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Abstract 

Background: National projections of life expectancy are made periodically by statistical offices or actuarial societies 
in Europe and are widely used, amongst others for reforms of pension systems. However, these projections may not 
provide a good estimate of the future trends in life expectancy of different social-economic groups. The objective of 
this study is to provide insight in future trends in life expectancies for low, mid and high educated men and women 
living in the Netherlands.

Methods: We used a three-layer Li and Lee model with data from neighboring countries to complement Dutch time 
series.

Results: Our results point at further increases of life expectancy between age 35 and 85 and of remaining life expec-
tancy at age 35 and age 65, for all education groups in the Netherlands. The projected increase in life expectancy is 
slightly larger among the high educated than among the low educated. Life expectancy of low educated women, 
particularly between age 35 and 85, shows the smallest projected increase. Our results also suggest that inequalities 
in life expectancies between high and low educated will be similar or slightly increasing between 2018 and 2048. We 
see no indication of a decline in inequality between the life expectancy of the low and high educated.

Conclusions: The educational inequalities in life expectancy are expected to persist or slightly increase for both men 
and women. The persistence and possible increase of inequalities in life expectancy between the educational groups 
may cause equity concerns of increases in pension age that are equal among all socio-economic groups.
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Introduction
Increased longevity poses great challenges to the welfare 
state, including the sustainability of pension systems. In 
response to these challenges, several countries intro-
duced changes in the pension system and increased the 
retirement age [1, 2]. According to the OECD, around 

two-thirds of reforms automatically linked future pen-
sions to (projected) changes in life expectancy. Some 
countries adjust benefit levels to life expectancy (Ger-
many, Finland, and Portugal), other countries link the 
number of years of contributions needed for a full pen-
sion to life expectancy (France), whereas again in other 
countries the pension age is linked to the increase in 
life expectancy (the Netherlands, Denmark, Estonia) [2, 
3]. For these and other purposes, national projections 
of future mortality are made periodically by statistical 
offices or actuarial societies in Europe. Most projections 
are based on extrapolative approaches, with the Lee-
Carter method mostly used [4–6]. The Lee-Carter model 
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summarizes mortality by age and period for a single 
population as an overall time trend, an age profile, and 
the age-specific deviations of mortality change over the 
entire fitting period [7]. Some recent national projections 
include mortality data from neighboring countries to 
increase the robustness of the projections using the Lee 
and Li approach [5, 6, 8].

Linkage of future pensions to the life expectancy of the 
national population might have different consequences 
for different socioeconomic groups, because of differ-
ences in mortality within the national population. People 
with a lower level of education on average have higher 
mortality than people with a higher level of education 
[9]. Inequalities in mortality translate into substantial 
inequalities in life expectancy. For example, in the Neth-
erlands the gap in period life expectancy at birth between 
high and low educated is 6.3 years for men and 3.3 years 
for women [10].

National projections of life expectancy may not pro-
vide a good expectation of the future trends in life expec-
tancy of different social-economic groups. First, there is 
no guarantee that trends in mortality of different socio-
economic groups are parallel or converging to a com-
mon overall trend. Over the past two to four decades 
relative inequalities in mortality have increased in almost 
all European countries, whereas absolute inequalities in 
mortality trends have followed a more variable course [9, 
11–13]. Moreover, trends in equalities have been shown 
to differ depending on the mortality measures and ine-
quality measures that are used [9].

Second, even in the situation of equal trends in mor-
tality rates of different socioeconomic groups, this may 
not translate into equal trends in life expectancy of these 
groups. Paradoxically, an increasing gap in life expectancy 
between socioeconomic groups may even arise in the 
situation of an identical drop in mortality rates for each 
group. Such an identical absolute drop in mortality rates 
increases life expectancy of the higher socioeconomic 
group more because of the higher ‘ex post survivability’, 
i.e., as compared to lower socioeconomic groups, higher 
socioeconomic groups have lower mortality rates at ages 
above the ages at which the drop occurred. Moreover, 
people from lower socioeconomic groups are less likely 
than those from higher socioeconomic groups to survive 
long enough to benefit from the reduction in mortality 
that occurs at older ages (‘ex ante survivability’) [14]. This 
implies that an equal reduction in mortality of low and 
high educated may translate into a larger life expectancy 
increase of the higher socioeconomic group.

Third, when socioeconomic status is measured by 
education and different educational groups have identi-
cal trends in life expectancy, this common trend will not 
be equal to that of the national population. Because of 

educational expansion, i.e., a growing part of the popula-
tion having a higher education and a reducing part having 
a lower education, the increase in life expectancy at the 
national level is partly due to changes in the educational 
composition. As a consequence, even in the unlikely 
situation of zero change in life expectancy of each edu-
cational subgroup, life expectancy of the national popula-
tion will increase due to educational expansion. Similarly, 
identical non-zero trends in life expectancy of each edu-
cational subgroup yield larger increases in life expectancy 
of the national population than for each subgroup. Luy 
et al. [15] estimated that the change in educational com-
position between around 1990 and 2010 accounted for 
approximately one year of the increase in life expectancy 
at age 30 in Italy and Denmark, and about 0.5  year in 
the United States. This corresponds to 19.1% of the total 
increase in that period for Italy, 19.9% for the US, and 
24% for Denmark.

