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Background

Life Expectancy (LE) and the number of older adults is 
increasing worldwide [1]. LE is higher in the Nordic 
countries compared to global estimates, and for long 

periods after World War 2 Iceland, Sweden and Norway 
had the highest LE worldwide [2]. In Norway, LE at 
birth (LE0) increased from 75 to 81 years in men and 
81 to 84 in women from 1995 to 2019 [3]. During the 
same period, LE at 70 years (LE70) increased by 4 years 
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Abstract
Aim: Understanding whether increasing Life Expectancy (LE) translates to improved health and function among older 
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with disability however, remained low. Conclusions: From the mid-1990s and over the past three decades both LE 
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and high educational levels. Educational inequalities in DFLE increased, especially in men, but years spent with 
disability were similar across the three decades. 
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in men and 3 years in women [3]. When LE increases, 
the number of years spent with disability may be com-
pressed, expanded or stable [1]. However, at present 
there is limited evidence on recent trends in disability 
among older Norwegians, and we cannot conclude 
which of these three scenarios has occurred. This would 
be relevant knowledge for planning of future health care 
services, resource allocation and age at retirement.

The World Health Organization (WHO) has 
stressed the need to study functional ability, rather 
than just focus on the prevalence of diseases or 
comorbidities [4]. Functional ability is the interac-
tion between an individual’s intrinsic capacity and 
the environmental demands [4]. Disability may be 
used as a measure of functional ability, and defined 
as ‘difficulty doing activities in any domain of life 
[. . .] due to a health or physical problem’ [5]. Women 
and lower educated groups have been found to have 
higher risk of developing disability compared with 
men and higher educated groups[1]. Increasing ine-
qualities in LE between socioeconomic status (SES) 
groups have been found in Norway [6], and it is of 
interest whether this also applies to disability-free life 
expectancy (DFLE).

Health expectancy calculations combine mortality 
and morbidity data to provide a composite measure of 
the health status in a population. One such measure, 
DFLE, is an estimate of years expected to be lived with-
out disability. DFLE is commonly assessed by using the 
Global Activity Limitation Index (GALI) or Activities 
of Daily Living (ADL) [7]. GALI consists of a question 
about activity limitations in the past 6 months due to a 
health problem. ADL consists of Personal ADL 
(PADL) including abilities necessary for basic function-
ing such as bathing, dressing or eating [8], and 
Instrumental ADL (IADL) assessing somewhat higher 
levels of performance, such as the ability to pay bills, go 
out or do shopping [9]. Overall, ADL disability increases 
steadily with age, and IADL disability is more common 
but less severe than PADL disability [1]. There is lim-
ited data on DFLE in Norway, and this is the first study 
including data from the last decade.

Aim

The aim of this study was to estimate time trends in 
DFLE and years lived with disability (based on ADL) 
from 1995 to 2017 in older Norwegians by sex and 
education.

Methods

Study population

The study population was a combination of aggre-
gated data from two data sources for Norwegian 

adults aged 70 years or older: (1) national life table 
registry data on mortality and population size by sex, 
education and year; and (2) self-reported disability 
data from the Trøndelag Health Study surveys 
(HUNT) 2, 3 and 4 by sex, education and year. In 
view of the lack of current national disability data, 
the HUNT Study data were used as proxy for nation-
ally representative data on community-dwelling older 
adults.

Registry data.  National data on mortality for the 
years close to the initial years for the HUNT surveys 
(1995, 2006 and 2016 – latest year available) were 
provided by microdata.no. Microdata is a collabora-
tion service by the Norwegian Centre for Research 
Data (NSD) and Statistics Norway (SSB). The pop-
ulation aged 70 years and older and alive on 1st of 
January was followed up for 1 year by sex and educa-
tion, and mortality was registered. This included 
34,057 deaths among 497,679 individuals (mid-year 
population) in 1995, 31,703 deaths among 491,878 
individuals in 2006 and 30,822 deaths among 
576,537 individuals in 2016. Education from the 
national education database (NUDB) was assessed 
on 1st of January and grouped as basic (9 years or 
less, ISCED 2011 level 1–2) or higher (10+ years, 
ISCED 2011 level 3–8). Only two levels were used 
due to low numbers in the higher educational levels.

