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Abstract 

Background  The burden of dementia, multimorbidity, and disability is high in the oldest old. However, the con-
tribution of dementia and comorbidities to functional ability in this age group remains unclear. We examined the 
combined effects of dementia and comorbidities on ADL and mobility disability and differences between dementia-
related disability between 2001, 2010, and 2018.

Methods  Our data came from three repeated cross-sectional surveys in the population aged 90 + in the Finnish Vital-
ity 90 + Study. The associations of dementia with disability and the combined effects of dementia and comorbidity on 
disability adjusted for age, gender, occupational class, number of chronic conditions, and study year were determined 
by generalized estimating equations. An interaction term was calculated to assess differences in the effects of demen-
tia on disability over time.

Results  In people with dementia, the odds of ADL disability were almost five-fold compared to people with three 
other diseases but no dementia. Among those with dementia, comorbidities did not increase ADL disability but did 
increase mobility disability. Differences in disability between people with and without dementia were greater in 2010 
and 2018 than in 2001.

Conclusion  We found a widening gap in disability between people with and without dementia over time as func-
tional ability improved mainly in people without dementia. Dementia was the main driver of disability and among 
those with dementia, comorbidities were associated with mobility disability but not with ADL disability. These results 
imply the need for strategies to maintain functioning and for clinical updates, rehabilitative services, care planning, 
and capacity building among care providers.
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Introduction
The risks of dementia and disability are higher in the 
oldest old than in younger old people and are known to 
increase even in very old age [1, 2]. The concept of the 
oldest old varies between studies, but is usually defined 
as persons aged 80, 85, or 90 years and older [3]. Nearly 
40% of people over 90 suffer from dementia, and studies 
have found an incidence rate of 14 per 100 person years 
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[4]. In all, dementia is common condition among the 
older adults [1]. People with dementia are more likely 
to perform poorly in activities of daily living (ADL) [5] 
and mobility [6, 7] than those without dementia, and the 
level of disability increases as the disease progresses [7]. 
Recent studies report improving trends in functioning 
among the oldest old, likely due to better living condi-
tions, improved medical care and physical and techno-
logical support [8–10], but the differences in disability 
in people with and without dementia over time are not 
well-established.

Multimorbidity may play a role in the association 
between dementia and functional disability. Multimor-
bidity refers to a situation where at least two conditions 
coexist without any one predominant condition, while 
comorbidity refers to extra coexisting conditions with 
an index disease [11]. In persons aged 70–80 years, dis-
ability was found to increase with the number of chronic 
conditions co-existing with dementia [12, 13]. In peo-
ple over 90  years, both dementia and multimorbidity 
increased the risk for care home admission and mortality 
[14]. Functional disability in older adults, with consider-
able individual differences [15], is associated with higher 
health care utilization and costs, institutionalization [16], 
and mortality [17].

The contribution of dementia to functional disability 
and need for care in older people is bound to increase 
in the future. Although it has been suggested that the 
incidence [18] and prevalence [19] of dementia are on 
the decline in Europe, the proportion of people living 
with dementia is projected to double from 1.6% in 2018 
to 3% in 2050 due to its strong association with age and 
the growth of the older population, especially those over 
85 years, in the decades ahead [19]. In Finland, the num-
ber of people aged 90 or over has doubled from 2000 to 
2015 and is projected to double yet again by 2035 [20]. 
In the United States, this group is anticipated to quadru-
ple in size from 2000 to 2040, and at the same time its 
proportion of the total population will rise from 0.5% 
to 1.6% [21]. The increasing impact of dementia on care 
needs, especially on the need for long-term care, is well 
known [14, 22]. However, research on physical disability 
and dementia in the very old population is still scarce. As 
people with dementia also are living longer than before, 
and the comorbidity of dementia is changing [23, 24], this 
study set out to explore whether the effect of dementia 
and comorbidities on disability has changed over time.

