A longitudinal study of functional unmet need among people with dementia
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Abstract
Background: Understanding the changes of unmet need in dementia may enable
effective targeting of help and allow people to stay in their homes longer.
Objective: We investigated changes in unmet need and functioning over a 4-year
period and the role of socio-demographic factors in these changes among people
with dementia.
Methods: 234 community-dwelling people with dementia at baseline were studied in
three consecutive waves (four years) of the English Longitudinal Study of Ageing
(ELSA). Unmet needs (self/informant-reported limitations for which no help was
received) and functional limitations (self/informant-reported difficulties in
activities/instrumental activities of daily living and mobility) were modelled with latent
growth curves. Sex, age, partnership and socioeconomic status at baseline were
used as predictors. Admission to a care home was an additional outcome.
Results: Unmet needs increased over time, especially among those who initially had
more functional limitations. Unmet needs contributed to faster decline in functional
capability, except among those with many limitations initially. The major driver of
increased unmet needs was not having a partner (direct effect). Age, sex and wealth
contributed indirectly via the initial level of functional limitations and/or unmet need.
Those with several functional limitations but few unmet needs were most likely to
move to a care home.
Conclusions: Unmet need increases over time in those with dementia with
mitigating effects of having a partner and initial levels of functioning. Meeting needs

2

at early stages of dementia, especially for those living alone and when functional
limitations are low may help slow functional decline.

Key words: needs, functional status, longitudinal survey, social inequalities,
dementia
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Introduction

Dementia is a condition characterized by progressive cognitive impairment
and functional limitation. Because of the progressive course of dementia, the person
with dementia may become increasingly dependent in activities of daily living, which
may lead to increased needs for care and support [1]. Support which is needed is not
always available resulting in unmet need. This can occur since the caregiver or
person with dementia may not recognise the need, the person with dementia may
refuse care, or the care provided does not meet the quality or quantity needed due to
problems with communication, decreased ability to care for oneself and ineffective
use of resources[2]. Unmet need in dementia is common, a systematic review of the
point prevalence of unmet need reported that over 90% of people with dementia
have at least one caregiver-reported unmet need [3]. These unmet needs are often
related to safety, health and medical care, daily activities, company, and counselling
and legal support [3,4]. Unmet need is associated with individual characteristics
such as lower socio-economic status and functional limitations. It has been reported
to contribute to poorer general well-being, lower quality of life, and need for
institutional care [5]. Although there is accumulating evidence on unmet needs in
dementia and their causes and outcomes, the findings so far have been based on
using regression methods often in cross-sectional settings [3,4]. To understand the
processes of declining functioning, increasing needs, how changing needs are met,
and the role of predictors and outcomes in these processes, a longitudinal approach
is needed.
Unmet needs are not distributed equally. Some subgroups such as those
without a partner and with low socioeconomic position experience more unmet
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needs [6–9]. Some studies have also found sex differences in unmet needs among
people with dementia; in a Chilean study unmet needs were more frequent among
men [8] whereas in a Polish study they were more frequent among women [10].
Unmet needs are also affected by functional limitations related to age and dementia
itself and other co-occurring long-term conditions [11]. This interplay is complex:
although unmet needs are more likely in the presence of numerous functional
limitations, unmet needs may also occur when people have low levels of need or
they do not fit into the stereotype of requiring care (e.g. younger age) [12]. In these
cases, care needs may go unnoticed as they are not expected to need care or they
do not ask for care. Having all needs met may benefit well-being but not necessarily
improve the level of functioning. Whether unmet needs impact the trajectories of
functioning or vice versa has not been studied longitudinally.
Trajectories of unmet needs may be slowed down or speeded up by various
factors [7,9], some of which are potentially modifiable (such as economic resources,
living with someone who can help) and others not (such as age). The effects may be
mediated through other factors in pathways, e.g. higher age is often associated with
poorer functioning, which in turn is associated with higher level of unmet needs, e.g.
see the stepwise regression in [7]. When using cross-sectional data, these pathways
cannot be detected and mediation may go undetected. This may explain the mixed
findings on predictors in cross-sectional studies using regression analyses.
Examining associations between unmet need and functional limitations requires
assessment of parallel processes which affect each other but may also interact (e.g.
the effect may be different at low levels of a variable compared to high levels).
Understanding the factors in the pathways is important because the receipt of
sufficient help in the presence of difficulties in everyday activities may allow people
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to live in the community longer and may enhance their quality of life [13,14]. In this
study we therefore aimed to investigate longitudinal patterns of change in functional
unmet needs among people with dementia including: the pathways of unmet needs;
the impact of demographic and socioeconomic factors; and associations with
outcomes (including care home admission). The research questions were:
1) How does unmet need change over time among people with dementia when
changes in functioning are taken into account?
2) How do sociodemographic factors predict changes in unmet need among
people with dementia?
3) Does unmet need predict functional limitations and care home admission
among people with dementia?