Because future trends in life expectancy for different 
socioeconomic subgroups cannot be assumed to be same 
as for the national population, there is an urgent need 
for mortality projections for different socioeconomic 
groups. To date, projections of mortality and of result-
ing life expectancy for different socioeconomic groups 
are scarce. Some exceptions are a recent projection of 
life expectancy at birth for different income groups for 
South Korea [16], projections of remaining life expec-
tancy for socioeconomic groups in Denmark based on 
an individual affluence index [17], and a projection of life 
expectancy at age 65 for different education groups for 
the Netherlands, published five years ago [18]. In addi-
tion, there are a few projections by deprivation or wealth 
index of small areas [19, 20], a study that models mortal-
ity for socioeconomic groups but does not produce fore-
casts [21], and a study that models and projects mortality 
for different socioeconomic groups but does not present 
forecasts of future life expectancies of these groups [22].

Two reasons may explain the scarcity of mortal-
ity projections for different socioeconomic groups. 
First, the availability of time-series data of mortal-
ity by socioeconomic group, age and gender is lim-
ited, and if available time series are generally shorter 
than routinely used for mortality projections. Second, 
independent extrapolations of mortality for separate 
socioeconomic groups can lead to inconsistent results 
across the subgroups because it ignores common fac-
tors that may affect all subgroups. Mortality projec-
tions by subgroup require more complex approaches, 
such as the Lee and Li approach [23], that account for 
those common factors and that produce coherent pro-
jections for the different subgroups. The original Li and 
Lee approach uses mortality data of several countries 
to create a broad empirical basis for the identification 
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of the most likely long-term common trend combined 
with country-specific deviations from that common 
trend [8, 24, 25]. It is currently used to project national 
mortality rates for Belgium and the Netherlands, using 
data from multiple countries [6]. The combination of 
the multi-country approach and different socioeco-
nomic groups that we develop in our study is a natural 
next step that allows us to maximally use available data 
to make stable projections for educational groups.

The objective of this study is to derive insight in future 
trends in life expectancies for low, mid and high educated 
men and women living in the Netherlands. To improve 
the robustness of the extrapolations and to include infor-
mation on longer time trends of mortality than the rela-
tively short time series by education in the Netherlands, 
we use a three-layered Lee and Li approach. As upper 
layer we use national mortality data by age and gender 
in the Netherlands and five other North-Western Euro-
pean countries for the period 1970–2018, as second layer 
we use education-specific mortality by age and gender 
from these countries per 5-year periods for the period 
1990–2015, and as third layer we use mortality by educa-
tion, age and gender per year for the Netherlands for the 
period 2006–2018.

Methods
Data
Mortality data by education for the Netherlands were 
obtained through individual data linkage of register data 
of all persons living in the Netherlands, within the secure 
environment of Statistical Netherlands. A file with indi-
vidual data of all persons based on the population reg-
istry (‘Basis Registratie Personen’, BRP), was linked to a 
data file with anonymized codes of addresses, and begin 
and end of each period a person lived at a particular 
address (to exclude person-years not lived in the Neth-
erlands), and a data file with deaths of persons living in 
the Netherlands. Data on the educational attainment 
was based on the Educational Attainment File derived 
by Statistic Netherlands by combining information on 
education levels from several registries, including educa-
tional registries and unemployment registries, and from 
Labor Force Surveys. The educational attainment file 
started with data from 1999 onwards, but coverage was 
increasing over time to 11 million persons in 2018 (out 
of 17.1 million inhabitants). As there is no information 
on educational attainment for every citizen in the popu-
lation, weights in combination with a calibration proce-
dure developed by Statistical Netherlands [26] were used 
to ensure that the mortality rates by education based on 
linkage with educational registers are representative for 
the Dutch population. We derived mortality rates by 

education for age groups 35–39,…,80–84, per calendar 
year for the period 2006–2018.

In addition, we used mortality data by age, gender 
and education for variable periods between 1990 and 
2015 for five other North-Western European countries, 
i.e., Finland, Norway, Denmark, Belgium, and Switzer-
land. These data were collected and harmonized as part 
of European projects at Erasmus MC and described in 
prior publications [27, 28]. More details on the mortal-
ity data are given in Appendix 1 The five countries were 
selected because these countries provided data based on 
individual mortality follow up, had sufficiently long time 
series, provided data related to national populations and 
included three similar educational groups (low, mid and 
high educated). We excluded countries meeting these 
criteria with large educational inequalities (in Eastern 
and Central Europe) and small educational inequali-
ties (in Southern Europe). Using mortality derived from 
individual mortality follow-up, avoids bias in unlinked 
data [29] also known as dual-data-source bias [30]. 
Data were available in 5-year age groups and per 5-year 
calendar-period and three educational groups (low, mid 
and high). The five countries did not include exactly the 
same 5-year periods. We calculated for each country the 
midpoint of each 5-year period and we selected as com-
mon midpoints the years 1993, 1998, 2003, 2008 and 
2013. This selection minimizes changes in the composi-
tion of the group of countries for which data is used over 
time. In case a calculated midpoint did not match exactly 
with one of the common midpoints, we shifted the cal-
culated midpoint to the closest common midpoint (e.g. 
for Belgium the calculated midpoint was 1994 which 
was shifted to 1993). The shifts were maximum one year. 
For a summary of the data and the allocation to com-
mon midpoints, see Table 1 in the model description in 
Appendix 2.

