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Abstract

Background: This study seeks to explore potential causal mechanisms involved in the observed associations
between several socioeconomic status (SES) indicators, well-being and mortality, by taking a life course perspective
focusing on (i) the trajectory of income and domain-specific well-being indicators, (ii) the influence of different SES
indicators on well-being and mortality, (iii) the interactions between those trajectories, and (iv) the associations of the
income and domain-specific well-being trajectories with all-cause mortality.

Methods: Socioeconomic status is operationalised by net household income, education, employment and marital
status. Well-being is measured with two indicators: life satisfaction and satisfaction with health. Data from the German
Socio-Economic Panel, collected between 1984 and 2016 and comprising more than 55,000 individuals, are analysed
by means of longitudinal k-means cluster analysis, simultaneous equation systems and parametric time-to-death
regressions.

Results: The analyses indicate the presence of large reciprocal effects of the trajectories of income and well-being on
each other. However, the results suggest that well-being has a larger influence on income than the opposite, namely,
income on well-being. The mortality analysis, on the other hand, revealed that the history of satisfaction with health is
a much stronger predictor of longevity than the individual’s income history. Mortality risk was found lower among
married individuals and those with tertiary education. In contrast, unemployment was associated with lower income
and well-being levels. The findings provide support to the notion that education is a superior SES indicator than
income in the investigation of the social determinants of well-being and mortality.

Conclusion: The present study provides evidence of large reciprocal effects of income and well-being and
emphasises the importance of taking a life course approach in the investigation of the social determinants of health.
Several SES indicators and both well-being indicators were found to be highly predictive of all-cause mortality and
indicate the presence of cumulative effects related to one’s income and well-being trajectories.
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Background
The explanation of the associations between socioeco-
nomic status (SES) and health usually centres around
three major causal hypotheses: (i) SES is a cause of health
outcomes, (ii) health outcomes are causes of SES, or
(iii) SES and health outcomes are jointly caused by a
third factor [54]. Previous research has found support for
both causal directions, namely, from SES to health [54],
and vice-versa, from health to SES [1, 44]. Other studies
have focused on genetic predisposition as a third factor
explaining the correlation of both SES and health in twins
samples. These studies have resulted likewise in mixed
evidence showing either reduced genetic variance with
income levels, i.e., SES has an additional causal influence
on health [31], better health outcomes among twins in
higher SES levels in comparison to their twin siblings of
lower SES [35], positive effects of social capital on health
after adjustment of genetic factors [16], but also small or
no effects of SES on different health outcomes [17, 47].
On the other hand, several studies have provided evi-

dence of a large association between measures of self-
rated health and well-being with mortality, whereby the
death risks decrease with increasing levels of self-rated
health and well-being [27, 28, 40, 51]. This observation
is important in the context of the social determinants of
health, since it evidences the importance of the cognitive
appraisals of one’s own health as a predictor of objective
health outcomes and, therefore, alludes to potential mech-
anisms by means of which social constructs such as SES
may exert an influence on specific health outcomes. As
cognitive appraisal processes of past and current health
states and life events, well-being and self-rated health are
intricately related to the social environment of individuals
[10, 11, 32], and, therefore, there should be some causal
links relating SES, well-being and health. Moreover, the
concept of well-being itself can be further subdivided in
domains specifically related to appraisals of either men-
tal or physical health [10]. In this regard, the associations
of well-being and mortality may also depend on how the
wording of particular well-being indicators elicits domain-
specific appraisals. For instance, previous research has
suggested that self-rated health items such as “how would
you say your health is?” are more related to the mental
health domain than the physical health domain [2]. Never-
theless, to the knowledge of the author, the investigation of
how different, domain-specific well-being indicators are
related to mortality and SES has been rather limited so far
[11, 14].
Despite the great methodological difficulties posed by

the complex causal structure determining the relationship
between SES, domain-specific well-being indicators and
mortality, one feasible approach to gain some insight into
this complexity consists of taking a multidimensional, life
course perspective and, thereby, explicitly considering the

path dependence of SES and well-being indicators and
their reciprocal influence on mortality. To some extent,
the life course approach is similar to the assumption that
the present values of some quantity Xt at time t depend
from the values taken by the same quantity in the previous
k time points, say Xt−k , i.e., the so-called k-order Markov
process [1, 44]. By considering the individual’s history of
SES and well-being indicators, it is possible to explore
the interactions between several SES indicators, domain-
specific well-being and mortality from the perspective of
the temporal path dependence of the variables involved.
A life course approach allows the estimation of cumula-
tive or persistent tendencies throughout the life span and
facilitates a more efficient statistical analysis of potential
pathways linking predictors and outcomes [3, 43].
Even though most of the aforementioned literature has

