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Abstract
There is a strong mortality gradient by socioeconomic status in most of today’s developed
countries, which has spurred both scientific and policy interest. Despite its importance, we
still do not have a full understanding of the causes of this gradient, nor about when it
emerged. In this paper we study socioeconomic differences in adult mortality for men and
women in Sweden over an almost 200-year period, using unique individual level register data.
Our main findings show a late emergence of the mortality gradient, regardless of whether
socioeconomic status is measured by occupational status, class, or income. We only find a
consistent socioeconomic gradient after 1970, even though some socioeconomic mortality
differences can also be observed somewhat earlier. Moreover, the mortality differentials
emerge slightly earlier for women than for men. These results suggest that today’s
socioeconomic mortality gradient is far from a universal phenomenon.
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Introduction
There is overwhelming evidence of a strong socioeconomic gradient in adult mortality in
today’s developed countries, regardless of whether socioeconomic status is measured by
education, social class, or income. The gradient is stronger among men than among women,
and has grown stronger in the recent past. (e.g. Elo 2009; Mackenbach et al. 1997; Marmot et
al. 1991; Torssander and Eriksson 2010; Cutler et al. 2012; De Gelder et al. 2017; Chetty et
al. 2016). There is less evidence regarding the causes of this gradient, with explanations
ranging from it being due to differences in access to health care, life styles, psychosocial
factors or conditions and events earlier in the life course (Elo 2009; House et al. 1988; Kuh
and Ben-Shlomo 2004; Marmot 2004; Smith 1999). It has also been argued that the degree of
income inequality in a society is an important determinant of health and mortality through
lower levels of trust and social capital (Kawachi et al. 1997; Wilkinson and Pickett 2010); an
argument that, however, has been met with skepticism (e.g., Deaton 2003; see also O’Donnell
et al. 2015). Due to a lack of empirical research, it is unclear when these socioeconomic
differences in mortality emerged or if they have, in fact, always existed. Indeed, several
researchers analyzing contemporary mortality differentials seem to assume that they were as
large, or even larger, in the past (e.g. Elo 2009; Smith 1999). This is, however, at odds with
some findings that indicate that mortality differentials were small in the past, at least among
adults, as many leading causes of death were highly communicable and not treatable (Smith
1983; Livi-Bacci 1991; Bengtsson and Dribe 2011).
In this paper, we study the historical roots of the health gradient by looking at
socioeconomic differences in male and female adult mortality during the nineteenth and
twentieth centuries. We study mortality differences in the ages 30-90 by occupation
(manual/non-manual), social class and income, using longitudinal individual-level data. Such
a long-term analysis of the relationship between socioeconomic status and mortality
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exploiting data on both income and occupation has never been undertaken before. The longterm perspective gives a rare opportunity to assess when the large socioeconomic differences
in health and mortality that we observe today actually emerged, which also gives insights into
the mechanisms through which socioeconomic status relate to health and mortality.
We study the period 1813-2011, which is sub-divided into six sub-periods
corresponding to different stages of Sweden’s economic history. We estimate models
including the three different dimensions of socioeconomic status both separately and jointly,
and for men and women separately. Our main findings show a late emergence of the
socioeconomic gradient in mortality, regardless of which indicator that is used. We only find
a consistent socioeconomic gradient after 1970, even though some mortality differences can
be observed somewhat earlier 1950. Moreover, the mortality differentials emerge slightly
earlier for women than for men. These results strongly suggest that today’s inequality and
health and mortality is far from a universal phenomenon. In the next two sections, we review
some of the previous research in the field, followed by a presentation of context, data and
methods, before we turn to our empirical results.