Finally, we used on mortality by age and gender for the 
period 1970–2016 from the Human Mortality Database 
(HMD) [31]. We included data on deaths and person-
years (i.e., exposures) by 5-year age group for the age 
range 35–39 and over.

Socioeconomic Position indicator
Educational attainment is used as measure of socio-
economic position. Educational attainment is usually 
completed in early adulthood, which largely avoids the 
problem of reverse causation in studying adult mor-
tality (i.e. low education as the result of poor health or 
health losses) [32]. This is in contrast with for example 
income, which may also be the result of poor health or 
health losses, and may change substantially over the life 
course. A second reason to use mortality data by educa-
tion is that such data, classified in a comparable format 
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based on the international ISCED classification [33], 
could be obtained for several European countries based 
on individual mortality follow-up. Level of education was 
categorized into three levels: low (ISCED 0–2), medium 
(ISCED 3–4), and high (ISCED 5 +).

Statistical analyses
Modelling and predicting mortality rates
To model Dutch education-specific mortality, we use a 
three-layer Li and Lee model [23]. The upper layer mod-
els a common trend of log mortality for all countries 
included in the HMD  database1 and all educational lev-
els (referred to as `HMD’ mortality). The second layer 
models the deviation of education-specific log mortal-
ity of selected European countries (referred to as ‘INT 
EDU’ mortality) from the HMD mortality. The third layer 
models the deviation of Dutch education-specific log 
mortality (referred to as ‘NL EDU’ mortality) from the 
INT-EDU mortality. Hence, Dutch education-specific log 
mortality is the sum of the three layers. Each of the three 
layers is modeled using the Lee and Carter approach [7]. 
The Lee-Carter model summarizes mortality by age and 
period for a single population as a function of an age-
effect, a time trend, and age-specific sensitivities to the 
time trend [1]. In contrast with the original Li and Lee 
model, we do not impose that education-specific mortal-
ity convergences to the common trend. Moreover, we use 
the modified estimation method of Liu et al. [34] to esti-
mate the model parameters. Further information about 
the estimation of the three-layered Li and Lee model 
and the selection of time series processes is presented in 
Appendix 2.

We estimated the model separately for men and women 
for the age range 35–85 years to derive age, sex and edu-
cation specific mortality rates. Because of lower data 
quality of mortality by education at older ages, we extrap-
olated mortality rates above age 85 using a modification 
of the Kannisto method [35]. For a detailed description, 
see Appendix 2.

Construction of life tables
We constructed period life tables by gender for low, mid 
and high educated men and women based on the esti-
mated and projected mortality rates. We used standard 
life table methods for abridge life tables (i.e. 5-year age 
groups), assuming constant death rates within the age 
interval [36]. We present life expectancy by education 
between age 35–85  years (i.e., partial life expectancy), 
and remaining life expectancy by education at age 35 and 
at age 65. Remaining life expectancy includes extrapo-
lated mortality rates for age 85–89 up to and including 
age 110 + . Partial life expectancy, also known as tempo-
ral life expectancy, refers to the expected number of years 

lived between specific ages, in this case the ages of 35 and 
85. The maximal number of years lived between ages 35 
and 85 is 50 years. The partial life expectancy is strictly 
below 50 years because several persons die between their 
35th and 85th birthday. Results on partial life expectancy 
are often presented  because partial life expectancy is a 
measure that can exclude age ranges where data may be 
less reliable or absent [37], or because one wants to focus 
on a specific age range relevant for the topic under study, 
such as ages around the retirement age [38]. We present 
partial life expectancy for the age range 35 to 85 because 
this matches the range for which we have mortality data 
by education. In Appendix 3 we also present partial life 
expectancy for the age range 35 to 80 to allow for com-
parison with other studies on educational inequalities 
that use this age range [9, 39, 40]. We present outcomes 
for three time points, 15 years separated: 2018 (last year 
of observation), 2033 and 2048. In addition, we present 
the change in (partial and remaining) life expectancy 
as compared to 2018 and the change per year (change / 
number of years). Life expectancy estimates for other 
years are presented in Appendix 4.

Educational differences
We use the difference in life expectancies between the 
high and low educated, expressed in years, as the inequal-
ity measure. Because absolute differences in life years lost 
and in life expectancy are the same, our inequality meas-
ure can also be interpreted as difference in years lost.

Data preparations were done in STATA, version 16, 
model estimation and projection of mortality rates in 
Matlab, version R2019b, time series estimation in R, ver-
sion X62 462, and calculations of life expectancies and 
their inequalities in Excel 2016.