been dedicated exclusively to the relationship between
income and health, the SES construct is actually a mul-
tidimensional one involving a series of complex causa-
tion pathways [34]. The present study not only builds on
previous research investigating the relationship between
income and health outcomes, but also aims to expand the
scope of analysis by considering the interaction effects
of income, domain-specific well-being indicators and the
multidimensional character of the SES construct. In par-
ticular, this study seeks to explore potential causal mecha-
nisms involved in the observed associations between SES
indicators, well-being andmortality, by taking a life course
perspective focusing on (i) the trajectory of income and
domain-specific well-being indicators, (ii) the influence
of different SES indicators on well-being and mortal-
ity, (iii) the interactions between those trajectories, and
(iv) the associations of the income and domain-specific
well-being trajectories with all-cause mortality.

Research hypotheses
It has been observed that the association between income
andwell-being depends both on the individual’s own abso-
lute income level, and the subjective perception of how
one’s income relates to the incomes of others [12, 50].
From a life cycle perspective it has been argued that
income growth does not cause a proportional increase in
well-being, because material aspirations could also rise in
proportion to income, thereby offsetting to some extent
the income effects on well-being (plateauing effect) [13].
Moreover, some evidence suggests that the effects of abso-
lute income on health may be more important for lower
incomes than for higher ones [5]. Hence, it is hypothesised
that:
Hypothesis 1: The income effects on well-being are

greater among individuals in low income trajectories than
among those in higher trajectories.
Furthermore, given that the appraisal of psychological

well-being has also been shown to be positively related to
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income [33], there might be interaction effects between
both well-being indicators, so that:
Hypothesis 2: The income effects on satisfaction with

life are less among individuals who are more satisfied with
their health than those who are not.
On the other hand, there is evidence showing that health

symptoms, illnesses and/or disability may conduce to sub-
stantial income losses, reduction of work hours, unem-
ployment and poverty risk [6, 8, 46, 60]. Since increasing
income does not seem to imply unlimited increasing levels
of well-being as stated above, it can expected that:
Hypothesis 3: The effects of the well-being indicators

on income are greater than the effects of income on well-
being.
Furthermore, since the likelihood of illnesses and

all-cause mortality may be associated with particular
behaviours and cognitions developed in the (social) con-
text of the educational system, it can expected that the
educational level has a larger explanatory power regarding
all-cause mortality than income does. Results from large
cross-country analyses seem to confirm that education
has a stronger explanatory power than income regarding
the rates of (preventable) chronic diseases and mortality
[42, 58]. Hence, it is expected that:
Hypothesis 4: The effects of education on well-being

and mortality are greater than the corresponding income
effects.
It has been acknowledged that social relationships may

exert an influence over longevity through various factors
including social roles, social support, the quality of avail-
able social relationships and income itself [26]. Besides
being an indicator of the social standing of an individual
regarding the social norms of close, family-related rela-
tionships [38, 59], marital status is also an indicator of
close affective relationships as well, for which a positive
association with longevity has been reported, albeit not
so among conflict-ridden marriages [37]. Furthermore,
the mechanisms whereby unemployment may negatively
affect health are multiple and include aggravation of social
isolation, low income, limited access to health-related ser-
vices or poor housing, which ultimately would lead to
poor health outcomes [7, 45, 48]. Hence, it is hypothesised
that:
Hypothesis 5: (a) Married individuals live longer

and report higher levels of well-being than singles and
non-married individuals, except for the separated and
divorced, and (b) unemployed individuals report lower
levels of well-being.
Finally, as stated in the Background section, the fact

that subjective measures of health such as well-being
have been found to be strong predictors of mortality
[22, 49, 55] underlines the diagnostic relevance of the cog-
nitive appraisal of one’s own health functioning. Given
that those appraisals convey information on perceived

vitality and the extent of health functioning decline, it can
hypothesised that:
Hypothesis 6: The effects of well-being on all-cause

mortality are greater than the corresponding income
effects.

Methods
Data
The research hypotheses are investigated with data from
the German Socio-Economic Panel Survey (SOEP) col-
lected between 1984 and 2016. SOEP is an ongoing repre-
sentative panel survey of private households in the Federal
Republic of Germany which includes several socioeco-
nomic variables at the household and individual level [23].
SOEP’s samples are typically obtained in a two-stage strat-
ified sampling from the target population. In the present
investigation data from individuals aged 14 to 100 years
are analysed.