Socioeconomic status and health
All contemporary developed societies show marked differences in adult health and mortality
between socioeconomic groups. Whether measured by income, education or social class
(usually based on occupation), socioeconomic status is positively associated with health and
negatively associated with (all-cause) mortality (see, e.g., Elo 2009; Mackenbach et al. 2003;
Smith 1999, 2004; Cutler et al. 2012; De Gelder et al. 2017). Michael Marmot calls this
phenomenon “the Status Syndrome” (Marmot 2004). To the question where we find a social
gradient in health, he answers “pretty well everywhere” (Marmot 2004:16).
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Socioeconomic status is a multifaceted concept, usually used to concatenate different
measures relating to social and economic attainment. Education, income, or occupation-based
measurements of social class are most often used to measure socioeconomic status. Indeed, a
vast body of empirical research on contemporary developed countries has established a strong
and robust relationship between aforementioned measures of socioeconomic status and health.
High education has been found to be associated with lower adult mortality in Britain (Kunst
and Mackenbach 1994; Mackenbach et al. 2003;), the United States (Cutler et al. 2012;
Hayward et al. 2015; Kunst and Mackenbach 1994; Masters et al. 2012), continental Europe
(Kunst and Mackenbach 1994), and Scandinavia (Vågerö and Norell 1989; Otterblad
Olausson 1991; Bronnum-Hansen and Braadsgaard 2007; Shkolnikov et al. 2012;
Steingrimsdottir et al. 2012; Torssander and Erikson 2010; Kravdal 2017).
Similarly, occupational rank has been found to be related to adult mortality. For
example, in the Whitehall studies of British civil servants, a clear health gradient was found in
terms of status position (Marmot et al. 1991). In Britain, as well as in Sweden, there also
appears to be a clear social class gradient in mortality, in which higher social class is
associated with lower mortality overall (Vågerö and Norell 1989; Otterblad Olausson 1991;
Burström et al. 2005; Marmot 2004: 27; Torssander and Erikson 2010). A mortality gradient
has also been identified for income, wealth or poverty (e.g. Elo 2009; Hederos et al. 2017;
Smith 1999; Torssander and Erikson 2010; Chetty et al. 2016). Higher income and/or more
wealth is consistently related to lower mortality, even though the strength of the relationship
depends on age and is also often muted when controlling for education.
The reasons behind these health and mortality differentials by socioeconomic status
have been debated in the literature, but there seems to be some agreement on a number of
important factors contributing to the explanation. Life style factors (smoking, diet, exercise,
alcohol consumption) are often mentioned as an important reason why low socioeconomic
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status is related to worse health and higher mortality. The reason is that low status is
associated with higher smoking prevalence, higher alcohol consumption, greater inactivity,
and higher obesity rates (Vågerö and Norell 1989; Elo 2009; Smith 1999; Adler and Stewart
2010; Marmot 2004; Cavelaars et al. 2000; Norström and Romelsjö 1999). Clearly, however,
differences in this kind of individual health-related behavior is only part of the story, as
differences remain when controlling for this kind of health behavior.
Access to health care is often thought to be important as well, especially in contexts
lacking universal provision of health care at low costs (Adler and Stewart 2010), but also in
countries where health care is universal, or close to universal (Van Doorslaer et al. 2000). The
latter could be related to underutilization of health services by lower socioeconomic status
groups (Steingrimsdottir et al. 2012). This might also explain why there is no strong evidence
that increased provision of health care actually reduces the health gradient (Smith 1999). In
any case, simply providing more universal health care does not appear to be enough to
eliminate the health gradient in contemporary societies (Adler and Stewart 2010).
The efficiency of the health care provided might indirectly contribute to the
socioeconomic health gradient. The reason is that the success of treatment of patients depends
on life styles, which often have a socioeconomic gradient. Smokers, for example, face
increased risks of complications, including wound healing and pulmonary disorders, after any
type of surgery. Several treatments are for this reason less efficient on smokers than nonsmokers (Mills et al. 2011).
Environmental factors could potentially contribute to explain the socioeconomic health
gradient if different socioeconomic groups live in markedly different environments. Exposure
to air and water pollution and toxic waste is often not randomly distributed by socioeconomic
status, but it still remains unclear how much this factor actually contributes to the health
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gradients observed all over the Western world. Most likely, it is not a major factor (Adler and
Stewart 2010).
In his research on British civil servants, and later on other contexts as well, Marmot has
stressed the role of psychosocial factors in accounting for the health gradient (e.g., Marmot
2004). Controlling for other risk factors already mentioned does not completely remove the
health gradient, even though it is significantly reduced. Net of such factors, the individual’s
socioeconomic status is linked to the degree of control they possess over their life situation. A
lack of such control, most frequently experienced among individuals belonging to low
socioeconomic status groups, leads to stress, which negatively affects health through different
physiological mechanisms (blood pressure, susceptibility to infection, clogging of blood
vessels, etc.). It is not only exposure to stress by itself that is important, but also the ability to
cope with stress. Especially the combination of high stress exposure and low levels of coping
lead to negative health effects (Adler and Stewart 2010). Long-term exposure to stress will
excise a high toll on bodily functions through a frequent use of various physiological coping
mechanisms, creating what is often referred to as “allostatic load” (Smith 1999; Adler and
Stewart 2010). Lower socioeconomic positions are often associated with a lower degree of
control over their work and hence higher work-related stress. It has also been argued that they
suffer from weaker social networks and other resources used to cope with stress.
Finally, it has been noted that associations between socioeconomic status and health in
adulthood may have their origin much earlier in life (Smith 1999; Elo 2009). We know from
extensive research that conditions early in life (e.g., in the fetal stage and during infancy) have
long-lasting impacts on health and other outcomes (e.g. Barker 1998; Case and Paxson 2008;
Elo and Preston 1992; Fogel 2004; Finch and Crimmins 2004; Quaranta 2013). Low nutrition
and exposure to disease during early life can affect organ development and hence the onset of
chronic disease in adulthood, as well as cognitive ability, heights etc. This in turn could affect
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both health and socioeconomic attainment and thereby explain some of the association
between socioeconomic status and health in adulthood that we observe (e.g. Chandra and
Vogl 2010; Cutler et al. 2012). At least indirectly, this is also related to another major issue in
the vast literature on socioeconomic health differentials: causality.
While many assume, and theorize, that low socioeconomic status has a causal effect on
health and mortality for the reasons just discussed, others have pointed out a causal effect
from health to socioeconomic status exists as well (e.g. Deaton 2003; Smith 1999, 2004;
Almond 2006; Bleakley 2007; Chandra and Vogl 2010; Cutler et al. 2012; Montez and
Friedman 2014; O’Donnell et al. 2015). Although this seems very reasonable, there are
studies using different quasi-experimental designs demonstrating a causal effect of education
on health and mortality (e.g., Lleras-Muney 2005; Spasojevic 2010). A recent study using
data of 50,000 Swedish twins estimated a three year longer life expectancy at age 60 for those
with high levels of schooling (13 years or more) compared to those with low levels of
schooling (less than 10 years) (Lundborg et al. 2016). Other studies have found causal effects
of income on health using different empirical designs (e.g. Lindahl 2005; see also Kawachi et
al. 2010). There are, however, also a number of quasi-experimental studies, using different
identification strategies, finding no, or very small, causal effects of sudden income or wealth
increases on various adult health outcomes, including mortality (e.g., Meer et al. 2003; Snyder
and Evans 20006; Erixon 2014; Cesarini et al. 2016; see also O’Donnell et al. 2015 for a
review).