Results
Mortality trends
Figure  1 displays the common trend in the aggregate 
(over ages) log mortality for the international population 
with all educational levels combined (i.e., ‘HMD’ mortal-
ity, top panels), the deviation of international education-
specific aggregate log mortality (i.e., INT-EDU mortality) 
from this common trend (middle panels), and the devia-
tion of Dutch education-specific aggregate log mortality 
(i.e., NL-EDU mortality) from international education-
specific aggregate log mortality (bottom panels). One 
obtains the Dutch education-specific aggregate log mor-
tality by adding these three layers.

The top panels in Fig.  1 show that for both men and 
women, the aggregate log mortality trend in the HMD 
population with all educational levels combined is 
decreasing over time, indicating a decline in mortality. 
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The middle panels in Fig. 1 show the trend in the differ-
ence between aggregate log mortality rates in the INT-
EDU and the HMD population, for the three educational 
levels and for both genders. We observe the following:

• Low education group (middle panels, red lines/dots/
dashes): for both genders, the difference between 

INT-EDU aggregate log mortality rates and HMD 
aggregate log mortality rates is positive and increases 
over time. This indicates that mortality rates of low 
educated men (women) in the international popula-
tion are higher than mortality rates of the HMD pop-
ulation without distinction by education, and that 
these differences increase over time.

Fig. 1 The top left (right) panel displays the development over time of the aggregate log mortality of men (women) in the HMD population 
with all educational levels combined. The middle panels (left for men and right for women) display the development over time of the difference 
between education-specific aggregate log mortality in the international population (INT-EDU) and aggregate log mortality in the HMD population 
with all educational levels combined. Red corresponds to the low education group, green to the mid education group, and blue to the high 
education group. A positive value implies that the educational group has higher mortality rates than the HMD population with all educational 
levels combined; a negative value implies that it has lower mortality rates. The bottom left (right) panel displays the development over time of 
the difference between education-specific aggregate log mortality rates in the Dutch population (NL-EDU) and education-specific aggregate 
log mortality rates in the international population (INT-EDU), for the three educational levels. A positive (negative) value for an educational group 
implies that the mortality rates of that educational group in the Dutch population (NL-EDU) are higher (lower) than the mortality rates of the same 
educational group in the international population (INT-EDU). In all six panels, the dots represent observed values, the solid lines represent the fitted 
values in our Li and Lee model, the pink stars represent extrapolated or interpolated values, and the dashed-dotted lines represent best-estimate 
model forecasts. In terms of the Eqs. (11) and (12) in Appendix 2, the top panels correspond to the variables  Zt

1,g in the first layer, the middle panels 
correspond to the variables  Zt

2,g,e in the second layer, and the bottom panels correspond to the variables  Zt
3,g,e,NL in the third layer
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• Mid education group (middle panels green lines/
dots/dashes): for both genders, the difference 
between INT-EDU aggregate log mortality and HMD 
aggregate log mortality is close to zero and relatively 
flat over time, indicating that the trend of mortality 
of mid educated men (women) in the international 
population is similar to the trend in the HMD popu-
lation without distinction by education.

• High education group (middle panels, blue lines/
dots/dashes): for high educated men, the difference 
between INT-EDU aggregate log mortality rates and 
HMD aggregate log mortality rates is negative and 
decreasing over time, indicating that mortality rates 
of high educated men of the international popula-
tion are below those of the HMD level for men, and 
that the difference is becoming bigger over time. For 
high educated women, the results are similar but 
the difference between international education-spe-
cific mortality rates and mortality rates in the HMD 

population increases at a much smaller rate than for 
men.

Finally, the bottom panels in Fig. 1 display the deviation 
between Dutch education-specific aggregate log mortal-
ity rates (NL-EDU) and international education-specific 
aggregate log mortality rates (INT-EDU) for men and 
women and for the three education groups. The pan-
els show that in all six cases, the deviation of the Dutch 
education-specific mortality rates from the international 
education-specific mortality rates is very small and fluc-
tuates around zero with no clear trend over time.

Life expectancies by education
Table 1 presents the current and future period life expec-
tancy between age 35 and 85 for low, mid and high edu-
cated, based on the estimated and forecasted mortality 
rates between age 35 and 85, for the last observation year 
(2018) and two future years (2033 and 2048) yielding 

Table 1 Life expectancy (LE) between age 35–85 and remaining life expectancy at age 35 and at age 65 by gender and education (in 
years)

