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Abstract
Background: Socioeconomic inequalities in mortality pose a serious impediment to enhance public health even in
highly developed welfare states. This study aimed to improve the understanding of socioeconomic disparities in
all-cause mortality by using a comprehensive approach including a range of behavioural, psychological, material and
social determinants in the analysis.
Methods: Data from The North Denmark Region Health Survey 2007 among residents in Northern Jutland, Denmark,
were linked with data from nationwide administrative registries to obtain information on death in a 5.8-year follow-up
period (1stFebruary 2007- 31stDecember 2012). Socioeconomic position was assessed using educational status as a
proxy. The study population was assigned to one of five groups according to highest achieved educational level. The
sample size was 8,837 after participants with missing values or aged below 30 years were excluded. Cox regression
models were used to assess the risk of death from all causes according to educational level, with a step-wise inclusion
of explanatory covariates.
Results: Participants’ mean age at baseline was 54.1 years (SD 12.6); 3,999 were men (45.3%). In the follow-up
period, 395 died (4.5%). With adjustment for age and gender, the risk of all-cause mortality was significantly
higher in the two least-educated levels (HR = 1.5, 95%, CI = 1.2-1.8 and HR = 3.7, 95% CI = 2.4-5.9, respectively)
compared to the middle educational level. After adjustment for the effect of subjective and objective health,
similar results were obtained (HR = 1.4, 95% CI = 1.1-1.7 and HR = 3.5, 95% CI = 2.0-6.3, respectively). Further
adjustment for the effect of behavioural, psychological, material and social determinants also failed to eliminate
inequalities found among groups, the risk remaining significantly higher for the least educated levels (HR = 1.4,
95% CI = 1.1-1.9 and HR = 4.0, 95% CI = 2.3-6.8, respectively). In comparison with the middle level, the two
highest educated levels remained statistically insignificant throughout the entire analysis.
Conclusion: Socioeconomic inequality influenced mortality substantially even when adjusted for a range of
determinants that might explain the association. Further studies are needed to understand this important
relationship.
Keywords: Educational inequality, Health status disparities, Educational status, Social class, Socioeconomic
factors, Social determinants of health, Mortality, Proportional hazards models, Survival analysis
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Background
Socioeconomic inequalities in mortality have been observed in several high-income countries [1-7]. This is revealed not only when comparing the most advantaged
and the most disadvantaged social groups– a gradient
can be observed across the entire socioeconomic hierarchy [1-3,6,8]. In Denmark, with its relatively low
economic inequality, a high level of income protection
and universally tax-financed healthcare, the past twenty
years have seen increasing inequality in mortality [1].
This poses a serious challenge to public health [1-3,8],
as reflected by the priority given by World Health
Organization (WHO) to the social determinants of health
in its draft for the 12th general work programme for
2014 – 2019 [9]. Providing for equality in health is a moral
obligation, as both Mackenbach and Marmot have emphasized [8,10]. Despite a broad recognition of the importance of this subject the reasons for these disparities are
still unknown [1-3,8,11,12]. It is crucial to obtain a comprehensive understanding of their underlying causes, as
this is vital to prevent the persistence of the disparities
[2,11,13]. Sociological theory explains health disparities by
social stratification comprised of three components.
Firstly, mobility mechanisms that place individuals into
social strata causing differences in the personal characteristics of individuals between strata. Secondly, allocation
rules causing differences in distribution of resources to
social strata resulting in inequalities between social strata
in access to material and immaterial resources. Thirdly,
social processes that render some resources of greater
value than others, i.e. resources that can be used to avoid
health problems [8]. Additional theories can be related to
the social stratification perspective. The theory of “fundamental causes” suggests that social forces underlying the
social stratification induce health disparities as opposed to
the proximal risk factors such as smoking, drinking and
eating habits. Distal resources such as knowledge, money,
power, prestige and beneficial social connections, that can
be applied to enhance health, are distributed differently
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among social strata [8,14]. Health disparities may also
arise from health-related selection during social mobility
i.e. individuals are sorted into social classes based on
health or psychosocial determinants as stipulated by the
“social selection” theory [8,15]. The “Neo-materialist” theory propose that disparities in material recourses remain
in welfare stats despite of relatively small income inequalities, and what remains is still substantial for health disparities, partly because material disadvantage is associated
with lifestyle diseases resulting from poor health-related
behaviours, such as lack of physical exercise and unhealthy diet etc [8,15]. Unequal distribution of psychosocial determinants such as psychosocial stress, lack of
sense of control and social support may also be of importance in the explanation of health inequalities, as suggested
by the “Psychosocial” theory [8,15]. Moreover the theory
of “Diffusion of innovations” emphasizes that health
disparities result from faster adaption of new healthy behaviours and earlier pick up of interventions among individuals with a higher socioeconomic status [8]. None of
these theories are mutually exclusive, and they may be
apparent simultaneously and reinforce each other [8,15].
Researchers have thus proposed various theories on the
persistence of health inequalities in welfare states [8], from
which potential pathways underlying the inequalities have
been developed including behavioural, psychological,
material and social mechanisms (Table 1) [11-13,16,17].
These mechanisms may, both independently and in
combination, by reinforcing each other, influence the
socioeconomic gradient in mortality [11,13,17]. It is
crucial to focus on the identification of determinants
that may explain the socioeconomic inequalities in mortality [1-3,8,11,13]. Studies have investigated the impact
of behavioural determinants on the association between
socioeconomic position and mortality. These found, that
the association was substantially accounted for by adjustment for health-related behavioural determinants
[16,18-23]. In addition, only few studies have combined
the study of behaviours in combination with study of