HUNT survey data.  In total, 24,733 participants 
aged 70 years and older who completed the ADL 
questions in HUNT2 in 1995–1997 (n=8895), 
HUNT3 in 2006–2008 (n=6652) and HUNT4 in 
2017–2019 (n=9186) were included (Appendix 
Table 1). The HUNT Study is a mix of cross-sec-
tional and longitudinal study as all are invited. Our 
purpose was to cross-sectionally compare different 
birth cohorts at the same age at different time points; 
however, some participants are included more than 
once (84% participated once, 15% twice and 1% 
three times). The HUNT Study was conducted in 
the former Nord-Trøndelag County which includes 
both rural and urban populations, and has been 
found to be fairly representative of the Norwegian 
population [10].

Activities of Daily Living (ADL).  ADL are self-
reported questions concerning practical everyday 
tasks [11]. ADL can be characterized as Personal 
ADL (PADL) covering basic tasks, and Instrumental 
ADL (IADL) covering slightly higher levels of per-
formance. ADL items included in the HUNT Study 
are shown in Appendix Table 2. Men have been found 
to be less likely to do the IADL activities housekeep-
ing and laundering, for reasons unrelated to health 
limitations – reflecting gendered expectations 
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regarding household activities [12]. To avoid gender 
bias, the three IADL items prepare warm meals, do 
light housework and do laundry were removed from the 
analyses [12]. There were three response categories 
(1=yes; 2=with some help; 3=no) in HUNT2, and 
two (1=yes; 2=no) in HUNT3 and HUNT4. In line 
with previous reports [13], the latter two categories 
were combined in HUNT2. Responses were dichot-
omized into PADL disability if they answered yes on 
at least one of the PADL items, and no PADL disabil-
ity if they answered no for all items (see Appendix 
Table 2). To be included in the study the respondent 
had to answer at least one of the items in the PADL 
battery. In a sensitivity analysis, a stricter inclusion 
criterium were applied, including only those with 
non-missing for at least five out of seven PADL items. 
The two disability prevalences were similar in the two 
settings, and therefore the former was applied to 
increase sample size. A similar procedure was applied 
for IADL.

A graded disability construct based on PADL and 
IADL.  A graded disability construct with three cat-
egories based on a combination of PADL and IADL 
was made: (1) No IADL or PADL disability (no 
disability), (2) IADL disability only (mild disability) 
and (3) PADL disability only or in combination 
with IADL disability (severe disability) [14]. This 
graded disability variable was used in the LE(70) cal-
culations, which was broken down into three 
groups: DFLE, Mild-Disability LE and Severe-
Disability LE, with accompanying 95% confidence 
intervals.

Education.  Education in HUNT was self-reported. 
In HUNT3, education was only registered for a small 
subsample (6%), and therefore education in HUNT3 
was imputed from HUNT2 (91%). A small fraction 
was also imputed from HUNT4 (3%). Overall, miss-
ing values for education were 3%, 3% and 1%, for 
HUNT2, HUNT3 and HUNT4, respectively. Edu-
cation at all three surveys were dichotomized to 
match the coding used in the registry data as basic 
(⩽9 years) or higher (10+ years).

Statistical methods

First, prevalences of each of the three states of the 
graded disability construct were predicted from a 
general linear model with Poisson distribution and 
identity link, including the covariates age (aggregated 
in 5-year age intervals), sex and a dummy variable 
indicating the HUNT survey (2, 3 or 4). All interac-
tions (three-way and two-way) were included to 
ensure full flexibility in the modelling and allowing 
trends to differ by sex and age. Separate models were 

run for the educational groups. Secondly, national 
mortality rates were calculated for 1-year age bands 
from age 70 to 87+ for 1995 and 2006, and 70 to 
88+ years for 2016, and smoothed using Poisson 
regression and splines. Owing to legal data restric-
tions in microdata.no, those older than 87 years for 
HUNT2 and HUNT3, and 88 years for HUNT4 
were collapsed into one group and denoted 87+ and 
88+ years, respectively. Thirdly, life tables and LEs at 
age 70 were calculated based on mortality rates and 
number of persons from national registry data. Lastly, 
based on prevalences from the HUNT surveys, years 
spent in each of the three disability categories, with 
accompanying 95% confidence intervals, were calcu-
lated according to the Sullivan method [15].

Comparability across HUNT surveys.  The population 
size in the former county of Nord-Trøndelag has 
been stable since the first HUNT survey in 1984 
with little in and out migration [16]. The response 
rate for those aged 70 years and older with valid data 
on ADL and education was 61% in HUNT2, 49% in 
HUNT3 and 47% in HUNT4 (Appendix Table 1). 
Data in the HUNT surveys were collected in a simi-
lar manner at field stations, including older adults 
living in institutions. In HUNT4 an additional data 
collection from home visits and nursing homes was 
prioritized to increase participation in these groups 
and to get a more representative sample of older 
adults. To ensure comparability across study waves 
this sample was not included in the main analyses, 
but an additional analysis was performed for HUNT4 
to investigate how the inclusion of these groups 
impacted the results (Appendix Figure 1).