Low Change since 2018 Mid Change since 2018 High Change since 2018

Total Per year Total Per year Total Per year

Men
LE35-85

  2018 41.7 43.7 45.3

  2033 42.6 0.9 0.06 45.2 1.5 0.10 46.4 1.1 0.07

  2048 43.4 1.7 0.06 46.3 2.6 0.09 47.2 1.9 0.06

LE 35

  2018 43.6 46.0 48.7

  2033 44.8 1.2 0.08 48.4 2.4 0.16 50.8 2.1 0.14

  2048 46.3 2.8 0.09 50.4 4.4 0.15 52.8 4.1 0.14

LE 65

  2018 17.3 18.5 20.5

  2033 18.3 1.0 0.07 20.4 1.8 0.12 22.2 1.7 0.12

  2048 19.7 2.4 0.08 22.0 3.4 0.11 23.9 3.5 0.12

Women
LE35-85

  2018 44.1 45.8 46.6

  2033 44.3 0.4 0.02 46.7 0.9 0.06 47.3 0.7 0.04

  2048 44.5 0.4 0.01 47.4 1.6 0.05 47.9 1.3 0.04

LE 35

  2018 47.5 50.3 51.5

  2033 48.3 0.8 0.06 52.4 2.1 0.14 53.1 1.6 0.011

  2048 49.3 1.8 0.06 54.4 4.2 0.14 55.0 3.5 0.12

LE 65

  2018 20.7 22.3 23.0

  2033 21.7 1.0 0.07 24.1 1.8 0.12 24.4 1.4 0.09

  2048 23.0 2.3 0.08 25.9 3.6 0.12 26.1 3.1 0.10
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three time points 15 years apart. In addition, the change 
as compared to 2018 and the change per year (change 
/ number of years) are presented. Appendix 3 gives the 
life expectancies for the complete set of years between 
2006 and 2048. For the years 2006–2018, also a compari-
son is made between life expectancy between age 35 and 
85 based on observed death probabilities and based on 
modelled death probabilities (Appendix 5). This shows a 
large similarity between both life expectancies, i.e., our 
model fits the data quite well.

Life expectancy between age 35 and 85 increases over 
time in all educational groups and for both genders. 
For low educated men, it is projected to increase from 
41.7  years in 2018 to 43.4  years in 2048, an increase of 
1.7  years in 30  years (annual change of 0.06  years). For 
high educated men, it is projected to increase from 
45.3  years in 2018 to 47.2  years in 2048, an increase of 
1.9  years (annual change of 0.06  years). For women the 
projected increases are smaller, and are particularly 
small for lower educated women. In that group, partial 
life expectancy is projected to increase from 44.1  years 
to 44.5 years, an increase of 0.4 years in 30 years (annual 
increase of 0.01). For high educated women, it is pro-
jected to increase from 46.6 years in 2018 to 47.9 years in 
2048, an increase of 1.3 years in 30 years (annual increase 
of 0.04).

Table 1 presents also the remaining life expectancy at 
age 35 and age 65 for the years 2018, 2033 and 2048. For 
low educated men, remaining life expectancy at age 35 is 
projected to increase with 2.8 years in 30 years (0.09 years 
annually) and for high educated men with 4.1  years 
(0.14 years annually). For low educated women, remain-
ing life expectancy at age 35 is projected to increase with 
1.8  years (0.06  years annually) and for high educated 
women with 3.5 years (0.12 years annually).

Remaining life expectancy at age 65 is projected to 
increase with 2.4 years in 30 years (0.08 years annually) 
for low educated men and with 3.5  years (0.12  years 
annually) for high educated men. For low educated 
women, life expectancy at age 65 is projected to increase 
with 2.3 years (0.08 years annually) and for high educated 
women with 3.1 years (0.10 years annually).

Educational differences
Table  2 shows the educational differences in life expec-
tancy between age 35 and 85 and in remaining life expec-
tancy at age 35 and at age 65 for 2018, 2033 and 2048, 
showing similar or slightly increasing inequalities over 
time. The inequality in life expectancy  between age 35 
and age 65 was 3.6 in 2018 and for the year 2048 this 
is projected to be similar (3.8  years). For women, the 
inequality in life expectancy  between age 35 and age 
85 was 2.6  years in 2018 and is projected to be around 

3.4 in 2048, an increase of 0.8  years (annual increase 
of 0.03). The difference in life expectancy  at age 35 
between low and high educated men was 5.1  years in 
2018 and is projected to be around 6.4  years in 2048, 
an increase of 1.4  years (annual increase of 0.05  years). 
For women this is 4.0 years in 2018 and projected to be 
around 5.7 years in 2048, an increase of 1.7 years (annual 
increase 0.06  years). At age 65, for men, the inequality 
increases slightly from 3.2  years in 2018 to 4.3  years in 
2048, an increase of 1.1 (annual increase of 0.04  years) 
and for women from 2.4 to 3.2, an increase of 0.8 (annual 
increase 0.03).

Discussion
Main findings
Based on our forecasts of future mortality rates derived 
with a Li and Lee model, we predict that increases of 
life expectancy between age 35 and 85 and of remaining 
life expectancy at age 35 and age 65 will continue in the 
future for all education groups in the Netherlands. The 
projected increase in life expectancies is larger among 
the high educated than among the low educated. Life 
expectancy of low educated women, particularly between 
age 35 and 85, shows the smallest projected increase. Our 
projections suggest inequalities in life expectancies at age 
35 between high and low educated to be close to constant 
or slightly increasing over time. Our projections also sug-
gest educational inequalities in life expectancy to remain 
larger among men than among women, but women to be 
catching up in terms of inequalities, particularly for life 
expectancy between age 35 and 85 and remaining life 
expectancy age 35.