When did the health gradient emerge?
Having established the existence of a strong health gradient by various measures of
socioeconomic status, the question is when did it appear? Looking at the last 30 to 40 years,
there is vast evidence that the socioeconomic health differentials actually have widened
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(Bronnum-Hansen and Baadsgaard 2007; Shkolnikov et al. 2012; Mackenbach et al. 2003;
Kunst et al. 2004; Burström et al. 2005; Hederos et al. 2017; Steingrimsdottir et al. 2012; De
Gelder et al 2017). This development appears to be connected to a faster mortality decline in
higher socioeconomic groups compared to lower-status groups, especially in terms of a range
of preventable diseases, such as different forms of smoking-related cancers and
cardiovascular disease (Mackenbach et al. 2015; Hederos 2017). This points to life-style
factors becoming more important in explaining the health gradient in more recent years.
We know much less about mortality differentials by socioeconomic status before the
1960s, due to the lack of data providing a sufficient degree of detail. Many seem to assume
that differences were even greater in the past, before universal health care and modern
medical technology, when communicable diseases were more important for mortality and
when nutrition and inadequate sanitation affected mortality to a much greater extent than
today (e.g. Smith 2009). In a review of the literature, Elo (2009) also argues that mortality and
health vary by socioeconomic status in all societies where it has been systematically studied
and, while pathways may vary by context, the inequalities as such are “enduring”. The
empirical support for these claims are, however, rather weak. Even though there are some
studies actually studying socioeconomic differences in adult mortality before the 1940s, they
usually cover short periods and small geographical areas (see Bengtsson and van Poppel
2011).
An example of a study indicating the important role of poverty for health and mortality
at a specific point in time is the study of mortality differentials between taxpayers and nontaxpayers in Providence, Rhode Island in 1865 by Chapin (1924). He finds higher overall
mortality as well as higher mortality in several important causes of death, such as pulmonary
tuberculosis, heart disease and respiratory diseases among the non-taxpayers. Interestingly, he
finds only small differences for contagious diseases. Similarly, Blum et al. (1990) find
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substantial socioeconomic differences in in remaining life expectancy at age 40 in a study of
marriage certificates in Paris in the 1860s, which also include information on age at death of
deceased parents of the bride and groom. More recent research, for the United States, has,
however, suggested very modest mortality differences by educational attainment for cohorts
born during the end of the 1800s and early 1900s (Masters et al. 2012). Likewise, other
studies of different historical contexts have not found much social differences in adult
mortality for men, or for both sexes combined, before the modern period (Smith 1983;
Bengtsson and Dribe 2011; Edvinsson and Lindkvist 2011; Edvinsson and Broström 2012).
Some studies, investigating gender differences in the mortality gradient by socioeconomic
status, have found a mortality advantage for higher-status women, but not for higher-status
men around the turn of the twentieth century (Dribe and Eriksson 2018; Jaadla et al. 2017).
The ambiguous results from previous research have also led to contradictory views in
the literature about the long-term development of socioeconomic differentials in adult
mortality; that the socioeconomic gradient in mortality has widened, narrowed, or stayed
constant since the early phases of the mortality transition (see Bengtsson and van Poppel
2011). The fact that public health measures, as well as subsidized health care, reached an
increasing share of the population during the course of the twentieth century is an argument in
favor of the convergence view, which argues that socioeconomic mortality differentials have
narrowed over time. Economic resources are also more evenly distributed today than they
were in the past, partly because of transfers between individuals through the tax system,
which strengthen the convergence hypothesis even further. Empirical support for this
hypothesis has comes mainly from urban contexts covering rather short periods of time
(Antonovsky 1967), with the possible exception of Pamuk (1985), who finds that the social
gradient in mortality in Britain declined from the 1920s to the 1950s and then started to
increase again.
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The convergence view has been challenged, the argument being that socioeconomic
inequalities in mortality basically have remained more or less constant over the last 200 years
(Link and Phelan 1996). The claim of the constancy view, or “fundamental causes” theory
(FCT) as it has been labelled, is that while the specific mechanisms varied over time, the
upper classes were always able to avoid premature deaths since they had better access to
resources (Link and Phelan 1996). A recent version of the FCT attempts to take aspects of
both the demographic transition and the epidemiological transition theories into account
(Clouston et al. 2016). The argument is that as mortality declines new diseases come to
dominate overall mortality, but mortality differentials from all diseases go through basically
the same four phases.
Early on, diseases are largely non-preventable because of a lack of knowledge on causal
agents and treatment. In this stage of “natural mortality” socioeconomic differences in
mortality from the disease are usually small, and they can even be in favor of lower
socioeconomic status groups. In the following stage, social differences arise, mainly because
of new knowledge on how to prevent disease. Such knowledge is diffusing in society, and
typically, the high-status groups are quicker to acquire new information and change their
behavior. To the extent that new treatments and methods of diagnosis become available
higher status groups will also be better able to protect themselves. This produces inequalities,
as the mortality of the high-status groups starts to decline, while that of the low-status groups
remains high. With a lag, mortality from the disease among the lower socioeconomic status
groups also starts to decline, and after a while, the rate of improvement is faster among the
low status groups and inequalities are reduced. This is a result of health-beneficial innovations
becoming more universally accessible and evenly distributed throughout the population.
In the final phase, the mortality-reducing innovation becomes universally available,
maximizing its impact on mortality for all groups. No more gains can be made, and in some
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cases the disease is virtually eliminated (e.g. cholera or tuberculosis). In other cases, however,
a small disadvantage for low-status groups remains also in this stage, due to differences in
behavior or lack of resources to bring mortality all the way down. The crucial point is that this
pattern is repeated disease by disease, and in all stages, except before the start of the
transition, high socioeconomic status groups have an advantage when looking at overall
mortality. In this sense, socioeconomic status is a fundamental cause, even though the precise
mechanisms might be different for each disease.
Historical demographers, who argue that mortality in different social strata has diverged
over the past 150 years (Smith 1983), have also challenged the convergence view.
Socioeconomic mortality differentials were small in the past, or possibly even reversed,
because mortality was mainly due to communicable, often highly virulent, diseases. Due to
the nature of the predominant diseases, the upper classes were possibly even more exposed,
and due to the lack of effective treatment, they may have suffered even more than the rest of
the population. It has also been pointed out that in the past, regional differences in mortality
were often much larger than socioeconomic differences (Smith 1983; Reid 1997; Woods et al.
1993; Garrett et al 2001; van Poppel et al. 2005; Edvinsson and Lindkvist 2011). First,
mortality was much higher in urban areas; the expression urban penalty has often been used to
describe it. Second, differences were often large between rural areas as well. Whether these
differences are due to population density, communication networks, sanitation, access to safe
water, organization of poor relief and health care, breast-feeding practices or differences in
agricultural productivity is unclear. Geographic differences seem, however, to have declined
during the late nineteenth and early twentieth century. This holds true for the difference
between rural and urban areas, as well as within urban areas (Fogel 2004; Woods et al. 1993).
Thus, it is necessary to consider regional factors when studying socioeconomic differences in
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mortality. In this study, we focus on a confined geographic area to avoid any confounding
influence of regional factors.