The study focuses on the associations of dementia and 
comorbidity with disability in the oldest old population 
using data from three repeated surveys conducted with 
the exact same methods. We have three research ques-
tions: [1] to what extent is dementia associated with ADL 
and mobility disability in the oldest old, [2] what is the 

combined association of dementia and comorbidities 
with ADL and mobility disability, and [3] to what extent 
does the association of dementia and comorbidities with 
ADL and mobility disability differ between 2001, 2010, 
and 2018?

Methods
This study is part of the population-based Vitality 
90 + Study, a multidisciplinary research project with 
nonagenarians conducted in Tampere, Finland [10, 25], 
where in 2019, the people aged 90 or over accounted for 
0.9% of the whole population of 238,140. All individu-
als aged 90 or over in the area, both community-dwell-
ing and institutionalized, were invited to participate in 
mailed surveys in 2001 (N = 1063), 2010 (N = 1606), and 
2018 (N = 2449). We received 4047 responses from 3907 
participants; 892 in 2001, 1277 in 2010, and 1878 in 2018; 
the increasing number reflects the growth of the oldest-
old population. Among the respondents, 35 (0.9%) par-
ticipated in 2001 and 2010, 103 (2.7%) in 2010 and 2018, 
and 1 (0.03%) participated in all three study years. All 
other participants responded only once, mainly due to 
high mortality. The response rates were 83.9%, 79.5%, 
and 76.7% in 2001, 2010, and 2018, respectively. The 
proportion of persons with dementia who lived in long-
term care was 59.5%, 62.2%, and 54.7%, respectively. 
Participants were considered self-respondents if they 
answered the questions themselves or with help in writ-
ing. Responses were ‘proxy reported’ when someone else, 
most commonly a caregiver, a family member, or a friend 
gave the answers. The proportion of proxy respondents 
ranged from 15 to 23%. As the prevalence of demen-
tia, disability, and sensory problems are high in this age 
group, the use of proxy respondents improved the repre-
sentativeness of the study.

Outcome variables
Two domains were considered as indicators of disability: 
1) ADL disability and 2) mobility disability. In each round 
of the mailed survey, the questions related to ADL were 
[1] “Are you able to get in and out of bed?” and [2] “Are 
you able to dress and undress?” The questions related to 
mobility were [1] “Are you able to move about indoors?” 
[2], “Are you able to walk 400 m?”, and [3] “Are you able to 
use stairs?” The response options for each question were 
(1) yes, without difficulty, (2) yes, with difficulty, (3) only 
with help, and (4) not at all. Participants able to perform 
an activity without help (with or without difficulty) were 
classified as independent, while participants able to per-
form an activity only with help or unable to perform an 
activity, were classified as dependent in the respective 
activity. Participants were classified as having ADL dis-
ability if they were dependent in at least one of the two 
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ADL activities. Similarly, participants were classified as 
having mobility disability if they were dependent in at 
least one of the three mobility activities [15].

Explanatory variables
Self-reported information on chronic conditions was col-
lected in each survey year. The questionnaire item for 
dementia was worded as follows: “Has a doctor told you 
that you have dementia, Alzheimer’s disease, or worsen-
ing of memory?” (yes/no). In addition, participants were 
asked about hypertension, heart disease (coronary artery 
disease, arrhythmia, or myocardial infarction), stroke, 
diabetes, osteoarthritis, hip fracture, and depression. To 
examine the combined effects of dementia and comor-
bidities on disability, participants were categorized into 
six groups: 1) no dementia & no other morbidities, 2) no 
dementia & 1–2 morbidities, 3) no dementia & at least 
3 morbidities, 4) dementia & no other morbidities, 5) 
dementia & 1–2 morbidities, and 6) dementia & at least 
3 morbidities. Occupational class was considered as a 
covariate because it has been shown that the risk for cog-
nitive and functional disability varies according to social 
class [22]. Occupational class, based on the longest held 
occupation, was categorized as non-manual, manual, 
housewife, and unknown [26]. Age, gender, and study 
year were considered as covariates and were controlled 
for in the analysis.