Ethics.  The Regional Committee for Medical and 
Health Research Ethics (REC) approved HUNT2 
and HUNT3, and participants signed a written 
informed consent to participate. HUNT4 was 
licensed by the Norwegian Data Protection Author-
ity. This study was approved by REC (REC 2019/149 
South East).

Results

Prevalence of disability

In general, self-reported disability decreased during 
1995–2017, except for a slight increase in severe dis-
ability among men in the oldest age group and 
women in the highest educated group during 2006–
2017 (Table I). During 1995–2017, the percentage 
reporting no disability increased from 70% to 84% in 
men and 61% to 83% in women. Thus, disability was 
slightly more prevalent in women. Both mild and 
severe disability increased by age, and was higher 
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among those with basic educational level compared 
with those with higher education. In general, mild 
disability was more prevalent than severe disability; 
13% versus 3% in men and 15% versus 3% in women 
over 70 years in 2017.

Time trends

Between 1995 and 2017 LE increased by 3.4 years 
for men (from 11.9 to 15.3 years) and 2.4 years for 
women (from 14.7 to 17.1 years) (Table II). LE 
increased more for those with high education com-
pared to basic education; in men with high education 
LE increased by 3.4 years from 12.7 to 16.1 years, 
while for basic education LE increased by 2.6 years 
from 11.1 to 13.7 years. Correspondingly, in high 
educated women LE increased by 2.3 years from 
16.2 to 18.5 years, while for basic education the 
increase was 1.5 years from 14.0 to 15.5.

There was a significant increase in DFLE from 
1995 to 2017 for both men (4.1 years, 95% confi-
dence interval (CI) 3.4–4.5) and women (4.6 years, 
95% CI 2.4–5.0) (Table II). In the same period, 
DFLE increased for all educational groups; the 
increase was 3.1 years (95% CI 2.6–3.6) for men 
with basic education and 4.3 years (95% CI 3.4–5.0) 
for men with high education, while the correspond-
ing numbers in women were 3.8 years (95% CI 

1.5–4.3) and 4.7 years (95% CI 2.3–5.8) (Table II, 
Figure 1). Mild-Disability LE decreased signifi-
cantly in both men and women during 1995–2017; 
from 3.1 to 2.5 years in men, and from 4.3 to 3.4 
years in women. Furthermore, in women, Mild-
Disability LE decreased significantly both among 
those with basic (−1.0, 95% CI −1.5 to −0.5) and 
high education (−1.4, 95% CI −2.5 to −0.3), while 
in men there was no significant change over time. 
Years with severe disability were stable in men (0.8 
years in 1995 and 0.7 years in 2017), while in women 
there was a significant reduction from 2.0 years in 
1995 to 0.7 years in 2017. In men, years with severe 
disability were stable over time both among basic 
and high educated. In women, however, there were 
significant reductions in both basic (−1.3 years, 95% 
CI −1.6 to −1.0) and high educated (−1.0 years, 
95% CI −1.8 to −0.2).

Sex and educational differences

Women had both longer LE and DFLE at age 70 
compared to men for all years, but the differences in 
LE between men and women decreased from 2.8 to 
1.8 years, while DFLE remained stable with a female 
advantage of 0.9 years in 2017 (95% CI 0.5–1.3) 
(Table III). At the same time, there were increasing 
educational differences in DFLE for men; the excess 

Figure 1.  Disability-Free LE (DFLE), Mild-Disability LE, Severe-Disability LE for men and women at age 70 years from 1995 to 2017, 
the HUNT Study, Norway.
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DFLE among high educated increased from 1.3 to 
2.5 years during 1995–2017. A similar pattern was 
seen in women, but the change over time was not 
significant. This increased inequality in men was 
driven mainly by increasing educational differences 
in LE, since there were negligible educational differ-
ences in Mild-Disability LE and Severe-Disability 
LE (Table III, Figure 2). From 1995 to 2017 differ-
ences in Severe-Disability LE between men and 
women disappeared, and remained negligible 
between educational groups (Table III).

Including institutionalized data in HUNT4

When including data from participants collected at 
home visits and nursing homes (n=570) in the over-
all sample from 2017, the percentage reporting low 
levels of disability remained relatively stable, while 
the percentage reporting high levels of disability 
increased (Table I). Consequently, DFLE in 2017 

decreased from 12.1 to 11.6 years in men and 13.0 
to 12.0 years in women, when including this sample 
in the calculations (Appendix Figure 1). Mild-
disability LE did not change in men (and only from 
3.4 to 3.3 years in women), so the change was mostly 
for Severe-Disability LE, which increased from 0.7 
to 1.2 years in men and from 0.7 to 1.8 years in 
women.