Methods
Data
The research reported here is part of the DETERMIND programme [15] which
aims to understand the determinants of quality of life, care and costs and the
consequences of inequalities in people with dementia and their carers. Our sample
for this study was drawn from the English Longitudinal Study of Ageing (ELSA), a
nationally representative longitudinal study of the older (aged 50+) household
population of England [16]. The first wave of ELSA was conducted in 2002-2003 and
consecutive waves were carried out every two years. The description of sampling
and data collection is reported elsewhere [17]. Our analysis is based on data
collected at waves 6, 7, 8 and 9 conducted in 2012-3, 2014-15, 2016-17 and 201819, respectively. These waves were selected because they included detailed
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questions on needs for and receipt of social care which were used to determine
unmet need. The sample in the current study included those aged 50+ living in the
community at baseline, and identified as having dementia using self-reported or
informant-reported (43% reported by an informant) physician diagnosis of dementia
or Alzheimer’s disease or Informant Questionnaire on Cognitive Decline in the
Elderly (IQCODE) informant reports of change in behaviour and cognition (score 3.5
or more) [18]. To maximise statistical power, we included all those identified in wave
6 (n = 164) and new cases identified in wave 7 (n = 71), and followed them up over
four years (waves 6, 7 and 8 or waves 7, 8 and 9). 70 individuals were excluded
because they were living in care homes at baseline. Participants gave their written
informed consent to take part in ELSA. Ethical approval for ELSA was given by the
London Multicentre Research Ethics Committee.

Measures
Unmet need
In ELSA unmet needs were measured using self or informant reports (about
33% reported by an informant). The information for identifying unmet need (whether
the participant had functional difficulties, i.e. needs, and whether they received help
for them) was available for 13 tasks: five Activities of Daily Living (ADLs), four
Instrumental Activities of Daily Living (IADLs) and four mobility items (see
Supplementary Table 1). A more detailed description of the measure for unmet need
and its use in ELSA can be found elsewhere [19]. ADLs comprised difficulty with:
dressing; bathing or showering; eating; getting in and out of bed; and using the toilet.
The IADLs were difficulty with: shopping for groceries; taking medication; doing work
around the house or garden; and managing money. Mobility limitations were difficulty
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with: walking 100 yards (91.44 metres); climbing several flights of stairs without
resting; climbing one flight of stairs without resting; and walking across a room.
Where ADL, IADL or mobility difficulties were experienced, participants were asked
about receipt of help [19]. If participants reported difficulty conducting any of these
activities but did not receive help for that activity, the item was coded an unmet need
(0= received help for the respective need, 1= did not receive help for the respective
activity). For those who scored 1 in any of these unmet need variables, the number
of activities for which the need was not met was calculated.

Functional limitations
The number of functional limitations was used to measure the severity of
functional disability. All 25 items of self- or informant-reported ADL, IADL and
mobility limitations available in the dataset were used. Supplementary Table 1 shows
the detailed list of the items. Each item was binary: 0= no difficulty, 1= difficulty
reported. The items for ADLs, IADLs and mobility were highly correlated (the
correlations between the three subscales varied between 0.52 and 0.68) and using a
total count showed good internal consistency (Cronbach’s alpha = 0.94, 0.94 and
0.96 for the three time points).

Socio-demographic factors
Age was measured in years. Sex and whether the participant had a partner
were binary variables. A binary measure was also used for educational level,
contrasting having any qualification (college or university diploma or degree, O’ or A’
levels or equivalent public examinations taken in secondary schools at around ages
16 and 18 respectively or vocational or foreign qualifications) with having no
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qualifications. Routine occupation was based on the National Statistics Socioeconomic Classification (NS-SEC) classification divided into two groups: higher
managerial, administrative and professional or intermediate occupations; and routine
and manual occupations [20]. Wealth quintiles were calculated using non-pension
wealth comprising financial, physical and housing wealth net of debt. Wealth quintile
was treated as linear scale in the analysis. Home ownership was a binary measure,
divided into those owning their home outright or with mortgage or shared-ownership,
and those renting, living rent free, or squatting. The sociodemographic information
was reported by the participant or informant.