Variables
Net household income is collected as monthly net house-
hold income in Euro. In order to compare income levels
across waves, the net household income was adjusted for
inflation with the German consumer price index (basis
year 2011). Satisfaction with life and health are measured
by two 10-category Likert items: “How satisfied are you
at the present with your life, all things considered?” and
“How satisfied are you with your own health?”, respec-
tively (from 0: completely unsatisfied, to 10: completely
satisfied).Well-being is understood as the subjective expe-
rience of happiness, contentment or desired mental states
[57], and is measured by two indicators, namely, satisfac-
tion with life and satisfaction with health. These measures
are stricto sensu attitudes, i.e., cognitive appraisals on the
individual’s own life and health stemming from recollec-
tions of past events, affect, proprioception, perception
and/or cognitions [15]. Although the SOEP datasets pro-
vide mental and physical component scores equivalent to
the generic Short Form Health Survey (SF12v2), one of
most common measures of health status, these are avail-
able every two years from 2002 until 2016 only. On the
contrary, the items on satisfaction with life and health
have been asked every year since the beginning of the
survey in 1984. Whereas satisfaction with life correlates
with the mental component scores (r = 0.47), satisfaction
with health is much more related to the physical compo-
nent scores (r = 0.66). Hence, both satisfaction measures
can be looked upon not only as well-being indicators, but
also as generic measures of perceived mental and physical
health status [10, 39].
Education entered the analysis in the CASMIN classi-

fication comprising five educational levels: inadequately
completed basic education, basic education, intermedi-
ate, maturity, and tertiary education [4]. Marital status
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included the four categories married, single, separated or
divorced, and other. Employment status consisted of full-
time employment, part-time, vocational training, irregu-
lar employment, and not employed. The socio-economic
status is thus operationalised by net household income,
educational level, and employment and marital status.
The year of death is included for all persons who have
been confirmed as deceased over the course of the SOEP
surveys, irrespective of the cause of death. This variable
is right-censored, i.e., it includes individuals still alive
up to the survey for which data are available, persons
whose exact whereabouts are unknown or dropped out
of SOEP, or deceased persons whose year of death is
unknown [52].

Statistical analysis
The clustering of the trajectories of net household income
and life and health satisfaction was performed by means
of longitudinal k-means cluster analysis [20]. The main
advantages of using this type of partitioning algorithm
instead of model-based approaches such as latent-class
analysis are their independence from parametric assump-
tions or shapes concerning the trajectories and a more
robust numerical convergence [19]. In comparison to
some cross-sectional approaches such as income quin-
tiles, a longitudinal clustering provides information on the
relative continuity of income differentials and, therefore,
simultaneously conveys information on cross-sectional
and longitudinal income differentials, i.e., who earns more
or less at a given time point and who has continu-
ously earning relatively more or less during the observa-
tion period, respectively. The logarithm of net household
income was taken in order to counter the influence of very
high incomes in the subsequent statistical analyses. Miss-
ing values were dealt with the adjustment proposed by
Gower in which the Euclidean distance is weighted by the
number of available observations. Individuals with at least
two observations in each main outcome were considered
during clustering. The choice of the number of clusters
was established by considering the maximum value of the
statistics of Calinski und Harabatz, Davies and Bouldin,
and the Akaike’s Information Criterion (AIC) [20], and
the parsimony of the partition regarding the number of all
possible category combinations. Cluster analysis of lon-
gitudinal data consists of the estimation of the distance
between individual trajectories, and the identification of
the partition which minimises the within-variance σ 2

W
and, at the same time, maximises the between-variance
σ 2
B of distances between observations in the different clus-

ters. Let yit = (yi1, . . . , yit) be the row vector of outcome y,
i.e., net household income and life and health satisfaction,
for individual i at SOEP survey t. The Euclidean distance
d(i, j) of the trajectories of two individuals i, j can be thus
defined as:

d(i, j) =
(
1
t

t∑
k=1

(yik − yjk)2
)1/2

(1)

C(g) = σ 2
B

σ 2
W

· n − g
g − 1

(2)

where g is the number of clusters for which the partition
C(g) of the sample n is maximised [20].
Since the investigation of the research hypotheses 1, 2, 3

and 5 involves the simultaneous consideration of different
SES indicators (i.e., a system of simultaneous regression
equations), the so-called seemingly unrelated regressions
(SUR) model offers the appropriate framework to esti-
mate efficiently the corresponding regression coefficients
[61]. The basic assumption of this type of models is that
the residual variances of each regression equation in the
equation system are correlated. The estimation of vari-
ance is performed by the method of generalised least
squares which takes into account the covariance struc-
ture of the equation system and, at the same time, leads
to more efficient estimates of the regression coefficients
than an ordinary least squares regression performed on
each equation separately [53]. The equation systems in the
present investigation were estimated with the last com-
plete observation of the survey participants (N = 57, 112)
and are specified for three dependent variables, namely,
the logarithm of net household income, and satisfaction
with life and health, respectively.
For each dependent variable two equation systems M1

and M2 are calculated separately and adjusted for year
of data collection (see below). Model (M1) includes main
effects of the trajectory clusters, and model M2 extends
M1 by including cluster interactions. In models M1 and
M2, all clusters entered the regressions with the excep-
tion of the clusters of the same outcome variable in order
to investigate the research hypotheses regarding the rel-
ative contribution of the trajectories to the explained
variance of the other magnitudes. For instance, if house-
hold income (IN) is the dependent variable, only the
clusters (CL) of satisfaction with life (SL) and satisfaction
with health (SH) are considered in the interaction mod-
els. A similar procedure was applied for the regression
equations of the well-being indicators. In order to ease
the interpretation of results, the dependent variables were
standardised before estimating the equation system. The
following SUR models were estimated:

