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Abstract 

Background Health inequalities are often assessed in terms of life expectancy or health-related quality of life 
(HRQoL). Few studies combine both aspects into quality-adjusted life expectancy (QALE) to derive comprehensive 
estimates of lifetime health inequality. Furthermore, little is known about the sensitivity of estimated inequalities in 
QALE to different sources of HRQoL information. This study assesses inequalities in QALE by educational attainment in 
Norway using two different measures of HRQoL.

Methods We combine full population life tables from Statistics Norway with survey data from the Tromsø study, a 
representative sample of the Norwegian population aged ≥ 40. HRQoL is measured using the EQ-5D-5L and EQ-VAS 
instruments. Life expectancy and QALE at 40 years of age are calculated using the Sullivan-Chiang method and are 
stratified by educational attainment. Inequality is measured as the absolute and relative gap between individuals with 
lowest (i.e. primary school) and highest (university degree 4 + years) educational attainment.

Results People with the highest educational attainment can expect to live longer lives (men: + 17.9% (95%CI: 16.4 to 
19.5%), women: + 13.0% (95%CI: 10.6 to 15.5%)) and have higher QALE (men: + 22.4% (95%CI: 20.4 to 24.4%), women: 
+ 18.3% (95%CI: 15.2 to 21.6%); measured using EQ-5D-5L) than individuals with primary school education. Relative 
inequality is larger when HRQoL is measured using EQ-VAS.

Conclusion Health inequalities by educational attainment become wider when measured in QALE rather than LE, 
and the degree of this widening is larger when measuring HRQoL by EQ-VAS than by EQ-5D-5L. We find a sizable 
educational gradient in lifetime health in Norway, one of the most developed and egalitarian societies in the world. 
Our estimates provide a benchmark against which other countries can be compared.
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Key points

• Differences in quality-adjusted life expectancy 
(QALE) among population groups are under-studied.

• Higher educational attainment is associated with 
higher life expectancy and better health-related qual-
ity of life in Norway.

• University-educated Norwegian have approximately 
18–27% higher QALE than those with only primary 
or lower secondary school education.

• QALE estimates are sensitive to the choice of HRQoL 
instrument.

Background
Systematic inequalities in lifetime health across indi-
viduals of different socioeconomic backgrounds have 
been documented in many countries [1] and are widely 
perceived as unfair [2]. Any attempt to quantify inequali-
ties requires measurement; and while the exact defini-
tion of lifetime health remains somewhat elusive, most 
commonly used summary measures acknowledge that it 
involves a combination of quantity (i.e. how long some-
one lives) and quality (how well they live) [3]. It follows 
that the measured degree of socioeconomic inequality in 
lifetime health in a society depends on the health indica-
tor used and how well it captures both these elements.

Most studies of socioeconomic inequalities in health 
have focus on life expectancy (LE), i.e., the quantity 
aspect, which can often be calculated from full popula-
tion birth and death registries further disaggregated by 
educational attainment [4], income [5] or wealth [6]. 
Another strand of the literature quantifies socioeconomic 
inequalities in health-related quality of life (HRQoL), 
either directly collected through validated questionnaires 
as part of population health surveys [7, 8] or indirectly 
approximated through markers of morbidity. However, 
only few studies seek to quantify socioeconomic inequal-
ities in lifetime health by combining elements of LE and 
HRQoL into a comprehensive summary measure such as 
quality-adjusted life expectancy (QALE) [9–13]. QALE is 
the sum of quality-adjusted life years (QALYs) an individ-
ual can expect over their remaining lifetime where each 
year lived is weighted by the expected HRQoL enjoyed 
during this year. If inequalities in LE and HRQoL operate 
in the same direction (e.g. favour those of higher socio-
economic position), partial estimates of socioeconomic 
inequalities based on either LE or HRQoL are likely to 
underestimate joint inequalities. Sex difference may be 
particularly relevant in this context: While women typi-
cally have higher average LE than men, socioeconomic 
inequalities are often lower [14]. Women also tend to 

report lower HRQoL than men [15] although this may 
not necessarily translate into different socioeconomic 
inequalities [16].