Discussion

Key findings

From 1995 to 2017 DFLE increased while the 
number of expected years lived with disability was 
compressed among older Norwegians. Sex differ-
ences for the latter metric decreased, resulting in no 
sex differences in expected years with severe disabil-
ity in 2017. Educational inequalities in DFLE 
increased from 1995 to 2017, while inequalities in 

Table II.  Life Expectancy (LE), Disability-Free LE (DFLE)1, Mild-Disability LE, Severe-Disability LE at age 70 years from 1995 to 2017 
by sex and education2.

Year LE Disability-Free LE 
(DFLE)

Mild-Disability  
LE

Severe-Disability  
LE

  Years Years 95% CI Years 95% CI Years 95% CI

Sex
  Men 1995 11.9 8.0 (7.8–8.2) 3.1 (2.9–3.3) 0.8 (0.7–0.9)
  2006 13.9 10.8 (10.6–11.0) 2.6 (2.4–2.8) 0.5 (0.4–0.6)
  2017 15.3 12.1 (11.9–12.3) 2.5 (2.3–2.7) 0.7 (0.6–0.8)
Change 1995–2017 3.4 4.1 (3.4–4.5) −0.6 (−1.0– −0.2) −0.1 (−0.3–0.1)
  Women 1995 14.7 8.4 (8.2–8.6) 4.3 (4.1–4.5) 2.0 (1.8–2.2)
  2006 16.0 11.7 (11.5–11.9) 3.6 (3.4–3.8) 0.7 (0.6–0.8)
  2017 17.1 13.0 (12.8–13.2) 3.4 (3.2–3.6) 0.7 (0.6–0.8)
Change 1995–2017 2.4 4.6 (2.4–5.0) −0.9 (−1.3– −0.5) −1.3 (−1.6– −1.0)
Education
Men
  Basic 1995 11.1 7.4 (7.2–7.6) 2.9 (2.7–3.1) 0.8 (0.7–0.9)
  2006 12.8 9.8 (9.5–10.1) 2.5 (2.2–2.8) 0.5 (0.4–0.6)
  2017 13.7 10.5 (10.2–10.8) 2.5 (2.2–2.8) 0.7 (0.5–0.9)
Change 1995–2017 2.6 3.1 (2.6–3.6) −0.4 (−0.9–0.1) −0.1 (−0.4–0.2)
  High 1995 12.7 8.7 (8.3–9.1) 3.2 (2.8–3.6) 0.8 (0.5–1.1)
  2006 14.6 11.5 (11.1–11.9) 2.6 (2.2–3.0) 0.5 (0.3–0.7)
  2017 16.1 13.0 (12.7–13.3) 2.5 (2.2–2.8) 0.6 (0.4–0.8)
Change 1995–2017 3.4 4.3 (3.4–5.0) −0.7 (−1.4–0.0) −0.2 (−0.7–0.3)
Women
  Basic 1995 14.0 8.0 (7.8–8.2) 4.1 (3.9–4.3) 1.9 (1.7–2.1)
  2006 15.1 10.9 (10.6–11.2) 3.5 (3.2–3.8) 0.7 (0.6–0.8)
  2017 15.5 11.8 (11.5–12.1) 3.1 (2.8–3.4) 0.6 (0.5–0.7)
Change 1995–2017 1.5 3.8 (1.5–4.3) −1.0 (−1.5– −0.5) −1.3 (−1.6– −1.0)
  High 1995 16.2 9.8 (9.2–10.4) 4.7 (4.1–5.3) 1.7 (1.2–2.2)
  2006 17.2 12.8 (12.2–13.4) 3.9 (3.3–4.5) 0.5 (0.2–0.8)
  2017 18.5 14.5 (14.0–15.0) 3.3 (2.8–3.8) 0.7 (0.4–1.0)
Change 1995–2017 2.3 4.7 (2.3–5.8) −1.4 (−2.5– −0.3) −1.0 (−1.8– −0.2)

1Disability-Free = no IADL or PADL disability, Mild disability = IADL disability only, and Severe disability = PADL disability only or 
in combination with IADL disability.
2Education was split into basic (9 years or less, ISCED 2011 level 1–2) and higher education (10+ years, ISCED 2011 level 3–8).
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expected years with mild disability decreased and 
inequalities in years with severe disability remained 
negligible.

