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ABSTRACT

Background and aims While alcohol-attributable mortality rates are higher in low socio-economic status (SES) groups,
less is known about SES differences in all-cause mortality in alcohol use disorder (AUD). The aim of this study was to ex-
plore whether there are SES differences in people with AUD, regarding (i) treatment admission, (ii) all-cause mortality risk
and (iii) relative mortality risk. Design and setting A prospective cohort study in Norway, follow-up period from
2009–10 to 2013. Data on SES andmortality were obtained through linkages to national registries, using national unique
ID numbers. Participants AUD patients (age 20+) admitted to treatment in 2009–10 (n = 11726) and age and gender
frequency-matched controls from the general population (n = 12055). Measurements The SES indicator was educa-
tion level (low, intermediate and high). Mortality was calculated as deaths per 1000 person-years during the 4-year obser-
vation period. Findings Admission to AUD treatment was elevated in the low compared with the high SES categories
(OR = 3.31, 95% CI = 3.09, 3.55). Among AUD patients, mortality risk was elevated in the low SES category
(HR = 1.23, 95% CI = 1.04, 1.45). Relative mortality risk from AUD was significantly higher in the high SES
(HR = 8.65, 95% CI = 6.16, 12.14) compared with the low SES categories (HR = 3.29, 95% CI = 2.61, 4.15).

Conclusion Admission to treatment for alcohol use disorders in Norway appears to decrease with increasing
socio-economic status, and relative mortality risk from alcohol use disorder appears to increase with increasing
socio-economic status.

Keywords Alcohol use disorder, mortality, Norway, prospective cohort, register linkage, socio-economic status,
treatment.
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INTRODUCTION

Alcohol consumption is among the most important risk
factors for premature deaths and disabilities [1]. Overall
consumption and drinking patterns are the two impor-
tant aspects of alcohol’s role in disease and injury, and
thus the risk of premature death generally tends to in-
crease with increasing overall consumption and with in-
creasingly harmful drinking patterns [2]. This fairly
simple exposure–outcome association, however, does
not seem to apply equally across socio-economic status
(SES) groups. While overall consumption tends to in-
crease with SES [3], it is well demonstrated that
alcohol-attributable deaths, which are often the

end-points of heavy drinking careers, is elevated in
lower SES groups [4]. Thus, it seems that alcohol
disproportionately impacts alcohol harms in deprived
individuals [5].

The elevated mortality in low SES groups is attenuated
for alcohol-attributable causes of death [6,7], which are
mainly seen in people with alcohol use disorders (AUD).
In a meta-analysis, Probst and co-workers [6] found that
the socio-economic differential in mortality risk was, on
average, 1.7 times higher for alcohol-attributable causes
compared to all-cause mortality. Consequently, a
substantial proportion of social inequality in premature
mortality is probably attributable to long-term heavy
drinking and AUD.
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So far, the literature on social differences in
alcohol-related mortality is mainly devoted to
alcohol-attributable mortality. However, deaths from
alcohol-attributable causes constitute only a small fraction
of all deaths: approximately 2–3% in the general popula-
tion [7] and some 5–25% among heavy drinkers [8–10].
Thus, the assumption that heavy drinkers in low SES
groups are more vulnerable and at higher risk of prema-
ture mortality than those in high SES groups should prefer-
ably be tested with respect to all-cause mortality.

The risk of premature mortality is higher among heavy
drinkers compared to the general population, on average in
the order of three- to five-fold higher [11], and thus life ex-
pectancy in AUD patients is found to be 24–28 years
shorter than in the general population [12]. Relative mor-
tality risk is higher among women than among men with
AUD, and particularly high in younger people [11]. To this
end, recent reviews of SES differences in
alcohol-attributable morbidity and mortality [3,6,13] and
of mortality among those with AUD [11] do not provide
further insight into the possible SES differential in
all-cause mortality among those with AUD.

In order to identify relevant literature in this respect, we
reviewed the primary studies identified in Roerecke &
Rehm’s [11] systematic review of all-cause mortality in
people with AUD, as well as relevant studies identified in
reference lists and citations from these primary studies.
From our literature search, it seems that few studies exam-
ined SES differences in relative mortality risk, and the stud-
ies were mainly dated and reported mixed findings. Two
studies [14,15] reported no SES difference, one study [15]
reported lower relative mortality risk in high SES compared
to medium/low SES among females and five studies
[8,9,16–18] reported increasing relative mortality risk
with increasing SES. Important limitations of these studies
included the lack of SES-specific denominator [8,14–17],
male samples only [9,18] and little statistical power [18].
Consequently, the research literature seems sparse and in-
conclusive with regard to a possible SES differential in
all-cause mortality in people with AUD, and even more so
with respect to relative mortality risk.