The aims of this study are twofold: First, we seek to 
quantify inequalities in LE and QALE by educational 
attainment in Norway and how these differ across sexes, 
thereby adding to a small literature on inequalities in 
QALE by educational attainment [10, 13]. Norway is a 
high-income nation with generous social security system, 
and with more evenly distributed income and wealth 
than most OECD countries. It has a tax-funded national 
health service with minimal co-payments, and equal 
opportunities to enter publicly financed tertiary educa-
tion, thereby limiting the influence of two known deter-
minants of inequality [17]. Hence, Norway offers a useful 
‘best-case’ benchmark against which other countries can 
be compared. However, inequalities in QALE have not 
been quantified for Norway, yet.

Second, we investigate how sensitive estimates of QALE 
inequality are to the source of HRQoL weights used. Sev-
eral different summary measures of lifetime health have 
been proposed and compared, including QALE, disabil-
ity-adjusted life expectancy, and healthy life expectancy 
[3]. In contrast, relatively little is known about the effect 
of using different sources of HRQoL data to compute 
QALE, with only one previous study exploring this issue 
[18]. In this study, we compare QALE inequality esti-
mates calculated using quality weights obtained from the 
EQ-5D-5L instrument, a multi-attribute utility measure 
widely used in health technology assessment that pro-
vides indirect valuations of respondents’ HRQoL based 
on a health state description, and the EQ-VAS instru-
ment, a visual analogue scale that provides direct valua-
tions of respondents’ HRQoL.

Methods
Data sources
We combined information from two sources.

HRQoL data
HRQoL data was obtained from The Tromsø Study which 
is a long-running, prospective cohort study of the general 
population residing in the largest city of Northern Nor-
way. The cohort is considered to be broadly representa-
tive of the general adult population of Norway, although 
it is skewed towards more educated university graduates. 
Further details on the study design have been reported 
elsewhere [19].

The 7th wave of the Tromsø Study (2015/16) asked all 
residents aged 40 and older to report their HRQoL using 
the EQ-5D-5L instrument, which is a generic preference-
based measure suitable for population health assess-
ment [20]. Participants described their HRQoL along five 
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dimensions: mobility, self-care, usual activities, pain & 
discomfort, and anxiety & depression. For each dimen-
sion, participants could indicate whether they experi-
ence no, slight, moderate, severe, or extreme problems. 
Together these responses form a participant’s EQ-5D-5L 
health profile. In lieu of an official scoring algorithm for 
Norway, we used a recently published amalgam estimate 
of preferences over health profiles based on the value sets 
from ten Western countries (Canada, Denmark, England, 
France, Germany, Republic of Ireland, the Netherlands, 
Portugal, Spain, US) (the ‘Western Preference Pattern’ 
(MN-WePP) value set [21]. The resulting index scores 
range from 1 (full health) to -0.578, where scores below 
zero indicate health profiles considered worse than being 
dead. Participants were also asked to report their HRQoL 
on a visual analogue scale (the EQ-VAS), with endpoints 
being defined as worst (scored as zero) and best imagina-
ble health (scored as 100; rescaled to 1).

Age at the time of survey was coded in 5-year age 
bands, with participants aged 75 or over grouped 
together due to low numbers. Participants’ highest 
educational attainment was categorised in line with 
the International Standard Classification of Education 
(ISCED): primary and lower secondary (L1); vocational 
and upper secondary (L2); college and university - less 
than 4 years (L3); and college and university - 4 years or 
more (L4).

Population and death data
Counts of population and deaths by age, sex and educa-
tional attainment level for the period 01 January to 31 
December 2016 were obtained from linked individual-
level information from the Population Register [22], the 
Cause of Death Registry [23], and the National Educa-
tion Database [24]. The linked dataset contains complete 
information on education and population for more than 
99% of the official Norwegian population above the age 
of 40.

Statistical analysis
QALE at age 40 was estimated by combining mortality 
rates with HRQoL information. Mortality rates in each 
age-sex-education group up to the age of 95 were derived 
from population statistics. For ages 96 to 106 we used 
sex-specific mortality rates published by Statistics Nor-
way due to small cell sizes by educational attainment. The 
Chiang II method [25] was used to calculate period life 
tables. All individuals were assumed to die at the end of 
their 106th year, implying a maximum modelled LE of 
66 years. Average HRQoL by 5-year age group (coded as 
40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75 
and over), sex and educational attainment was calculated 
and used to adjust LE for differences in HRQoL using 

the Sullivan method [26]. The resulting QALE estimates 
reflects the number of QALYs that a person aged 40 of a 
given sex and educational attainment can expect to expe-
rience over their remaining lifetime up the age of 106. See 
Online Supplementary Material for a detailed description 
of the calculations conducted.

