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Increased mortality risk for adults aged 25—44 years
with long-term disability: A prospective cohort study
with a 35-year follow-up of 30,080 individuals from
1984—2019 in the population-based HUNT study
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Summary

Background Differences in survival between groups may reflect avoidable and modifiable inequalities. This study
examines the 35-year mortality risk for adults aged 25—44 years in the mid-198os with disability due to vision, hear-
ing, or motor impairment; physical illness; or mental health problems.

Methods This Norwegian study was based on data from the Trondelag Health Study (HUNTI, 1984—86, and
HUNT?2, 1995—97) linked to tax-registry data for deaths before 15 November 2019. Mortality risk was estimated by
Cox regression analysis adjusted for age and sex. Sensitivity analysis included the following possible mediators: edu-
cation, work, living situation, body mass index, systolic blood pressure and smoking.

Findings Of the 30,080 HUNT1 participants aged 25—44 years, 5071 (16.9%) reported having disability. During the
35 years of follow-up, 1069 (21.1%) participants with disability and 3107 (12.4%) without disability died. Individuals
with any type of disability had 62% higher mortality risk compared to those without a disability, adjusted by age and
sex. The highest mortality risks were observed for disability due to severe motor impairment (HR=3.67,
95%CI=2.89—4.67) and severe mental health problems (HR=3.40, 95%ClI=2.75—4.23) compared to those without
these disabilities. Increased mortality risk was found for all the included disability types. The associations were
somewhat mediated, especially by education, work and living situation.

Interpretation This study shows that among adults aged 25—44 years, the risk of death increases with disability of
different types and severity levels, particularly for disability related to mental health problems or motor impairment.

Funding None.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Disability involves being partially or fully hindered in
participation in society on an equal basis with others as
a result of complex interactions between health condi-
tions and contextual factors, both personal and
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environmental." The impact of disability on a person’s
life may vary in severity and over the life course. As
global life expectancy has increased,” research indicates
that the number of years lived with disability before
reaching advanced age is also on the rise.>* Approxi-
mately one billion people have disabilities globally, rep-
resenting 15% of the world’s population.’

Poor health, socioeconomic disadvantages and mor-
tality are closely linked.">® People with disability may
have a higher mortality risk than people without disabil-
ity because of risk factors related to health, sociodemo-
graphic factors and lifestyle.” In high-income countries
offering good-quality medical treatment and health care
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Research in context

Evidence before this study

Up until 12 March 2020, literature searches were con-
ducted using PubMed, MEDLINE, EMBASE, PsycINFO,
Ageline, CINAHL, NORART, SweMed and Google
Scholar. Several relevant terms were used including ‘dis-
ability’, ‘impairment’, ‘adulthood’, ‘ageing’, ‘aging’, ‘mor-
tality’, ‘life expectancy’, ‘survival, ‘vision’, ‘hearing’,
‘mental health’, ‘mobility’, ‘motor’, ‘physical iliness’, and
‘population-based’. The searches were later updated to
include publications between 12 March 2020 and 11
April 2022. Most of the retrieved studies included sam-
ples of older populations. Few studies had investigated
survival associated with long-term disability for adults
ages 25-44 years indicating higher mortality risk.

Added value of this study

A novelty of the present study is that it investigates
mortality risk among adults of working age who have a
disability using a large, population-based dataset with a
significantly high participation rate. In addition, it
includes variables of social determinants of health and
has a follow-up time exceeding three decades. By iden-
tifying a markedly elevated mortality risk for adults
aged 25—44 years with a disability compared to partici-
pant without a disability, the study contributes unique
results. A significantly increased mortality risk for adults
with disability due to motor impairment, vision
impairment, mental health problems or physical illness,
even at minor to moderate severity levels, was found,
and it was also indicated for adults reporting disability
due to hearing impairment. Hence, an added value of
this study is that it implies a substantially increased
mortality risk in the understudied population of work-
ing-age adults with a disability compared to those with-
out a disability.

Implications of all the available evidence

To the best of our knowledge, this is the first popula-
tion-based study of this size and follow-up time to
include adults aged 25—44 years with long-term disabil-
ity to investigate mortality risk. To avoid premature mor-
tality, all available evidence, including that reported by
the present study, underscores a need to raise aware-
ness and increase understanding in research and prac-
tice about the potential determinants associated with
increased mortality risk among adults of working age
with disability.

accessible by all, health needs are expected to trigger the
timely and adequate involvement of health and social
care services. However, widespread inequities are docu-
mented in a European review of social determinants of
health,® and persistent inequalities in health are a disap-
pointment related to Western Europe’s ‘welfare states’.”

Topics related to ageing among adults with long-
term disabilities often go unrecognised by disability
user organisations and researchers,’® and population-
based studies on the association between disability in
adulthood and survival are few in number.””"" Work-
ing-age adults with disability may face barriers related
to education and work," finding a partner and taking
part in activities that benefit their health.” These are
important social determinants of health associated with
life expectancy, although the exact pathways and mecha-
nisms and whether the involved factors are confounders
or mediators are unclear.® Thus far, only a few studies
have investigated life expectancy among working-age
adults with disability, and these have found increased
risk for mortality.”'#"” However, apart from a Swedish
study on young adults with mild intellectual disability,
these studies were conducted in countries without a uni-
versal welfare-state model. Thus, inferring these find-
ings to European welfare states may not be valid.
Detailed, population-based studies including data on
working-age adults with different disability types and
severity levels are needed to be able to identify those
who are particularly vulnerable to reduced survival.