Admission to a care home
Information on whether the participant was living in a care home at the point of the
interview was based on their recorded place of residence, reported either by
themselves or by an informant. The information on care home admission was
missing if neither the person nor an informant could be contacted.

Analysis
We used Latent Growth Curve modeling to examine the level and change in
unmet need and functional limitations and their associations with socio-demographic
factors. In a Latent Growth Curve model [21], random effects are used to capture
individual differences and fixed effects to estimate the average growth of the entire
sample. Analyses were carried out using Mplus 8 [22]. Three time points were used
to estimate the initial level (intercept) and linear change (slope) in unmet need and
functional limitations. The sociodemographic variables were included as potential
predictors of the level and change of unmet need and functional limitation (see the
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pathways in Figure 1). This allowed us to assess mediation, the mechanisms that
link the predictors to changes in unmet need, in this case mediation through the
baseline levels of unmet need and functional limitations. Indirect effects were
standardized to make it easier to compare the effect sizes [23].
We also tested the effect of interaction between the level of unmet need and
functional limitations on change in these two variables. This was to investigate to
what extent functional limitations at baseline moderate the relationships between
unmet needs at baseline and subsequent changes in unmet need and functional
limitations. Mediation and interaction were assessed in different models, because it
is not possible to calculate indirect mediation effects when an interaction term is
included.
The fit of the model was assessed by chi square analysis, but because this
index is sensitive to sample size we also used three other fit indices as
recommended by Hu and Bentler [24] and Kline [25]: the Comparative Fit Index
(CFI), Root Mean Square Error of approximation (RMSEA) and Standardized Root
Mean Square Residual (SRMR). A value at or below 0.08 for the RMSEA and
SRMR, and at or above 0.90 for the CFI was considered to indicate an adequate fit
for the model. Maximum likelihood estimation with robust standard errors (MLR) was
used to take into account any non-normality in the sample. Missing data were
handled using the full information maximum likelihood method (FIML) [26]. This
method makes it possible to estimate the likelihood function for all cases based on
the information on the means and variances of the variables that are present in the
dataset.

Results
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Descriptive data
Table 1 shows the distributions of the variables. About half of the sample were
women (52%). The average age was 78 years. Sixty percent had a partner. Almost
half reported no formal qualifications (48%) and a routine occupation as their last job
(45%). The majority of the participants were home owners (75%). The participants
had on average two unmet needs (range 0-13) and 11 functional limitations (range 124) at baseline. The number of unmet needs tended to increase slightly over time,
while the number of functional limitations did not change. This pattern is likely to
depict selection due to attrition, as it ignores the impact of sample attrition. The
estimated means (the last column in Table 1), however, use all available information
to estimate the parameters including incomplete data from those who drop out or die.
These estimated means that adjust for attrition showed increases over time in both
unmet needs and functional limitations. Functional limitations in IADLs were most
common (mentioned by over 50%) while climbing several flights of stairs without
resting was a frequently mentioned mobility difficulty (mentioned by 71%)
(Supplementary Figure 1). Unmet needs were frequent in mobility tasks and some
IADLs.
The number of participants halved between consecutive time points. Around
two-thirds of participants (65%) dropped out over the four year period between time
points 1 and 3, while 24% of the original sample remained living in the community
and participated in all three waves and 11% moved to care homes between times 1
and 3. Because there was no information on the reasons for drop-out (some may
have entered care homes), all those who dropped out were treated as missing in the
additional analysis where admission to a care home was the outcome variable.
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Those who dropped out or moved to care homes were characterised by older
age and poorer functioning but fewer unmet needs at baseline compared to those
who remained in the sample throughout the waves both in bivariate and multinomial
models (see Supplementary Table 1). In the bivariate analyses, those who moved to
care homes were more likely to be women and those who dropped out were less
likely to have a partner or qualifications compared to those who participated in all
waves. These associations however disappeared when all predictors were included
in the multinomial model.
Table 2 shows the bivariate correlations between the variables. Unmet need
was associated with not having a partner and a number of socio-economic variables,
including not being a home owner and lower wealth quintile. Functional limitations
were associated with older age, not having a partner and lower socioeconomic
status. Unmet need correlated with higher frequency of functional limitations. The
concurrent correlations between unmet need and functional limitations grew stronger
over the three time points. Functional limitations at time 1 predicted unmet needs
over the three time points whereas time 1 unmet need was a poorer predictor for
functional limitations over the consecutive time points.

