to asses the relationship between income

and health. More recently, a clearer example of how difficult it is to determine

the effect of relative income on health is the paper of Gravelle and Sutton (2009).

They consider health records for Britain for the period 1979-2000, showing that

the effect of relative income is sensitive to the reference group and to the relative

income measures used. Finally, rank measures do not achieve either to shed light

on this relationship, because there are also discrepancies in the empirical evidence

(Subramanyam, Kawachi, Berkman, and Subramanian, 2009; Eibner and Evans,

2005).

In front of these results disparities one might think that “relatives income hy-

potheses” fail to capture the psychosocial stress caused by social status, or even that

social status might not be significant for health. In my opinion, the main problem is

that relative income measures used so far are unable to proxy the real mechanisms

through which relative income might determine health, because they only focus on

part of the story. Actually, new evidence regarding well-being presented in the pre-

vious section suggests that the relationship between relative income and well-being

is very complex, and posits that being at the bottom of the social ladder does not

always have a deleterious effect on psychosocial well-being. Following this vision,

individuals might not only compare themselves with the better-off, as the average

income of the reference group and the deprivation measures state, but also with the

worse-off. In other words, income comparisons might be upwards and downwards

and their effect on psychosocial well-being, might be positive or negative depending

on individual‘s beliefs.

Thus, when income comparisons increase psychosocial well-being, as in the cases

of a “tunnel effect” or “prestige”, individual health status might improve, because

positive psychosocial well-being helps to cope with daily stress. Alternatively, if

what is relevant is the “envy” or the “regret” effect, individual psychosocial well-

being would decrease, and individual health is expected to worsen off through the
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psychosocial stress mechanism.

As far as I know, this is the first attempt to disaggregate the effect of income

comparisons on health using panel data, when analysing relative income. At the

beginning of this section I describe different studies which analyse social status using

relative income, but all of them consider only upward comparisons. The study of

Theodossiou and Zangelidis (2009) goes one step further, and analyses the effect of

subjective social status, which shows the social position of the individual within a

reference group. In the SOCIOLD dataset individuals are asked to compare their

present income to that of other individuals of similar professional standing, with the

same characteristics in terms of age, gender and educational level, in other words,

using professional status as a reference group. Results for 2004 show that the ones

who answer “much more than others” present a better health status compared to

those who believe that their economic situations is “much less than others” within

the reference group. Although this measure helps to evaluate the gradient between

social status and income, it only considers that individuals compare mainly either

with richer or with poorer, but not with both at the same time. Therefore, it

does not allow us to understand all the effects of income comparisons on health

explained previously, as the measure of relative income presented in this paper does.

Specifically, the relative income measure used in this study differentiates between

upward and downward comparisons and allows to test their effect on health.

Gravelle and Sutton (2009) use a “relative affluence measure” to consider that

individuals care about being richer than the others. They find a positive effect of

this measure on health only when they use a regional reference group. However, they

do not considered unobserved heterogeneity, given than they based their analysis on

cross-sectional data.

In front of the previous evidence in well-being, upward and downward compari-

sons are expected to be significant for Germany. It is not clear whether the effect will

be positive or negative for individual health, because there is not previous evidence

analysing this relationship.
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3.2 Reference Group

Income comparisons take place within a reference group, which contains the subjects

with whom an individual compares himself to (Runciman, 1966; Yitzhaki, 1979).

Ferrer-i Carbonell (2005) suggests that the relevant group might be a set of people

with similar observable characteristics such as age, occupation, education or loca-

tion. However, this group might share other characteristics and might be diverse,

such as family, friends, co-workers and it might even diverge between countries or

individuals. The literature is not conclusive about which is the relevant reference

group. Knight, Song, and Gunatilaka (2008) when analysing rural immigrants in

China find that individuals compare with individuals in the same village. However,

for post-transition European countries, Senik (2009) finds that people compare with

individuals who they knew before the transitions started. The cross country differ-

ences are also highlighted in the paper of Karlsson, Nilsson, Hampus, and Leeson

(2010), based on data for 21 countries in 2006, showing that the level of develop-

ment in the country is relevant to establish the reference group. While individuals

in middle/low income countries might compare with individuals living in the same

community, the age reference group is significant for individuals in richer countries.

More recently, Clark and Senik (2010) analyse the third wave of the European

Social Survey (ESS) covering 24 different countries and they find that different popu-

lation groups have different reference groups. For instance, married people compare

more with family and friends, as self-employed. And employees take colleagues as a

reference group. They also note that there is divergence depending on the country.

Thus, in central Europe individuals compare more with colleagues —which will be

the case of Germany—, while the Spanish, Irish, Polish and Finnish compare more

with family. And finally, those in Eastern Europe compare less with family than the

others do.

Regarding the German case, a work of Mayraz, Wagner, and Schupp (2009) using

a pretest module of the SOEP for 2008, shows that the more important income

comparisons are work-related, for instance with other people in the same profession,

and less with family and almost unimportant with neighbours. These results are

similar to the conclusions found in Clark and Senik (2010).
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4 Data and Methods

The data used in this paper is the German Socio-Economic Panel (SOEP). SOEP

is a representative longitudinal study of private households in the Federal Republic

of Germany which started in 1984. It includes data on 11,000 households with more

than 20,000 individuals per year, covering a wide range of socioeconomic variables

(see Wagner, Frick, and Schupp, 2007 for a detailed description of SOEP dataset).5

The final sample covers the period from 1994 to 2010 due to data availability.