Most mortality studies of heavy drinkers appear to rely
on samples from AUD or similar treatments [11], which is
also the case in the present study. However, interpretation
of the social differences in mortality and relative mortality
risk in heavy drinkers imply considerations concerning
whether these reflect social differences in AUD morbidity,
in survival or both [19]. Hence, in this context it is essential
to assess whether AUD prevalence varies with SES. There
are indications that this may well be the case. Two studies
reported a higher risk of AUD in low SES groups [10,20]
and several studies reported elevated risk of
alcohol-attributable diseases in low SES groups
[19,21–24]. Thus, while previous studies may suggest that

the risk of AUD is elevated in low SES groups, direct assess-
ments of SES differences in AUD treatment patients seem to
be very different.

Against this backdrop, this study aimed at exploring
whether there are socio-economic differences in people
with alcohol use disorders regarding: (i) treatment admis-
sion; (ii) all-cause mortality risk; and (iii) relative mortality
risk. More specifically, we also aimed at exploring these so-
cial differences in gender- and age-specific strata.

METHODS

Design and study participants

The three study aims required different study designs. We
were, however, able to use the same data set for all aims,
although with different perspectives. For study aim (i)
(SES differences in AUD treatment admission) we applied
a frequency-matched case–control design. For study aim
(ii) (SES differences in mortality risk among people with
AUD) we applied a prospective cohort design, while for
study aim (iii) (SES differences in relative mortality risk in
people with AUD) we applied a matched prospective cohort
design. The data stemmed from a prospective cohort study
of patients treated for alcohol use disorders (AUD patients)
and a frequency-matched control population. The study
was approved by the Regional Committees for Medical
and Health Research Ethics in November 2014.

AUD patients were all adult patients admitted during a
2-year period to specialized alcohol treatment or psychiat-
ric hospital with alcohol use disorder. We obtained data on
these patients from the Norwegian Patient Registry (NPR),
which covers the entire population of patients in the
publicly financed specialist health-care system in Norway.
Under this public health-care scheme, both public and pri-
vate providers deliver AUD treatment. There is no informa-
tion concerning the presumably small fraction of AUD
patients in privately funded treatment. The current sample
of patients encompasses all those who were admitted be-
tween 1 January 2009 and 31 December 2010 to treat-
ment for substance use with alcohol-related disorders as
the principal diagnosis; ICD-10 codes F10 and aged
20 years and over (n = 12432).

A sample of controls was drawn from the Norwegian
Population Registry on 1 January 2010. This sample was
frequency-matched with the AUD patients by birth year
and gender (n = 12364, after removal of 66 people who
were also among the AUD patients). Due to missing obser-
vations on the SES measure (n = 592) and person-years
under observation (n = 423), the final computed samples
consisted of 11726 AUD patients and 12055 controls, to-
talling 23781 people. The standardized mean differences
for age and gender were 0.0024 and 0.0044, respectively,
suggesting successful matching.
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Using national ID numbers, we obtained information
on education, emigration and death for all cohort members
through linkage to other national administrative registers.
In Norway, the ID number is a unique 11-digit number,
containing information on date of birth and gender, and
allowing individual-level data from various registers to be
linked.

Measures

SES

We considered SES to be a background characteristic and
therefore employed information on highest completed edu-
cation level as the SES indicator, as this is less likely to be
affected by heavy drinking over time compared to occupa-
tion status and income. Information on completed educa-
tion level as per 2009 was retrieved from the National
Education Database (NUDB) and collapsed into a
three-category ordinal variable; ‘low’ = only completion
of mandatory education (i.e. 7, 9 or 10 years, depending
on birth cohort), ‘high’ = completed college or university
education and ‘intermediate’ = all education levels be-
tween ‘low’ and ‘high’. Those with missing information
on education were mainly immigrants (75%), and were
evenly distributed between AUD patients and controls.
Data on whether study participants were immigrants or
not were obtained from Statistics Norway.

Mortality

Whether study participants had died during the observa-
tion period – and if so, their date of death – was obtained
from the Cause of Death Registry. Mortality was calculated
as number of deaths per 1000 person-years.