Latent Growth Curve data
Level and change in unmet need and functional limitations
We fitted the model shown in Figure 1. The model fitted the data well (𝜒𝜒2 =
40.30, df = 22, p = 0.010, CFI = 0.94, RMSEA = 0.060, SRMR = 0.061). People with
dementia were estimated to have two unmet needs (parameter estimates for the
intercept of level = 2.00,SE = 0.134, p < 0.001) and 11 functional limitations at
baseline (parameter estimates for the intercept of level 11.1, SE = 0.426, p <0.001).
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The intercepts for growth showed that during the four-year follow-up, people with
dementia gained on average 0.7 new unmet needs (estimate = 0.73, SE = 0.222, p <
0.01) and four new functional limitations (estimate = 4.10, SE = 0.811, p < 0.001).
The residual variances indicated that there was considerable variation around the
initial level of unmet need (estimate = 2.57, SE = 0.974, p < 0.01) and functional
limitations (estimate = 39.02, SE = 3.844, p < 0.001). However, there was no
evidence of significant individual variation around the sample mean (residual
variance for growth in unmet need = 0.26, SE = 0.175, p ≥ 0.05; residual variance

for growth in functional limitations = 3.22, SE = 1.954, p ≥ 0.05).

Figure 1 shows that the initial level of functional limitations predicted the

growth in unmet need. On average, for those with 11 functional limitations the
number of unmet needs increased by 0.7 over four years. However, if an individual
initially had only 5 functional limitations for example, the growth in unmet need was
0.34 new unmet needs, while an individual with 17 functional limitations initially had
1.4 new unmet needs after four years. This pattern of faster increase in unmet needs
at higher baseline levels of functional limitation (i.e. fanning out) is depicted in Figure
2. In comparison, a higher initial level of unmet need predicted less growth in unmet
need and functional limitations over the four-year period (i.e. fanning in). The
associations between the baseline level of unmet need and change in unmet need
are presented in Figure 3. The associations between baseline unmet need and
change in functional limitations varied by the level of functional limitations. The
results for the interaction are given below.
We tested the effect of the interaction between the level of unmet need and
functional limitations on the change in these two variables. The interaction terms
were added to the model shown in Supplementary Figure 2. The results showed that
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the initial level of functional limitations modified the association between unmet need
and change in functional limitations (the estimate for the interaction term = 0.043, SE
= 0.015, p < 0.01). Figure 4 illustrates the trajectories of functional limitations by the
initial level of unmet needs and functional limitations. At lower levels of functional
limitations (solid lines), an initially lower number of unmet need (light grey) was
associated with slower increase in functional limitations over the four-year period
compared to those who had higher levels of unmet need (dark grey). At higher initial
levels of functional limitations (dashed lines), the increase in functional limitations
was very small among both those with lower (light grey) and those with higher levels
(dark grey) of unmet needs at baseline. There was no interaction between the initial
levels of unmet need and functional limitation to change in unmet need.

The associations of socio-demographic variables with level and change of unmet
need
Figure 1 shows that, apart from the direct effect of having a partner on change
in unmet need, all other effects from the socio-demographic factors to change in
unmet need run through the level of unmet need and functional limitations. Table 3
shows the indirect effects from higher age and lower wealth through higher level of
functional limitations to faster increase in unmet need. Female sex and higher wealth
contributed to faster increase in unmet need through the level of unmet need. For
sex and wealth, the various indirect effects cancelled each other out, resulting in
non-significant total indirect effect. All the indirect effects on change in unmet need
were small, with the standardized estimates varying between 0.01 to 0.15.