I focus on individuals aged 18 to 65, considering also two representative subsam-

ples for females and males, with around 83,000 and 71,000 individuals observations

respectively. The sample is split by gender to capture gender differences. Females

usually report worst health than males. Moreover, Mayraz, Wagner, and Schupp

(2009) suggest that the effect of income comparisons might differ by gender, since

they find a significant effect of relative income on life satisfaction for men, but not

for women.

The dependent variable is a self-assessed health measure (SAH) constructed by

means of the answers to the question ‘How would you describe your current health?’.

The reporting answers are five different categories ordered from very bad (value one)

to very good (value five). Since true health perceptions may differ among individuals

and also across countries, this subjective health measure might present reporting

bias (Sadana, Mathers, Lopez, Murray, and Moesgaard, 2002). However, SAH has

been found to be a good predictor of mortality and other health outcomes such

as physicians’ services and retirement in different countries. (Idler and Benyamini,

1997; Miilunpalo, Vuori, Oja, Pasanen, and Urponen, 1997; Dwyer and Mitchell,

1999; Deaton, 2003). This is also the case for Germany, as it is shown in the study

of Schwarze, Andersen, and Anger (2000) using SOEP data.

Objective health measures have been also considered to test the main hypotheses

of this paper and to check the robustness of the results. SOEP does not contain

5The data used in this paper were extracted using the Add-On package PanelWhiz v3.0 (Nov
2010) for Stata. PanelWhiz was written by Dr. John P. Haisken-DeNew (john@panelwhiz.eu).
The following authors supplied PanelWhiz SOEP Plugins used to ensure longitudinal consistency,
Markus Hahn and John P. Haisken-DeNew. The PanelWhiz generated DO file to retrieve the SOEP
data used here and any Panelwhiz Plugins are available upon request. Any data or computational
errors in this paper are my own. Haisken-DeNew and Hahn, (2010) describe PanelWhiz in detail.
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objective data for the period 1994-2001. However, since 2002 SOEP respondents

report information on “quasi-objective” health measures, based on the 12 health-

related questions of the SF12 index. This SF12 index is a generic health measure,

which was developed to accurately measure the objective health status of individuals,

focusing on two dimensions, mental health, called mcs, and physical health, referred

as pcs —more details on how the SF12 index is calculated can be found in Andersen,

Mühlbacher, Nübling, Schupp, and Wagner, 2007. Unfortunately, these measures

are only reported every two years. Therefore, the final sample with objective health

includes only 5 waves, from 2002 to 2010.

Additionally, since weight has been proved to be a good predictor of health,

individual body mass index, bmi, is also considered.6 The bmi is included in the

analysis as one minus the body mass index. Thus, a higher index indicates better

health for the three objective health measures.

Table 1 presents the correlation between health variables, showing that the corre-

lation between SAH and pcs is much higher than with the other two variables. One

possible explanation might be that individuals are more conscious about their phys-

ical, rather than their mental health when they report their level of health.

Table 1: Correlation between SAH and the “quasi-objective” health measures,
2002-2010

pcs mcs bmi

SAH 0.7296*** 0.2644*** 0.1906****
pcs – -0.0553*** 0.2401****
mcs – – -0.0472****

Note: Significance: *** 99% confidence level

Finally, a set of covariates such as age, age square, gender, individual’s number

of years of education, nationality, marital status, labour status, household composi-

tion and income are included to control for personal characteristics —see Table A.1.

Namely, the income variable refers to the equivalised household post-government

income which represents the combined income after taxes and government transfers

6SOEP also considers grip measures as an objective health indicator but data is only available
since 2006.
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in the previous year of all individuals in the household.7 Any missing income in-

formation due to item-nonresponse has been imputed according to the longitudinal

and cross-sectional imputation procedures (see Frick and Grabka, 2005 and Grabka,

2009 for a detailed description). Income variable has been deflated to 2006 prices.

As suggested by Cowell and Victoria-Feser (2002), to avoid noise and bias in the

estimation of the relative income indexes due to outliers and extreme incomes, in-

come distribution has been trimmed 1% of the upper and lower tails of the income

distribution. Equivalised household post-government income is included in loga-

rithm. The income variable has also been used to calculate the average income of

the reference group and the relative income measures.

4.1 The relative income measure

The relative income measure used in this paper, follows the deprivation index sug-

gested by Yitzhaki (1979), which defines upward comparisons as the deprivation felt

by a person with income xi with respect to a person with income xj.

di(x) = (xi − xj) if xi < xj,

= 0 else

(3)

Thus, the deprivation function of the person with income xi is:

Di(x) =

∑
jεBi(x)(xj − xi)

n
, (4)

Chakravarty (1997) proposes to look at a relative concept of deprivation felt by a

person with income xi with respect to a person with income xj, namely, their income

share differential di(x)
λ(x)

. Now, the total relative deprivation function of the person

7The equivalence scaled used is the modified OECD scaled which sets a single adult to be 1.0,
each additional adult to be 0.5, and each child to be 0.3 (Hagenaars, de Vos, and Zaidi,1994).
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with income xi is:

RDi(x) =

∑
jεBi(x)(xj − xi)
nλ(x)

, (5)

where λ(x) is the mean income of the reference group. Bi refers to the set of

individuals that have a higher income than individual i in the reference group.