The persistence of inequalities in life expectancy 
between educational groups should not be seen in iso-
lation from the compositional change characterized by 
a reduction of the proportion of the population with 
lower education and an increase of the proportion of the 
population with a higher education. This process of edu-
cational expansion is expected to continue in the Neth-
erlands in the period covered by our projection. In 2019, 
the percentage of high educated in the age group 25 to 
65  years was approximately 35 percent and is projected 
to increase to 44 percent in 2050. For the 80 + age group, 
less than 20 percent was higher educated in 2919, and 
this percentage is expected to increase to 30 percent in 
2050 [41]. Clearly, education expansion has a direct effect 
on mortality projections for national populations, with 
population rates becoming more strongly determined by 
those of the high educated. There is some evidence that 
changes in the educational distribution are also associ-
ated with changes in education-specific mortality [42–
44]. One of the reasons is that in lower educated groups, 
there is an increased concentration of disadvantage in 
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terms of personal characteristics which are also related to 
mortality. In our Li and Lee framework, all time depend-
ent factors that affect mortality rates of the population 
and/or education groups (including educational expan-
sion) are captured in the time variables  Zt

1,g,  Zt
2,g,e, and 

 Zt
3,g,e,NL in the three layers. Past trends are estimated and 

projected into the future using best-estimate projections.
The persistence of inequalities in life expectancy 

between low and high educated in our projections is 
plausible if we consider expected trends in determinants 
of educational inequalities in life expectancy. A recent 
study of Mackenbach et  al. [39] showed that smok-
ing, low income and high body weight are risk factors 
that contribute most to inequalities in life expectancy 
between ag 35 and 80. The Dutch National Institute of 
Public Health [45] expects that diverging trends of smok-
ing and obesity prevalence between educational groups, 
currently witnessed in the Netherlands, will continue in 
the future. The least favorable mortality trends for low 
educated women may be partly related to smoking. This 

hypothesis is in line with the model of the ‘smoking epi-
demic’ that describes differences in the progression of the 
smoking epidemic between genders and socioeconomic 
groups [46]. It is also in line with results from a com-
parative study of several European countries that shows 
larger declines in mortality from smoking-related causes 
of death for high than for low educated women, whereas 
the reverse is true for men [28]. Finally, smoking-attrib-
utable mortality has been shown to decrease in consecu-
tive birth cohorts among low- and high educated men 
and high-educated women, but not among low educated 
women in whom it increased [47].

Strengths and limitations
A strength of our study is that we used a coherent fore-
casting method, developed by Li and Lee [23] to model 
different educational groups, using linked mortality data. 
Dual data sources to compute education-specific mortal-
ity have been shown to overestimate mortality among the 
low educated and overestimate educational differences 

Table 2 Educational differences (high-low) in life expectancy (LE) between age 35–85 and in remaining life expectancy at age 35 and 
at age 65, by gender and education (in years)

Difference Change since 2018 Difference Change since 2018

total per year total per year

Men

LE35-85

  2018 3.6 2.0

  2033 3.9 0.2 0.01 2.6 0.6 0.04

  2048 3.8 0.2 0.01 2.8 0.8 0.03

LE 35

  2018 5.1 2.4

  2033 6.0 0.9 0.06 3.6 1.2 0.08

  2048 6.4 1.4 0.05 4.1 1.7 0.06

LE 65

  2018 3.2 1.2

  2033 3.9 0.7 0.05 2.0 0.8 0.05

  2048 4.3 1.1 0.04 2.3 1.1 0.04

Women

LE35-85

  2018 2.6 1.8

  2033 3.0 0.4 0.03 2.4 0.6 0.04

  2048 3.4 0.8 0.03 2.9 1.2 0.04

LE 35

  2018 4.0 2.8

  2033 4.8 0.8 0.05 4.1 1.3 0.09

  2048 5.7 1.7 0.06 5.1 2.3 0.08

LE 65

  2018 2.4 1.7

  2033 2.8 0.4 0.03 2.5 0.8 0.05

  2048 3.2 0.8 0.03 2.9 1.3 0.04
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in mortality and may cause or exaggerate convergence in 
mortality between high and low educated [30]. By using 
linked mortality data, we avoid the numerator-denomi-
nator bias present in unlinked data sources.