The objective of this study was to investigate the
association between long-term disability and mortality
risk for adults of working age using a large and longitu-
dinal Norwegian dataset. This is the first study with
more than 35 years of follow-up to examine mortality
risk among adults aged 25—44 years with disability due
to vision, hearing, or motor impairments; physical ill-
ness; or mental health problems according to severity
levels. The disability-mortality risk association is investi-
gated adjusted for confounding by age and sex, as well
as possible mediation by educational level, work partici-
pation, living situation, body mass index (BMI), systolic
blood pressure (SBP) and smoking status at baseline.
Our hypothesis is that disability in working age is asso-
ciated with increased mortality risk.

Material and methods

Study population

For the main analysis, data gathered from the study
population of the first of four rounds of one of the
world’s longest-running public health surveys, The
Trondelag Health Study (HUNT) was used.® The first
survey round, HUNT1, was conducted during 1984
—86. All adults age 20 years or older in the Norwegian
county of Nord-Trendelag were invited for physical
examinations and to complete questionnaires regarding
their health, functioning, living situation, education,
work, social participation and lifestyle. A total of 77,212
persons participated in HUNT1 (89.4% of those
invited).”® The current study sample consists of the
30,080 HUNT1 participants aged 25—44 years at the
time of the data collection with non-missing
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information for our key disability variables (56 were
dropped due to missing data). In a sub-analysis
restricted to those with non-missing data for all covari-
ates, the sample size was limited to 23,184 (denoting
the sample of complete cases). For the sensitivity analy-
sis, data from the second round of HUNT (HUNT2,
1995—97) for the present HUNTI study population
were also included.

Disability

The definition and operationalisation of disability
assessed in HUNT align well with the WHO’s Interna-
tional Classification of Functioning, Disability and
Health (ICF) framework, defining disability as a result
of an interaction between the person and the society.'
In HUNT, disability was self-reported and based on the
initial yes/no question: ‘Do you suffer from any long-
term illness or injury of a physical or psychological
nature that impairs your functioning in your everyday
life?” (long-term here means that it has lasted or will last
for at least one year). Participants responding ‘yes’ were
further asked to describe the type of impairment or con-
dition causing the disability, and they could report more
than one if they had two or more. The alternative
response categories were motor impairment, vision
impairment, hearing impairment, physical illness or
mental health problems. The participants were also
asked about the severity (slight, moderate, severe) of the
reported impairment or condition.”” In the analyses,
the slight and moderate severity categories were col-
lapsed and designated ‘moderate’. Participants report-
ing no disability on the initial disability question were
coded ‘None’ for all sub-types of disability. Those with
missing responses for disability type sub-items but valid
responses to the initial disability question were coded as
‘Other’ for that sub-item.

Covariates

In addition to age and sex, the sociodemographic and
health variables educational level, work participation,
living situation, body mass index (BMI), systolic blood
pressure (SBP) and smoking status at baseline were
included in the present study. Age, sex, educational
level, work participation, living situation and smoking
status at baseline were self-reported, whereas systolic
blood pressure, height and weight were objectively mea-
sured. Educational level was grouped as compulsory
(<10 years), secondary (10o—12 years) or tertiary (I3+
years). Work participation was grouped as full-time paid
work, part-time paid work, housework, and not working.
Living situation was binary as living alone or living with
someone. Smoking status at baseline was grouped as
never, former, and current. Two SBP assessments per
respondent were performed by trained nurses or techni-
cians using a mercury sphygmomanometer; the
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respondent was assessed in a sitting position after hav-
ing rested a minimum of 5 minutes. The mean value of
the two measurements was used for the analyses. BMI
was defined as weight in kilograms divided by the
height in meters squared (kg/m2) and categorised as
four groups, <18.5, 18.5—24.9, 25—29.9, and 30+.

Mortality

Using unique personal identification numbers, the
HUNT data were linked with data from the Tax Admin-
istration of Norway, a national registry providing data
on emigration and death. Participants were followed
from their initial individual date of participation in
HUNT:1 (between 1984 and 1986) until emigration,
death, or 15 November 2019, whichever occurred first.

Consent

All participants in HUNT received information about
the HUNT-study and signed consent forms. The Norwe-
gian Data Inspectorate and the Regional Committee for
Medical and Health Research Ethics (REC, reference
number 45034), HUNT study (reference number 2019/
15992), and the Norwegian Centre for Research Data
(reference number 230227) approved this study.