Regarding the downward comparisons, Chakravarty (1997) suggests a relative

satisfaction function of the person with income xi, Si(x) (see also D’Ambrosio and

Frick (2012)). The function Si(x) is:

RSi(x) =

∑
jεWi(x)(xi − xj)

nλ(x)
, (6)

Wi refers to the set of individuals that have a lower income than individual i in the

reference group. In this case, deprivation and satisfaction indexes are also calculated

for all the reference groups.

4.2 The relevant reference group

In front the empirical evidence presented in section 3, I define the reference group

by means of individual’s profession, using the ISCO-88 occupation codes available

in SOEP, aggregated into 22 different categories as suggested in Pischke (2010)

—refoccup.

Since the SOEP occupation variable is very wide, the geographical criteria is also

included to allow for some proximity with people in the same profession. In this

case it is considered that individuals might compare to individuals in the same oc-

cupation and living in the same area. Three different regional aggregation are used.

First the traditional division between East and West —refoccup2—, the four region

division —refoccup4: East-North-Central-South— and finally the 16 “Bundeslands”

—refoccup16.

Reference groups only based on regional criteria are also considered to test for

the positive externalities of living with richer individuals —region2, region4 and

region16.
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Finally, to test the robustness of the reference group, relative income is measured

by means of a more traditional reference group definition: by age, educational level

and geographical area —including the different geographical divisions mentioned

above: refgrup2, refgrup4 and refgrup16. Table 2 shows the number of groups in

each reference group.

Table 2: Number of reference groups by definition

Name Definition # of groups

region2 living in west or east Germany 2
region4 living in the 4 big areas in Germany: East-North-Central-South 4
region16 living in the 16 federal regions of Germany 16
refoccup by occupation 22
refoccup2 by occupation and region2 44
refoccup4 by occupation and region4 88
refoccup16 by occupation and region16 330
refgrup2 by age, education and region2 18
refgrup4 by age, education and region4 36
refgrup16 by age, education and region16 135

4.3 The estimation procedure

A health production model is used in order to estimate the effect of relative income

on self-assessed health:

h∗it = Xitβ + yit +RDit +RSit + eit (7)

hit = k ⇔ hit ∈ [λk, λk+1} (8)

Where h∗it is the latent health status of the individual i at time t. hit is the

individual observed health measured by means of the self-assessed health and λk i

the kth cut-off point for the five different k categories. In the right-hand side, Xit is

a set of control variables, yit stays for the income variable and RDit and RSit are the

relative income measures —relative deprivation and relative satisfaction respectively.

Given the ordinal nature of self-assessed health, it is difficult to apply traditional

econometric techniques to estimate the model. For this reason, SAH is transformed
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to a “pseudo” continuous variable following the “Probit OLS Method” (POLS),

proposed by Van Praag and Ferrer-i Carbonell (2004). This econometric strategy

estimates the conditional expectation µin = E(µ |µi−1 < µ ≤ µi) of the true values

of health, which cannot be directly observed, by means of the normal distribution

as suggested by Maddala (1983):

µin = E(µ

∣∣∣∣µi−1 < µ ≤ µi) =
n(µin−1)− n(µin)

N(µin)−N(µin−1)
(9)

where µin is a discrete random variable which is used as a proxy of the real individual

health. N is the cumulative standard normal distribution and n is the standard

normal density function.

Once the transformation is done, hit from equation (7) works as a continuous

variable, and the model can be estimated using traditional econometric strategies,

allowing to interpret estimated coefficients as marginal effects, and directly to com-

pare the results obtained with different models (Origo and Pagani, 2009) —B Ap-

pendix shows the alternative models used to test the validity of the health variable

estimations after a POLS transformation.

Moreover, taking advantage of the panel structure of the data I also control for

time-invariant unobserved individual effect, to correct for the existence of omitted

variables:

hit = Xitβ + yitγ1 +RDitγ2 +RSitγ3 + ui + εit (10)

where ui is the time-invariant individual-level effect, and εit is the disturbance

term.

In order to estimate equation (10), an assumption has to be done regarding

the correlation between ui and the regressors. When this correlation is zero, ui

is considered “an individual random effect”, and parameters can be consistently

estimated by OLS with robust variance matrix, what is named Pooled OLS, which

do not require full strict exogeneity. However, ui is a nuisance parameter and cannot

be estimated. Given that Pooled OLS might be inefficient, the model could also be

estimated by modeling the within-panel correlation to get more efficient estimates.

This option is called Random Effects estimation (RE).
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On the other hand, if the unobserved effect is suspected to be correlated with the

Xit’s, “fixed-effects” (FE) is the most appropriate strategy to estimate coefficient

consistently (Wooldridge, 2010). I think that it is the case, for example, genetics

or ability are individual time invariant unobserved effect, which obviously affects

health, but also could be correlated with other explanatory variables such as income

or education. In this case the use of FE might solve part of the income endogeneity.8

Both techniques can be easily applied using traditional statistical packages.