Inequalities in LE and QALE were measured as abso-
lute and relative gaps between individuals with the high-
est (L4) and lowest (L1) educational attainment. The 
absolute gap is simply the difference between the LE or 
QALE estimates between the two groups. The relative 
gap is the ratio of LE or QALE in L4 to L1 and measure 
the percentage increase in the metric of interest in the 
highest educational attainment group relative to the level 
experienced by the lowest educational attainment group.

Uncertainty in QALE was approximated through 
bootstrapping (1,000 iterations with replacement) of the 
HRQoL data. In each iteration, mortality risks for each 
age-sex-education group were resampled from a Beta 
distribution and life tables were recalculated.

All calculations were performed in Stata 17.

Results
A total of 21,083 participants took part in wave 7 of the 
Tromsø Study. Educational attainment could not be 
ascertained for 378 (1.8%) individuals. Furthermore, 
EQ-5D-5L profile and EQ-VAS data were missing for 
765 (3.6%) and 385 (1.8%) individuals, respectively. This 
left 19,940 and 20,320 participants for the calculation of 
mean EQ-5D-5L utilities and VAS scores by age group, 
sex and educational attainment. The characteristics of 
this sample are described in Table 1.

Figure 1 (panels 1 and 2) demonstrate a clear survival 
benefit of higher educational attainment. The upper row 
of Fig. 1 shows survival curves by educational attainment, 
stratified by sex. Individuals with higher educational 
attainment enjoy a clear survival benefit over those with 
lower educational attainment. The lower row of Fig.  1 
plot ratios of mortality rates in each educational attain-
ment group to the mortality rates for the 4+ years college 
and university (L4) group; separately for each sex and up 
to age 95 before common mortality patterns across edu-
cational attainment are assumed. Values > 1 indicate an 
increased risk of dying at a given year of age compared 
to similarly aged individuals with L4 educational attain-
ment. There are striking differences between the sexes in 
these mortality hazard ratios: Men with primary or lower 
secondary school education (L1) are 6 to 8 times more 
likely to die in their 40s and 50s than men with the high-
est education level (L4), and this gap narrows with age. 
In contrast, the mortality risk ratio increases with age 
for women up to approximately age 65, when it begins to 
narrow again.
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Table 1 Descriptive statistics of the sample population - Tromsø Study (wave 7, 2015–2016)

N % EQ-5D-5L utility (N = 19,940) EQ-VAS score 
(N = 20,320)

Mean SD Mean SD

Age group

 40–44 3130 15.0% 0.908 0.109 0.764 0.154

 45–49 3264 15.7% 0.903 0.113 0.769 0.157

 50–54 3114 15.0% 0.902 0.114 0.772 0.161

 55–59 2961 14.2% 0.900 0.115 0.764 0.164

 60–64 2704 13.0% 0.906 0.107 0.764 0.160

 65–69 2399 11.5% 0.914 0.101 0.772 0.161

 70–74 1657 8.0% 0.908 0.114 0.748 0.169

 75 + 1576 7.6% 0.884 0.138 0.707 0.179

Sex

 Female 10874 52.5% 0.893 0.119 0.759 0.169

 Male 9831 47.5% 0.916 0.104 0.764 0.154

Educational attainment

 L1 - primary and lower secondary 4796 23.2% 0.887 0.128 0.723 0.179

 L2 - vocational and upper secondary 5756 27.8% 0.899 0.113 0.753 0.163

 L3 - college and university, < 4 years 4008 19.4% 0.908 0.108 0.769 0.156

 L4 - college and university, >  = 4 years 6145 29.7% 0.919 0.102 0.794 0.144

Fig. 1 Mortality patterns for men and women, by educational attainment
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Figure  2 show EQ-5D-5L utilities and EQ-VAS scores 
by 5-year age group, sex and educational attainment. 
There is a considerable gap in utilities between those with 
and without a university degree up until approximately 
age 60 in men and 55 in women when lines begin to con-
verge for both sexes. Furthermore, utilities are markedly 
lower for women than for men (see also Table  1), and 
remarkably lower among women aged 40–49 with pri-
mary or lower secondary school only (L1). The EQ-VAS 
data confirm the HRQoL advantage of tertiary educated 
individuals but show no clear differences in HRQoL by 
sex.