SUR Model M1

⎧⎨
⎩
IN = α1XT + α2CLSL + α3CLSH
SL = α1XT + α2CLSH + α3CLIN
SH = α1XT + α2CLSL + α3CLIN

SUR Model M2

⎧⎨
⎩
IN = α1XT + α2(CLSL × CLSH)

SL = α1XT + α2(CLIN × CLSH)

SH = α1XT + α2(CLIN × CLSL)
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with XT a predictor matrix with age and gender, and addi-
tionally, for the fully adjusted models, the SES indicators
education, employment status andmarital status. The vec-
tor of regression coefficients α = (α1, ...,α5)T of the SUR
models is estimated by the method of generalised least
squares as [61]:

α =
(
XT�−1X

)−1
XT�−1Y , Var(α) =

(
XT�−1X

)−1
,

with � being the covariance matrix, X the matrix of pre-
dictors and Y the stacked vector of dependent variables,
namely, income, and life and health satisfaction. In the
estimation of the SUR models it is assumed that the error
terms σi, σj, i = 1, 2, 3, of the regression equations are
correlated, yielding � = �d ⊗ IT , with the disturbance
covariance matrix �d = σiσj, the Kronecker product ⊗,
the identity matrix IT , and the number of observations T
in each equation [25].
The mortality analysis was based on parametric time-

to-death regressions using the Gompertz hazard function
[24]. This parametrisation belongs to the so-called accel-
erated failure time models in which it is assumed that age-
ing gradually increases the probability of death between
survey waves (i.e., censoring time) according to the spe-
cific effects of the set of covariates. The Gompertz hazard
function, h(t|λ, γ (X)), parametrises the mortality rate as:

h(t|λ, γ (X)) = λeγ (X)t , with (3)
log[ γ (X)] = βXT (4)

with shape and rate parameters λ, γ , covariates X and
regression coefficients β [30].
For the mortality analysis two models are estimated:

In model S1 the trajectory clusters of income, satisfac-
tion with life, satisfaction with health, age and gender
are included as covariates. In model S2, marital status
and education are added to the regression equations in
order to test the corresponding research hypotheses. The
regression coefficients of the parametric time-to-death
analysis are reported in exponential form eβ , where val-
ues greater than 1 indicate a higher probability of dying
(“accelerated time to death”). The reported confidence
intervals in the SURmodels and the time-to-death regres-
sions were estimated at the 99% level with the aim to
reduce the probability of false positives for small effects
[29]. P-values are not supplied since they give poor infor-
mation about the likely result of a future replication [9].
All data handling and statistical analyses were performed
with the statistical environment R (v. 3.6.2), especially the
packages kml, systemfit and flexsurv [20, 25, 30].

Results
According to the Calinski und Harabatz, Davies and
Bouldin, and AIC criteria, the optimal number of clusters
for the trajectory partitioning of household income, and

satisfaction with life and health varied between three and
four clusters. However, in order to allow a more detailed
analysis of the various trajectory patterns, the four-cluster
solution was chosen for all three main outcomes. The
sample proportions of each cluster and the means of the
corresponding variables in the clusters are reported in
Table 1 and Fig. 1. The average trajectory length per indi-
vidual over all clusters was about t̄ = 9.11 years. Although
the variance within clusters increases due to sample attri-
tion (i.e., wider confidence stripes with increasing age in
Fig. 1), the differences and trends between trajectories
are quite stable during the life-span for both household
income and well-being clusters.
The estimated regression coefficients corresponding to

the SUR models M1 and M2 are reported in Tables 2
and 3, respectively. In order to ease the interpretation
of results from the interaction model M2, only coeffi-
cients excluding zero in the 99% confidence intervals are
reported. In addition, Fig. 2 provides for the fully adjusted
model M2 from Table 3 the fitted values of the main out-
comes by trajectory clusters in a set of three interaction
plots. For instance, panel A in Fig. 2 depicts on the x-axis
the clusters of satisfaction with health (from A: highest
satisfaction to D: lowest satisfaction) and on the y-axis the
estimated logarithm of income, stratified by the clusters of
satisfaction with health (four lines). Thus, panel A shows
that for individuals in cluster D of the life satisfaction tra-
jectories (bottom line), the income level is rather stable
across the levels of satisfaction with health (x-axis, from
A: highest satisfaction with health to D: lowest satisfac-
tion with health), thereby indicating no interaction effect
between life and health satisfaction.
The results of the SUR models in Tables 2 and 3