Trends in DFLE

Prevalence of disability has decreased both among 
Norwegian and Swedish older adults from the 
1970/1980s to 2000 [17,18]. A large review of the lit-
erature in Europe and USA during 1991–2011 sug-
gests compression of ADL limitations in more recent 
born cohorts of older adults [1]. In line with this, 
other review studies report a decline in prevalence of 
disability over time, especially for mild and moderate 
disability but less so for severe disability [19], with 
simultaneous increase in chronic disease [1,20,21]. 
Globally, population ageing has led to a total increase 
in years lived with disability, even though there has 
been a slight decrease in age-standardized disability 
incidence rates [22]. In Sweden, years with activity 
limitations at age 65 years decreased between 1980 
and 2011, and there was a compression of disability 
[23]. In the USA, increased DFLE among older 
adults between 1980 and 2010 has been found [24]. 
The increase for men was higher compared to women, 
and thus sex differences decreased [25]. Findings 
from review studies are in line with this study, where 
women and higher educated groups have been found 

to have higher LE and DFLE than men and lower 
educated groups [1,20,21].

Interpretation of findings

The finding that LE increased and years with disabil-
ity were compressed between 1995 and 2017 may be 
explained by improved treatment and prevention of 
diseases. This may in turn have improved health and 
function. PADL dependency has been found to be 
associated with higher level of home nursing [26]. 
Thus, decreasing years with severe disability might 
indicate a lower demand for home nursing per per-
son, but the total demand will depend on the number 
of older adults. Further, technological advances may 
also affect functional abilities, without altering older 
adults’ intrinsic capacity [4].

Compression of disability might also be explained 
by cohort-specific changes for those born during the 
1920s and 1940s. A Norwegian study from 2019, 
with birth cohorts overlapping with the cohorts in 
our study, found improved grip strength at older ages 
for more recent born cohorts [27]. Grip strength is 
strongly associated with ageing [28]. In the Norwegian 
study, improvement in height and education, which 
both have their origins in early life, were important 
drivers for the cohort changes in grip strength. Thus, 
cohort differences in disability in old age could also 

Table III.  Sex and educational inequalities in Life Expectancy (LE), Disability-Free LE (DFLE)1, Mild-Disability LE, Severe-Disability 
LE at age 70 years.

Year LE Disability-Free LE 
(DFLE)

Mild-Disability  
LE

Severe-Disability  
LE

Years (95% CI) Years (95% CI) Years (95% CI)

Sex
  Women–men  
  1995 2.8 0.4 (0.0–0.8) 1.2 (0.8–1.6) 1.2 (0.9–1.5)
  2006 2.1 0.9 (0.5–1.3) 1.0 (0.6–1.4) 0.2 (0.0–0.4)
  2017 1.8 0.9 (0.5–1.3) 0.9 (0.5–1.3) 0.0 (−0.2–0.2)
Change 1995–2017 −1.0 0.5 (−0.3–1.3) −0.3 (−1.1–0.5) −1.2 (−1.7– −0.7)
Education
Men
  High–basic  
  1995 1.6 1.3 (0.7–1.9) 0.3 (−0.3–0.9) 0.0 (−0.4–0.4)
  2006 1.8 1.7 (1.0–2.4) 0.1 (−0.6–0.8) 0.0 (−0.3–0.3)
  2017 2.4 2.5 (1.9–3.1) 0.0 (−0.6–0.6) −0.1 (−0.5–0.3)
Change 1995–2017 0.8 1.2 (0.0–2.4) −0.3 (−1.5–0.9) −0.1 (−0.9–0.7)
Women
  High–basic  
  1995 2.2 1.8 (1.0–2.6) 0.6 (−0.2–1.4) −0.2 (−0.9–0.5)
  2006 2.1 1.9 (1.0–2.8) 0.4 (−0.5–1.3) −0.2 (−0.6–0.2)
  2017 3.0 2.7 (1.9–3.5) 0.2 (−0.6–1.0) 0.1 (−0.3–0.5)
Change 1995–2017 0.8 0.9 (−0.7–2.5) −0.4 (−2.0–1.2) 0.3 (−0.8–1.4)

1Disability-Free = no IADL or PADL disability, Mild disability = IADL disability only, and Severe disability = PADL disability only or 
in combination with IADL disability.
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partly be attributable to differences in exposures 
accumulating from early life and onwards. Further 
research is needed to investigate the causes influenc-
ing the prevalence of disability.