The studies that are closest to ours are Khang et  al. 
[16] who use independent Lee Carter models to pro-
ject life expectancy at birth for different income groups 
for South Korea, Kjærgaard et al. [17] who use a CoDA 
approach (a Lee and Li type approach based on life table 
deaths instead of death rates) to project remaining life 
expectancy for socioeconomic groups based on an indi-
vidual affluence index in Denmark, and Van Baal et  al. 
[18] who use a Lee and Li approach to project life expec-
tancy at age 65 for different education groups for the 
Netherlands. By using independent Lee Carter models, 
the approach in Khang et al. ignores (likely) dependence 
between different socioeconomic groups caused by com-
mon factors (e.g., healthcare improvements) that affect 
all groups. Kjærgaard et al. account for this dependence 
but rule out widening gaps between socioeconomic 
groups by imposing that the trends in the mortality 
improvements of different socio-economic groups con-
verge to a common trend. Like Van Baal et al., we miti-
gate these concerns by using a Li and Lee approach that 
takes into account dependence between the subgroups by 
modeling a common trend, but without imposing con-
vergence to that common trend. The latter is important, 
as it is a strong assumption that educational group-spe-
cific trends converge, and the study of Van Baal showed 
that this was indeed not the case [18]. As compared to 
Van Baal et al., our study additionally includes mortality 
data from neighboring countries. This was also done in 
recent national projections in the Netherlands [2, 3] and 
Belgium [8], and has been shown to increase the robust-
ness of the projections [5, 48]. We could make use of 
unique data on mortality by education from five Euro-
pean countries based on individual mortality follow-up, 
that were collected and harmonized by Erasmus MC and 
were used in prior publications [9, 28, 39]. As can be seen 
from Fig. 1, the trend in education-specific mortality for 
the five European countries (middle panels) is quite sta-
ble and the deviation of Dutch education-specific mor-
tality from the international education-specific mortality 
(lower panels) is very small and shows no systematic pat-
tern. This indeed suggests that by adding data from other 
European countries, we can produce more robust pro-
jections. In addition, as compared to the mortality pro-
jection by Van Baal et al., we included also younger ages 
(35 +) as well as more recent data, used a novel one-step 
estimation procedure proposed by Liu et al. [34] instead 
of the standard multi-step approach, used the Kannisto 
method to estimate and project mortality rates above 

age 85 [35], and estimated separate models for men and 
women.

A limitation of our study is that information on educa-
tional attainment was not available for the entire popu-
lation (11 million out of 17.2 in million in 2018, but 
with lower coverage for older ages and early years). We 
applied correction factors additionally based on mortal-
ity data aggregated across all education groups and the 
group with missing education, following the approach 
developed by Statistics Netherlands for their calculations 
of life and health expectancy by education [26]. We did 
not include years prior to 2006 as these years were more 
impacted by this correction, and used mortality rates 
by education only up to age 85. Another limitation was 
that the time series of mortality by education were rather 
short for the Netherlands (2006–2018), particularly as 
compared to times series used in projections of the total 
population (by gender). Relying on short time series 
always yields the risk of extrapolating tendencies that are, 
in fact, only temporary. To mitigate this risk, we included 
longer time series of mortality for the total population 
(1970–2018) as well as longer time series of mortality by 
education from other North-Western European coun-
tries (1990–2018). The fact that deviations between aver-
age mortality in the Dutch education groups and average 
mortality in the international education groups are very 
small and behave like random noise (see bottom panels 
in Fig. 1) shows that the international education-specific 
trends are likely representative for the Dutch education-
specific trends.

Another limitation is that our data did not allow us to 
take into account cohort effects in addition to period 
effects, nor did we make separate projections for smokers 
and non-smokers. This may have resulted in too optimistic 
mortality rates of women at older ages, particularly of low 
educated women. Based on the model of the smoking epi-
demic, we expect that current less favorable developments 
at middle ages in this group will shift to older ages as the 
affected cohorts get older. This would imply that also edu-
cational differences in remaining life expectancy at ages 35 
and 65 could be larger than based on our projection.

Finally, our study provides best-estimate projections 
of future trends but does not quantify the correspond-
ing uncertainty. The use of a three-layer Lee and Li 
model using datasets of different lengths and extrapo-
lations to ages 85 + likely leads to considerable uncer-
tainty. Moreover, the (unavoidable) choice of a specific 
projection model leads to so-called “model uncertainty”, 
which may be substantial and is not captured by predic-
tion intervals [6]. According to Stoeldraijer [6] Statistics 
Netherlands takes 10  years as indication for the uncer-
tainty of life expectancy at birth, 40  years ahead. We 
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present results up to 2048, so maximum 30 years ahead, 
but our extrapolations are based on shorter time series 
and smaller numbers of observations because of strati-
fication by education. We therefore expect large uncer-
tainty intervals as well. Our outcomes should therefore 
be interpreted as extrapolations of past trends that give 
an indication of likely future developments if these trends 
continue, rather than a prognosis of future mortality and 
life expectancy.

Comparison with recent trends and with other projections
The projected persistence and increase of inequalities in 
life expectancy between socioeconomic groups found in 
our study, is in line with the general picture arising from 
the existing literature on recent trends. For the Nether-
lands, inequalities in life expectancy by income quintile 
at age 40 increased between 2005 and 2015 [49]. For 
other European countries, there was also no evidence for 
a reduction in inequalities [43, 50–52]. Only for Norway 
the evidence was mixed, with one out of three studies 
showing a reduction in inequalities based on a compari-
son of three cohort studies [53], but the other studies 
pointing at persistent or increasing inequalities [53–55]. 
Longer time trends for the United Kingdom showed for 
men a widening socio-economic gap in life expectancy at 
birth during the 1980s and 1990s, but a reduction of the 
gap during the 2000s, and for women a widening gap 
since the mid-1990s. Trends in socioeconomic inequali-
ties in life expectancy between areas in England point 
at a recent widening of inequalities for both genders. 
For women living in the most deprived areas in England 
there was even a reduction in life expectancy [56].