Context and Data
We use data from the Scanian Economic-Demographic Database (SEDD). These data consist
of individual-level longitudinal information from five rural and semi-urban parishes and a
port town in Southern Sweden, Landskrona (Bengtsson et al. 2017). The database is one of
very few that can follow individuals across multiple generations from preindustrial times up
to the present, and with detailed information on occupation and income, as well as on
different demographic outcomes. The area is not a representative sample of Sweden in a
statistical sense, but it reflects conditions shared by most similar areas during the time studied
(see Dribe et al. 2015). We study the period 1813-2011, which is broken down into six subperiods. The first sub-period (1813-1864) corresponds to the preindustrial or early industrial
phase, when adult mortality was at pre-transitional levels. Between 1865 and 1904, Sweden
experienced the industrial breakthrough and adult mortality started to decline. The period
1905-1949 was characterized by continued industrialization and urbanization, as well as an
initial expansion of welfare institutions, such as income compensation during sickness and for
work injuries, pensions, and housing allowances. While the pension program that was
introduced in 1913 was the first in the world to be universal, the benefits corresponded to only
15 percent of workers’ income (Edebalk 1996). It was not until 1948, when a new pension
system was introduced, that a retiree could be expected to live on their pension. Until then,
elderly had to rely on savings, their children, poor relief or continue to work (Edebalk and
Olsson 2011). The period 1950-1967 also saw rapid economic growth and further
development of essential functions of Swedish society. Turning to the final period, the
beginning of the 1970s again saw an expansion of the welfare state, covering almost all
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aspects of childcare to old age care, and from income compensation to health care.
Meanwhile, levels of education increased and manual work declined in importance,
synonymous with overall upward social mobility (Dribe et al. 2015).
We have information about occupation annually (1813-1968 and 2001-2011) or during
census years (1970, 1975, 1980, 1985, and 1990), as well as on individual income attainment
from 1903 onwards. Another important characteristic is that migration to and out of the study
area is comprehensively recorded, meaning that the population at risk is well-defined. The
period investigated is one of continuously increasing life expectancy. During the twentieth
century life expectancy at birth in Sweden rose from 52 to 77 years for men, and 55 to 82
years for women. Mortality rates for men in ages 30-34 years fell from 6 to under 1 per
thousand between 1900 and 1997, and from 57 to 34 per thousand in ages 70-74 years. For
women mortality in ages 30-34 declined from 6 to 0.4 per thousand, and in ages 70-74 from
50 to 19 per thousand over the same period (Statistics Sweden 1999: Table 5.3) As life
expectancy increased, disease patterns also changed, from a predominance of infectious
diseases to chronic diseases such as cardiovascular disease and cancer (Preston 1976).
For the port town of Landskrona, data is included from 1950 onwards, which means that
for the period 1813-1949 we only have data for the five parishes. Information is provided
from continuous population registers (a household-based register where information at the
individual level is continuously updated), with information on demographic events, including
migration to and from households for all individuals in the selected parishes. Birth and death
registers have been used to adjust for possible under-recording of events in the population
registers.
From 1968, individual-level information covering the entire country is available in
various administrative registers at Statistics Sweden and the National Board of Health and
Welfare. Data from these registers have been linked to the historical sample, which has
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allowed an extension of the database along several dimensions. First, individuals who ever
lived in the five parishes prior to 1968 and who were still alive in that year but lived
elsewhere in the country were followed until 2011, or until death or emigration. Additionally,
spouses, parents, grandparents, children and siblings of individuals belonging to the original
population were added to the database if they were alive and living in Sweden sometime after
1967. All individuals added to the sample population were similarly followed until 2011,
death, or emigration from Sweden.
The main analysis focuses on men and women residing in the five parishes and
Landskrona, whereas sensitivity analyses are conducted comparing this population to the five
parishes alone and the whole population ever lives in the five parishes or Landskrona
regardless of where they live in Sweden afterwards (1968-2011).
We measure socioeconomic status based on the individual’s and their spouse’s income
and occupation. Prior to 1968, information about occupation is obtained from several sources:
demographic events, population registers, as well as annual data from the poll-tax registers
and income registers. After 1968, we rely on occupational information provided by the
quinquennial censuses (1970-1990) and from the annual occupation registers from 2001
onwards. For the period before 1968, occupational notations are coded in an internationally
comparable coding scheme for historical occupations (HISCO) (Van Leeuwen et al. 2002).
Occupations after 1968 were originally coded by Statistics Sweden in the NYK/SSYK
classification, and were then recoded into HISCO after first being converted to ISCO-88 and
then to ISCO-68 (Hendrickx 2002). 1 As a result, all observations on occupation are coded in
HISCO.