The Vitality 90 + study protocol was approved by 
The Ethics Committee of the City of Tampere or the 
Regional Ethics Committee of Tampere University Hos-
pital, depending on the study year, and written informed 
consent was obtained from participants or their legal 
representatives.

Data analysis
Among 4047 responses obtained from 3907 participants, 
information on ADL was missing for 32 persons and 
mobility for 82 persons, and 54 did not answer the ques-
tion on dementia. Hence, the analysis was done on 3961 
and 3911 observations for ADL and mobility disability, 
respectively. Frequencies and percentages were calcu-
lated for all independent variables, and ADL and mobil-
ity disability were analysed separately for people with and 
without dementia. Pearson’s chi-squared test was used to 
examine the association of dementia status with gender, 
occupational class, chronic conditions, and level of disa-
bility. Mann–Whitney U test was used to analyze the dif-
ference in age between those with and without dementia 
in each study year.

The association between dementia and disability 
was determined using a generalized estimating equa-
tion (GEE) approach with a logit link and an independ-
ent ‘working’ correlation structure. This method takes 

into account the dependency between observations for 
individuals who participated more than once and will 
produce valid standard errors when using the robust 
standard error estimator [27]. The analysis was done for 
both ADL and mobility disability, and age, gender, occu-
pational class, number of chronic conditions, and study 
year were included into the models. Odds ratios (OR) 
and their 95% confidence intervals (CI) were obtained 
from adjusted models. In model 1, we examined the asso-
ciation between dementia and disability, adjusted for age, 
gender, and study year. Occupational class was added as 
a covariate in model 2 and multimorbidity in model 3. 
Furthermore, in model 4, we fitted the interaction term 
to assess whether the effect of dementia on disability was 
different between study years. The multivariate analy-
ses were conducted separately for ADL and mobility 
disability.

To examine the combined effect of dementia and 
comorbidity on disability, we used a GEE approach con-
trolling for age, gender, occupational class, and study 
year. The analysis was done separately for the two out-
come measures. The association between dementia and 
disability were separately analysed for each study year 
using binary logistic regression with ORs and 95% CIs, 
and the results are presented as supplementary tables. To 
estimate the proportion of ADL and mobility disability 
that could be attributed to dementia, population attrib-
utable fraction (PAF) was computed based on the GEE 
model using punaf module in Stata [28, 29]. Statistical 
analyses were done using Stata 16.1 (College Station, TX, 
USA) and SPSS 25 (Armonk, NY, USA), and statistical 
significance was set at p < 0.05.

Results
Characteristics of the study population
In all study years the majority of the participants were 
women. The prevalence of dementia was 42.9% in 2001, 
39.7% in 2010, and 40.0% in 2018. Participants with 
dementia were slightly older and had at least four mor-
bidities and depression more often than those without 
dementia in all study years. ADL and mobility disability 
were significantly higher in people with dementia com-
pared to those without dementia (p < 0.001 in all three 
study years). The prevalence of ADL disability was 71.2%, 
77.4%, 70.9% vs. 48.2%, 48.7%, 40.7% and the prevalence 
of mobility disability 47.0%, 46.8%, 42.2% vs. 15.2%, 9.6%, 
7.9% in people with and without dementia in the three 
study years (Table 1).

Association between dementia and disability
People with dementia had higher odds for ADL disabil-
ity (OR = 7.29, 95% CI = 6.15–8.64) compared to those 
without dementia when adjusted for age, gender, and 
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study year (Table 2, model 1). This barely changed after 
adjusting for occupational class and number of comor-
bidities (models 2–3) (OR = 7.19, 95% CI = 6.05–8.53). 
People with dementia were more likely to have mobility 
disability than those without dementia after adjusting 
for age, gender, and study year (OR 3.35, 95% CI = 2.90–
3.86) (Table 3, model 1). This association did not change 
when occupational class and number of chronic condi-
tions were taken into account (model 2–3) (OR 3.34, 95% 
CI = 2.89–3.87). The OR showing the association with 
dementia was much higher for ADL disability than for 
mobility disability. Moreover, based on PAF for all the 
years together, 56.6% (95% CI = 52.1–60.6) of ADL disa-
bility and 18.1% (95% CI = 15.9–20.2) of mobility disabil-
ity were attributable to dementia.