Nonetheless, one drawback of the FE approach is that it removes panel-level av-

erages — hi, yi ,RDi and RSit— from each side of equation (10) to get rid off the

fixed effect ui from the model.

hit − hi = (Xit −X it)β + (Zi − Zi)δ + (yit − yi)γ1(RDit −RDi)γ2+

+(RSit −RSit)γ3 + ui − ui + εit − εi (11)

obtaining:

h̃it = X̃itβ + ỹitγ1 + R̃Ditγ2 + R̃Sitγ3 + ε̃it (12)

Then, OLS can be applied to equation (12), and it will produce consistent es-

timates. However, note that Zi variables from equation (11) are time-invariant

covariates. This approach implies that any characteristic that does not vary over

time cannot be estimated, because it disappears after the differences transformation,

for instance individual’s gender or origin. In order to avoid this, Mundlak (1978) rec-

ommends to include panel-level means of the time-varying regressors to capture its

correlation with ui. Moreover, estimated coefficients on time-varying variables are

numerically identical to within estimates, in other words, to FE estimation. Thus,

Mundlak’s approach allows to estimate coefficients on time-invariant variables, and

8Nevertheless, if omitted variables are not time-invariant or if there is reverse causality between
income and health, income will be still endogenous.
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also to test the appropriateness of RE, conducting a Wald test on panel-level means

coefficients. If the null hypothesis of “all panel-level means are 0” is rejected, it

means that unobserved heterogeneity is correlated with the regressors. In that case,

orthogonality assumption is violated, inconsistent RE estimates will significantly

differ from their FE counterparts, and the latter model will be more appropriate.

This can also be tested using a Hausman test, which considers the null hypothesis

that extra orthogonality conditions imposed by the RE estimator are valid. Again

if this null hypothesis is rejected, FE estimation is more appropriate (Baum, 2006).

5 Results

This section presents the results obtained for the estimation of the effect of rela-

tive deprivation and relative satisfaction on SAH using the econometric techniques

described in the previous section.

5.1 Relative deprivation, relative satisfaction and SAH

Table 3 summarizes Pooled OLS estimations using the whole sample (TOTAL), and

the two sub-samples for MALE and FEMALE. All the specifications include the

control variables. The relative income measures are based on the reference group

defined only by individual’s occupation —Table A.2 in the A Appendix shows the

estimated coefficients for all the variables included in the models.

Table 3: Pooled OLS estimations of relative income on SAH using occupation as
reference group, 1994-2010

TOTAL MALE FEMALE

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

income 0.0914*** 0.2031*** 0.0764*** 0.2031*** 0.0965*** 0.2033***
mean income 0.1275*** 0.1437*** 0.1193**
RD 0.2383*** 0.2378*** 0.2685***
RS -0.0285 -0.0534** 0.0008

R-squared 0.0816 0.0815 0.0936 0.0932 0.0701 0.0703
Obs. 153,729 153,729 82,679 82,679 71,050 71,050

Note: Control variables and year dummies are included in all the specifications. Significance: *** 99% confidence
level, ** 95% and * 90%. Mean income, RD and RS are refered to Refoccup.
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For the three samples income presents a positive and significant effect on SAH.

In this case, the evidence suggests that the level of income might be relevant for

health, as it is claimed by the Absolute Income Hypothesis.

When relative income is measured by means of the average income of the refer-

ence group, it has a positive sign (model 1). In other words, individuals who belong

to a richer reference group report better health. According to the relative income

hypothesis, when average income of the reference group increases, individuals might

feel more deprived and health may worsen. Nevertheless, as it has been pointed

out in section 3, a variation in average income does not always represent a relative

income change. Therefore, I believe that average income might capture the effect of

income differences between reference groups, rather than within.

In model 2 relative income is measured by means of upward and downward

income comparisons. In this specification, RD presents a positive sign and is signif-

icant for the three samples. However, the RS coefficient is negative.

These results would suggest that there is no evidence of psychosocial stress when

individuals compare to richer individuals, on the contrary, it would be the tunnel

effect suggested by Hirschman and Rothschild (1973). Since reference group in

Table 3 is occupation, RD gives positive expectations to individuals about their

future income, and therefore it might not be negative for health. In this case, the

initial relative income hypothesis might not be hold. This will be also the case

when the reference group is defined by occupation and region, as shown in Table 4.

Although in the literature of well-being it is mostly found that the effect of RD is

negative for life satisfaction, new empirical evidence suggests that it is not always the

case. D’Ambrosio and Frick (2012) claim in their study of dynamic relative income

on well-being for Germany, that the tunnel effect explains individual well-being in

stable societies, as it is the case in Germany.

On the other hand, RS is negative and significant for males and also for the

TOTAL sample when refoccup4 and refoccup16 are considered. It means that a

higher distance with the worse-off individuals in the reference group might worsen

health. Thus, both relative income indexes are significant, showing that upward

and downward income comparisons are relevant for health. Nevertheless, RS is not
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Table 4: Pooled OLS estimations of relative income on SAH using occupation and
region as a reference group, 1994-2010

TOTAL MALE FEMALE

Refoccup2

income 0.1911*** 0.1942*** 0.1872***
RD 0.2204*** 0.2298*** 0.2419***
RS -0.0285 -0.0539** 0.0011

R-squared 0.0817 0.0937 0.0703

Refoccup4

income 0.1968*** 0.2023*** 0.1885***
RD 0.2297*** 0.2481*** 0.2376***
RS -0.0337** -0.0585*** -0.0040

R-squared 0.0818 0.0939 0.0703

Refoccup16

income 0.1681*** 0.1788*** 0.1512***
RD 0.1548*** 0.1868*** 0.1393***
RS -0.0311** -0.0570*** 0.0000

R-squared 0.0814 0.0935 0.0698

Obs. 153,729 82,679 71,050

Note: Control variables and year dummies are included in all the
specifications. Significance: *** 99% confidence level, ** 95% and
* 90%.

significant for females. This might confirm that there are gender differences on the

effect of relative income comparisons in Germany as suggested in Mayraz, Wagner,

and Schupp (2009).9

These findings are consistent with the study of Wunder and Schwarze (2009)

with SOEP data, in which they find a positive effect of their measure of relative

deprivation on well-being when using occupation to define reference group. They also

find that the impact of upward comparisons is stronger than the effect of downwards

9Results regarding female and male samples are based on the assumption that females and males
compare with both at the same time. I have conducted alternative estimations for the male and
female samples considering that they compare only with individuals of the same gender. Results
obtained under the latter assumption are similar to the ones presented in this paper and they are
available upon request.
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ones. The same is shown in the results of this study, where the positive impact of RD

is much stronger than the one of RS —as it is suggested in the Fehr and Schmidt’s

utility function.