do not seem to provide sufficient support for Hypoth-
esis 1, stating that the income effects on well-being are
greater among individuals in low income trajectories than
among those in higher trajectories. Albeit there are main
income effects on life satisfaction, there were practically
no income effects on satisfaction with health (Fig. 2, pan-
els B and C; and Table 3, models of satisfaction with life
and health, respectively). In addition, even though a few
interactions of income and well-being were large (mod-
els M2), individuals in the lowest income level (cluster D)
were not generally characterised by even lower levels of
well-being, as expected if there were interaction effects
detrimental to the lowest income clusters. Moreover, the
estimates in Tables 2 and 3 indicate the presence of main
effects of satisfaction with life on satisfaction with health,
but only small interaction effects with the income clusters.
These results are graphically illustrated in panel C of Fig. 2
in the overlapping marginal means of the corresponding
curves.
In addition, since there are practically no interac-

tion effects between income and satisfaction with health
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Table 1 Descriptive statistics of the dataset in long format

Variable Statistic Missing values

Gender 0

Males 47.46 (263193)

Females 52.54 (291391)

Education 11844

Inadequately completed 4.04 (21938)

Basic 40.49 (219739)

Intermediate 25.80 (140019)

Maturity 11.34 (61551)

Tertiary 18.33 (99493)

Employment status 11

Full-time 42.38 (235030)

Part-time 10.72 (59477)

Vocational 2.83 (15682)

Irregular 4.03 (22359)

Not employed 40.04 (222025)

Marital status 3212

Married 62.71 (345742)

Single 21.78 (120112)

Sep./Divorced 9.16 (50494)

Other 6.35 (35024)

Income clusters 0

A - Highest income (t̄ = 8.4 years) 15.43 (85545); μ = 8.50 (0.38)

B - Higher income (t̄ = 9.6 years) 36.94 (204852); μ = 7.99 (0.30)

C - Lower income (t̄ = 9.4 years) 34.50 (191341); μ = 7.57 (0.33)

D - Lowest income (t̄ = 8.2 years) 13.14 (72846); μ = 7.02 (0.43)

Satisfaction with life clusters 0

A - Highest satisfaction (t̄ = 7.5 years) 22.44 (124435); μ = 8.59 (1.01)

B - Higher satisfaction (t̄ = 9.6 years) 39.31 (217980); μ = 7.45 (1.20)

C - Lower satisfaction (t̄ = 10.4 years) 27.87 (154540); μ = 6.22 (1.54)

D - Lowest satisfaction (t̄ = 9.0 years) 10.39 (57629); μ = 4.56 (1.89)

Satisfaction with health clusters 0

A - Highest satisfaction (t̄ = 7.4 years) 28.47 (157871); μ = 8.50 (1.21)

B - Higher satisfaction (t̄ = 10.0 years) 36.23 (200936); μ = 7.00 (1.60)

C - Lower satisfaction (t̄ = 10.9 years) 26.17 (145134); μ = 5.41 (1.87)

D - Lowest satisfaction (t̄ = 9.0 years) 9.13 (50643); μ = 3.31 (2.09)

Age 46.8 (17.0) 7

Net household income (logarithm) 7.8 (0.6) 7076

Satisfaction with life 7.1 (1.8) 4294

Satisfaction with health 6.7 (2.3) 3909

Observations 554,584

Individuals 57,112

Statistics: proportions (%) and frequencies in parentheses for categorical variables; mean (μ) and standard error in parentheses for metrical and ordinal variables. t̄: average
trajectory length per individual. German SOEP 1984-2016
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Fig. 1 Average outcome values within trajectory clusters by 15-years age intervals and 99% confidence stripes. Panel A: net household income.
Panel B: well-being indicators. German SOEP 1984-2016

(parallel marginal means in Fig. 2, panel B), the levels
of satisfaction with health do not moderate the associa-
tion of income and satisfaction with life, thereby rejecting
Hypothesis 2. On the other hand, the pairwise comparison
of the the goodness-of-fit coefficients R2 between mod-
els M1 and M2 for each dependent variable in Tables 2
and 3 supports Hypothesis 3 in which it was expected
that the effects of well-being on income are greater than
those of income on well-being. This can be observed
by considering that in all model specifications the rela-
tive increase of explained variance �R2 is greater when
income is the dependent variable. Hence, the results indi-
cate that income is more sensitive to the trajectory of
the well-being indicators, especially life satisfaction, than
the opposite, namely, the sensitivity of well-being to the
income trajectories.
Furthermore, the results of the regression analyses pro-