Person-years under observation

Number of days from study entry (date of treatment admis-
sion for AUD patients and 1 January 2010 for controls) to
date of censoring (31 December 2013 or date of death or
emigration) were converted to person-years. For some
AUD patients (n = 423) we had data on the year of treat-
ment but not the exact date of treatment admission, and
person-years under observation were not calculated for
these. Date of emigration was obtained from population
data at Statistics Norway.

Analyses

First, we explored whether AUD treatment admission was
associated with SES, employing logistic regression models.
In this model, high SES was the reference category, and
we adjusted for age (10-year age groups), gender and the
interaction between them. For our estimations of absolute
and relative mortality risk in AUD patients by SES, we cal-
culated absolute risks as number of deaths per 1000

person-years and used Cox proportional hazards models
to obtain mortality hazard ratios (HR). In the first analyses
the focus was on absolute mortality risk, comparing the
mortality among AUD patients in different SES categories,
both in terms of crude mortality incidence rates and ad-
justed mortality hazard ratios with high SES as reference
category. In the second analysis, we estimated the relative
mortality risk in people with AUD, i.e. mortality among
AUD patients compared to mortality in the control popula-
tion, by SES categories. In the Cox regression models, we
also adjusted for age, gender and the interaction between
them, and the proportionality assumptions in Cox regres-
sion was tested using Schoenfeld residuals. Odds ratios
(ORs) or hazard ratios (HRs) with non-overlapping 95%
confidence intervals (CIs) were considered statistically sig-
nificantly different [25]. In addition, differences in HRwith
overlapping CIs were tested by t-test. Furthermore, we car-
ried out stratified analyses by gender and age group. Stata
SE version 15.0 was used for the analysis.

We did not pre-register the analysis, and the results
should be considered exploratory.

RESULTS

Table 1 presents distributions of gender, age, education
level, immigrant background and number of deaths and
person-years under observation for AUD patients and con-
trols. The study cohort participants (n = 23781) were, on
average, observed during a period of almost 4 years, and
the total number of person-years under observation
amounted to 94681. Among the AUD patients age at ad-
mission differed by SES categories, and the mean age at ad-
mission was 45, 50 and 51 years in the low, intermediate
and high SES categories, respectively.

Table 2 shows that risk of entering AUD treatment dif-
fered by SES categories compared to the general popula-
tion. The estimated adjusted OR increased with
decreasing SES; compared to those with high SES, adjusted
ORs were 1.67 (CI = 1.57, 1.78) and 3.31 (CI = 3.09,
3.28) for thosewith intermediate and low SES, respectively.
Hence, there was a clear negative social gradient in AUD
treatment admissions. We further explored SES differences
in AUD treatment admission in age- and gender-specific
strata. For both men and women, ORs increased statisti-
cally significantly with decreasing SES, and this was also
the case among those under 60 years of age. Among those
aged 60 years and older, ORwas higher in the low—com-
pared to the high—SES category, whereas there was no
statistically significant difference between the intermediate
and high SES categories (Table 2). Adjusted ORwas higher
in the low SES category (adjusted OR = 1.19, 95%
CI = 1.03, 1.37) compared to the intermediate and high
SES categories in combination (reference).
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During the observation period, 1101 of the AUD pa-
tients died. Among AUD patients, crude mortality inci-
dence was 23.3 per 1000 person-years. Adjusted
all-cause mortality HR was somewhat higher in the low
compared to the high SES categories; HR = 1.23 (95%
CI = 1.04, 1.45). In the intermediate SES category,
mortality risk did not differ from that in the high SES cat-
egory (reference) (adjusted HR = 1.04, 95% CI = 0.99,
1.22) (Table 3). In both gender-specific strata, mortality
risk did not differ by SES category. This was also the case
among those aged under 60 years. However, among
those aged 60 years and over, mortality risk was statisti-
cally significantly elevated in the low, compared to the
high, SES categories (adjusted HR = 1.44, CI = 1.10,
1.89) (Table 3).

As shown in Table 4, mortality incidence (per 1000
person-years) was substantially elevated in AUD patients

compared to controls (adjusted HR = 5.08, CI = 4.40,
5.87). While we observed somewhat modest SES differ-
ences in mortality incidence among AUD patients, mortal-
ity incidence among controls was more than three times
higher in the low compared to the high SES categories
(8.7 versus 2.4). In effect, the elevated mortality risk
among AUD patients compared to controls (relative mor-
tality risk) was higher in the high SES (adjusted
HR= 8.65, CI = 6.16, 12.14) compared to the low SES cat-
egories (adjusted HR = 3.29, CI = 2.61, 4.15) (Table 4). In
the intermediate SES category, relative mortality risk
(adjusted RH = 5.25, CI = 4.18, 6.60) was higher com-
pared to the low SES category and lower compared to the
high SES category (t = 2.10, P = 0.036), and thus relative
mortality risk increased with SES. Within gender-specific
strata, a higher relative mortality risk was observed in
the high compared to the low SES categories, and this

Table 1 Sample characteristics of AUD patients and controls.