Thus, in the case of Germany it seems that the negative impact of RS might

be compensated by the positive effect of RD. This might be one explanation for

the results disparities in those studies using average income and not controlling for

another measure of relative income. Depending on which of the two relative income

indexes is stronger, average income might have a positive or a negative sign.10

Regarding the covariates, results are quite robust in all the specifications —

covariates estimations for the four reference groups related to occupation and region

are shown in the Table A.2 of the A Appendix).11

As expected age has a deleterious effect on health due to human capital depreci-

ation —especially for MALE—, which increases with age as shown by the positive

effect of age squared. In the TOTAL sample estimation females report worse SAH

than males, being positive and significant the effect of household size and education.

All these results coincide with the ones found in the previous literature.

Regarding civil status, being married but separated has a protective effect on

health (with respect to married people), but only for females. The same happens for

the case of widowed and divorced individuals for the TOTAL sample. Being single

has no effect on SAH in the MALE and FEMALE samples. Europeans and non-

Europeans report better SAH than Germans, but these variables are not significant

for the case of females. However, stateless is positive and negative for males and

females respectively. Finally, employment shows disparities in the results. Only

being on training and sheltered working are negative and significant with respect

to full-time employed for the three samples. Being part-time or marginal part-time

working are negative and significant only for males. Finally, being not employed

is negative for males, but not significant. In the case of females it is positive, but

only significant for the specifications of refoccup4 and refoccup16 in the occupation

10In this analysis it is not possible to control for both, average income and RD and RS indexes,
in the model, because the RD and RS are relative indexes. It means that they are corrected for
the size of the reference group, dividing the indexes by the average income of the reference group.

11Covariates estimations with the rest of the reference groups present similar results. The tables
are available upon request.
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reference group. Actually, unemployment is believed to affect health negatively.

However, in this case the not employed variable might content also females who have

freely decided not to work, and that is why not working would not be negative for

health. Thus, the unemployment effect might be offset by this positive situation.12

5.2 Panel effects with unobserved heterogeneity

This section presents the results when unobserved heterogeneity is considered. I

focus on two possible scenarios. Firstly, when the time-invariant unobserved effect

is assumed not to be correlated with the regressors and that model is estimated

using RE. And secondly, when X are allowed to be correlated with ui. In this

case, the model is estimated using the Mundlak’s approach, which is equivalent to

estimate the model by FE (this correspondence is shown in Table A.5). However,

Mundlak’s approach allow us to estimate the effect of time invariant variables and

to analyze the correlation between the omitted variables and the regressors through

the panel-level means estimation.

Table 5 shows the effect of relative income on health, now estimated by RE and

Mundlak’s approach. Regarding income and the relative income variables, the re-

sults follow the same pattern as in the Pooled OLS estimations. Income is positive

and significant, RD shows a positive effect on health, and RS has a deleterious

effect. However, the estimated coefficients for those three variables are lowered after

correcting for unobserved heterogeneity, especially in the Mundlak’s specification.

Thus, the Pooled OLS estimation might overestimate the effect of income and rela-

tive income on SAH. This result is reinforced by the significance of the panel-level

means of income and RD, showing that part of effect of income on health is due

to the correlation of income with omitted variables —panel-level means are shown

in Table A.4 of the A Appendix. In addition, these results might also state that

permanent income, or to be deprived recurrently, are more relevant for health than

current absolute and relative income. Again, RS is not significant in the female

sample.

What is clear is that unobserved heterogeneity still explains almost half of the

12An alternative estimation of the model defining labour status as being unemployed or not un-
employed shows a negative and significant effect of unemployment on health for the three samples.
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variability of SAH, as the rho coefficient shows in all the specifications. More re-

search is needed to disentangle how much of this unobserved heterogeneity is due to

socio-economic variables.
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The sign and statistical significance of the covariates under RE specification are

similar to the Pooled OLS estimation. However, some of them such as hsize and

educ lose their statistical significance when using Mundlak’s approach (see Table A.3

of the A Appendix). One possible explanation might be that panel variation of both

variables is low. Nevertheless, their panel-level means are significant, showing that

the effect of these variables on health might be through omitted variables. Thus, once

unobserved heterogeneity is taken into account their effect on health vanishes. At the

same time, estimated coefficients are lower comparing to Pooled OLS estimations,

especially in the Mundlak’s approach. Again, panel-level means might capture part

of their effect due to its correlation with unobserved heterogeneity.

Finally, after conducting a Wald test on panel-level means of the time variant

variables for the three specifications, the null hypothesis is rejected. This result

confirms that uit are related with the regressors, and the FE specification is more

convenient. Finally, a Hausman test also confirms this result —tests are shown in

C Appendix.

5.3 The Relevant Reference Group

In order to check the validity of the reference groups defined by occupation, more

traditional definitions of reference group have also been considered in the analysis.