Regarding consistency with other projections, we are 
aware of only three projections using individual socio-
economic position, i.e., excluding studies that use area-
based indicators: one for life expectancy at age 65 for 
the Netherlands using three education groups [18], one 
for life expectancy at birth for South Korea using income 
quantiles [16], and one for Denmark using an affluence 
index [17]. Similar to our study, the older Dutch projec-
tion by Van Baal et  al. projected increasing life expec-
tancy at age 65 for all educational groups for both men 
and women, with smaller increases for the low edu-
cated than for the high educated. In addition to projec-
tions by educational group, we are aware of a projection 
for South Korea, using income as socioeconomic status 
measure [16]. That study projects increasing inequalities 
between income quintiles in life expectancy at birth of 
the total population as well as for women, but for men 
the inequalities were projected to decrease. However, 
developments in South Korea may be less comparable 
to European countries. Moreover, using life expectancy 
at birth combined with income as socioeconomic status 

variable makes the outcomes less comparable to ours. For 
the United Kingdom there are also some studies that use 
area deprivation measures instead of individual socio-
economic measures [20, 57]. These studies project that 
inequalities in life expectancy between areas will further 
increase [20, 57]. In contrast, the study for Denmark [17] 
finds convergence of the lowest socioeconomic groups 
towards the other groups and constant inequalities for 
the other groups. This, however, may be due to the fact 
that their model imposes convergence of the group-spe-
cific trends to the common trend.

The scarcity of projections by education or other soci-
oeconomic position measures may well reflect the fact 
that making mortality projections of different socioeco-
nomic position groups is a more challenging and uncer-
tain exercise than projections of the national population. 
Specific limitations related to the Dutch data add to this. 
Re-assuring, however, was that projected mortality rates 
for women were lower than for men in all education 
groups and that we did not project cross-overs between 
educational groups. Also re-assuring was that in line 
with prior evidence [58], we projected larger inequali-
ties between the low and high educated for men than 
between high and low educated women. Our projection 
suggests decreasing gender gaps, which fits with known 
evidence on the impact of the smoking epidemic [30, 
44]. Finally, our projections fit well with the projections 
made by Statistics Netherlands for the total population 
(by gender, but not by education) based on longer time 
series, finer-graduated data (single age and single calen-
dar year) and avoiding uncertainty related to using mor-
tality data by education. Statistics Netherlands projected 
life expectancy at age 65 to be 22.1 in 2048, which is con-
sistent with our estimates of 19.7 years for low educated, 
22.0  years for mid educated and 23.9 for the high edu-
cated [59]. For women, projected life expectancy by Sta-
tistics Netherlands at age 65 is 25.1 as compared to 23.0 
for low, 25.9 for the mid and 26.1 for the high educated in 
our study.

Conclusion and implications
Based on our projections, we conclude that whereas all 
educational groups are expected to experience further 
increases in life expectancy between age 35 and 85 as well 
as in remaining life expectancy at age 35 and 65, low edu-
cated are not expected to catch up with higher educated 
peers. Trends for low educated women are expected to 
be the least favorable, particularly between ages 35 and 
85. We further conclude that inequality in mortality and 
life expectancy between educational groups are persis-
tent and may increase further in the future.

This persistence of inequalities in life expectancies 
between education groups combined with the declining 



Page 11 of 13Nusselder et al. BMC Public Health         (2022) 22:1664  

share of lower educated and increasing share of higher 
educated groups in the population, has implications 
for the interpretation of future changes in period life 
expectancy of national populations and for their use in 
economic and social policy. First, part of the increase 
in period life expectancy does not reflect a reduction in 
mortality rates of the different groups, but an increase 
in the fraction of high educated in the population. 
Second and more importantly, national projections 
mask the large and persistent inequalities between 
the socioeconomic groups we found in our study. This 
is particularly relevant when national projections of 
life expectancy are used in pension policies, as is the 
case in many countries. In the Netherlands, for exam-
ple, pension age is linked to projected changes in life 
expectancy of the national population [60]. This causes 
equity concerns. To assess the viability of such policies, 
there is a need to address variations in level and future 
trends in life expectancy of different socioeconomic 
groups. In addition, variations in years lived in good 
health relative to the increased pension age [38] are 
also important to consider in a pension reform, as poor 
health may push people to unemployment or disability 
benefits before they reach the retirement age. Differen-
tiation of the statutory pension age by socio-economic 
position is a possible scenario to address both ine-
qualities in life expectancy after retirement as well as 
inequalities in the expected number of years in good 
health before the retirement. However, practical imple-
mentation of a differentiated pension age is highly com-
plicated and politically contentious. It involves dividing 
people in groups based on criteria that are partly sub-
jective, while the financial consequences of the division 
can be substantial.
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