The association between unmet need and moving to a care home
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We added care home admission as an outcome to the latent growth curve
model and included the interaction between baseline level of unmet need and
functional limitations (Supplementary Figure 3). The interaction term predicted move
to a care home (estimate = -0.01, SE = 0.002, p < 0.05). Both independent effects
were also significant: a lower level of unmet need (estimate = -0.07, SE = 0.035, p <
0.05) and a higher level of functional limitations (estimate = 0.038, SE = 0.009, p <
0.001) predicted move to a care home. The results showed that at lower levels of
functional limitations a higher number of unmet needs was associated with a lower
likelihood of moving to a care home whereas among those with fewer unmet needs
admission to a care home was more likely, see Supplementary Figure 4. At higher
levels of functional limitation, the baseline level of unmet need did not make any
difference to the likelihood of moving to a care home.

Sensitivity analysis for the subcategories of unmet need
We carried out a further analysis using the three subcategories of unmet need
related to mobility, ADLs and IADLs. This was done to check if the pattern of change
over time and the association with functional limitations were similar for the
subcategories. Supplementary Table 2 shows the observed means and estimated
intercept and slope for the unmet needs related to mobility, ADLs and IADLs.
Mobility and IADL related unmet needs appeared to increase according to the
observed means. The latent growth curve modelling showed that the increasing
trend (slope) was significant: the person with dementia gained approximately 0.5
new unmet mobility needs and 0.4 new unmet IADL needs over the four-year period.
There was no change in unmet needs related to ADLs.
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When these subcategories of unmet needs were used instead of the total
unmet need score in the full latent growth curve model, the model for mobility and
IADL related unmet needs were very similar to the model for total unmet need score
shown in Figure 1. However, neither the intercept of unmet need related to mobility
nor that related to IADL tasks was associated with the slope of functional limitation
(likely due to the reduced power in the model when using subcategories).

Discussion

Our study is, to the best of our knowledge, the first to investigate longitudinal
patterns of change in functional unmet needs among people with dementia. We
found that in people with dementia unmet needs increase over time and that the
main drivers were not having a partner and a higher number of functional limitations
at baseline (direct effects). Age, female sex and wealth acted indirectly through a
number of paths. It is of interest that those with fewest unmet needs at baseline,
paradoxically had the greatest increase in unmet needs over time. Most strikingly the
more needs were met at baseline the slower was the rate of functional decline, and
having a higher level of unmet need predicted faster functional decline. This
suggests possibilities that actions to identify and address needs early in the illness
may slow loss of functional ability in dementia.

Change in unmet need and associations with functioning
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We found that unmet needs, especially those related to IADLs and mobility,
increased over time among people with dementia, and this increase was faster
among those with higher numbers of functional limitations at baseline. Although
there was considerable variation between the individuals in baseline levels of unmet
need and functional limitations, the direction of change – both unmet needs and
functional limitations increased over the four-year period - was uniform across the
sample. This is not surprising as dementia is characterised by declining functional
ability and increasing need for help [1,27]. However, it is of interest that we found
that unmet needs increased faster over time when the baseline level of unmet needs
was lower. The result is not surprising since the potential for change is higher when
the starting level is low, compared to when it is high (ceiling effect) There could be
some convergence to the mean, if those reporting a high (low) number of unmet
needs at baseline were experiencing an especially difficult (relatively less difficult)
period at the time, such as waiting for services to start. Additionally, it could be that
attrition reduced the opportunity to detect the full range of variation. However, our
models did take into account attrition over time and two-way effects between
processes in unmet needs and functional limitations.
The impact of the interaction between the baseline level of unmet need and
functional limitations on the change in functional limitations illustrates the complexity
of the association: those with low or medium levels of functional limitations initially
experienced a slower increase in functional limitations over time if they reported a
lower number of unmet needs. This suggests that having needs met was associated
with a slower rate of functional decline. However, having a higher level of unmet
need predicted faster functional decline. Some previous findings in cross-sectional
studies show that people at the early stages of dementia with only few functional
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limitations are less likely to receive sufficient help [6] and consequently may
experience poorer quality of life. Our findings suggest that in these groups having a
higher number of unmet needs may also have detrimental effects on future functional
decline. It is possible that at higher levels of functional limitations (needs) the receipt
of help or lack of it has less effect on the overall progression of functional limitations
[28].
The difference in results at lower and higher levels of functional limitations and
unmet needs may also reflect that unmet need may have a different meaning or
content at different levels of functional limitations. There could also be differences in
perception or reporting of help received at different levels of ability to conduct ADL,
IADL or mobility tasks with under- or over-reporting in specific groups. Investigating
further the profiles of individual unmet needs and functional limitations would be
useful, with more granular data and a larger sample size.