Main analysis

Stata version 16 was used for all statistical analyses esti-
mating the 35-year mortality risk for HUNT1 partici-
pants with disability compared to those without
disability. For the analysis investigating mortality risk
for the different types of disabilities studied and the
severity level, the reference group comprised those with-
out any of these disabilities. Mortality rates were calcu-
lated as the number of deaths by person-years (py). PY
takes into account both the number of people in the
study and the amount of time each person spends in
the study. Age and sex were standardised to adjust for
the potential confounding effect of the relationship by
using the full study population in five-year age bands by
sex as the standard population. Survival according to
disability status was modelled using the Kaplan-Meyer
survival curve for illustrative purposes. In the main
analyses, mortality hazard ratios (HRs) according to dis-
ability status were estimated by Cox regression using
the age attained as the time scale. A set of Cox models
was fitted to investigate possible confounding and medi-
ating effects. First, models adjusted for the confounders
of sex and age were fitted for the full sample (Model 1a)
and for the sample of complete cases (Model 1b). Model
fit comparisons were conducted using the likelihood
ratio test. Moreover, flexible parametric survival models
were used to model the probability of surviving to a
specified age and to investigate deviations from the pro-
portional hazards (PHs) assumption.*® The significance
of the differences in the survival curves between
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disability groups was estimated using post-hoc predic-
tions from the flexible parametric regression model.
The PH assumption was formally tested using the likeli-
hood ratio test and by comparing the flexible model
assuming PH with the flexible model without this
assumption. In the flexible model, restricted cubic
splines with four boundary knots were used to model
baseline survival and three knots were used for time-
dependent effects. Significant interactions with age and
sex were included in the model.

Sensitivity analysis

Regarding potential pathways and mechanisms
involved in the association between disability and mor-
tality, it was presumed prior to the analysis that age and
sex are confounding factors and that education, work
participation, living situation, body mass index (BMI),
systolic blood pressure (SBP) and smoking status at
baseline could be possible mediating factors (illustrated
in Figure 1). A mediator is a factor that may interact
with an exposure, and the interaction is assumed to
have potential direct or indirect effects on an investi-
gated outcome.*" Whereas the main analysis is adjusted
for the confounders of age and sex, the other variables
are considered either confounders or mediators and are
included in the sensitivity analysis. The rationale is that
age and sex may independently affect both the disability
as well as the mortality risk, whereas the other factors
are also thought to be potential mediators. Thus, it is
assumed that disability status may affect these variables
and, in turn, affect mortality risk.

Additional sensitivity analyses were performed that
included variables from HUNT2 (1995—97) in order to
investigate whether changes in disability status from
HUNT: to HUNT2 would affect mortality risk during
the 35 years of follow-up, or if mortality risk would be
affected if follow-up was set from HUNT2. The assess-
ment of disability status and the included covariates for
HUNT2 were identical to those for HUNTT; 11 years
after HUNT1. HUNT2 was conducted with a 70%

participation rate. A variable with six groups, using both
time points, was created for assessing disability status
based on the yes/no question at both time points with
three possible categories for HUNT1 and HUNT2
(ves = Y, no = N, missing = -). The groups included in
the analysis of the mortality risk associated with
changes in disability status between HUNTI and
HUNT2 were as follows: NN, YN, NY, YY, N-, and Y-,
with NN as the reference group.

Role of the funding source
This study received no external funding.

Results

Descriptive statistics

A total of 5071 (16.9%) of the 30,080 HUNT1 partici-
pants aged 25—44 years reported having a disability at
baseline. As shown in Table 1, the prevalence was
slightly higher among men (18.0%) than among
women (15.7%). The most prevalent disability type was
due to physical illness (6.8%) and the least prevalent
was disability due to hearing impairment (2.6%).

Of the participants in HUNT1 with a disability, 10.8%
had attained a tertiary educational level, whereas the equiv-
alent figure for those without a disability was 17.9%
(Table 2). Only 4.6% of the participants without a disabil-
ity did not work in contrast to 17.5% of those with a disabil-
ity. For both groups, 4% were living alone. Those with a
disability had a higher prevalence of smoking at baseline
(current smoker 46.3% vs 39.7%) and of overweight and
obesity (38.7% vs 34.0%) compared to those without a dis-
ability; SBP was similar across disability status.

Mortality

The mean follow-up time for HUNT1 participants was
33.2 years; the median was 34.6 years and the maximum
35.8 years. During the total follow-up time of 1,000,078
person-years (py), 4176 died. Of these, 398 deaths

T

Disabilit ey, “BOUCAUON _
¥ Living situation Mortality
‘[ Work participation
Body mass index
Age / Systolic blood pressure
Sex Smoking status at baseline