Table  2 summarises estimates of LE, QALE and their 
difference (LE minus QALE) at age 40 for the differ-
ent educational attainment groups, sexes and the two 
HRQoL measures. Women aged 40 with the highest level 
of education (L4) can expect to live a further 47.5 years, 
or approximately 5.5  years (or 13%) more than women 
of the same age with basic primary or lower secondary 
school education (L1; 42.1  years). The relative inequali-
ties in LE are even larger for men aged 40 (difference: 
6.8  years; or 17.9%). Note the diminishing marginal 

increases in LE for each additional step on the edu-
cational ladder: For men, life expectancy increases by 
3.2 years between L1 and L2; by 2.3 years between L2 and 
L3, and; by 1.3 years between L3 and L4. Similar marginal 
effects are observed for women.

When lifetime health is measured in QALE, the gen-
eral pattern is that inequalities by educational attainment 
become wider, and the degree of this widening is larger 
when measuring HRQoL by EQ-VAS than by EQ-5D-5L. 
Men in the highest educational attainment level have 7.5 
(22%) more remaining QALYs than those in the lowest 
educational group when measured by EQ-5D-5L, and 
7.5 (27%) when measured by EQ-VAS. The correspond-
ing inequalities for women are 6.5 (18%) and 7.8 (26%) 
QALYs.

It follows that the QALY-equivalent loss due to lower 
HRQoL (i.e. the difference between LE and QALE) for 
women is larger when HRQoL is measured by EQ-VAS 
than by EQ-5D-5L. The absolute inequality in (LE – 
QALE) between the highest and the lowest education 
level is 1.1 QALYs (17%) when measured by EQ-5D-5L 
and 2.4 (19%) when measured by the EQ-VAS. For men, 

Fig. 2 Mean HRQoL scores (EQ-5D-5L, EQ-VAS) by educational attainment, age and sex
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the corresponding absolute inequalities are both 0.7 
QALYs but the relative effect is larger when measured 
using the EQ-VAS (19%) compared to the EQ-5D-5L 
(17%).

Discussion
Main finding
Our study has identified inequalities in lifetime health 
across educational groups in Norway. People with higher 
educational attainment will, on average, live longer lives 
and have better HRQoL. Thus, the combined inequali-
ties in QALE are larger than the inequalities in each of 
the two components of quantity of life (LE) and quality 

of life (HRQoL) alone. These findings are in line with a 
small number of previous studies investigating inequali-
ties in QALE by educational level in the Netherlands [10] 
and South Korea [13].

We observed consistent increases in health inequality 
by using the QALE metric rather than LE. When compar-
ing LE in the highest level of educational attainment (L4) 
compared to the lowest level (L1), it was 17.9% higher 
among men and 13.0% among women. When including 
HRQoL in the QALE metric, these relative inequalities 
increased to 22.4 or 27.1% among men, depending on 
which HRQoL instrument was used (EQ-5D-5L or EQ-
VAS), and to 18.3 and 26.3% respectively among women. 

Table 2 Remaining LE and QALE at age 40, by educational attainment and sex

Educational attainment Men Women Men Women

Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI

Life expectancy (LE) at 40

 L1 - primary and lower  
     secondary

38.0 (37.7 to 38.2) 42.1 (41.8 to 42.3)

 L2 - vocational and upper  
     secondary

41.2 (41.0 to 41.4) 44.9 (44.7 to 45.1)

 L3 - college and  
     university, < 4 years

43.5 (43.2 to 43.9) 46.6 (46.3 to 47.0)

 L4 - college and  
     university, >  = 4 years

44.8 (44.3 to 45.2) 47.5 (46.6 to 48.5)

 Absolute inequality:  
     dLE = L4-L1

6.8 (6.2 to 7.4) 5.5 (4.5 to 6.5)

 Relative inequality: ((L4/ 
     L1)-1)*100%

17.9% (16.4% to 19.5%) 13.0% (10.6% to 15.5%)