AUD patients Controls
(n = 11726) (n = 12055)

Proportion women, per cent 29.6 (3474) 29.6 (3568)
Age group distribution, per cent
20–29 years 10.0 (1172) 9.7 (1166)
30–39 years 14.0 (1645) 14.0 (1693)
40–49 years 27.0 (3170) 27.3 (3293)
50–59 years 31.4 (3686) 31.5 (3795)
60–69 years 14.6 (1714) 14.6 (1755)
70–89 years 2.9 (339) 2.9 (353)

Education level group, per cent
Low 39.7 (4658) 21.7 (2615)
Medium 40.4 (4731) 43.0 (5186)
High 19.9 (2337) 35.3 (4254)

Proportion immigrants, per cent 5.0 (588) 9.8 (1185)
Person years under observation (mean) 4.028 3.942
Proportion dead, per cent 9.4 (1101) 1.8 (221)

Table 2 Risk of AUD treatment admission by SES category for total cohort and for strata by gender and age group.

SES categories

Adjusted odds ratioa (95% CI) Low SES Intermediate SES High SES

All 3.31 (3.09, 3.55) P < 0.001 1.67 (1.57, 1.78) P < 0.001 1.00 (ref)
Gender-specific odds ratio of AUD
treatment by SESb

Women 2.89 (2.55, 3.28) P < 0.001 1.53 (1.37, 1.72) P < 0.001 1.00 (ref)
Men 3.52 (3.24, 3.84) P < 0.001 1.74 (1.61. 1.88) P < 0.001 1.00 (ref)
Age-specific odds ratio of AUD
treatment by SESa

< 60 years 4.03 (3.72, 4.35) P < 0.001 1.84 (1.72, 1.98) P < 0.001 1.00 (ref)
60 + years 1.24 (1.05, 1.47) P = 0.013 1.07 (0.92, 1.23) P = 0.391 1.00 (ref)

aAdjusted for age in 10-year age groups, gender and the interaction between age and gender; badjusted for age in 10-year age groups. AUD = alcohol use
disorder; SES = socio-economic status; CI = confidence interval.
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was also the case among those aged under 60 years
(Table 4). Among those aged 60 years and older, relative
mortality risk did not differ between low and high SES
(t = 1.64, P = 0.101).

DISCUSSION

This study showed that, in Norway, treatment for alcohol
use disorder is more likely among those with low, com-
pared to high, educational attainment. While people with
AUD had a high mortality risk, we found a modest SES
difference in mortality risk within this group. Thus, tak-
ing into account the substantial social difference in mor-
tality risk in the general population, we found that AUD
elevated the mortality risk to a much higher extent in
the high compared to the low SES categories. This ele-
vated relative mortality risk in the high SES category
was further attenuated among those aged below
60 years, whereas no SES difference was observed in
the older age group.

1Our study findings corroborate, to some extent,
those of previous studies. While studies examining SES
differences in AUD treatment admission appear to be
rare, our finding of an elevated risk in the low SES cate-
gory is well in line with the many previous reports of a
higher risk of alcohol-attributable morbidity or AUD in
low than in high SES groups, irrespective of SES indicator
[3,4,10,19–24]. The modest SES difference in mortality
among heavy drinkers, favouring high SES, is in line with
some previous studies [10,14,15,19]. However, this liter-
ature contains mixed findings, and other studies found an
increasing mortality risk with increasing SES [8,9,16,17].
Our finding of higher relative mortality risk in high SES
AUDs corresponds to those in two previous studies
[9,10], both of which used education level as SES

indicator. If, in this study, we had used other SES indica-
tors (e.g. income or occupational status), it is possible
that we would have obtained smaller SES differences in
relative mortality risk, assuming that a downward social
drift in highly educated AUDs is associated with increased
mortality risk. Nevertheless, it seems likely that the
higher relative mortality risk in high SES AUDs mainly
reflects a strong downward social gradient in mortality
in the control cohort: a common finding in population
studies [26].