The combined effect of dementia and comorbidities 
on ADL and mobility disability is illustrated in Fig.  1. 
The participants were categorized into six groups, and 
the reference group consisted of those who did not have 
dementia or any other morbidity (7.1%). For ADL dis-
ability, in people with no dementia but three or more 
other conditions the OR increased according to the num-
ber of morbidities and was 3.02 (95% CI = 1.6–5.4). In 

people with dementia but no other conditions, the like-
lihood of ADL disability was clearly higher (OR = 13.9, 
95% CI = 7.4–24.9) than among those with three or more 
other conditions but no dementia (3.02, 95% CI = 1.6–
5.4). The number of comorbidities with dementia did not 
increase the likelihood of ADL disability. The likelihood 
of mobility disability increased according to the number 
of morbidities among people with and without demen-
tia. In the group with only dementia, the odds of having 
mobility disability was 4.56 (95% CI = 2.9–7.0), approxi-
mately the same as in the group with three morbidities 
without dementia, and it increased gradually with comor-
bidities, being 10.5 (95% CI = 7.2–15.3) in the group with 
dementia and at least three comorbidities.

Differences over time in association between dementia 
and disability (interaction model)
Interaction between dementia status and study year was 
statistically significant (Table 2, model 4), i.e., the effect of 
dementia on ADL disability was higher in 2010 (OR 1.80, 
95% CI = 1.15–2.83) and 2018 (OR 1.85, 95% CI = 1.21–
2.83) than in 2001. ADL disability decreased in people 
with and without dementia. In later study years, ADL 

Table 2  Association between dementia and ADL disability among the oldest old in 2001, 2010, and 2018

ADL disability = dependent in at least one activity among dress and undress and get in and out of bed. Outcome variable is ADL disability in all models

The explanatory variables are as follows

Model 1 – dementia, age, gender, and study year

Model 2 – dementia, age and gender, study year, and occupational class

Model 3 – dementia, age, gender, study year, occupational class, and multimorbidity

Model 4 – dementia, age, gender, study year, occupational class, multimorbidity, and interaction between dementia and study year

Variables Model 1 Model 2 Model 3 Model 4
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Dementia (ref = no dementia) 7.29 (6.15–8.64) < 0.001 7.20 (6.07–8.53) < 0.001 7.19 (6.05–8.53) < 0.001 4.59 (3.30–6.39) < 0.001

Age 1.13 (1.09–1.16) < 0.001 1.13 (1.10–1.16) < 0.001 1.13 (1.10–1.17) < 0.001 1.13 (1.10–1.17) < 0.001

Gender (ref = male) Female 1.55 (1.25–1.91) < 0.001 1.53 (1.23–1.89) < 0.001 1.44 (1.16–1.78) 0.001 1.44 (1.16–1.78) < 0.001

Study year (ref = 2001)
  2010 0.78 (0.63–0.97) 0.025 0.86 (0.69–1.07) 0.182 0.83 (0.66–1.04) 0.107 0.58 (0.41–0.83) 0.002

  2018 0.66 (0.54–0.81) < 0.001 0.74 (0.60–0.92) 0.007 0.69 (0.56–0.86) 0.001 0.47 (0.34–0.66) < 0.001

Occupational class (ref = Non-manual)
  Manual 0.97 (0.81–1.16) 0.741 0.94 (0.79–1.13) 0.505 0.93 (0.78–1.12) 0.463

  Housewives 0.92 (0.66–1.28) 0.630 0.93 (0.66–1.29) 0.649 0.92 (0.66–1.29) 0.642

  Unknown 2.28 (1.67–3.13) < 0.001 2.28 (1.66–3.14) < 0.001 2.30 (1.68–3.14) < 0.000