HRQoL weight based on EQ-5D-5L utilities HRQoL weight based on EQ-VAS scores

Quality-adjusted life expectancy (QALE)

 L1 - primary and lower  
     secondary

33.6 (33.3 to 34.0) 35.8 (35.4 to 36.1) 27.7 (27.4 to 28.1) 29.8 (29.4 to 30.2)

 L2 - vocational and upper  
     secondary

37.2 (36.9 to 37.4) 39.0 (38.6 to 39.4) 31.0 (30.7 to 31.3) 33.1 (32.7 to 33.5)

 L3 - college and  
     university, < 4 years

39.8 (39.3 to 40.2) 41.1 (40.4 to 41.6) 33.1 (32.7 to 33.6) 35.6 (35.0 to 36.3)

 L4 - college and  
     university, >  = 4 years

41.2 (40.7 to 41.7) 42.3 (41.3 to 43.3) 35.3 (34.7 to 35.8) 37.6 (36.6 to 38.5)

 Absolute inequality:  
     dQALE = L4-L1

7.5 (6.9 to 8.1) 6.5 (5.4 to 7.7) 7.5 (6.9 to 8.2) 7.8 (6.7 to 8.8)

 Relative inequality: ((L4/ 
     L1)-1)*100%

22.4% (20.4% to 24.4%) 18.3% (15.2% to 21.6%) 27.1% (24.6% to 29.9%) 26.3% (22.4% to 29.9%)

Quality-adjusted life years (QALYs) lost

 L1 - primary and lower  
     secondary

4.3 (4.0 to 4.7) 6.3 (5.9 to 6.7) 10.2 (9.8 to 10.6) 12.3 (11.9 to 12.7)

 L2 - vocational and upper  
     secondary

4.0 (3.8 to 4.3) 5.9 (5.5 to 6.2) 10.2 (9.9 to 10.5) 11.8 (11.4 to 12.2)

 L3 - college and  
     university, < 4 years

3.8 (3.4 to 4.2) 5.6 (5.0 to 6.2) 10.4 (10.0 to 10.9) 11.0 (10.3 to 11.6)

 L4 - college and  
     university, >  = 4 years

3.6 (3.1 to 4.1) 5.2 (4.2 to 6.3) 9.5 (9.0 to 10.1) 9.9 (9.0 to 10.9)

 Absolute inequality: L4-L1 -0.7 (-1.3 to -0.1) -1.1 (-2.2 to 0.0) -0.7 (-1.4 to -0.1) -2.4 (-3.4 to -1.3)

 Relative inequality: ((L4/ 
     L1)-1)*100%

-16.8% (-30.0% to -2.5%) -17.0% (-34.5% to 0.4%) -7.1% (-13.5% to -0.6%) -19.2% (-27.1% to -10.3%)
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This is consistent with our finding of HRQoL inequali-
ties favouring higher educated individuals. As a result, 
adjusting LE for HRQoL amplifies the inequality by edu-
cational attainment.

The two associations point in the same direction: the 
higher the educational level, the longer the LE and the 
better the HRQoL which suggests that longer lives are 
characterised by a shorter period in ill health with less 
total lifetime disability [27]. Prior literature suggests vari-
ous explanations of how education might affect health. 
First, education might have positive effects on health-
related decision-making, thereby increasing individuals’ 
ability and willingness to control their diet, engage in 
physical activity, etc. [28, 29]. Second, persons with low 
education might experience more chronic stress, due to 
e.g. lower income and or social subordination [30, 31]. 
Third, education might improve one’s ability to navigate 
the healthcare system and obtain access to optimal care 
[32]. Finally, family background, genetic endowments 
and health shocks during the early stages of life might 
affect education, e.g. children with poor health often 
have lower education, which may then result in reduced 
health later in life [33].

QALE is an appealing metric compared to other popu-
lation health measures such as disability-free life expec-
tancy because it weighs each life year by a continuous 
measure of the impact of health disabilities on peoples’ 
HRQoL [3, 9]. However, HRQoL weights can be derived 
using different instruments. Our results suggest that 
QALE estimates are sensitive to this choice. For women, 
the magnitude of the QALY losses associated with the 
HRQoL weighting (i.e. LE minus QALE) were generally 
larger when HRQoL were measured by EQ-VAS as com-
pared to EQ-5D-5L. For men, the opposite was true.