Figure 1. Direct acyclic graph (DAG) showing the assumed causal relationship between disability status at baseline and mortality
risk. The included covariates are age and sex (confounders), education level, work participation, living situation, body mass index
(BMI), systolic blood pressure (SBP) and smoking status at baseline (mediators).
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Number of respondents (%) Number of deaths Person years (py) Mortality rate
per 100 000 py
Disability status Total Women Men Women Men Women Men Women Men
No 25009 (83.1) 12678 (84.3) 12331 (82.0) 1286 1821 427518 409006 300.8 445.2
Yes 5071 (16.9) 2359 (15.7) 2712 (18.0) 428 641 77326 86228 5535 7434
Disability sub-type and severity
Vision impairment
None 28928 (96.2) 14424 (95.9) 14504 (96.4) 1608 2326 484814 478231 331.7 486.4
Moderate 1028 (3.4) 546 (3.6) 482 (3.2) 94 108 17835 15389 5271 701.8
Severe 124 (0.4) 67 (0.4) 57 (0.4) 12 28 2196 1614 546.6 1734.7
Hearing impairment
None 29305 (97.4) 14790 (98.4) 14515 (96.5) 1678 2350 496725 478240 3378 4914
Moderate 643 (2.1) 202 (1.3) 441 (2.9) 30 89 6632 14228 452.3 625.5
Severe 132(0.4) 45(0.3) 87 (0.6) 6 23 1487 2766 403.6 831.7
Motor impairment
None 28940 (96.2) 14582 (97.0) 14358 (95.4) 1603 2306 490399 473569 326.9 486.9
Moderate 986 (3.3) 377 (2.5) 609 (4.0) 75 124 12182 19481 615.7 636.5
Severe 154 (0.5) 78(0.5) 76 (0.5) 36 32 2263 2184 1590.8 1465.4
Physical illness
None 28041 (93.2) 14080 (93.6) 13961 (92.8) 1528 2203 473799 460972 3225 4779
Moderate 1724 (5.7) 800 (5.3) 924 (6.1) 138 196 26125 29774 528.2 658.3
Severe 315 (1.0) 157 (1.0) 158 (1.1) 48 63 4920 4488 975.5 1403.8
Mental health problems
None 29024 (96.5) 14452 (96.1) 14572 (96.9) 1571 2304 486055 480886 3232 479.1
Moderate 841 (2.8) 464 (3.1) 377 (2.5) 98 119 15117 11632 648.3 1023.0
Severe 215(0.7) 121 (0.8) 94 (0.6) 45 39 3671 2716 1225.8 1435.8
Other* 101 (0.4) 48 (0.4) 53(0.4) 14 12 1577 1742 887.9 688.9
Disability by age
Age in years, any disabilities
25-29 919 386 533 29 50 13138 17999 220.7 277.8
30-34 1172 529 643 71 122 17605 20818 403.3 586.0
35-39 1475 711 764 141 184 23103 24166 610.3 7614
40—44 1505 733 772 187 285 23480 23245 796.4 1226.1
Age in years, no disabilities
25-29 7030 3538 3492 137 195 107982 100566 126.9 180.6
30-34 7919 3984 3935 257 366 117354 110672 219.0 311.9
35-39 8299 4104 4195 387 557 114058 113523 3393 488.3
40—44 6832 3411 3421 505 703 88124 84245 5731 797.7
Table 1: Descriptive statistics of the study population, ages 25—44 years at baseline (Number of respondents = 30,080).

occurred before HUNT2 (prior to 1 January 1995). The
maximum attained age at the end of the follow-up
period was 80.7 years.

Mortality by overall disability status at HUNT1

Those reporting long-term disability at HUNT1 had an
elevated mortality rate compared to individuals without
a disability, both for men and women (Table 3, Figure 2).
The age- and sex-adjusted HR for disability compared to
no disability was 1.62 (95% confidence interval (CI 1.51,
1.74) in the full sample (Table 3, Model 1a) and 1.58
(95% CI 1.46, 1.72) in the sample of complete cases
with non-missing values for all covariates (Model 1b). In
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the sensitivity analysis, further adjustment for possible
mediating factors for educational level, work participa-
tion and living situation (Model 2) attenuated the HR to
1.39 (95% CI 1.28, 1.52), while adjustment for health-
related variables (Model 3) attenuated the HR slightly
less. In the fully adjusted model, the HR was 1.34 (95%
Cl1.24, 1.47).

These survival differences translate into a survival
probability of 85.0% (95% CI 83.3, 86.6) for a 30-year-
old man with a disability to reach age G5, while the cor-
responding survival probability for a 30-year-old man
without a disability was 91.3% (95% CI 90.7, 91.8)
(Table 4). Corresponding probabilities of reaching
635 years of age for 3o-year-old women were 89.4%
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Total

Number of respondents (%)

Education
Compulsory 8555 (36.4)
Secondary 11015 (46.9)
Tertiary 3921 (16.7)
Work
Full-time 17686 (58.9)
Part-time 6672 (22.2)
Housework 3665 (12.2)
Not working 2027 (6.7)
Living situation
Lives with someone 28925 (96.2)
Lives alone 1155 (3.8)
Smoking status at baseline
Never 8562 (36.2)
Former 5456 (23.0)
Current 9665 (40.8)
BMI, kg/m?
<185 435 (1.5)
18.5—24.99 18766 (63.8)
25-29.99 8450 (28.7)
30+ 1779 (6.0)
SBP, mmHg, mean (SD) n=29420