We found that DFLE increased more among 
higher educated compared to the group with basic 
education. However, this change was mainly due to 
increasing inequalities in LE since expected years 
with severe disability was similar for those with basic 
and high education during the whole study period. 
One possible interpretation is that severe disability 
occurs towards the end of life, but occurs later among 
those with higher education as they live longer. Those 
with high education could in fact expect to live 
slightly longer with mild disability. Thus, it could be 
that increasing LE results in more years spent with 
mild disability. The general educational level in the 
population has increased over the same time period, 
and consequently more people have moved into the 
high educated group. The group with basic education 
has become more marginalized, which could have 
contributed to the increasing educational difference 
in DFLE.

Expected years spent with severe disability among 
men decreased, but more so for women and thereby 
sex differences disappeared. However, women could 

expect to live more years than men with mild disabil-
ity. This is in line with studies both from USA and 
Europe, reporting more health-related IADL limita-
tions among women than among men [12]. In a 
recent SHARE study, including 16 European coun-
tries, women generally reported more activity limita-
tions (GALI), but the magnitude differed between 
countries and age groups [29].

Strengths and limitations

Strengths of this study are the high-quality data from 
national registers and the population-based HUNT 
Study with high participation. Except for a more 
active recruitment of older participants in HUNT4 
including nursing homes and home visits, the same 
data collection procedure was used in all HUNT sur-
veys. This gives comparable data over time, and the 
long follow-up time enables the study of trends.

Several limitations should be highlighted. First, as 
HUNT2 had the highest response rate, this sample 
might be more representative of the total underlying 
population, while the latter two study waves might 
have had a stronger healthy selection bias, biasing the 
findings towards improved functioning. Nevertheless, 
it is unlikely that such a bias was driving the positive 

Figure 2.  Difference in years between high and basic educational groups in Disability-Free Life Expectancy (DFLE), Mild-Disability LE 
and Severe-Disability LE for women and men at age 70 from 1995 to 2017, the HUNT Study, Norway. Negative values mean that the group 
with basic education had fewer years with Severe-Disability LE than the higher educated group.
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DFLE trend between the latter two waves because 
the response rate in HUNT4 was similar to HUNT3. 
Secondly, participation in the HUNT Study 
depended on attendance at a field station, but in 
HUNT4 additional data were collected from home 
visits and nursing homes. When including this sub-
sample, the calculations for HUNT4, DFLE and LE 
decreased, indicating that DFLE for the whole popu-
lation would be somewhat lower. Third, non-partici-
pants in HUNT3 have been found to have lower SES 
and higher prevalence of several chronic illnesses 
[30]. Thus, the findings may be generalized to the 
healthier part of the older Norwegian population. 
Lastly, data on mortality from microdata were only 
available until 2016, and this was applied to data 
from HUNT4, which was carried out in 2017–2019. 
Mortality data for HUNT2 (1995–1997) and 
HUNT3 (2006–2008) corresponded to the first year 
of the survey (1995 and 2006).

Conclusions

Findings from this study suggest increased DFLE 
and a compression of disability among older 
Norwegians from the 1990s until recently. The edu-
cational gap in DFLE increased in men, but inequali-
ties in years spent with disability remained stable. 
More research is needed to investigate causes behind 
this trend and evaluate the impact of population age-
ing on future need of health care and nursing and 
home care. To get a better picture of the health care 
load associated with population ageing, expected life 
years with utilization of health care services could be 
calculated.

Acknowledgements

The Trøndelag Health Study (The HUNT Study) is 
a collaboration between HUNT Research Centre 
(Faculty of Medicine and Health Sciences, Norwegian 
University of Science and Technology, NTNU),  
Trøndelag County Council, Central Norway Health 
Authority and the Norwegian Institute of Public 
Health.

Declaration of conflicting interests

The author(s) declared no potential conflicts of 
interest with respect to the research, authorship, and/
or publication of this article.

Funding

The author(s) disclosed receipt of the following 
financial support for the research, authorship, and/or 
publication of this article: This work was funded by 
the Norwegian Directorate of Health.

ORCID iDs

Siri H. Storeng  https://orcid.org/0000-0003-3637- 
3741
Erik R. Sund  https://orcid.org/0000-0002-0736- 
5139

Research ethics and patient consent

This study was approved by the Regional Committee 
for Medical and Health Research Ethics (REC 
2019/149 South East). HUNT2 and HUNT3 was 
approved by the Regional Committee for Medical 
and Health Research Ethics and all participants 
signed a written consent to participate. HUNT4 was 
licensed by the Norwegian Data Protection Authority 
in 2017.