vide some support for Hypothesis 4 stating that the
effects of education on well-being and mortality are larger
than the income effects: Individuals with higher edu-
cational levels report higher levels of satisfaction with
life and health than individuals who inadequately com-
pleted basic education. In addition, higher educational
levels were associated with lower all-cause mortality rates
as suggested by the results of the parametric time-to-
death analysis in Table 4, and contribute substantially to
explained variance as suggested by the comparison of the
AIC statistic of models S1 and S2.
Concerning Hypothesis 5a stating that married individ-

uals live longer and report higher levels of satisfaction

with life and health than singles and non-married indi-
viduals, the estimates in Table 3 indicate that married
individuals are more satisfied with life than individuals of
other marital status categories. Nonetheless, in contradic-
tion to Hypothesis 5a, married individuals report lower
levels of satisfaction with health in comparison to indi-
viduals of the other marital status categories. At the same
time, the estimates of the mortality analysis in Table 4
provide support to the notion that married individuals
have increased longevity in comparison to singles, but
not regarding the separated and divorced, or individu-
als reporting other marital status. Hence, Hypothesis 5a
is only partially supported. In contrast, the results con-
firm the expected associations in Hypothesis 5b by show-
ing that unemployed individuals report lower satisfaction
with life and health than the full-time employed.
Finally, the results in Table 4 confirm Hypothesis 6 stat-

ing that well-being is a stronger predictor of longevity than
income. This holds especially regarding the role of satis-
faction with health as an indicator of well-being. In fact,
the regression coefficients corresponding to satisfaction
with health are largest. In model S1, males in the low-
est income trajectories (cluster D) show a larger mortality
risk than males in cluster A. Once education and mari-
tal status are considered, however, the mortality risks of
males in the income clusters B and C decrease (especially
in cluster C), and the differences between clusters A and
D are not longer observed, thereby indicating mediation
effects of both education and marital status on the associ-
ation between income and mortality. Among women, the
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Fig. 2 Fitted values of the seemingly unrelated regression (SUR) of model M2 in Table 3 and 99% confidence bars (interaction effects plots). For all
cluster variables, namely, income, life satisfaction and satisfaction with health, the labels A to D represent an ordered scale going from A: highest
level to D: lowest level. German SOEP 1984-2016

income effects in both models S1 and S2 are more stable
and point consistently to increased mortality of females in
clusters A and D, in comparison to clusters B and C.

Discussion
In the present study six research hypotheses were inves-
tigated concerning the interactions of household income
trajectories, education, and employment and marital sta-
tus (as SES indicators) and satisfaction with life and
health (as indicators of well-being), and their influence on
present income levels, well-being and all-cause mortality.
Hypotheses 1 and 2, in which a substantial contribution of
income to well-being was assumed, were not confirmed;
on the contrary, the results indicate that well-being, espe-
cially the life satisfaction domain, has a larger influence on
income than income on well-being (Hypothesis 3). Given
that the present study considers explicitly the history of
income and well-being levels and, therefore, accounts to
some extent for unobserved heterogeneity in the main
outcomes, there is evidence that the variation of well-
being levels is less sensitive to the history of the relative
income position of individuals than the opposite (see �R2

values in Tables 2 and 3). Despite the fact that the interac-
tion models M2 did not suggest, in general, the presence
of large interaction effects between the income and well-
being trajectories, there were substantial reciprocal main
effects of the particular trajectories on each other. Fur-
thermore, regarding overall mortality, the preponderance
of well-being over income is underlined by the results of
the time-to-death analysis in which longevity shows the
strongest associations with perceived well-being (Hypoth-
esis 6). For instance, the risk difference between the health

satisfaction clusters A and D in models S2 would cor-
respond on average to the ageing effects of roughly 24
years for both males and females, i.e., log(βSH)/ log(βage).
Furthermore, by comparing the pattern of associations
obtained in the SUR and mortality models, it becomes
evident that the associations of SES and health are rather
domain specific: Whereas life satisfaction has a stronger
association with income than health satisfaction (Table 3),
health satisfaction, in contrast, is a much better predictor
of mortality than life satisfaction (Table 4). Since life and
health satisfaction are related to some extent to the men-
tal and physical health domains, respectively, the results
suggest that the investigation of the relationships between
SES and health would need the explicit consideration of
the peculiarities of the different domain-specific health
indicators, as already observed in previous research [49].
The results reported in Tables 3 and 4 provide sup-

port to the notion that education is a superior SES
indicator in the investigation of the socioeconomic deter-
minants of well-being and mortality (Hypothesis 4), as
reported elsewhere [42, 58]. According to the findings of
the present study, the estimated differences in mortality
between the lowest and tertiary educational level would
correspond to ageing effects of about 10 and 8 years for
males and females, respectively, i.e., log(βeduc)/ log(βage).
Under consideration that the SES indicators marital sta-
tus, employment and education not only capture to some
extent aspects related to the individual’s meaning of life,
but also account for a large proportion of explained vari-
ance of well-being and/or all-cause mortality, the argu-
ment that the associations of SES and health are multi-
causal receives additional support. There does not seem to
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Table 4 Parametric time-to-death analysis with Gompertz hazard function