Disability status at HUNT1
No disability, Any disability,
number of respondents (%) number of respondents (%)
6734 (34.4) 1821 (46.4)
9338 (47.7) 1677 (42.8)
3497 (17.9) 424 (10.8)
15093 (60.4) 2593 (51.2)
5667 (22.7) 1005 (19.8)
3085 (12.3) 580 (11.5)
1141 (4.6) 886 (17.5)
24045 (96.1) 4880 (96.2)
964 (3.9) 191 (3.8)
7334 (37.2) 1228 (30.9)
4548 (23.1) 908 (22.8)
7825 (39.7) 1840 (46.3)
345 (1.4) 90 (1.8)
15830 (64.6) 2936 (59.5)
6968 (28.4) 1482 (30.0)
1352 (5.5) 427 (8.7)
126.6 (14.7) 126.7 (14.7)

Table 2: Confounders and mediators at baseline at Trendelag Health Study, survey round 1 (HUNT1).
Note: Abbreviations: BMI=Body mass index (kg/mz2), SBP=Systolic blood pressure (mmHg).

(95% CI 88.0, 90.7) for those with disabilities and
94.0% (95% CI 93.6, 94.5) for those without.

There was a tendency towards smaller HRs with lon-
ger follow-up time, but the HRs were above 1.0 through-
out the entire follow-up period for most of the disability
types except for disability due to a hearing impairment
(Figure 3). The model allowing for non-proportional
hazard fitted the data significantly better than a PH
model (p < o.o1), thus suggesting non-proportional
hazards. The Cox model will then give a kind of
average HR for the entire follow-up time, which is
still informative.

Mortality by disability type at HUNT1

Table 3 presents the estimated mortality risks associated
with disability for HUNT1 due to hearing, vision or
motor impairments; physical illness; or mental health
problems according to severity levels adjusted for age
and sex. In the sensitivity analysis, the estimated mortal-
ity risk was estimated adjusted for educational level,
work participation, living situation, BMI, SBP and
smoking status at baseline compared to individuals
without these conditions. The highest mortality risks
found in the age- and sex-adjusted analyses were for par-
ticipants with disability due to severe levels of motor

impairment (HR=3.67, 95% CI 2.89, 4.67), severe men-
tal health problems (HR = 3.40 CI 2.75, 4.23), severe
physical illness (HR = 2.82 CI 2.33, 3.40), and severe
vision impairment (HR = 2.77 CI 2.03, 3.78). The analy-
ses also indicated increased mortality risk associated
with disability due to hearing impairment, but the
results of the main analyses were not statistically signifi-
cant (HR=1.39, 95% CI 0.96, 2.00). For all the disability
types and severity levels, adjustments in Model 2 for
educational level, work participation and living situation
attenuated the HRs, while adjustment for health-related
variables in Model 3 attenuated the HRs slightly less.
The reported HRs above for disability due to severe lev-
els of motor impairment, mental health, physical illness
and vision impairment were somewhat attenuated in
the fully adjusted models, but HRs remained substan-
tial and significant.

Mortality by overall disability status at HUNT1 and
HUNT2

The overall mortality rate (MR) per 1000 py for those
having a disability at HUNT1 was 6.5. For those par-
ticipants changing status from ‘Yes’ at HUNTI to
‘No’ at HUNT2 (YN), and setting start to follow-up
to HUNT2, the MR was 4.9, while those reporting
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Main analysis.

Sensitivity analyses. Complete cases sample, n = 23,184

Disability type

Hearing impairment

None 1 (ref) 1 (ref)
Moderate 1.12(0.94, 1.35) 1.23 (1.001,1.51)
Severe 1.39 (0.96, 2.00) 140 (0.91, 2.14)

Vision impairment

None 1 (ref) 1 (ref)
Moderate 1.46 (1.27,1.68) 1.45(1.22,1.71)
Severe 2.77 (2.03, 3.78) 2.51(1.69,3.72)

Motor impairment

None 1 (ref) 1 (ref)
Moderate 1.36 (1.18, 1.56) 1.34(1.13,1.58)
Severe 3.67 (2.89, 4.67) 2.77 (1.95, 3.94)

Physical illness

None 1 (ref) 1 (ref)
Moderate 1.37(1.22,1.53) 1.31(1.15,1.50)
Severe 2.82(2.33,3.40) 2.49 (1.96, 3.16)

Mental health problems

None 1 (ref) 1 (ref)

Moderate 1.99 (1.74, 2.29) 2.00(1.71, 2.35)

Severe 3.40(2.75,4.23) 3.50 (2.70, 4.50)
Other disability™

No 1 (ref) 1 (ref)

Yes 2.02(1.38, 2.98) 2.14 (1.34,3.40)

Full sample, HR (95% CI)
n = 30,080
HR (95% CI)

Disability Model 1a Model 1b Model 2 Model 3 Model 4
Adjusted for Adjusted for Adjusted for age, Adjusted for age, Fully adjusted
age and sex age and sex sex, education, work sex, smoking status

and living situation at baseline, BMI, SBP
Any disability
No 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Yes 1.62 (1.51,1.74) 1.58 (1.46, 1.72) 1.39(1.28,1.52) 1.47 (1.36, 1.60) 1.34(1.24,1.47)

1 (ref)
1.14 (0.93, 1.40)
1.25(0.82,1.93)