Table 1 Potential mechanisms underlying socioeconomic inequalities in all-cause mortality
Behavioural mechanisms

Psychological mechanisms

Differences in socioeconomic strata in terms of health-related behaviours
and lifestyles, including smoking habits, alcohol consumption, exercise
and dietary patterns as well as morbid obesity [8,15].

Disparities in personality profile and psychological resources, such as
cognitive ability, knowledge, cooping abilities, attitude, a sense of control
and perceived social standing. The personality profile is believed to be a
determining factor for the socioeconomic position, as educational and
occupational achievements are dependent on personal talent and effort
[8]. Furthermore, psychological stress is hypothesized to increase the risk
of premature mortality by producing disruptions in the neuroendocrine
system [8,15].

Material mechanisms

Social mechanisms

Unequal distribution of material resources such as income, but also what
income enables i.e., being able to afford healthy food, access to goods
and services, favourable living and housing conditions, employment
status, service provision such as schools and transport and welfare to
population health [8,15].

Stratified difference in social resources such as social relationships, social
support, interpersonal trust, norms of reciprocity and mutual aid, power
and prestige [8,15].
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material or psychosocial determinants [11-13,17,24,25],
possibly because data on the composition of social strata
or on the distribution of immaterial determinants among
social groups can be difficult to obtain [8]. This study
linked data from The North Denmark Region Health
Survey 2007 with individual-level data obtained from
nationwide administrative registers. The self- administrated health survey obtained information on demographic characteristics, lifestyle factors, disease, quality
of life, work characteristics, social support etc. [26].
Aim

The aim of our study was to explore whether behavioural, material, psychological and social determinants
could explain the association between educational status
and all-cause mortality. This was done by investigating
the separate and mutual effect for each group of
determinants.

Methods
Design and population

A register-based cohort study of inhabitants in the
Danish Region of Northern Jutland was conducted with
a follow-up period from the 1st February 2007 to 31st
December 2012. The participants had previously answered a postal questionnaire, sent to a sample of 23,491
citizens in Northern Jutland, Denmark, aged 16-80 years
drawn randomly from a population of 438,759 inhabitants in the Civil Registration System [26,27]. The sample was stratified by the region’s 11 municipalities. Two
reminders were sent to citizens who had not returned
the health survey [26]. For the current study only participants aged ≥30 years were included, as final educational
status was considered to be acquired at this age. This
excluded 1,266 participants aged 16-29 years, leaving a
total of 10,231 participants. The response rate was
51.79% (49.90% men) among subjects aged ≥30 years.
Information on educational status was missing for 125
(1.22%) participants, reducing the study population to
10,106 subjects. Only participants with no missing on all
of the independent variables were included in the final
sample, resulting in 8,837 subjects.
Socioeconomic status