Number of morbidities 0 (ref)
  1 0.94 (0.70–1.28) 0.698 0.95 (0.70–1.29) 0.739

  2 0.90 (0.67–1.21) 0.496 0.93 (0.69–1.24) 0.611

  3 1.26 (0.93–1.71) 0.135 1.29 (0.95–1.75) 0.103

  ≥ 4 1.85 (1.33–2.56) < 0.001 1.88 (1.36–2.61) < 0.001

Dementia * study year (ref = 2001)
  Dementia * 2010 1.80 (1.15–2.83) 0.010

  Dementia * 2018 1.85 (1.21–2.83) 0.005
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disability was largely concentrated in people with demen-
tia (Fig. 2). The time trend was rather similar for mobility 
as for ADL disability: the effect of dementia on mobil-
ity disability changed significantly over the study years 
and was greater in 2010 (OR 1.56, 95% CI = 1.04–2.33) 
and in 2018 (OR 1.50, 95% CI = 1.04–2.17) than in 2001. 
Mobility disability decreased in people with and without 
dementia, but as this decrease was greater in the latter 
group, the difference in disability between the groups 
increased over time (Fig.  2). The results for both ADL 
and mobility disability are presented separately for each 
year in supplementary tables (Additional file 1).

Discussion
Using data from repeated identical cross-sectional sur-
veys in 2001, 2010, and 2018, we add to the limited 
research on the connection between dementia and func-
tional disability in the growing population of persons 
aged 90 and over. We found a strong association between 
dementia and disability in ADL and mobility even after 
controlling for age, gender, occupational class, number 
of chronic conditions, and study year. Functional abil-
ity has improved over time in the oldest old [10], but 

according to our results it improved more in people with-
out dementia than in those with dementia. In addition, 
very old people with only dementia (no comorbidity) had 
clearly a higher ADL disability and also somewhat higher 
mobility disability than those without dementia but with 
up to three or more morbidities. These results show that 
dementia plays a major role in explaining functional dis-
ability among the oldest old. This suggests, importantly, 
that the increase in the number of people with dementia 
means not only a larger number of people with cognitive 
problems, but also a larger number of people with physi-
cal disabilities.

To our knowledge, this is the first population-based 
study examining the role of comorbidities in the asso-
ciation between dementia and functional disability 
and exploring how functional disability in people with 
dementia has changed over time in this very old age 
group.

Dementia is the leading cause of disability in old age. 
The disability pathways depend on age and several inter-
nal and external factors, such as the type of disease caus-
ing dementia, comorbidities, and available medical and 
rehabilitative services.

Table 3  Association between dementia and mobility disability among the oldest old in 2001, 2010, and 2018

Mobility disability = dependent in at least one activity among moving indoors, walking 400 m, and climbing stairs. Outcome variable is mobility disability in all models

The explanatory variables are as follows

Model 1 – dementia, age, gender, and study year

Model 2 – dementia, age and gender, study year, and occupational class

Model 3 – dementia, age, gender, study year, occupational class, and multimorbidity

Model 4 – dementia, age, gender, study year, occupational class, multimorbidity, and interaction between dementia and study year

Variables Model 1 Model 2 Model 3 Model 4
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Dementia (ref = no dementia) 3.35 (2.90–3.86) < 0.001 3.28 (2.84–3.78) < 0.001 3.34 (2.89–3.87) < 0.001 2.42 (1.79–3.28) < 0.001

Age 1.17 (1.14–1.20) < 0.001 1.17 (1.14–1.20) < 0.001 1.17 (1.14–1.21) < 0.001 1.17 (1.14–1.21) < 0.001

Gender (ref = male) Female 2.44 (2.07–2.88) < 0.001 2.45 (2.07–2.89) < 0.001 2.21 (1.87–2.62) < 0.001 2.21 (1.87–2.62) < 0.001

Study year (ref = 2001)
  2010 1.10 (0.91–1.33) 0.314 1.15 (0.95–1.40) 0.155 1.06 (0.87–1.29) 0.582 0.90 (0.71–1.15) 0.404

  2018 0.82 (0.69–0.98) 0.030 0.87 (0.72–1.04) 0.129 0.75 (0.62–0.90) 0.002 0.64 (0.51–0.81) < 0.001