Change in unmet needs and sociodemographic factors
Apart from the effect of having a partner on reduced unmet need over the
four-year period, none of the other sociodemographic factors had a direct
association with change in unmet need. Age and wealth effects on increased unmet
needs were mediated through the level of functional limitations, while the effects of
female sex and of higher wealth were mediated through the level of unmet need
increasing the unmet needs. The effect sizes of mediation were relatively small: the
standardized estimates did not exceed 0.15. Moreover, when the indirect
contributions through the levels of unmet need and functional limitations were taken
into account, they often counteracted resulting in near zero total indirect effect. Living
alone has been found to be associated with better functioning and use of more
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services in mild to moderate dementia[29]. Moreover, previous studies have shown
that people living with a partner have a lower level of unmet needs [6,7,9]. The
current study did not find an association between the level of functioning or level of
unmet need and having a partner. However, our study suggests that living with a
spouse or partner slows down the increase in unmet needs (and functional
limitations), which underscores the vital role of family caregivers to the wellbeing of
older people with dementia. The results also suggest that factors, such as higher
socioeconomic status, found to be associated with unmet needs in previous crosssectional studies [6–9] predicted lower levels of unmet needs but their contribution to
limiting the increase in unmet needs over time is less clear.

Unmet need and move to a care home
Although previous evidence shows that higher levels of unmet needs are
associated with admission to care homes [5], the results from the current study did
not find this association. We found that high levels of functional limitation, combined
with a low number of unmet needs, predicted higher likelihood of admission to a care
home, compared to those with more unmet needs. The differences between the
current study and previous work may be due to different follow-up periods. The
current study used relatively long follow-up of four years compared to the shorter
follow up of 18 months in a previous study [5]. A longer follow-up may increase the
chance of picking up the institutionalisation of those people with dementia who
remained in the community longer and might have had a profile of functional
limitations in which lack of receipt of help was not critical in continuing to live at
home. It should be noted that in ELSA move to a care home was recorded only if the
participant or informant reported a care home as the participant’s current place of
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residence. It is possible that some people had moved to a care home and died
between the ELSA waves or had moved to a care home and dropped out of the
study with no informant information available.

Limitations
The study has important limitations. First, the dataset did not include
measures of neuropsychiatric symptoms or severity of dementia. The number of
limitations in ADL and IADL rises with severity of dementia, so the inclusion in the
model of functional limitations means that severity of dementia is taken into account
indirectly at least partially, but some functional problems may be unrelated to
dementia, but reflect aging or other comorbidities. Further longitudinal research is
needed which includes direct measures of the severity of dementia and important
comorbidities such as neuropsychiatric symptoms. Second, unmet needs were
measured using the 13 items included in ELSA, which tap unmet needs in ADLs,
IADLs and mobility. The ELSA unmet needs score differs from measures used in
other studies for investigating unmet need. For instance, the ELSA data does not
permit assessment of some dimensions of unmet needs examined in previous
studies, such as unmet needs for medical care [30], counselling, social integration,
dementia diagnosis and treatment [6], or psychological or behavioural factors
[31,32]. The receipt of help questions did not ask whether the help received was
appropriate or met the need. In addition, it was not possible to link the information on
equipment use for mobility limitations with the specific need questions. Third, the
identification of dementia in ELSA was not based on direct clinical assessment but
on self- or informant-reported physician diagnosis or informant-reported change in
memory and behaviour over the last two years. The IQCODE questionnaire is robust
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and widely used, but it is possible that dementia was underestimated, because
participants or informants did not disclose it or did not know it. Fourth, those with
cognitive problems are more likely to have dropped out of the study, affecting the
numbers participating in successive waves of ELSA and limiting the ability to model
complex mediation. Fifth, the reports of those with cognitive impairment may be
subject to greater error than those with intact cognition. In ELSA, informant
interviews were used when the participant was not able to answer the questions (i.e.
at later stages of dementia). The different sources of information may result in
differences in reporting the needs and receipt of help. At the early stages of
dementia, self-ratings have been found to be more closely correlated with objectively
assessed functioning compared to proxy ratings [33]. Sixth, especially in a sample
with high levels of needs, using binary measures for functional limitation may result
in a ceiling effect as there is no opportunity to measure the gradient of the severity of
each functional difficulty.
Finally, information on admission to a care home was available only if inperson or informant interview was possible. Some participants who dropped out
might have entered care home but there was no information on this. The proportion
of those living in a care home identified in ELSA is somewhat lower than expected
among people with dementia; in the current study, 29% were reported to live in a
care home at the baseline compared to 39% on average in the United Kingdom [34].
Modelling with full information maximum likelihood made it possible to retain cases
where information on outcomes (such as care home admission) was missing.
However, the number of care home admissions was low and could be an underrepresentation of admissions among people who lived alone before care home
admission and for whom no informant information was available. In addition our
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ability to interrogate factors influencing care home admission is limited by the relative
lack of measurement of social rather than functional need.
Implications for practice and future research
A key message from our findings for health and social care practitioners is the
implications for those with dementia who live alone. Our data quantify their
vulnerability in terms of higher levels of unmet needs and a faster rate of functional
decline. This makes clear the need for memory assessment services and postdiagnostic care services to focus on early assessment and effective tailored
intervention in this group. The vulnerability of this group has been identified but there
is a need for further research on specific community support interventions for them
[35,36]. Overall the finding that higher levels of unmet need predict faster functional
decline provides support for services that identify and address needs early in the
illness for all those with dementia. The possibility that such intervention may slow
loss of functional ability in dementia requires further research. In terms of the focus
of unmet need in people with dementia in general, a recent scoping review including
27 studies from 11 high income countries, found a wide range, encompassing
emotional, medical, financial, social, personal and safety needs [4]. Unfortunately the
review also found considerable variation in the quantity, quality and flexibility of
services to address such unmet demand. Measurement and identification of need in
people with dementia is a complex task requiring professional skills. There are a
number of systems and instruments available to help this process, but it is not clear
which work best. Informant report by carers may be easier to undertake than selfreport from people with dementia [4] but there are issues when there is no carer
available. Further research exploring which is the most effective, acceptable and
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feasible for professionals to use in practice, especially in community settings, would
be helpful.