A conceptual challenge exists in defining socioeconomic
position on an individual level. Often used measurements include educational status, income or occupational class [25,28]. It has been demonstrated that these
factors cannot be used interchangeably as they are related to different causal processes [28]. In this study,
educational status served as a proxy for the participants’
socioeconomic position, as this is a fundamental determinant of both occupation and income [28]. Information
on individuals’ highest completed course of education
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was obtained from the Population’s Education Register.
The register only provides information on education
authorised by the Danish Ministry of Education and of a
duration of more than 80 hours [29]. Based on the
International Standard Classification of Education
(ISCED 2011) [30], we grouped participants according to
their highest completed education, but deviated from
the ISCED classification for the fourth level, i.e., postsecondary non-tertiary education, as no such programmes exist in Denmark [31]. Instead, programmes at
ISCED level 3 were split into two, resulting in five
groups (A-E):
A. Early childhood education, primary education and
lower secondary education (ISCED levels 0-2)
B. General upper secondary education, high school
programmes (ISCED level 3)
C. Vocational upper secondary education, vocational
training and education (ISCED level 3)
D. Short or medium-length higher education, first-cycle
programmes tertiary education, bachelor or equivalent
(ISCED level 5-6)
E. Long length higher education, second-cycle
programmes, Master’s or equivalent, or Third-cycle
programmes Doctoral, PhD programmes or equivalent
(ISCED levels 7-8)
All-cause mortality

Information on all-cause mortality was obtained from
the Civil Registration System [27]. Time to death was
measured by days from the time of receiving questionnaire the 1st of February 2007 until death, emigration or
end of follow-up, right censoring on December 31st
2012, resulting in a 5.8 year follow-up period.
Demographic information and health status

Demographic information on age and gender was gathered from Civil Registration System [27]. Based on information from the National Patient Registry co-morbidity
was measured using the Charlson index [32]. The register holds information on all admissions and outpatients
visits to Danish hospitals and specialty clinics. All admissions and visits were registered by a primary diagnosis
and, if appropriate, one or more secondary diagnoses,
according to the International Classification of Diseases,
10th Revision [33]. Objective health was assessed based
on Charlson co-morbidity scores, a weighted index that
takes into account the number and the seriousness of
co-morbid diseases. Each condition was assigned a score
of 1, 2, 3, or 6, depending on the associated risk of dying
[32]. The objective health variable was formed based on
the Charlson co-morbidity scores 0, 1, 2 and ≥3
(Additional file 1: Table S2a). Information on subjective
self-reported health was obtained from the health survey
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by the global question “In general how do you assess
your current health?” with five response options ranging
from Very good to Very poor, and a Don’t know response [26] The subjective health variable was formed
on the basis of the response options (Additional file 1:
Table S2a).
Health-related behavioural, material, psychological and
social determinants

Our study included a range of determinants in the explanation of the association between educational status
and all-cause mortality. Based on the underlying mechanisms, the explanatory variables were divided into four
groups: behavioural, material, psychological and social
determinants, as shown in Table 1. Information on
explanatory determinants was obtained from the health
survey [26] and the Income Statistics Register [34].
The exact wording of the questions and the matching
response options used in the self-reported questionnaire
are shown in the (Additional file 1: Tables S2b-e).
Behavioural determinants

The behavioural determinants included smoking patterns,
alcohol intake, Body Mass Index (BMI), dietary and exercise habit. Behavioural variables were formed on the basis
of the response options (Additional file 1: Table S2b) with
the exception of alcohol intake and BMI. Alcohol intake
was estimated according to Danish Health and Medicines
Authority recommendations on risk behaviours [35],
which are based on the respondents’ weekly consumption
of units (Additional file 1: Table S2b). Participants were
categorized into three groups based on consumption
and gender, i.e. (women/men) low-risk alcohol intake
(<7/<14 units per week), moderate-risk alcohol intake
(7-14/14-21 units per week), and high-risk alcohol intake (>14/>21 units per week) [35]. The participant’s
BMI was calculated from information on weight and
height (Additional file 1: Table S2b). A standard classification of BMI was used, <18.5 (underweight), 18.5 –
24.9 (normal weight), 25-29.9 (overweight), 30 -35
(obese I) and >35 (obese II) [36].
Psychological determinants

The psychological determinants included feeling stress,
anxiety, nervousness, restlessness, hopelessness, unhappiness, feeling depressed and having too many worries.
Psychological variables were formed on the basis of the
response options (Additional file 1: Table S2c).
Material determinants

The material determinants included profession, income,
residential area, type of residence, residential ownership,
difficulty paying bills and use of neighbourhood facilities.
With the exception of information on income, the