1 (ref)
1.18 (0.96, 1.45)
1.42(0.93,2.19)

1 (ref)
1.12(0.91,1.38)
1.34 (0.87, 2.06)

1 (ref)
1.31(1.11,1.56)
2.19(1.48, 3.25)

1 (ref)
1.33(1.12,1.58)
2.54(1.72,3.77)

1 (ref)
1.24 (1.04, 1.46)
2.36 (1.59, 3.50)

1 (ref)
1.18(0.99, 1.39)
2.03 (1.42,2.91)

1 (ref)
1.27 (1.08,1.51)
2.33(1.64,3.33)

1 (ref)
1.15(0.97,1.37)
1.82(1.27, 2.60)

1 (ref)
1.18(1.03, 1.35)
1.74 (1.36,2.23)

1 (ref)
1.26 (1.11, 1.44)
2.10(1.65, 2.67)

1 (ref)
1.18(1.03, 1.34)
1.62(1.27,2.07)

1 (ref)
1.70 (1.44, 2.00)
2.29 (1.75, 2.99)

1 (ref)
1.70 (1.45,1.99)
3.17(2.45,4.11)

1 (ref)
1.50(1.27,1.77)
2.36 (1.80, 3.08)

1 (ref)
1.85(1.16, 2.94)

1 (ref)
2.13(1.34,3.39)

1 (ref)
1.96 (1.23,3.12)

Cox regression.

ing 2009—2016 (between HUNT3 and HUNTY4), and 872 during HUNT4.

Table 3: Mortality hazard ratios (HR) with 95% confidence intervals (Cls) by disability type. Adjustments for confounders and mediators.

Table 3, note: Abbreviations: n = Number of respondents, BMI=Body Mass Index (kg/mz2), HUNT=Trendelag Health Study, SBP=Systolic Blood Pressure
(mmHg). In the study population (N = 30,080), there were 4176 deaths during follow-up from 1984—2019. Of these deaths, 398 occurred during 1984—1994
(before HUNT2), 164 during 1995—97 (during HUNT2), 712 during 1998—2005 (between HUNT2 and 3), 420 during 2006—08 (during HUNT3), 1610 dut-

disability at both time points (YY) had a higher MR
of 8.1 (Table 5). Those with the highest mortality
rate (MR=11.9), however, were in the group reporting
disability at HUNT1 and not participating in HUNT2
(Y-). This group also had an increased mortality risk
when follow-up time was set from HUNTI until
HUNT2 compared to those reporting no disability at
HUNT: and missing at HUNT2 (N-); MR for Y- was
8.2 vs 4.0 for the group N-. Moreover, changing dis-
ability status from ‘No’ to ‘Yes’ (NY) or from ‘No’ to
‘Missing’ (N-) was associated with a significantly
increased HR compared to those in the stable ‘No’
(NN) group, in an age- and sex-adjusted model with
follow-up time from HUNT2 (Table 5).

www.thelancet.com Vol 22 Month , 2022

Discussion

Compared to individuals without a disability and after
more than 35 years of follow-up time, this large, popula-
tion-based study finds a 62% increased mortality risk
for adults aged 25—44 years with long-term disability.
The analyses were adjusted for age and sex, and media-
tion was investigated by further adjustment for educa-
tional level, work participation, living situation, BMI,
SBP and smoking status at baseline. The results of the
analyses, including data from the second wave of
HUNT (HUNT?2) collected 11 years after HUNT1, iden-
tify the same pattern of association. Compared to partic-
ipants without a disability in either HUNTT or HUNT?2,
a three fold mortality risk was found for those with
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Figure 2. Kaplan—Meier curves. Survival by disability type and severity. All individuals ages 25—44 years at baseline. *For overall dis-
ability (panel at bottom right), the categories are disability ‘yes’ (orange) and disability ‘no’ (green).

disability at HUNT: who did not participate in HUNT2
(97.5% of these participants were alive at the start of the
HUNT2 data collection).

Substantial impacts were also found for the different
disability types and severity levels studied, but these
were more pronounced at severe levels. Moreover, as
illustrated in Figure 3, the results of the flexible
parametric model, with non-proportional hazards, indi-
cate a slightly stronger association in the first period
after assessment. Compared to participants without the
investigated type of disability, the results of the adjusted
analysis showed a close to fourfold increased mortality
risk associated with a disability due to severe motor
impairment, and a close to threefold mortality risk asso-
ciated with a disability due to severe mental health prob-
lems, physical illness, or vision impairment. The results
also indicate that disability due to severe hearing
impairment was associated with increased mortality
risk, but these results of the main analyses were not sta-
tistically significant.