First, reference groups defined by age, educational level and the three different

regional levels described in section 4.2. Second, reference groups defined only using

the regional criteria.

The Pooled OLS estimations using the two sets of reference groups are shown in

Table 6. In the case of the first set of reference groups, the statistical significance

and the size of the coefficients of income and relative income indexes are similar to

the ones defined by occupation. However, once unobserved heterogeneity is included

in the analysis, the significance of the relative income measures vanishes, and only

individual income is significant —Table 7 summarizes the results when Mundlak’s

approach is used. As it is shown in the previous section, this is not the case for RD

and RS measured using occupational reference groups. Both are precisely estimated

by Mundlak’s approach, at least for the case of the TOTAL and MALE samples.
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Table 6: Pooled OLS estimations of relative income on SAH using traditional
reference group definitions, 1994-2010

Refgrup TOTAL MALE FEMALE Refgrup TOTAL MALE FEMALE

Refgrup2 Region2

income 0.1480*** 0.1335*** 0.1597*** income 0.1594** 0.1857** 0.1355*
RD 0.1585*** 0.1206** 0.2182*** RD 0.1721 0.2308 0.1424
RS -0.0205 -0.0379* 0.0003 RS 0.0023 -0.0257 0.0290*

R-squared 0.0810 0.0926 0.0698 R-squared 0.0811 0.0928 0.0698

Refgrup4 Region4

income 0.1690*** 0.1552*** 0.1796*** income 0.2043** 0.2309** 0.1805*
RD 0.1174*** 0.0790* 0.1786** RD 0.2611* 0.3227** 0.2295
RS -0.0091 -0.0256* 0.0111 RS -0.0199 -0.0465 0.0048

R-squared 0.0811 0.0927 0.0700 R-squared 0.0812 0.0930 0.0699

Refgrup16 Region16

income 0.1549*** 0.1494*** 0.1557*** income 0.1532* 0.1857** 0.1193
RD 0.1311** 0.1154 0.1648** RD 0.1521 0.2290 0.0955
RS -0.0144 -0.0330 0.0083 RS 0.0010 -0.0277 0.0294

R-squared 0.0811 0.0927 0.0698 R-squared 0.0810 0.0929 0.0697

Obs. 153,729 82,679 71,050 Obs. 153,729 82,679 71,050

Note: Control variables and year dummies are included in all the specifications. Significance: *** 99% confidence level, **
95% and * 90%.

When only region is used to define the reference group, income is positive and

significant for the three resultant reference groups. RD is only significant in the

case of the 4 big regions, and RS is never significant. The lost of significance is

more pronounced when unobserved heterogeneity is considered, particularly, when

it is allowed to be correlated with the regressors as is shown in Table 7. RD and

RS are not significant in any of the three regional reference groups. This might

suggest that relative income measured by regional criteria might capture the effect

of omitted variables. Moreover, depending on the regional level considered the effect

of RD and RS changes the sign. Again, these results might explain the disparities

found in previous studies when regional reference groups were used and unobserved

heterogeneity is not considered.
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Table 7: Mundlak estimations of relative income on SAH using traditional reference
group definitions, 1994-2010

Refgrup TOTAL MALE FEMALE Refgrup TOTAL MALE FEMALE

Refgrup2 Region2

income 0.0712*** 0.0700** 0.0868** income 0.0529 -0.0675 0.0717
RD 0.0943** 0.0509 0.1531** RD -0.0525 -0.2124 0.1315
RS -0.0231 -0.0331 -0.0192 RS 0.0141 0.0295 -0.0080

rho 0.4704 0.4838 0.4597 rho 0.4702 0.4837 0.4597

Refgrup4 Region4

income 0.0586** 0.0565* 0.0733** income -0.0067 -0.0706 0.1093*
RD 0.0673 0.0190 0.1277* RD -0.1068 -0.2242 0.0234
RS -0.0192 -0.0309 -0.0126 RS 0.0231 0.0277 0.0379

rho 0.4703 0.4838 0.4597 rho 0.4702 0.4837 0.4594

Refgrup16 Refgrup16

income 0.0582*** 0.0804*** 0.0501 income -0.0326 0.0788 0.0474
RD 0.0632* 0.0667 0.0739 RD 0.0595 0.0669 0.0781
RS -0.0218 -0.0413** -0.0083 RS -0.0148 -0.0372 -0.0010

rho 0.4703 0.4838 0.4597 rho 0.4703 0.4837 0.4598

Obs. 153,729 82,679 71,050 Obs. 153,729 82,679 71,050

Note: Control variables and year dummies are included in all the specifications. Significance: *** 99% confidence level, **
95% and * 90%.

These findings support the idea that Germans compare themselves with people

in the same profession as it is shown in Mayraz, Wagner, and Schupp (2009), and

these comparisons might be relevant for health.

Since individuals’ reference group might differ between countries, the cross-

country analysis of the impact of relative income on health will be difficult until

data sets do include information to determine the relevant reference group.

5.4 Quasi-objective health measures

A set of alternative health measures are used to check the robustness of the results

obtained with SAH.

In Table 8 are shown the results of the Pooled OLS estimations for the objectives
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measures mentioned in the data section, referring to the physical dimension of health,

pcs, the body mass index, bmi, and the mental dimension, mcs. The sign and

significativaty of the estimated coefficients for income, RD and RS are similar to

the SAH results in section 5 for pcs and bmi. However, the size of income and RD

coefficients is much lower.

In the case of mcs, the effect of income is positive but it is not significant in most

of the cases. The same happens with the relative income indexes, which change the

sign of the effect depending on the reference group considered.