In his 60-year follow-up of alcoholic men, Vaillant [10]
found that those with high education, excellent social sup-
port, good health habits and late onset of abuse were actu-
ally more likely to remain chronic alcohol abusers
compared to those in the low SES cohort. Thus, a stronger
ability to continue a detrimental heavy drinking career
over a longer time-period could be one possible explanation
for the observed elevated relative mortality risk in the high
SES category. Related to this is the possibility that high SES
heavy drinkers tend to seek treatment at more advanced
stages of their drinking careers than low SES heavy
drinkers. This is compatible with our observation of a
somewhat higher age at treatment admission among high
SES compared to low SES AUD patients. Another possible
explanation could be that the additional health risks in
heavy drinkers (e.g. due to smoking, poor nutrition, social
isolation, mental health problems etc.) occur to the same
extent in high and low socio-economic groups. If this were
the case, we could expect high SES AUD patients to be as
vulnerable to premature death as their low SES counter-
parts, which is in line with our observations. However,
other studies suggest that such additional health risks, in-
cluding smoking and body mass index, seem to be more
prevalent in low compared to high SES heavy drinkers
[5,10].

Table 3 All-cause mortality incidence and mortality hazard ratio by SES categories among AUD patients.

SES categories

Low SES Intermediate SES High SES

Deaths 422 458 221
Person years 18696 19074 9397
Crude mortality incidence per 1000 person-years 22.6 24.0 23.5
Adjusted mortality hazard ratioa

All
1.23 (1.04, 1.45) P = 0.015 1.04 (0.88, 1.22) P = 0.637 1.00 (ref)

Gender-specific mortality hazard ratiob

Women 1.39 (0.99, 1.96) P = 0.057 1.04 (0.74, 1.45) P = 0.839 1.00 (ref)
Men 1.18 (0.98, 1.43) P = 0.081 1.04 (0.86, 1.25) P = 0.696 1.00 (ref)

Age-specific mortality hazard ratioa

< 60 years 1.11 (0.90, 1.36) P = 0.338 0.94 (0.76, 1.15) P = 0.534 1.00 (ref)
60+ yearsc 1.44 (1.10, 1.89) P = 0.009 1.20 (0.93, 1.55) P = 0.156 1.00 (ref)

All other models: proportionality assumptions not rejected. aAdjusted for age in 10-year age groups, gender and the interaction between age and gender.
badjusted for age in 10-year age groups; cproportionality assumptions rejected. P = 0.02; 95% confidence interval (CI) in parentheses. AUD = alcohol use dis-
order; SES = socio-economic status.
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Limitations

In line with the majority of previous studies of this type
[11], AUD was measured among patients in specialized
health services. AUD patients are probably older and have
more severe alcohol problems [27], and they are also likely
to be at a highermortality risk than peoplewith AUD in the
general population [11]. This suggests an upward bias in
our estimates of relative mortality risk. While the public
health-care system in Norway probably covers most of all
AUD treatment, some treatment also occurs in private
clinics outside the public health scheme, and it is quite pos-
sible that high SES heavy drinkers have sought such treat-
ment to a larger extent than other heavy drinkers. If so, the
observed negative social gradient in AUD treatment admis-
sion is inflated. However, such under-representation of
high SES heavy drinkers in the public health care system
per se is probably of less, if at all any, importance for the ob-
served SES differences in absolute and relative mortality
risk in AUD patients.

A general limitation with register studies is that they
rely entirely on the routine use of diagnoses in the special-
ized health services, whichmay well be inaccurate to some
extent, whether due to diagnostic misclassification admin-
istrative errors or both. If such inaccuracies are of negligi-
ble magnitude or randomly distributed by SED they are of
less importance in our context. If, however, the use of
AUD diagnoses differs systematically by SES, our results
are biased. For example, if AUD tends to be diagnosed at a
more advanced stage in high, compared to low, SES heavy
drinkers, such differential diagnostic practice not only
implies that the negative social gradient in AUD treatment
admission is inflated, it will probably also imply that our
estimates of both absolute and relative mortality risk are
inflated in the high SES category.

CONCLUSION

Social inequalities in admission to AUD treatment and in
relative mortality risk in AUD patients were found in a pro-
spective cohort study in Norway. While AUD treatment ad-
mission decreased with increasing SES, relative mortality
risk increased with SES, and these social differences were
mainly seen among those aged under 60 years. To this
end, the literature on social differences in AUD morbidity
and relative mortality risk is small, and more studies are
needed to extend our epidemiological knowledge as well
as our understanding of the underlying mechanisms con-
tributing to these differences.
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