Conclusions
Our study illustrates that among people with dementia the number of unmet
needs increases over time. The major drivers of increased unmet needs were not
having a partner and a higher number of functional limitations at baseline. Meeting
the needs at the early stages of dementia when functional limitations are not yet high
may be protective of functional decline in the future. In terms of implications for
clinical practice, attention should be paid to identifying the unmet needs of people
with dementia, especially those who live alone, and the factors that can reduce
unmet needs.
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Table 1. Descriptive and socio-demographic variables at time 1 (ELSA wave 6 or 7), and
unmet need, functional limitations and admission to care home at time 1, 2 and 3 (ELSA
waves 6, 7 and 8 or 7, 8 and 9) among people with dementia.
n

M(SD)/ %

LGC Model
estimated means

Sex
Female

122

52

-

Total

234

100

-

234

78.4 (9.5)

-

Yes

141

60

-

Total

234

100

-

No

107

48

-

Total

224

100

-

Yes

97

45

-

Total

216

100

-

Yes

172

75

-

Total

230

100

-

Wealth quintile

209

2.7 (1.2)

-

Unmet needa, time 1

214

2.1 (2.2)

2.0

Unmet needa, time 2

105

2.2 (2.2)

2.3

Unmet needa, time 3

53

2.3 (1.9)

3.2

Functional limitationsb, time 1

234

11.1 (7.0)

11.1

Functional limitationsb, time 2

134

11.4 (8.0)

13.4

Age
Has partner

Qualification

Routine occupation

Home owner

30

Functional limitationsb, time 3

70

10.3 (7.2)

14.9

57

24

-

26

11

-

Dropped out

151

65

-

Total

234

100

-

Participation between time 1-3
Participated and living in community in all
three waves
Moved to care home

a

Number of ADL, IADL or mobility difficulties (max 13 items) in which does not receive help.

b

Number of ADL, IADL and mobility limitations (max 25 items). M=mean, SD=standard

deviation, LGC=Latent Growth Curve

31

Table 2. Correlations (n in parenthesis) between socio-demographic variables (time 1, ELSA wave 6 or 7), unmet need, functional limitations
and moving to care home (times 1-3, ELSA waves 6-8 or 7-9) among people with dementia in ELSA.
1