Page 4 of 9

material variables were formed on the basis of the response options (Additional file 1: Table S2d). Income
information was obtained from the Income Statistics
Register, which includes information on all tax return
forms, thus covering all economically active citizens
[34]. To obtain stable measures for household incomes
and individual incomes, an average of income in three
successive years (2004, 2005 and 2006) was calculated.
Three groups were formed for both household and
individual incomes; low, average and high income.
Social determinants

The social determinants included time spent with family
or friends, being able to count on others for help, loneliness, trust and reciprocity, marital status, use of cultural
facilities, social involvement in the local community and
association activities. Social variables were formed on the
basis of the response options (Additional file 1: Table S2e).
Ethics

The study was approved by the Danish Data Protection
Agency (Ref.GEH-2014-014). All data were linked and
stored in computers held by Statistics Denmark and
made available with de-identified personal information
to ensure that individuals could not be identified. In
accordance with the Act on Processing of Personal Data
only aggregated statistical analyses and results are published [37,38]. Retrospective anonymized register-based
studies do not require obtained written informed consent and ethical approval [37,38].
Statistical analyses

For descriptive statistics, continuous variables were compared with Analysis of Variance (ANOVA) tests and
discrete variables with Chi-square (Chi2) tests to test for
difference between groups. Comparison of survival was
performed with Proportional Hazards Cox Regression
models. Time-on-study was used as the timescale. Hazard ratios (HR) and the corresponding 95% confidence
intervals (95% CI) were determined. Educational level C,
vocational upper secondary education was chosen as the
reference group on the basis of size, as this group was
the largest of the five educational levels. Analyses were
performed in three preselected steps; initially, a calculation using a model adjusted for age and gender was performed (Model 1), followed by a calculations allowing
for further adjustment for objective and subjective health
(Model 2). A third model allowed additional adjustment
for selected behavioural, psychological, material and social determinants (Model 3), with a step-wise inclusion
of variables. Subjects were censored at the end of the
follow-up period (31st December 2012). Analyses were
conducted applying a design weight to correct for
sample selection bias, as respondents in the different
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municipalities did not have equal chances of receiving
the questionnaire. The proportional hazards assumption
and the linearity assumption of the proportional hazards
Cox regression model were tested and found to be valid.
Schoenfeld’s residuals were used to test the proportional
hazards assumption. We examined possible interactions
between gender and educational status, and potential interactions between age and educational status. No statistically significant interactions were detected. The level of
statistical significance was set at a p-value <0.05 for all
statistical analyses. To detect whether excluding subjects
with missing values on any of the independent variables
would bias the results we performed a sensitivity analysis
conducting the multivariable analyses on the full sample
(n = 10,106), i.e. using all available data in the different
models, (Additional file 2: Figure S3a, Additional file 3:
Figure S3b). All data management were performed using
SAS software, version 9.4 (SAS Institute Inc., Cary,
North Carolina, USA) and all analyses were executed
using R Studio software, version 0.97.551 (R Studio, Inc.
©2009-2012, part of the R statistical software package,
version 3.0.2, Development Core Team).

Results
Participants’ characteristics

Subjects’ mean age was 54.1 years (SD 12.6); 45.3% were
men (n = 3,999). Additional file 1: Table S2 gives in
condensed form information on baseline characteristics
of the study population by educational status. The total
distribution of demographic and all explanatory variables
according to educational level can be found as
Additional file 1: Tables S2a-e, (in the additional files).
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Educational level C and D

Respondents, with vocational upper secondary education
and short-to-medium higher education, respectively,
were non-diverse in terms of baseline characteristics
compared to the other educational levels.
Educational level E

Among respondents with a long higher education, high
incomes were prevalent (77.1% (n = 273)), as was the use
of neighbourhood facilities such as parks (49.4% (n =
175)), cinemas and theatres (17.8% (n = 63)). This group
participated in association activities (46.3% (n = 164))
and spent less time with family (44.6% (n = 158)). Many
were non-smokers (84.5% (n = 299)); alcohol consumption was high (20.3% (n = 72)) and self-rated health was
good (81.4% (n = 288)).
Unadjusted and adjusted risk of all-cause mortality