Occupational class (ref = Non-manual)
  Manual 1.33 (1.15–1.54) < 0.001 1.25 (1.08–1.46) 0.003 1.25 (1.08–1.46) 0.004

  Housewives 1.04 (0.79–1.37) 0.793 1.02 (0.77–1.35) 0.913 1.01 (0.76–1.35) 0.920

  Unknown 1.48 (1.09–2.01) 0.012 1.48 (1.09–2.02) 0.013 1.50 (1.10–2.05) 0.010

Number of morbidities 0 (ref)
  1 1.35 (1.05–1.75) 0.021 1.36 (1.05–1.76) 0.019

  2 1.80 (1.40–2.31) < 0.001 1.83 (1.43–2.35) < 0.001

  3 2.54 (1.95–3.31) < 0.001 2.58 (1.98–3.36) < 0.001

  ≥ 4 4.89 (3.58–6.67) < 0.001 4.96 (3.63–6.77) < 0.001

Dementia * study year (ref = 2001)
  Dementia * 2010 1.56 (1.04–2.33) 0.033

  Dementia * 2018 1.50 (1.04–2.17) 0.032
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[30]. Ageing-related decline in cognitive ability and 
mobility has been explained by neurological degen-
eration, inflammation and damaged vasculature [31]. 
Although robust evidence is available on age-related 
changes in physical ability in the oldest old [32–34], there 
has been only limited research into their connections 
with dementia. Our results are consistent with several 
cross-sectional [35, 36] and longitudinal studies [37, 38] 
among younger old people and oldest old [39, 40], which 
have reported excess disability in people with demen-
tia compared to those without, even after taking into 
account the number of chronic conditions.

Our findings show that the difference in disability 
between those with and without dementia increased 
over the study period from 2001 to 2018. It has been sug-
gested that better living conditions, improved cognitive 
ability, early diagnosis of dementia, improved medical 
care, and physical and technological support can contrib-
ute to improved functional ability in older people [8, 9]. 
However, our findings suggest that these improvements 

are mainly seen in people without dementia. Although it 
has been reported that functional dependence is associ-
ated with multimorbidity [12, 41], in our study demen-
tia comorbidity did not increase disability in ADL, which 
was high even without additional conditions, but it did 
increase mobility disability. It is important to stress that 
ADL disability is measured in different ways in differ-
ent studies. We measured ADL disability with two vari-
ables (dress and undress and get in and out of bed), which 
reflect severe disability.

Vitality 90 + is a unique study that has used a similar 
design and the same measurements across a number of 
years to examine total populations including both com-
munity-living and institutionalized persons aged 90 and 
over. The inclusion of institutionalized persons is rare in 
this line of research but facilitates unbiased estimates of 
health problems in very old people [42]. The sample sizes 
were large and response rates high in all study years.

Studying dementia-related disability in the old-
est old involves several challenges. The data for our 

Fig. 1  Association of dementia and comorbidity with (a) ADL disability and (b) mobility disability among the oldest old in 2001, 2010 and 2018 
combined
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study was collected using self-reports, the method of 
choice in numerous population-based studies in older 
adults and among the oldest old [9, 33, 43]. For both 
practical and financial reasons the only viable option 
for population-based studies, and repeated popula-
tion-based studies in particular, is the survey meth-
odology. To receive representative population-based 
information on the oldest-old, proxy respondents are 
necessary [42]. In our study, the proportion of proxy 
participants varied from 15 to 23%, and among those 
with dementia, from 34 to 47%, depending on the year 
of data collection. The sensitivity analyses conducted 

separately for self-respondents and proxy respondents 
(not presented) show that the basic patterns of associa-
tions between multimorbidity and disability are largely 
similar: in both groups, dementia alone was associated 
with higher or at least as high ADL disability than 3 
or more morbidities without dementia. Also in both 
respondent groups, among those with dementia, addi-
tional morbidities increased the likelihood of mobility 
disability, but not that of ADL disability. The experi-
ence from our study as well as from several others sug-
gests that if proxy responses are accepted and if the 
questionnaire is clear and not too long, surveys are a 

Fig. 2  Average predicted probability of activities of daily living and mobility disability in people with and without dementia over time (based on 
model 4 in Tables 2 and 3)
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feasible method of data collection among the oldest 
old [44]. Furthermore, survey data on health and func-
tioning among persons aged 90 and over has reason-
able validity and reliability [10, 25 42].