Data

The Trøndelag Health Study (HUNT) has invited 
persons aged 13–100 years to four surveys between 
1994 and 2019. Comprehensive data from more than 
150,000 persons having participated at least once 
and biological material from 100,000 persons are 
collected. The data are stored in HUNT databank 
and biological material in HUNT biobank. HUNT 
Research Centre has been given concession to store 
and handle these data by the Norwegian Data 
Inspectorate. The key identification in the data base 
is the unique personal identification number given to 
all Norwegians at birth or immigration, while de-
identified data are sent to researchers. Owing to con-
fidentiality HUNT Research Centre wants to limit 
storage of data outside HUNT databank, and we 
have restrictions for researchers for handling of 
HUNT data files. We have precise information on all 
data exported to different projects, and there are no 
restrictions regarding data export given approval of 
applications to HUNT Research Centre (http://www.
ntnu.edu/hunt/data).

Microdata is a collaboration by Norwegian Cen-
tre for Research Data (NSD) and Statistics Norway 
(SSB). The service provides access to anonymous 
register data from SSB. Researchers and students at 
approved research institutions can be registered to 
gain access to the data (https://microdata.no/).

Supplemental material

Supplemental material for this article is available 
online.

References
	 [1]	C hatterji S, Byles J, Cutler D, et al. Health, functioning, and 

disability in older adults: Present status and future impli-
cations. Lancet 2015; 385: 563-575. DOI: 10.1016/S0140-
6736(14)61462-8.

https://orcid.org/0000-0003-3637-3741
https://orcid.org/0000-0003-3637-3741
https://orcid.org/0000-0002-0736-5139
https://orcid.org/0000-0002-0736-5139
http://www.ntnu.edu/hunt/data
http://www.ntnu.edu/hunt/data
https://microdata.no/


10    S. H. Storeng et al.

	 [2]	 Nordic Burden of Disease Collaborators. Life expectancy 
and disease burden in the Nordic countries: Results from 
the Global Burden of Diseases, Injuries, and Risk Factors 
Study 2017. Lancet Public Health 2019; 4: e658-e669. DOI: 
10.1016/S2468-2667(19)30224-5.

	 [3]	 Statistics Norway. Deaths, https://www.ssb.no/en/statbank/
table/05375 (2019, accessed 4 May 2020).

	 [4]	 World Health Organization. World report on ageing and health. 
Luxembourg: World Health Organization, 2015.

	 [5]	V erbrugge LM and Jette AM. The disablement pro-
cess. Soc Sci Med 1994; 38: 1-14. DOI: 10.1016/0277-
9536(94)90294-1.

	 [6]	K inge JM, Modalsli JH, Overland S, et  al. Association of 
household income with life expectancy and cause-specific 
mortality in Norway, 2005-2015. JAMA 2019; 321: 1916-
1925. DOI: 10.1001/jama.2019.4329.

	 [7]	 Yang M, Ding X and Dong B. The measurement of dis-
ability in the elderly: A systematic review of self-reported 
questionnaires. J Am Med Dir Assoc 2014; 15: 150 e151-159. 
DOI: 10.1016/j.jamda.2013.10.004.

	 [8]	K atz S, Ford AB, Moskowitz RW, et  al. Studies of illness 
in the aged. The Index of ADL: A standardized measure 
of biological and psychosocial function. JAMA 1963; 185: 
914-919. DOI: 10.1001/jama.1963.03060120024016.

	 [9]	 Lawton MP and Brody EM. Assessment of older people: 
Self-maintaining and instrumental activities of daily living. 
Gerontologist 1969; 9: 179-186.

	[10]	 Holmen J, Midthjell K, Krüger Ø, et  al. The Nord-Trøn-
delag Health Study 1995–97 (HUNT 2). Norsk Epidemiologi 
2003; 13: 19-32.

	[11]	G rov EK, Fossa SD and Dahl AA. Activity of daily living 
problems in older cancer survivors: A population-based con-
trolled study. Health Soc Care Community 2010; 18: 396-406. 
DOI: 10.1111/j.1365-2524.2010.00912.x.

	[12]	 Sheehan CM and Tucker-Drob EM. Gendered expecta-
tions distort male-female differences in instrumental activ-
ities of daily living in later adulthood. J Gerontol B Psychol 
Sci Soc Sci 2019; 74: 715-723. DOI: 10.1093/geronb/
gbw209.

	[13]	 Aunsmo RH and Holmen J. Are elderly HUNT partici-
pants healthier than before? Tidsskr Nor Laegeforen 2017; 
137. https://tidsskriftet.no/en/2017/09/originalartikkel/are-
elderly-hunt-participants-healthier

	[14]	 Spector WD and Fleishman JA. Combining activities of 
daily living with instrumental activities of daily living to 
measure functional disability. J Gerontol B Psychol Sci Soc Sci 
1998; 53: S46-57. DOI: 10.1093/geronb/53b.1.s46.