1

We have used the recoding files created by Erik Bihagen, available at http://www2.sofi.su.se/~ebi/.
We have reversed the HISCO to ISCO-68 code, created by Ineke Maas and available from the website
http://hisco.antenna.nl/.
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Using the standardized occupational observations, these are subsequently coded into
HISCLASS, a 12-category occupational classification scheme based on skill level, degree of
supervision, whether manual or non-manual, and whether urban or rural: 1) higher managers;
2) higher professionals; 3) lower managers; 4) lower professionals; clerical and sales
personnel; 5) lower clerical and sales personnel; 6) foremen; 7) medium-skilled workers; 8)
farmers and fishermen; 9) lower-skilled workers; 10) lower-skilled farm workers; 11)
unskilled workers; and 12) unskilled farm workers (Van Leeuven and Maas 2011). In the
analysis, the variable is used in two different ways. Firstly, occupational status is divided into
two categories: manual workers (HISCLASS 6-12) and non-manual workers (HISCLASS 15). Secondly, we use an aggregation with six different classes: higher managers and
professionals (HICLASS 1-2), lower white-collar workers (HISCLASS 3-5), medium-skilled
workers (HISCLASS 6-7), lower-skilled workers (HISCLASS 9-10), unskilled workers
(HISCLASS 11-12), and farmers (HISCLASS 8). In all analyses, we also include individuals
without a registered occupation (NA). Except for farmers, who are a bit problematic to fit into
the class scheme over such a long period of time, other classes broadly reflect a status
hierarchy from lowest status (unskilled workers) to highest status (higher managers and
professionals). Some individuals have no occupations registered at all, but are only registered
as son, daughter, widow, etc.
A unique feature of the data is that they include annual income at the individual level
from 1903 onwards. The 1902 tax reform mandated all individuals with income or wealth
over a certain limit to file a tax return. Based on these returns, as well as assessments made by
a taxation board, annual attained and taxable income was recorded. Naturally, these registers
also reflect the changes taking place in the tax code as the tax system developed. As we study
a period of more than 100 years, these changes in tax legislation were substantial, making it
challenging to identify how much all individuals earned from different income sources. For
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example, besides the income thresholds, determining whether an individual had to file a tax
return, Sweden practiced joint taxation of married spouses until 1971. In the period 19031946, there are no currently married women in the registers with an income noted and in cases
when wives earned income it was added to the husband’s income, essentially making it a
family income. From 1947 to 1953, the incomes of married men and women are reported
separately while the taxes paid are reported together, whereas from 1954 onwards both
income and taxes are reported separately.
There were also thresholds under which people did not have to report income. These
thresholds were almost constant over time in absolute terms, which means that an increasingly
larger share of adults were listed in the income registers due to income growth. Moreover,
especially in the early period, many farmers and other people drawing their income from
estates reported no or very low income in their tax returns. However, based on the taxed value
of the farm and other similar information the taxation board assessed an income also for these
individuals (“taxable income”). There are also cases when apparently wealthy people, such as
noble landowners, reported very low income but were assessed considerable sums by the tax
committee, which is explained by the procedure to add a fraction of the wealth when
calculating the taxable income (1/60 until 1938 and 1/100 between 1939 and 1948, see Roine
and Waldenström 2008). Individuals exempted from taxation have been given zero incomes.
Before 1968, income is the total income from labor, capital, self-employment and
estates. From 1968 onwards, we include income from labor, self-employment, and various
benefits relating to previous labor (pensions, parental leave benefits, unemployment benefits,
etc.). These income definitions are not completely consistent over time, but as we focus on the
association between income and mortality by sub-period, these changes should not influence
the patterns observed.
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Income is used as a time-varying variable for people under age 60. To reduce the impact
of short-term variations in income, the earnings are measured as the average of the three
preceding years. For the elderly (60-89), we use the income just before age 60 as a measure of
income also after age 60 unless the actual income in retirement is higher than before
retirement (which sometimes happened in the early years when the pension system was
introduced and gradually developed).
We examine the relationship between socioeconomic status and mortality for both men
and women. As has already mentioned, the share of women with gainful employment was
very low well into the twentieth century. For married women own status is not likely to be a
valid indicator of their actual living standard of social position. Consequently, in the main
analysis we use the highest-status position in the couple to indicate occupational status and
class, and total couple income. In the sensitivity analysis, we show that the results are
practically identical when looking at individual occupation and income. Income is included in
quintiles, calculated by gender and period (same periods as in the analysis).