The strong associations found between disability due
to motor impairment and mortality risk are in accor-
dance with previous research, but this study extended
earlier findings by including a younger sample.”**
Only one comparable study included participants as
young as 40 years of age,** but the follow-up time was

6 years®* as opposed to more than 35 years in the pres-
ent study. Hence, the observation that even moderate
levels of motor impairment resulted in strong, negative
effects on the probability of survival is a novel finding.
Worldwide and in line with these results, disability
due to mental health problems has consistently been
found to be associated with excessive mortality risk.>®
For example, a recent Danish registry-based study found
that women and men with mental disorders die seven
and ten years earlier, respectively, than the general pop-
ulation.*” The study also identified a variety of causes of
death in its sample such as substance abuse and suicide
as well as more deaths related to somatic illnesses.””
This complexity underscores that the pathways and
mechanisms involved are multifactorial, as also indi-
cated by the present study’s results of the sensitivity
analysis regarding the reduction in mortality risk when
adjusting for social determinants of health. Moreover,
studies investigating the mortality risk associated with
mental health problems are often based on registry
data, which requires a recorded diagnosis made by
healthcare personnel. This means that only people who
have sought help for their mental health problems are
registered. Longitudinal, population-based studies
based on self-reported mental health status are rare,
and the present research adds to the mostly clinically
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Men Women
Disability Age 30 years Age 30 years
at baseline at baseline
(35P30) (35P30)
Any disability
No 91.3(90.7,91.8) 94.0 (93.6, 94.5)
Yes 85.0(833,86.6)  89.4(880,90.7)*

Disability type

Hearing impairment

None 90.4 (89.8, 90.9) 93.4(93.0, 93.8)

Moderate 89.5(87.5,91.2) 92.8 (91.3, 94.0)

Severe 87.2(82.0,91.0) 91.2 (87.4,93.8)
Vision impairment

None 90.5 (90.0, 91.1) 93.6 (93.1, 94.0)

Moderate 86.0 (82.5, 88.9)* 90.4 (87.9, 92.4)*

Severe 74.2 (59.7, 84.2)* 81.9 (70.8, 89.1)
Motor impairment

None 90.6 (90.1, 91.2) 93.6 (93.2, 94.0)

Moderate 86.5 (82.8, 89.4)* 90.7 (88.0, 92.8)*

Severe 56.9 (43.4, 68.3)* 68.3 (56.8, 77.3)*

Physical iliness

None 90.6 (90.0, 91.1) 93.6 (93.2, 94.0)
Moderate 876 (86.2, 88.9)* 91.5(90.4, 92.5)*
Severe 76.8 (72.6, 80.5)* 83.8 (80.6, 86.5)*

Mental health problems

None 90.6 (90.1,91.0) 93.7 (93.2,94.0)

Moderate 824 (80.0, 84.6)* 87.9 (86.2, 89.5)*

Severe 725 (66.8, 77.4)* 80.8 (76.5, 84.3)*
Other disability**

No 91.3(90.7,91.8) 94.0 (93.6, 94.4)

Yes 826 (75.3,87.8)* 879 (82.6,91.6)*

Table 4: Survival by disability type. Probability in percent (95%
Cl) of surviving the 35.8 (denoted 35) years follow-up time for
30-year-olds at baseline (;35ps0)), by sex and baseline disability
status. Probabilities are estimated for a specific age, but the
underlying model is based on all ages 25—44 years at baseline.
N = 30,080.

Table 4, note: Probabilities were predicted from flexible parametric sur-
vival models (baseline hazard curve is estimated with 4 knots) including
the covariates age, sex, disability and significant two-way interaction terms
(there were no significant three-way interaction terms) including the
entire age range 25—44 years at baseline in HUNT1. Included covariates
were time-dependent (no knots).

* Significant (p < o.05) different probability from reference category
‘No disability’ (or ‘None’ for disability types). Significance level was esti-
mated using post-hoc predictions, of differences in survival curves
between disability groups, from the flexible parametric regression model.

** For ‘Other disability’, severity is not specified, as those with ‘yes’
responses constitute those responding ‘yes’ to the introductory question
about having a disability but not one of the five types listed above.

based comparable studies by using self-reported data on
disability due to mental health problems.

The Lancet Global Health published a systematic
review and meta-analysis on vision impairment and
mortality in 2021, which concluded, in agreement with
the present study, that mortality was higher in individu-
als with vision impairment than for those with normal
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vision or mild vision impairment, and this risk
increased with more-severe vision impairment.28 How-
ever, prior research has yielded inconsistent results
regarding the association between vision impairment
and mortality, and limitations related to heterogeneous
study designs have been pointed out.*?*" Furthermore,
a majority of the study populations are older than
40 years of age.*® Hence, this study adds unique infor-
mation concerning the long-term association between
disability due to vision impairment and mortality risk in
a working-age population.

Disability due to hearing impairment was the only
condition that was not statistically significantly associ-
ated with increased mortality risk in this study, but the
hazard ratios indicate a relationship. This is mainly in
line with previous research?®** but contrary to several
other studies that also measured hearing with subjective
reports.>"*34 Most of the studies on this topic detected a
weak-to-moderate  association  between  hearing
impairment and increased mortality risk.*>?° While
hearing impairment, in and of itself, has not been found
to increase mortality risk,*° the association among older
adults may be confounded or mediated by factors more
strongly and directly related to mortality such as cogni-
tive impairment®® and dementia.*" The results of previ-
ous and present findings imply that the association
between disability due to hearing impairment and mor-
tality risk may be influenced by different factors over
the life course.