There are several reasons why different instruments 
may generate different estimates of HRQoL, includ-
ing scale length, coverage of HRQoL domains, and how 
instruments are scored [34, 35]. However, one might 
expect these effects to have similar effects on the esti-
mated inequalities in QALE across males and females 
and we had therefore not expected this finding. The esti-
mated differential effect of the choice of HRQoL instru-
ment on QALE inequalities by educational attainment 
cannot be explained with the limited data at hand, and 
we therefore call for further qualitative and quantitative 
research to explore this finding.

Multi-attribute utility instruments such as the EQ-
5D-5L are often preferred over non-utility-based instru-
ment such as the EQ-VAS when calculating QALYs for 
the purpose of health technology assessment because 
of normative properties that permit interpersonal com-
parisons to inform decisions about which technolo-
gies should be funded from a limited healthcare budget. 

However, these properties are not required when calcu-
lating QALYs and QALE for the purpose of population 
health monitoring. It follows that researchers need to 
select HRQoL instruments carefully when studying ine-
qualities in QALE.

Strengths and limitations
The main strength of our analysis is the combination of 
the large sample size of the Tromsø study, and the availa-
bility of full population mortality data that can be broken 
down by educational attainment up to age 95. Further-
more, by using two HRQoL-measures we show that the 
magnitude of health inequalities expressed by the QALE-
metric crucially depends on how HRQoL is being meas-
ured. There are also limitations to our analysis. First, our 
estimates are based on mortality and HRQoL patterns 
observed in the Norwegian population in 2016. These are 
likely to change over time and across cohorts and, conse-
quently, our estimates should be interpreted as period LE 
and QALE. Second, and closely related, there are strong 
birth cohort effects in educational attainment, reflecting 
a strong educational expansion in Norway that took place 
over the last 50 years and facilitated access to higher edu-
cation for more recent generations [36]. These cohort 
effects are particularly pronounced among women, where 
44% of individuals aged 70+ in 2016 attended secondary 
school or higher compared to more than 92% of those 
aged 40–49. Third, we only observe educational attain-
ment at time of death. Individuals may pursue further 
education at later stages in their lives, which may bias our 
estimates of LE if education has a causal effect on mortal-
ity. Fourth, we only observed the HRQoL of few individu-
als aged 75 or over and therefore pooled their estimates. 
This may lead to an over-estimate of QALE if HRQoL 
continues to decline as people age. Fifth, our results are 
likely to be subject to differential survivorship bias by 
educational attainment, which in turn affects observed 
HRQoL of the Tromso study population. Specifically, we 
observe higher mortality rates in individuals with lower 
educational attainment across nearly all age groups. As 
a result, HRQoL is measured in an increasingly selected 
population of survivors with, probably, better health. 
This might explain why we observe a convergence of 
HRQoL in EQ-5D utility scores and, to a lesser extent, 
in EQ-VAS scores across educational attainment in the 
older age groups. Sixth, our estimates of HRQoL by age 
are considerably higher than those reported by another 
recent survey of the general population in Norway [37]. 
We show in Table S1 in the online supplementary mate-
rial that this difference to a large extent can be explained 
by the choice of EQ-5D-5L scoring algorithm, with our 
study using an international amalgamation of value sets 
whereas theirs relies on the English value set [38]. There 
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is currently no official EQ-5D-5L value set available for 
Norway although this is in progress. Seventh, HRQoL 
data are self-reported and people with different levels 
of education may report their HRQoL differently [39]. 
Future research of socio-economic inequalities in QALE 
may want to adopt methods such as anchoring vignettes 
to adjust for response heterogeneity [40]. Finally, while 
the Tromsø study is broadly representative of the Nor-
wegian population in terms of age and sex, it is not geo-
graphically representative. However, there are currently 
no other suitable large-scale HRQoL data collections in 
Norway that could have been used instead.

Conclusions
In conclusion, we find a sizable educational gradient in 
lifetime health in Norway, one of the most developed and 
egalitarian societies in the world. Our estimates provide 
a benchmark against which other countries can be com-
pared. Our results emphasise the need to take a holistic 
approach to measuring health when assessing health 
inequalities [9]. Researchers need to be aware that esti-
mates of QALE can be sensitive to the source of HRQoL 
information.
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