In the 5.8-year follow-up period, 395 (4.5%) deaths occurred. All-cause mortality was unevenly distributed
across educational levels; significantly more deaths occurred in the least educated groups (p < 0.001). Using
multivariable Cox regression models with adjustment for
confounding by age and gender, we found that the risk
of mortality was significantly higher among respondents
on levels A and B (Figure 1, model 1), (HR = 1.49,
95%CI = 1.20-1,84 and HR = 3.71, 95% CI = 2.35-5.87,
respectively). The midmost level C, was chosen as
reference group. In comparison with level C, no

Educational level A

Participants, whose highest education was primary school,
were at baseline characterized by a high average age
(59.6 years (±12.0)), a high proportion of death (7.4% (n =
207)), co-morbidity (3.8% (n = 107)), poor self-rated health
(43.2% (n = 1,213)) obesity (15.3% (n = 429)) and were
smokers (28.9%(n = 813)). Many had low income (51.1%
(n = 1,434)), were tenants (17.4% (n = 489)) and flatdwellers (9.4% (n = 265)) and were pensioners or on early
retirement (49.9% (n = 1,507)). Use of community house
or centre (9.7% (n = 272)) and clubs for older people
(14.3% (n = 401)) were also prevalent in this group.
Educational level B

Respondents, with general upper secondary education,
were characterized by lower average age (45.9 (±10.4)),
a high prevalence of co-morbidity (2.1% (n = 5)), stress
(64.5% (n = 151)) and difficulties with paying bills
(4.3% (n = 10)).

Figure 1 Hazard ratios and 95% confidence intervals for educational
status calculated by Cox regression models on complete cases.
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statistically significant difference was observed between
the highest educational levels, D and E, (HR = 1.23, 95%
CI = 0.79-1.92 and HR = 1.10, 95% CI = 0.59-2.04, respectively). Further adjustment for the effect of objective and subjective health (Figure 1, Model 2) resulted
in comparable patterns for levels D and E, (HR = 1.26, 95%
CI = 0.83-1.91 and HR = 1.10, 95% CI = 0.56-2.17, respectively). The higher risk of mortality also remained statistically
significant for the respondents with shortest schooling,
levels A and B (HR = 1.35, 95% CI = 1.08-1.68, and
HR = 3.52, 95% CI = 1.97-6.29, respectively). The inequality
among groups failed to disappear when adjustment was
made for the effect of behavioural, psychological, material
and social determinants (Figure 1, Model 3). The risk of
mortality thus remained significantly higher among
levels A and B (HR = 1.42, 95% CI = 1.08-1.86 and HR =
3.98, 95% CI = 2.33-6.78, respectively). Statistical differences
remained statistically insignificant when comparing levels
D and E with level C, (HR = 1.55, 95% CI = 0.93-2.58
and HR = 1.55, 95% CI = 0.75-3.18, respectively).
The effects of each group of determinants are shown
in an additional file, (Additional file 2: Figure S2). Model
4 of this figure corresponds to a basic model with adjustment for the confounding effect of age and gender along
with objective and subjective health. Further adjustment
for the effect of behavioural determinants (Additional
file 4: Figure S2, Model 5), the risk of mortality remained
significantly higher on levels A and B, (HR = 1.35,
95% CI = 1.08-1.68, and HR = 3.56, 95% CI = 1.85-6.83,
respectively). Similar results were found after additionally adjustment for the effect of psychological determinants (Additional file 4: Figure S2, Model 6). The
mortality risk remained significantly higher on levels A
and B (HR = 1.36, 95% CI = 1.09-1.71, and HR = 3.56,
95% CI = 1.92-6.61, respectively). After further adjustment for the effect of material determinants (Additional
file 4: Figure S2, Model 7), the risk of mortality remained
significantly higher on levels A and B (HR = 1.39, 95%
CI = 1.10-1.75, and HR = 4.62, 95% CI = 2.29-9.36, respectively), when comparing with level C. The mortality
risk did not show significant changes for levels D and E,
although increased risk was noted (HR = 1.62, 95% CI =
0.91-2.87 and HR = 1.46, 95% CI = 0.56-3.78, respectively). Neither did additional adjustment for the effect of
social determinants (Additional file 4: Figure S2, Model 8)
affect the risk of mortality, which remained significantly
higher on levels A and B, (HR = 1.42, 95% CI = 1.08-1.86,
and HR = 3.98, 95% CI = 2.33-6.78, respectively).
Sensitivity analysis

The analysis on the full analytical sample (n = 10,106)
using all available data in the different models produced
results similar to those of the main analysis on
complete cases (n = 8,837), (Additional file 3: Figure S3a
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and Additional file 4: Figure S3b in the additional
files).