Descriptive statistics
Table 1 displays the descriptive statistics of the sample, separately by gender. Looking first at
class and occupation (the highest status in the family), there are quite dramatic changes,
which are explained by fundamental structural changes taking place as Sweden transformed
from a poor agricultural society into a modern welfare state. In the first period, 1813-1864,
which was before the industrial breakthrough, about a third of working-age men were in
households where the highest attained status was that of a farmer, and about another third
unskilled workers (mainly working on farms, not shown in table 1). Around 2 percent
belonged to the class of higher managers and professionals. In total, this implied that about 6
percent worked in non-manual occupations and 88 percent in manual occupations, leaving 5
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percent without a classified occupation. The distribution for females looks very similar, but
with a higher proportion without a registered occupation. This higher proportion missing
occupation is accounted for by the unmarried women without an occupation.
Over time, the proportion in non-manual occupations increased to reach over 30
percent in the period 1950-1967, and approaching 50 percent in the final two periods after
1968. From the subdivision into classes, it is clear that increasing proportions in the group
lower white-collar workers explains most of this increase in the non-manual group. Among
the manual workers, there was a dramatic drop among farmers and unskilled workers, and
instead an increased proportion of skilled workers. Again, the development over time is very
similar for females.
Table 1 here
Within each sex, the group of individuals who are missing an occupational observation
is quite heterogeneous over time. As indicated before, the consistently higher share among
women in the periods before 1968 is due to a much lower labor force participation. Due to the
information over time coming from different sources, before 1968 it contains people without
an occupation (permanently unemployed), and after 1967 the group is made up more of
people without a registered occupation in the censuses (1970-1990) or in the occupation
registry (2001-2011). The latter is based on information that employers sent to Statistics
Sweden, and thus only includes the currently employed, thereby excluding all unemployed as
well as those outside the labor force. Due to the increasing importance of higher education, a
noticeable proportion of the working-age population are also outside the labor market because
they are studying. These differences are important to keep in mind when interpreting the
results for this group.
Turning to income, the quintiles are calculated by period and gender. In the period
1905-1949 there is a high proportion (35 and 39 percent for men and women, respectively) in
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the lowest-income group, which is explained by a high proportion of households without a
registered income. Over time, taxation was expanded to also require reporting from the lower
income segments, which explains the shrinking proportion of individuals with no registered
income (1949-1967: 27 percent; 1968-1989: 4 percent; 1990-2011: 7 percent). In addition,
work related benefits, such as unemployment benefits, sickness compensation and parental
leave, are included in total income for much of the final period.
The proportion of people originating outside the county (Malmöhus county/Skåne
county) increased from around 10 percent in the first periods to almost 30 percent in 19681989. The increase reflects the growing importance of long-range migration as Sweden
developed. Thereafter, the share of migrants declined somewhat, partly due to administrative
county boundary changes during the late 1990s. 2 In the final period, about 20 percent of the
population was born outside Sweden, showing the change from being a country of emigration
to a country of immigration. There are also pronounced differences over time in the
distribution of the population across parishes. The parishes remaining rural throughout the
period (Hög, Halmstad, Sireköpinge) declined dramatically while Kävlinge increased as it
transformed from a rural village to a semi-urban municipality. In the final period, the
industrial city of Landskrona dominates the sample.
Table 2 displays a cross tabulation of the exposure time between class and income
quintiles. It shows a wide earnings distribution by class, especially in the early periods. Also
in the highest class there were many individuals with no, or very low income. As already
discussed, partly this is related to the registration of different kinds of income, such as income
from property, but partly it also could also reflect low earnings due to bad health, or low labor
supply for other reasons. It is also worth noting that some individuals reporting incomes, even

2

The present county, Scania (Skåne) was created when Malmöhus county and Kristianstad country were merged
in 1997.
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high incomes, have no occupation assigned because they are listed as sons, daughters,
widows, etc.
Table 2 here
Methods
To estimate the association between socioeconomic status and mortality while controlling for
age and other possible determinants, we estimate Cox proportional hazards models:

ln hi(a)=ln h0(a)+βxi

hi(a) is the hazard of death for an individual i at duration (age) a, h0(a) is the baseline hazard,
i.e. the hazard function for an individual having the value zero on all covariates, and β is the
vector of parameters for the individual covariates (xi). The dataset is structured into episodes
where individuals are followed from age 30 to 90, and where episodes are censored when
time-varying covariates change value or when an individual move out of the area. 3 Models
include a full set of control variables, namely a linear birth year trend, civil status, migration
status and parish of residence. Migration status is a proxy for the strength of social networks
in the parish of residence, which could be important for mortality risks in these age groups.
Socioeconomic status is a time-varying covariate in the age group 30-59. For the elderly, we
use the highest observed occupational status and income in the age 50-60, a time in life at
which most people have reached their peak in terms of socioeconomic position. The reason is
that the occupation records of the elderly could be a rather misleading indicator of social and
economic resources because of retirement. As previously mentioned, the only exception to
this rule is when individuals have a higher income after age 60, where current income is used

3

For the period 1813-1968 we use a STATA program by Luciana Quaranta to create the episodes from IDS-type
data (see Quaranta 2016), while for the period after 1968 episodes were created from the national registers.
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instead. We are interested in understanding both how each measurement of SES (occupational
status/earnings) influences mortality risk separately and jointly. Therefore, models are
estimated with each respective measurement of SES as well as with the two
operationalizations of occupational status together with earnings.
Cox models rely on the assumption of proportional hazards over the duration period.
Formal tests (based on the scaled Schoenfeldt residuals, ‘estat phtest’ in STATA) shows
significant non-proportionality in the income variable, especially in the first three periods,
while there are no major violations for occupation and class (see Table A1). Cumulative
hazards plotted over the full duration by income quintile (graphs not shown), reveal a problem
mainly in ages over 80 in the period 1950-1967, where the hazard curves cross. Apart from
this, there are no major violations from the proportional hazards assumption.