In our study, mobility and ADL were assessed using 
simple and easy-to-answer questions. For mobility dis-
ability, we used a standard and validated set of questions 
[45]. In the interest of feasibility and a high response rate 
among the oldest-old, we chose to use only two ADL 
items that are part of a validated and widely used ADL 
scale [45]. The major role of these two questions in the 
longer ADL scale has been verified in another sample 
[46], and its logical behaviour is confirmed in numerous 
earlier analyses in the Vitality 90 + study.

We understand that cognitive impairment may ham-
per the reliability of self-reported data. However, previ-
ous studies have reported that people in the mild stages 
of dementia are able to convey reliable information 
regarding their health [47, 48]. Also, self-reports are 
often thought to underestimate medical conditions. Yet 
Goebeler et al. (2007) found that in earlier rounds of the 
Vitality 90 + study, the prevalence of self-reported doc-
tor-diagnosed dementia and depression was higher than 
indicated by the medical records, probably partly because 
of the wording of the question [43]. Self-reported infor-
mation on chronic conditions was quite consistent with 
medical records, although discrepancies were higher in 
persons over 90 years in the Vitality 90 + Study compared 
to other studies in younger olds [43]. In the present study, 
around 40% of the answers were given by proxies for per-
sons with dementia. Proxies were mainly used for very 
frail individuals, mostly in the severe stages of dementia 
who otherwise would not have been able to participate, 
while those with better health responded themselves. 
Several researchers have reported that proxies can be 
considered reliable reporters and response comparability 
can be improved by objective, observable, or easy ques-
tions [49, 50]. In all, we believe that, given all the uncer-
tainties associated with self-reported data, our findings 
add valuable information about disability in the oldest 
old with dementia.

The very high PAF for ADL and mobility disability 
attributed to dementia is a critical policy issue for health 
and social care planners [38]. As the number of people 
with dementia continues to rise, so does the number of 
individuals with functional disability, which in turn likely 
lead to increased dependency and an increased need for 
institutional care. Especially the combination of demen-
tia, comorbidities, and high disability emphasizes the 
need for individually planned person-centered care [16], 
as multiple needs are otherwise challenging to recognize 
and meet.

There is a need for interventions aimed specifically 
at people with cognitive impairment and dementia 
in order to try and maintain their functional ability 
[51]. In addition, the connection between dementia 
and functional ability needs to be taken into account 
in national ageing and care policy-making as people 
with dementia appear to have major challenges in 
physical functioning in addition to cognitive abili-
ties. Care and rehabilitation should be optimized in 
view of the heterogeneity in disability and treatment 
goals [6]. Sufficient professional support relevant for 
rehabilitation to meet the complex needs of people 
with dementia should be included in the care pathway 
[52].

Conclusion
Dementia is the main single contributor to physical 
disability in old age that seems to have continued to 
gain in importance over time. Dementia increases the 
probability of functional disability among the oldest 
old, and an increasing number of comorbidities fur-
ther increases the likelihood of mobility disability. The 
future prevalence of dementia will have a significant 
impact on the number of people with physical impair-
ments, and therefore interventions aimed at preventing 
or delaying dementia and the treatment of dementia 
will have a crucial role in promoting the mobility and 
functioning of older people. However, it is also neces-
sary to introduce new approaches in clinical practice, 
rehabilitative services, and care in order to maintain 
functional capacity and delay ADL disability and 
impaired mobility in people who are already diagnosed 
with dementia. In addition, further research is needed 
to elucidate the mechanisms of dementia-related dis-
ability in order to introduce new treatment and preven-
tion pathways.
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