S1 S2

Variable Males Females Males Females

Main effects

IN-B (ref. A) 1.02 (0.84; 1.23) 0.71 (0.57; 0.89) 0.82 (0.68; 1.00) 0.63 (0.50; 0.80)

IN-C 1.11 (0.93; 1.33) 0.65 (0.53; 0.81) 0.79 (0.65; 0.97) 0.54 (0.43; 0.67)

IN-D 1.71 (1.41; 2.08) 1.12 (0.91; 1.38) 1.11 (0.89; 1.38) 0.85 (0.68; 1.07)

SH-B (ref. A) 1.78 (1.43; 2.22) 1.63 (1.24; 2.14) 1.73 (1.38; 2.17) 1.57 (1.19; 2.08)

SH-C 3.71 (2.96; 4.65) 3.40 (2.59; 4.45) 3.60 (2.86; 4.54) 3.27 (2.48; 4.32)

SH-D 8.56 (6.66; 10.98) 8.24 (6.17; 11.00) 7.90 (6.11; 10.22) 7.60 (5.63; 10.24)

SL-B (ref. A) 0.75 (0.64; 0.88) 0.70 (0.59; 0.84) 0.75 (0.64; 0.89) 0.71 (0.59; 0.85)

SL-C 0.73 (0.61; 0.87) 0.59 (0.49; 0.71) 0.75 (0.62; 0.90) 0.60 (0.49; 0.73)

SL-D 1.00 (0.81; 1.23) 0.81 (0.65; 1.00) 0.99 (0.80; 1.24) 0.82 (0.66; 1.02)

Age 1.08 (1.08; 1.09) 1.10 (1.09; 1.10) 1.09 (1.08; 1.09) 1.09 (1.09; 1.10)

Education

Basic education (ref. no degree) 0.91 (0.69; 1.20) 1.18 (0.87; 1.60)

Intermediate 0.68 (0.50; 0.92) 0.95 (0.68; 1.32)

Maturity 0.68 (0.48; 0.97) 0.67 (0.44; 1.02)

Tertiary 0.42 (0.31; 0.57) 0.50 (0.34; 0.73)

Marital status

Single (ref. married) 1.59 (1.27; 1.98) 1.64 (1.29; 2.10)

Sep./Divorced 1.16 (0.96; 1.41) 1.11 (0.89; 1.38)

Other 1.12 (0.96; 1.31) 1.20 (1.04; 1.39)

Person-years at risk 5,172,250 5,857,910 5,027,668 5,678,714

Observations 263,103 291,215 256,619 282,702

Events 2655 2266 2530 2156

AIC 37791 32020 35761 30352

Regression coefficients and 99% confidence intervals in parentheses. S1: reference model, S2: fully-adjusted model. IN: net household income, SH: satisfaction with health, SL:
satisfaction with life. German SOEP 1984-2016

be a single SES factor accountable for variation in health
outcomes; on the contrary, SES and health exert recip-
rocal influence during the life-span, and co-determine
various aspects of the individual’s life history at the level
of income, education, employment, social relationships,
and well-being appraisals. It is noteworthy that the results
of the present study resemble previous findings with data
from the Stockholm Birth Cohort study, in which the
constant co-occurrence of disadvantages during the life
course in terms of social assistance (i.e., income losses),
unemployment and mental illnesses was a stronger pre-
dictor of mortality than the occurrence of single disadvan-
tages [56].
From a life course perspective on mortality, the present

results provide evidence of the so-called terminal decline,
i.e., the steep decline of health functioning shortly before
death [21]. The pronounced decline in the survival
probability before death occurs much earlier in the life

course for individuals with a history of low levels of sat-
isfaction with health (cluster D). At the same time, since
adverse circumstances during childhood may result in
reduced well-being levels in adult life, the positive effects
of education and marital status on well-being and mortal-
ity (Table 3, models S2) seem to indicate that the socioe-
conomic achievements in adulthood may counterbalance
to some extent adverse childhood experiences, as has been
suggested previously [14].
Two results in the present study deserve further dis-