Almost threefold increased mortality risk was also
found for the heterogeneous group of participants with
disability due to severe physical illness. For all the dis-
ability types and severity levels included in this study,
multiple interrelated factors®® may have led to the
inequalities in mortality risk we identified. Participants
might have been prohibited from engaging in an active
life or may have experienced barriers and discrimina-
tion related to their disabilities. For these reasons, the
sensitivity analyses were adjusted for possible confound-
ing or mediating factors considered important social
determinants of health, such as educational level, work
participation, living situation, BMI, SBP and smoking
status at baseline. The results revealed that the included
variables had an impact on participants’ mortality risk.
Moreover, they indicated that social determinants of
health (education, work participation and living situa-
tion) may have a somewhat stronger effect on health
than the health-related variables (BMI, SPB and smok-
ing status at baseline) included in this study. However,
whether the variables were confounders or mediators in
the association between disability and mortality remains
unclear.

Strengths and limitations
This study fills the gap in the extant literature by focus-
sing on the understudied group of working-age adults
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Figure 3. Non-proportional hazards. Flexible parametric model. First four years of follow-up are not plotted. Ages 25—44 years at

HUNT1. Severity levels combined; thus the model is mortality hazard ratio (HR) for those with disability vs no-disability at HUNT1.
Likelihood ratio test testing non-proportional hazards vs proportional hazards: motor impairment (p < 0.01), hearing impairment

(p = 0.44), vision impairment (p = 0.05), motor impairment (p = 0.01), physical illness (p < 0.001), mental health problems (p = 0.71).

Disability status* Follow-up from HUNT1 to HUNT2 Follow-up from HUNT2
(until 01.01.1995) (from 01.01.1995)
Number of Number PY MR Number PY MR HR (95% Cl)***
respondents of deaths (in 1000) per of deaths (in 1000) per (after HUNT2,
1000 PY** 1000 PY** 1.1.1995)
NN 14366 0 143 0 1272 347 3.6 1.0
YN 1364 0 14 0 162 33 49 1.27 (1.08, 1.50)
NY 3810 0 38 0 574 90 6.3 1.55 (1.41,1.71)
YY 2127 0 21 0 403 49 8.1 1.89 (1.69, 2.11)
N- 6833 273 67 4.0 988 152 6.5 1.89 (1.74, 2.06)
Y- 1580 125 15 8.2 379 33 11.9 3.20 (2.86, 3.60)
Table 5: Disability status at HUNT1 and HUNT2 and mortality rate (MR) per 1000 person years (py) (N = 30,080).
* Disability status at HUNT1 and HUNT2 (No=N, Yes=Y);
**% Direct standardized using population in five-year age bands by sex as post stratification weights.
**% HR (95% CI) estimated in Cox regression are adjusted by age (time scale) and sex. Abbreviations: HUNT=Trendelag Health Study, NN=No disability at
either HUNT1 or HUNT2, YN=Disability at HUNT1 and not at HUNT2, NY=No disability at HUNT and disability at HUNT2, YY=Disability at both HUNT1
and HUNT2, N-=No disability at HUNT1 and missing at HUNT2, Y-=Disability at HUNT1 and missing at HUNT2.

with disabilities. The strengths of this study are the 35-  severe levels among working-age adults 25—44 years
year follow-up period, the large population-based sam-  old, which few studies to date have accomplished. This
ple, and the ability to investigate the mortality risk asso-  study’s high participation rate is another significant
ciated with long-term disabilities of both moderate and  strength; almost 90% of those invited participated in
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HUNT1. This strength is underscored by the substan-
tially increased mortality risk found for participants
with disability at HUNT: who did not participate in
HUNT2. Although the participation rate in HUNT2
was fair at 70%, these results illustrate the importance
of high participation rates for the inclusion of vulnera-
ble groups in population-based studies.

An additional strength is the fact that the sample for
this regional study can, in many respects, be considered
representative of this demographic in all of Norway.**
One exception, however, is that the county does not
include any large cities. The results of the present study
may be generalisable to other European countries, at
least those with fairly similar welfare models and demo-
graphics.

Moreover, self-reported disability was used, which may
cover a broader range of disability compared to the use of
clinical or objective diagnoses. An additional strength is
that the underlying question of disability in HUNT is for-
mulated in line with how the WHO defines disability in its
ICF model. The benefit of this approach is that we may
have been able to include those who do not have a formal
diagnosis but have, nevertheless, experienced loss of func-
tion that interferes with everyday life.

A general limitation within this field of research is that
any comparison of study results is hampered by differing
definitions and differences in the operationalisation of dis-
ability and impairments and of the sample characteristics.
A limitation specific to this study is the failure to include
‘intellectual impairment’ as a response category. In addi-
tion, causes of death was not examined.

Conclusion

This large, population-based study with more than
35 years of follow-up identified a considerably increased
overall mortality risk for adults 25—44 years of age with
long-term disability and for disabilities of different types
and severity levels compared to those in the study sam-
ple without these disabilities. The highest mortality
risks were identified for disability related to severe
motor impairment or severe mental health problems.
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