Thus, the physical health measures confirm the results obtained for SAH with

Pooled OLS, but not mental health. One explanation might be that correlation

between SAH and pcs is much higher, than with mcs, as it was shown in the data

section. These findings point out that relative income might affect health through

physical health.
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When the model is estimated using RE and Mundlak’s approach, the impact and

significance of RD and RS on pcs are similar to the POOLED OLS estimations,

showing that RD and RS are relevant for health in the case of males. For females

only RD is significant —see Table 9. In the case of mcs, RD is negative, and RS

is positive for males and negatives for females, but in both cases are not significant.

Finally, the coefficients of RD and RS are not precisely estimated for bmi when

using RE. Around 90% of the variability on bmi is due to unobserved heterogeneity.

It indicates that bmi might be explained by variables not included in this analysis.

Table 9: RE and Mundlak estimations using “quasi-objective” measures of health
and reference group defined by occupation, 2002-2010

TOTAL MALE FEMALE

RE Mundlak RE Mundlak RE Mundlak

PCS

income 0.0260*** 0.0017 0.0303*** 0.0183*** 0.0198*** 0.0041
RD 0.0451*** 0.0107 0.0461*** 0.0260*** 0.0412*** 0.0253**
RS -0.0014 0.0024 -0.0053* -0.0075** 0.0034 0.0046

rho 0.493 0.493 0.487 0.487 0.491 0.491

MCS

income 0.0040 -0.0009 0.0017 -0.0078 0.0069 0.0039
RD -0.0124* -0.0134 -0.0051 -0.0109 -0.0176 -0.0200
RS 0.0047* -0.0011 0.0071** 0.0053 0.0018 -0.0075

rho 0.469 0.469 0.478 0.478 0.457 0.457

BMI

income 0.0025*** -0.0014 0.0009 -0.0008 0.0050*** 0.0005
RD 0.0047** -0.0012 0.0014 -0.0020 0.0095*** 0.0033
RS 0.0005 0.0010 -0.0001 0.0004 0.0008 0.0005

rho 0.881 0.881 0.871 0.871 0.888 0.888

Obs. 49,198 49,198 25,939 25,939 23,259 23,259

Note: Control variables and year dummies are included in all the specifications. Significance: *** 99%
confidence level, ** 95% and * 90%. RD and RS are refered to Refoccup.

In front of these findings, RD and RS might be only relevant for pcs, but not

for the mental dimension of health and bmi. It might be important to use more

accurate objective measures of health to disentangle how relative income operates

on physical and mental health.
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6 Concluding Remarks

The aim of this paper is to shed light on the relationship between relative income

and health. Previous research only takes into account upward income comparisons.

Nevertheless, the findings of this paper show that both upward and downward com-

parisons might be relevant for health.

Relative income is measured by means of a relative deprivation and a relative

satisfaction index in this study. Both are significant for the TOTAL and MALE

samples —for females only upward comparisons are precisely estimated. As a matter

of fact, RD might have a positive effect on health through an “informative or tunnel

effect”. In the case of Germany, being deprived might not generate psychosocial

stress as the relative income hypothesis states. Alternatively, RS presents a negative

impact on health. However, the effect of RD is much stronger.

These findings might be an explanation for the result disparities found in the

literature when relative income is measured by the average income of the reference

group. Depending on which of the two dimensions of relative income dominates,

average income might take a positive or a negative sign.

Once unobserved heterogeneity is considered, the relative income indexes coeffi-

cients are lowered, especially with Mundlak’s approach, but they are still significant.

This would suggest that there are omitted variables correlated with relative income,

which might explain the remaining variability of the proposed model. As the value

of rho indicates it is almost 50%. Thus, future research might be focus on finding

which are these omitted variables.

Although final estimations are not affected by omitted variables endogeneity,

reverse causality between income and health has not been considered in this paper.

It has been also confirmed that reference groups are based on occupation for Ger-

many. RD and RS indexes lose their significance when more traditional definitions

of reference group are used to measure relative income.

Finally, the findings of this paper point out that RD and RS are relevant for

physical health, but not for mental health. Estimations using the physical dimension

of the SF12 index, pcs, support the results obtained with SAH, but not mcs and
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bmi. Thus, more research is needed to understand how relative income operates in

health using more accurate objective health measures.
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A Appendix.

Table A.1: Variable labels and descriptives for the TOTAL sample

Variables Definition Mean

Health measures
SAH Self-Assessed Health 3.587135
mcs Mental health 0.4992533
pcs Physical health 0.5238817
bmi Body mass index 0.7449622

age Age in years of the individual 41.05497
agesq Age squared 1814.168
sex 1 if male, 2 if female .4622456

(reference group of sex is male)
Civil status
married sep 1 if married but separated, 0 otherwise 0.0197489
single 1 if single, 0 otherwise 0.2625919
divorced 1 if divorced, 0 otherwise 0.0764466
widow 1 if widow, 0 otherwise 0.0137496

(reference group of civil status is married)
Labour status
part-time 1 if part-time employed, 0 otherwise 0.1703239
training 1 if vocational training, 0 otherwise 0.0417355
mg working 1 if marginal or irregular part-time, 0 otherwise 0.0547058
not working 1 if not employed, 0 otherwise 0.0037187
sheltered working 1 if sheltered workshop, 0 otherwise 0.0013476

(reference group of labour status is full-time employed)
Origin
European 1 if European, 0 otherwise 0.0531073
non-European 1 if Non-European 0 otherwise 0.0314888
state-less 1 if state-less, 0 otherwise 0.0000715

(reference group of origin is German)

hsize Number of members of the household 2.943862
educ Number of years of education 12.42869
income Log of equivalised total net household income 9.904644
mean income Log of average income of the reference group 9.973518
RD Relative Deprivation .2051115
RS Relative Satisfaction .2074072

Source: Own calculation on the SOEP, 1994-2010. Mean income, RD and RS are referred to Refoccup.
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B Appendix. POLS transformation validity

In order to test the robustness of the findings obtained in section 5 and the

validity of the POLS transformation for SAH, equation (7) is estimated considering

the ordinal nature of self-assessed health using an ordered probit model. Table B.1

shows the results for Table 3 now estimated using an ordered probit model.