Discussion
Our study examined whether behavioural, psychological,
material and social determinants could explain the association between socioeconomic status and all-cause mortality. The risk of mortality was found to vary across
educational levels and to be significantly higher for respondents from the lower socioeconomic strata. Adjustment for behavioural, psychological, material and social
determinants failed to eliminate the effect of the inequalities, as the risk remained significantly higher for
the two groups with lowest educational levels (A, primary education and B, General upper secondary education) when compared with the midmost educational
level (C, vocational upper secondary education). Surprisingly, no clear gradient in socioeconomic inequality as
measured by educational achievement could be detected,
as we found no statistically significant difference between
the second-highest and the highest educational levels,
when compared with the midmost educational level.
Strengths and limitations

Our study derives part of its strength from our comprehensive approach apparent from the inclusion of healthrelated behavioural, psychological and material as well as
social determinants. Furthermore, the use of educational
status as a proxy for socioeconomic position offered the
double advantage of relative stability over a lifespan, and
the ease of retrieval and recording. The risk of selection
bias was minimized by the choice of educational status,
which introduces less reverse causation than its alternative, occupational class and income, as mobility of individuals with poor health into certain strata is less likely
to be effected by differences in educational level. Selection bias is more likely to influence health differences by
occupational class and income, as occupation and income tends to decrease when an individual become
chronically ill [28]. The independent effects of occupation and income were moreover taken into account by
making separate adjustments for the effect of each
dimension [28]. The use of all-cause mortality as the
outcome measure had several advantages as this endpoint requires no further ascertainment than the time of
death, thus preventing bias stemming from the classification of cause of death.
The criterion for selection of registers was content
validity weighed against the quantity and relevance of
the data. The accessibility, location and time covered by
the register data were also considered [37]. Overall, the
data obtained from registers was considered to be of
high-quality information [27,29,33,34,37]. Among the
limitations of the study are some unexpected irregularities
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in educational data. These occurred as a consequence of
several changes in the educational system over the years;
hence, data from before 1974 and for immigrants with
no Danish schooling are self-reported, which increases
the likelihood of misclassification [29]. Furthermore, income data may be biased by the impact of undeclared
work, etc. [34]. Data obtained from the regional health
survey may be biased as to selection, because of the
non-response rate (48.2%), exactness of information obtained as well as missing values. Analysis on the full
sample size, using all available data in the different
models, did however not change the study results. As the
outcome measure of all-cause mortality involves all
causes of death, an uneven distribution across the groups
cannot be ruled out. As the outcome measure all-cause
mortality has the disadvantage of being a concept including many possible causes of death, which may be
distributed differently across socioeconomic strata. The
measure furthermore represents a combination of the
effect of disease incidence, access to treatment, and
survival. Hence, the observed inequalities may at least
partially be due to disparities in survival after disease incidence or in the distribution of more lethal diseases.
Thus, caution should be exercised when interpreting the
results, as determinants of prolonged survival might not
be the same as for disease incidence and treatment access. Data obtained on the explanatory determinants was
self-reported and several variables were proxies. Objective measures and more detailed questions may have
yielded a more accurate estimation of the contribution of
the various determinants. Other explanatory determinants may have been needed in order to explain the association. Furthermore, exploring the association between
educational level and all-cause mortality has methodological shortcomings. This approach does not allow for a
causal interpretation of the observed changes in hazard
ratios and can lead to an underestimation of the effect of
the determinants and an overestimation of the effect of
educational status on the association [39]. Additionally,
we obtained information on many possible confounders
such as age, gender and co-morbidity, but despite adjustment for the most relevant ones residual effects may be
present as the design does not eliminate unmeasured
confounders that could possibly affect the results. The
response rate was less than 52% and the rate was particularly low among young men. Low response rates in some
subgroups of the study population pose problems in the
representativeness of the study population with the
background population. Previous studies have shown a
tendency to higher response rates among higher educated subjects [40] and lower mortality rates among
participants than non-participants [41,42]. Hence it is
possible that the contrast in educational level and healthrelated determinants observed in the study population
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were underrated in proportion to the general population.
For these reasons caution should be taken when generalizing the results to the general population. Caution in
interpretation is also warranted because of the limited
number of deaths occurring in a study population and
follow-up time of this magnitude.
Interpretation