cussion: First, satisfaction with life does not show a dose-
response relationship with mortality, but a non-linear
U-shaped relationship with higher mortality risks for both
clusters A and D among males and females. Second, in
models S1 and S2, the all-cause mortality rates of females
in the income clusters A (highest) and D (lowest) were
higher in comparison to those in the middle-income clus-
ters B and C (Table 4). Similarly, mortality rates of males in
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income cluster C were lower than for the reference cluster
A, but only in the adjusted model S2. These results imply
that the associations between specific SES indicators and
health do not necessarily follow a gradient of better health
for increasing SES levels for particular samples. In fact,
analyses of mortality data at the population level indicate
that the accumulation of particular health risks and ill-
nesses may be greater among individuals of higher SES in
some, but not all, countries [41].
The non-linear U-shaped relationship between satis-

faction with life and mortality could be the result of
increased, but qualitative different, mortality risks among
individuals reporting either very high or very low levels
of satisfaction with life (clusters A and D) in compari-
son to the middle ranges of the distribution (clusters B
and C). Notice that previous findings concerning the asso-
ciations of mortality and life satisfaction have been also
mixed, suggesting either non-linear relationships or the
limitations of the life satisfaction measurement in captur-
ing the emotional dimension of the well-being construct
[18]. The finding that for models S1 and S2 the mor-
tality rates among females of income cluster A (highest)
and cluster D (lowest) do not differ, may result from
various reasons including a stronger sample attrition or
increased longevity of females in the the middle-income
trajectories (clusters B and C), underestimation of mor-
tality for lower income females, or excess health risks
operating at both extremes of the income distribution.
Several explanations of the similarmortality rates between
high and low income clusters may be related to certain
behavioural patterns among high-income females which
lead to excess death risk such as smoking in older cohorts,
or more frequent exposure to traffic accidents or injuries,
as suggested elsewhere [41].

Limitations
The present study has two important limitations. First,
life expectancy in the SOEP samples between 1995 and
2005 is higher than the corresponding estimates obtained
from the official life tables for the whole German pop-
ulation, and amount to 85.4 vs. 75.3, and 84.4 vs. 81.3
years, for males and females, respectively [36]. Hence, the
present findings may under- or overestimate the associ-
ations pertaining mortality, since death cases at earlier
ages are underrepresented in SOEP. However, the conclu-
sions obtained here are based on a relatively large sample
size (more than 55,000 individuals), a long observation
period (1984-2016) for the whole sample, and an aver-
age trajectory length of t̄ = 9.11 years per individual.
Hence, the results are based on the most frequent values
observable in the population in a relatively long period
and, therefore, it is unlikely that a more comprehensive
sampling of extreme values would completely invalidate
the findings. On the contrary, the real SES and well-being

differentials could be larger, e.g., if the very high mor-
tality rates and very low incomes and well-being values
among the homeless were to be considered. Nonetheless,
it should be kept in mind that with the available SOEP
sample strong effects of education, marital status, and
well-being could be estimated at the very conservative
99% confidence level. Therefore, even if the real effects
of income are larger than those reported in the present
study, they should still be relatively small in comparison to
the other SES indicators for which substantial differences
were observed.
Second, due to the fact that there is substantial tempo-

ral autocorrelation of each variable with itself, the opti-
mal cluster partitions according to the goodness-of-fit
statistics tend to arrange the trajectories in ordered cat-
egories going from higher to lower levels of the main
outcome (Fig. 1). Notice that the lack of clusters with
crossing trajectories suggests a strong path dependence of
the income and well-being levels. Forcing a cluster par-
tition with more than four or five clusters in order to
obtain clusters with crossing trajectories would violate
the conditions of optimal cluster partitioning and, at the
same time, increase the chances of non-reproducibility of
results. Hence, it seems that strong and abrupt declines or
increases of income and well-being levels are not charac-
teristic at the population level, but would pertain rather to
very specific circumstances among certain groups, or to
consequences resulting from important adverse life events
such as sudden job loss, severe injuries or chronic ill-
nesses. Further analyses would be required to investigate
the extent to which crossing trajectories (e.g., increas-
ing vs. decreasing trajectories) in specific groups may be
associated with changes in income, well-being levels and
all-cause mortality rates.

Conclusions
In the present investigation evidence was found that the
history of well-being has a larger influence on the individ-
ual’s income history than the opposite. As hypothesised,
education seems to be a better predictor than income
regarding not only well-being levels, but also all-cause
mortality. Similarly, in accordance with the hypothesis
that social relationships are a pivotal resource in the life
course, married individuals were associated with higher
levels of income and satisfaction with health (but not
with life), and increased longevity. Finally, the analyses
revealed that the strongest predictors of all-cause mortal-
ity are the life history of satisfaction with life and health,
the individual’s educational level, and the marital sta-
tus. Given that these magnitudes are embedded in the
socioeconomic circumstances during childhood develop-
ment and young adulthood, the results are indicative of
cumulative effects of several SES indicators andwell-being
on all-cause mortality.
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