In an ordered probit model the estimated coefficients cannot be directly inter-

preted, but the sign is informative about whether the effect is positive or negative.

In the case of the ordered probit model, coefficients for absolute and relative income

measures present the same sign as the ones estimated by Pooled OLS.13

Table B.1: Ordered probit estimations using reference group defined by occupation,
1994-2010

TOTAL MALE FEMALE

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

income 0.1786*** 0.3878*** 0.1510*** 0.3880*** 0.1866*** 0.3877***
(0.0165) (0.0659) (0.0215) (0.0601) (0.0230) (0.0808)

mean income 0.2382*** 0.2691*** 0.2234**
(0.0780) (0.0756) (0.0918)

RD 0.4435*** 0.4427*** 0.5002***
(0.1387) (0.1364) (0.1662)

RS -0.0550 -0.1011** -0.0023
(0.0435) (0.0496) (0.0490)

cut1 0.6068 0.3945 0.2672 0.0138 0.9001 0.7762
(0.6419) (0.6247) (0.6372) (0.6172) (0.8348) (0.7923)

cut2 1.6249** 1.4126** 1.2654** 1.0119* 1.9407** 1.8169**
(0.6416) (0.6238) (0.6289) (0.6080) (0.8396) (0.7969)

cut3 2.7276*** 2.5153*** 2.3942*** 2.1406*** 3.0182*** 2.8945***
(0.6472) (0.6294) (0.6366) (0.6161) (0.8407) (0.7977)

cut4 4.2845*** 4.0720*** 3.9781*** 3.7244*** 4.5475*** 4.4239***
(0.6475) (0.6297) (0.6374) (0.6167) (0.8414) (0.7979)

Obs. 153,729 153,729 82,679 82,679 71,050 71,050

Note: Control variables and year dummies are included in all specifications Significance: *** 99% confidence level,
** 95% and * 90%. Mean income, RD and RS are refered to Refoccup.

13Results are also similar when using reference groups defined by occupation and region, tables
are available upon request.
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Again, the sign and significance of income, RD and RS is the same to the results

obtained with RE and FE after the POLS transformation –see Table B.2.

These findings might support the use of POLS transformation for SAH.

Table B.2: Reoprobit estimations using reference group defined by occupation,
1994-2010

TOTAL MALE FEMALE

RE Mundlak RE Mundlak RE Mundlak

income 0.3990*** 0.1844*** 0.4681*** 0.2417*** 0.3376*** 0.1154*
(0.0352) (0.0403) (0.0465) (0.0540) (0.0545) (0.0672)

RD 0.5047*** 0.2153*** 0.5690*** 0.2268** 0.4607*** 0.1745
(0.0698) (0.0786) (0.0918) (0.1043) (0.1080) (0.1295)

RS -0.0813*** -0.0736** -0.1465*** -0.1320*** -0.0090 -0.0038
(0.0268) (0.0300) (0.0358) (0.0406) (0.0408) (0.0465)

cut1 -0.6615* 0.4022 -0.4541 0.0403 -0.7198 1.2617
(0.3484) (0.5400) (0.4573) (0.7487) (0.5427) (0.9428)

cut2 0.7780** 1.8452*** 0.9755** 1.4751** 0.7300 2.7142***
(0.3483) (0.5400) (0.4572) (0.7486) (0.5426) (0.9428)

cut3 2.3618*** 3.4318*** 2.6150*** 3.1182*** 2.2576*** 4.2446***
(0.3484) (0.5401) (0.4572) (0.7487) (0.5426) (0.9429)

cut4 4.5746*** 5.6458*** 4.8766*** 5.3821*** 4.4182*** 6.4063***
(0.3484) (0.5402) (0.4574) (0.7489) (0.5427) (0.9430)

rho 0.5190 0.5145 0.5281 0.5242 0.5090 0.5041

Obs. 153,729 153,729 82,679 82,679 71,050 71,050

Note: Control variables and year dummies are included in all specifications. Significance: *** 99% confidence
level, ** 95% and * 90%. RD and RS are refered to Refoccup.
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C Appendix. Wald and Hausman Tests

This appendix summarizes the Wald and Hausman tests conducted to test whether

unobserved heterogeneity is correlated with the regressors.

The null hypothesis of the Wald test is whether the coefficients of the panel-level

means introduced in the Mundlak’s estimations are jointly equal to 0. Table C.1

shows that this null hypothesis is rejected for the three samples of this study and

all the reference groups based on occupation.

Additionally, the Hausman test analyses the difference between the RE and FE

estimations. Again, the null hypothesis that there are not systematically differences

is rejected.

Both tests confirm that unobserved heterogeneity might be correlated with the

control variables.
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