Main results
Table 3 shows estimates of the association between the different measures of family SES,
based on the highest-status occupation and total couple income. The results come from
separate models for each indicator using the main sample. Looking first at the final period
(1990-2011) there is a clear mortality gradient for all three indicators, and for both men and
women. Men in manual-worker couples have a doubled mortality risks compared to nonmanual workers, and women in this group have about 60 percent higher mortality. Also for
class there is a clear gradient going from higher managers with the lowest mortality to the
unskilled workers having the highest, when only considering the employed. The nonemployed have the highest mortality. Farmers, which is a very small group in this period
(about 1.5 percent of total exposure), are a bit outside the gradient with mortality levels
similar to the highest class. For men, the gradient is very clear also in-between the highest and
lowest groups, while for women it is difficult to distinguish the manual workers of different
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skill levels. Turing to income (mean over the last three years), there is a perfect gradient for
men, with the lowest mortality for the top quintile, and then 20 percent higher mortality risks
for the next quintile (60-80), an additional 20 percent for the next quintile (40-60), 10 percent
more for the next quintile (20-40), and finally an additional 30 percent in the lowest quintile.
Between the highest and lowest quintiles, the mortality difference is about 80 percent, which
is more than between the unskilled workers and the higher managers. For women, the
percentiles 20-60 are quite similar, and the difference between the top and the bottom is about
55 percent, somewhat less than for men. Largely, these results confirm previous research for a
variety of contemporary contexts, as was discussed in the introduction and it confirms a
somewhat weaker gradient for women than for men. This is reassuring because it shows that
our regional sample produces the same results as previously obtained for Sweden as a whole,
as well as for many other Western countries in the post-1990 period. Moreover, our results
validate the use of the historical class scheme also for contemporary times, and strengthen the
case for comparability of our results over time.
Table 3 here
Turning now to the patterns in earlier periods, something resembling the modern class
gradient is not visible before 1970. There are some social differences also earlier, but nothing
close to a consistent socioeconomic gradient in mortality. For men, it is not until the final
period that we find any statistically significant differences in mortality between manual and
non-manual workers, but the highest class (higher managers and professionals) had lower
mortality also in the period 1968-1989, and the non-employed had much higher mortality.
However, there are only small differences between the lower white-collar workers and the
unskilled workers. Earlier in the twentieth century as well as in the nineteenth century, it
appears as if higher status, if anything, was associated with higher, and not lower, mortality.
A recent study found similar results for entire Sweden looking at the cohorts born 1841-1880,
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and connected the higher mortality of the white-collar men to adverse life style, such as
tobacco smoking, bad diet, and high alcohol consumption (Dribe and Eriksson 2018).
Looking at couple income, the poorest had higher mortality already in the period 19051949, when there are no differences at all by occupation or class. This seemingly
contradictory pattern could be a result of people in bad health having lower income,
regardless of their occupation. We saw previously in table 2 that there was substantial
variation in income within classes, which could be connected to health. It was also clear that
the variation was largest in the early periods, before there was a fully developed social
insurance system. Hence, while there were no class or occupational differences in mortality,
adverse health conditions may have increased the chances of ending up in the lowest income
group for all classes, which could explain the strong mortality penalty in this group.
The patterns for women are quite similar, but the mortality gradient seems to emerge
somewhat earlier than for men. Even if the differentials are not large, and often not
statistically significant, there are indications of emerging differentials already in the late
nineteenth century. Again, this is consistent with results for the entire country for the cohorts
1841-1880 as reported by Dribe and Eriksson (2018). A possible interpretation of the gender
differences is that the adverse life style factors that were most likely important for the high
mortality of high-status men, did not affect women in these groups as much because they
were much less likely to smoke, and also had a lower alcohol consumption. Similar to men,
the poorest group had higher mortality already in 1905-1949, most likely for similar reasons.
Having established a quite consistent pattern between various measurements of SES and
mortality, for men as well as for women, we now proceed to investigate to what extent these
measurements of SES affect the outcome jointly. While income and class are correlated,
investigating their joint influence on mortality allows for a better understanding of whether
the observed relationship primarily is due to access to financial resources or to other
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characteristics such as educational attainment, working conditions, etc. Moreover, as was
clear from table 2 previously, the overlap between class and income was actually not as large
as one might expect, especially not in the first half of the twentieth century.
Table 4 displays results from models including both class and income at the same time.
The sample and variable definitions are the same as in table 3, and the same control variables
are included in the models. The income estimates are highly similar to the previous ones
showing that the income differentials are highly independent of class differences (in the
period 1950-68 the income gradient is somewhat stronger in the controlled model). Mortality
differences by class, on the other hand, are more sensitive to income controls. While the
overall patterns are not that different between the two sets of models, the associations are
muted in the controlled model, indicating the income captures some of the class differentials
in mortality.
Table 4 here