The study gave evidence of substantial inequality in allcause mortality among the citizens of Northern Jutland,
Denmark, as significantly more subjects from the lower
socioeconomic strata died in the study period. Our results are similar to those found in comparable studies investigating the distribution of all-cause mortality among
socioeconomic strata [1-7]. The risk of mortality was
significantly higher on the second lowest educational
level, where the average age was lower, thus the cause of
death may have been different from those on the other
educational levels [43]. Different causes such as the use
of health benefits, or coping skills may therefore have
been involved. The mortality risk remained significantly
higher for respondents on lowest socioeconomic levels,
which could possibly be explained by greater exposure
to a wide range of risk factors for poor health over
the life course. They may moreover have become more
homogeneous regarding personal characteristics of significance to health, such as cognition, knowledge, material means, social support and health-related behaviours,
as these disparities over time may lead to differences in
risk factor profiles and vulnerability to such risk factors
across socioeconomic strata [17]. A better understanding
of the association between socioeconomic status and allcause mortality is necessary to reduce the socioeconomic
inequalities in mortality, which we were unable to explain by adjusting for behavioural, psychological, material and social determinants. While our results support
comparable work [12,16,25], other studies have concluded that the gradient in all-cause mortality is explainable after adjustment for material determinants, either
on their own or in combination with behavioural and
psychosocial determinants [11,13,17]. In our study,
adjustment for the effect of material determinants did
increase the mortality risk on the lowest socioeconomic
levels, but we found no indication of a strong effect of
material determinants on all-cause mortality. However,
unequal access to material resources may lead to differences in life circumstances in youth, ultimately resulting
in lasting disparities in health. A life- course perspective
focusing on fundamental causes, distal factors and
habitus [14,44,45], therefore seems required to explain
socioeconomic inequalities in all-cause mortality. Our
study and previous studies are based on a causation
theory, explaining inequalities in mortality by stratified
differences in health determinants, thus an overlap of
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potential mechanisms should be considered in explaining the socioeconomic inequalities. None of these mechanisms are mutually exclusive; the different mechanisms
could thus be interrelated, thereby challenging our
ability to account for the effect on the socioeconomic
gradient in all-cause mortality [11,13,17]. These reverse
causalities can be categorized as measurement errors
leading to possible bias in estimates [12]. Our simplified
study models cannot account for the multiple pathways
underlying the inequality, i.e. the methods applied were
unable to account for the possible multiple mechanisms
underlying the inequalities, as only the association between educational level and all-cause mortality was
assessed. To prevent a development towards stronger
disparity, further exploration into these complex issues
is needed. We need to understand why an underprivileged socioeconomic position places people at higher risk
of death than their better-off compatriots. Further exploration of the possibility that the underprivileged
groups form a homogenous group is needed, as our data
may have given an insufficient description. A life-course
perspective to explain the persistent inequalities in allcause mortality seems necessary for progress, as we
believe this perspective is crucial to allow for the multiple mechanisms and pathways and to account for the
inequality in all-cause mortality.
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Additional file 3: Figure S3a. Hazard ratios and 95% confidence
intervals for educational status estimated by Cox regression models on
the full study sample - using all available data in the different models.
Additional file 4: Figure S3b. Hazard ratios and 95% confidence
intervals for educational status estimated by Cox regression models on
the full study sample - using all available data in the different models.
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Conclusion
This study has demonstrated the existence of substantial
inequality in all-cause mortality among citizens of
Northern Jutland, Denmark. Despite the comprehensive
approach, with incremental adjustment for the effect of
a range of determinants, we were unable to account for
the inequality revealed by the data. Uncovering the multiple underlying pathways may require less simplified
models. We recommend that future research takes a
life-course perspective that includes distal factors while
simultaneously accounting for the complexity of the
underlying multiple mechanisms and pathways to explain the association between socioeconomic status and
all-cause mortality.
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educational level. Table S2b. Baseline behavioural characteristics, by
educational level. Table S2c. Baseline psychological characteristics, by
educational level. Table S2d. Baseline material characteristics, by
educational level. Table S2e. Baseline social characteristics, by
educational level.
Additional file 2: Figure S3b. Hazard ratios and 95% confidence
intervals for educational status estimated by Cox regression models on
complete cases (n = 8,837).
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