	[15]	J agger C. Health expectancy calculation by the Sullivan method: 
A practical guide. 2001. European Concerted Action on 
the Harmonization of Health Expectancy Calculations in 
Europe (EURO-REVES).

	[16]	K rokstad S, Langhammer A, Hveem K, et al. Cohort profile: 
The HUNT Study, Norway. Int J Epidemiol 2013; 42: 968-
977. DOI: 10.1093/ije/dys095.

	[17]	M oe JO and Hagen TP. Trends and variation in mild disabil-
ity and functional limitations among older adults in Norway, 

1986-2008. Eur J Ageing 2011; 8: 49-61. DOI: 10.1007/
s10433-011-0179-3.

	[18]	 Falk H, Johansson L, Ostling S, et  al. Functional disabil-
ity and ability 75-year-olds: A comparison of two Swedish 
cohorts born 30 years apart. Age Ageing 2014; 43: 636-641. 
DOI: 10.1093/ageing/afu018.

	[19]	V erropoulou G and Tsimbos C. Disability trends among 
older adults in ten European countries over 2004–2013, 
using various indicators and Survey of Health, Ageing and 
Retirement in Europe (SHARE) data. Ageing Society 2017; 
37: 2152-2182. DOI: 10.1017/S0144686X16000842.

	[20]	P arker MG and Thorslund M. Health trends in the elderly 
population: Getting better and getting worse. Gerontologist 
2007; 47: 150-158. DOI: 10.1093/geront/47.2.150.

	[21]	C hristensen K, Doblhammer G, Rau R, et al. Ageing popu-
lations: The challenges ahead. Lancet 2009; 374: 1196-1208. 
DOI: 10.1016/S0140-6736(09)61460-4.

	[22]	G lobal, regional, and national incidence, prevalence, and 
years lived with disability for 354 diseases and injuries for 195 
countries and territories, 1990-2017: A systematic analysis 
for the Global Burden of Disease Study 2017. Lancet 2018; 
392: 1789-1858. DOI: 10.1016/s0140-6736(18)32279-7.

	[23]	 Lagergren M, Johnell K, Schon P, et al. Healthy life years 
in old age: Swedish development 1980-2010 according to 
different health indicators. Scand J Public Health 2016; 44: 
55-61. DOI: 10.1177/1403494815605195.

	[24]	C rimmins EM, Zhang Y and Saito Y. Trends over 4 decades 
in disability-free life expectancy in the United States. Am 
J Public Health 2016; 106: 1287-1293. DOI: 10.2105/
AJPH.2016.303120.

	[25]	 Freedman VA, Wolf DA and Spillman BC. Disability-free life 
expectancy over 30 years: A growing female disadvantage 
in the US population. Am J Public Health 2016; 106: 1079-
1085. DOI: 10.2105/AJPH.2016.303089.

	[26]	 Dale B, Saevareid HI, Kirkevold M, et  al. Formal and 
informal care in relation to activities of daily living and self-
perceived health among older care-dependent individuals 
in Norway. Int J Older People Nurs 2008; 3: 194-203. DOI: 
10.1111/j.1748-3743.2008.00122.x.

	[27]	 Strand BH, Bergland A, Jørgensen L, et al. Do more recent 
born generations of older adults have stronger grip? A 
comparison of three cohorts of 66- to 84-year-olds in the 
Tromsø Study. J Gerontol A Biol Sci Med Sci 2019; 74: 528-
533. DOI: 10.1093/gerona/gly234.

	[28]	 Sayer AA and Kirkwood TB. Grip strength and mortality: 
A biomarker of ageing? Lancet 2015; 386: 226-227. DOI: 
10.1016/s0140-6736(14)62349-7.

	[29]	 Schmitz A and Lazarevič P. The gender health gap in 
Europe's ageing societies: Universal findings across coun-
tries and age groups? Eur J Ageing 2020; 17: 509-520. DOI: 
10.1007/s10433-020-00559-6.

	[30]	 Langhammer A, Krokstad S, Romundstad P, et  al. The 
HUNT study: Participation is associated with survival and 
depends on socioeconomic status, diseases and symptoms. 
BMC Med Res Methodol 2012; 12: 143. DOI: 10.1186/1471-
2288-12-143.

https://www.ssb.no/en/statbank/table/05375
https://www.ssb.no/en/statbank/table/05375