Sensitivity analysis
The main results are based on family-level indicators of occupation, social class and income
of the population residing in a quite small geographic area (Landskrona and the five
rural/semi-urban parishes). In this section, we test the robustness of the main findings using
different study populations, different measures of class and income, and different age groups.
All results are presented in appendix Table A2.
Panel 1 shows hazard ratios from models including both occupation (manual/nonmanual) and income at the same time (i.e. similar to the models with class and income in table
4). For men, they are largely similar to those estimated separately, suggesting that it was not
until after 1990 that a difference between manual and non-manual workers emerged. The
estimates for the first two periods (until 1967) show even more strongly than before that men
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in non-manual occupations experienced higher, rather than lower, mortality risks compared to
manual workers. The income differences become more consistent already in the period 19501967, just as when controlling for class. For women, the simultaneous inclusion of both
occupation and income does not change the previous conclusions from the separate
estimations.
Next, we define socioeconomic status based on the individual’s own occupation and
income, rather than for the couple (Panel 2). Overall, the results are highly similar to the main
results and confirm the emergence of mortality differentials by occupation only from about
1970, while there are differences by income also in the preceding period. Clearly, it does not
matter a great deal if we measure class and income for individuals or couples. Panel 3 shows
results using couple income during the previous year rather than as a three-year average. The
estimates are very similar to the main results, showing that our conclusions are not dependent
on how we measure income. One difference is for men in the period 1950-1969, who show a
more consistent income gradient than when averaging income over three years.
As the port city of Landskrona completely dominates the sample in the final three
periods (about 80 percent of all exposure) it is relevant to look at estimations excluding the
town to see if the patterns are different in the largely rural area. As is evident from Panel 4,
the patterns are quite similar in terms of both income and class. Overall, the main difference
seems to be for men in the 1968-1989 period, where the more rural areas have a delayed onset
of the SES-mortality gradient, particularly evident for class differences.
In Panel 5, we look at the population residing all over Sweden, thus either themselves
originating in the five parishes and Landskrona, or whose parents or grandparents came from
the area. This population we can only study in the national registers after 1968, and hence we
can only include the two final periods. Naturally, the population is much bigger when
including people in the entire country. The total time at risk in the two periods is more than 12
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million person years for men and women compared to 1.4 million in the main sample used in
Table 3 (the number of deaths is about 120,000 compared to 19,000 in the main sample). The
first thing to note is the close similarity in the results for this population and our main analysis
in Table 3. This is reassuring as it shows that the sample including the rural areas and
Landskrona seems highly representative of the country as a whole. It is also important to note
that we can reproduce the mortality gradient in the final period that have been shown in other
studies using similar data, but with somewhat different selection criteria class schemes and
variable definitions (e.g. Torssander and Erikson 2010).
Panels 6 and 7 show separate models for age groups 30-59 and 60-89. Overall, the
mortality differentials are much larger in the younger age group, which is consistent with
previous research (e.g., Bengtsson and Dribe 2011; Dribe and Eriksson 2018). Looking only
at the married population in panel 8, the patterns are highly similar to the main results.
Finally, results for income in the first period are robust to restricting the period to 1911-49
(instead of 1905-49), which shows that the initial changes in income registration do not affect
the conclusions at all.

Conclusions
Our analysis of mortality differentials by socioeconomic status has produced a number of
interesting findings. First, today’s socioeconomic gradient in health and mortality is of a
relatively recent origin. It is not until the after around 1970 that we find a consistent mortality
penalty for individuals of lower socioeconomic status, almost regardless of model
specification. The results also suggest a difference between men and women regarding the
onset of the mortality gradient, where a social class and, particularly, income disadvantage for
women can be traced back until 1950. However, when controlling for social class, or when
focusing on income the previous year and not the last three years, we find similar income
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patterns for men. It also appears that men in the highly selected group of non-manual workers,
constituting less than 10 percent of the population, actually faced a mortality disadvantage
compared to manual workers and men without a registered occupation during the early phases
of the mortality transition. This might have been related to less healthy life styles or possibly
greater exposure to disease due to more extensive migration.
Another finding is that mortality differentials by income emerge earlier than for
occupation. Already in the first half of the twentieth century, men and women with in
households with an income below the tax threshold have much higher mortality than those
with an income over the threshold, while there is not much difference across different income
groups exceeding the threshold. Over the twentieth century, this difference develops into a
more or less linear gradient where lower earnings are related to higher mortality. This is a
gradual process, and it is not until the period after 1970 that the modern gradient is fully
developed. For class and occupational status, in particular while simultaneously accounting
for the influence of income, equally strong mortality differentials never emerge. Overall, the
results are not very sensitive to the inclusion of both class and income simultaneously.
In conclusion, these findings point to a rather late emergence of the inequality in health
and mortality that is so much in focus in today’s debate. It is not until the post-WWII period
that it really became apparent, and it is only in the last 40 years that a full gradient has
emerged. Thus, the socioeconomic gradient in mortality emerged in a period that is often
labelled as the golden age of the Swedish economy, with rapidly increasing real wages, close
to full employment, and an expansion and improvement of the health care system. Rather than
being connected to the first phase of the epidemiological transition, when infectious disease
mortality became more dependent on nutrition, a clear mortality gradient by socioeconomic
status emerged when the economic standards of living increased tremendously, and when
health care services, urban living conditions, and knowledge about disease prevention all
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improved at a fast rate. This was also a period when the welfare state became fully developed
with basic income security, education and health care for all, regardless of income or
employment status.
The late emergence of the full health gradient points to health-related behaviors (e.g.
smoking, alcohol consumption, diet and physical inactivity) and possibly psychosocial factors
as important determinants. It is unlikely that early life factors created the large socioeconomic
gradient we witness today. A study using the same data as in this analysis, found only weak
effects of parental socioeconomic status on adult mortality. Men and women in ages 50-95,
born to parents of lower socioeconomic status, had 8-12 percent higher mortality than those
born to parents of higher status (Bengtsson and Quaranta 2017). For the period 1905-49, when
especially those with earnings below the tax threshold had higher mortality but there were
small or no differences in the rest of the population, economic well-being related to nutrition
or housing quality may possibly have been more important for adult mortality than in later
periods. However, in this period the results are more likely to have been driven by reversed
causality, where bad health negatively affected the likelihood of having a job and a living
wage.
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