2

3

4

5

6

7

8

9

10

11

12

13

1 Female

-

-

-

-

-

-

-

-

-

-

-

-

-

2 Age

0.12

-

-

-

-

-

-

-

-

-

-

-

-

-0.34a

-0.31a

-

-

-

-

-

-

-

-

-

-

-

(234)

(234)

0.10

0.16c

-0.23a

-

-

-

-

-

-

-

-

-

-

(224)

(224)

(224)

0.04

-0.10

-0.08

0.52a

-

-

-

-

-

-

-

-

-

(216)

(216)

(216)

(210)

-0.03

0.10

0.29a

-0.19b

-0.24a

-

-

-

-

-

-

-

-

(230)

(230)

(230)

(220)

(212)

-0.11

0.23b

0.31a

-0.19b

-0.34a

-0.41a

-

-

-

-

-

-

-

(209)

(209)

(209)

(205)

(200)

(206)

-0.06

-0.04

-0.12

0.03

0.13

-0.20b

-0.22b

-

-

-

-

-

-

(234)
3 Partner

4 No qualification

5 Routine occupation

6 Home owner

7 Wealth quintile

8 Unmet need t1

32

9 Unmet need t2

10 Unmet need t3

11 Functional limitations t1

12 Functional limitations t2

13 Functional limitations t3

14 Moved to care homed

a

(214)

(214)

(214)

(207)

(199)

(210)

(196)

-0.04

-0.06

-0.37a

0.13

0.12

-0.17

-0.26b

0.54a

(105)

(105)

(105)

(100)

(97)

(105)

(97)

(95)

-0.05

0.16

-0.53a

0.30c

-0.19

0.06

-0.22

(53)

(53)

(53)

(50)

(49)

(53)

0.11

0.24a

-0.21c

0.14c

0.14c

(234)

(234)

(234)

(224)

0.14

0.31a

-0.21c

(134)

(134)

-0.01

-

-

-

-

-

0.31c

0.49b

-

-

-

-

(46)

(45)

(47)

-0.10

-0.23a

0.32a

0.34a

0.38b

-

-

-

(216)

(230)

(209)

(214)

(105)

(53)

0.14

0.05

-0.01

-0.19

0.21c

0.43a

0.37b

0.78a

-

-

(134)

(128)

(125)

(134)

(121)

(117)

(105)

(49)

(134)

0.28c

-0.27c

0.03

-0.13

0.10

-0.19

0.07

-0.03

0.49a

0.51a

0.59a

-

(70)

(70)

(70)

(67)

(66)

(69)

(61)

(60)

(58)

(53)

(70)

(65)

0.24c

0.45a

-0.22c

0.16

-0.10

0.06

-0.06

-0.13

-0.24

-0.17

0.38a

0.49a

0.49a

(83)

(83)

(83)

(79)

(79)

(83)

(75)

(73)

(60)

(49)

(83)

(82)

(65)

p < 0.001, b p < 0.01, c p < 0.05, d Compared to those participating in the study and living in community between times 1-3.
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Supplementary Table 1. The distributions and comparisons (multinomial regressions) of the baseline characteristics among people with
dementia who participated in all three waves, moved to care homes and dropped out of ELSA.

Baseline

n

characteristics

Distributions

Multivariable multinomial (n = 181)

M(SD)/ %

Participated in all three waves vs.

Participated in all

Moved to care

Dropped

Bivariate

Moved to care

three waves (a)

home (b)

out (c)

multinomial

home

Dropped out

Female

234

44

69

52

a vs. b*

0.84

0.08

Age

234

71.0 (10.0)

81.2 (5.9)

80.7 (8.4)

a vs. b***

0.14**

0.11***

a vs. c***
Has partner

234

75

54

54

a vs. c*

0.30

-0.54

No qualification

224

35

48

52

a vs. c*

0.53

0.58

Routine occupation

216

49

34

45

-0.96

0.09

Home owner

230

70

77

76

-0.14

0.20

Wealth quintile

209

2.7 (1.4)

2.5 (1.2)

2.8 (1.2)

-0.23

0.24

Unmet need

214

2.1 (1.9)

1.6 (1.4)

2.2 (2.3)

-0.36*

-0.25

Functional limitations

234

6.8 (5.9)

12.5 (5.7)

12.5 (7.0)

0.19**

0.22***

a vs. b**
a vs. c***

34

M=mean, SD=standard deviation, *** p < 0.001, ** p < 0.01, * p < 0.05. The table shows e.g. that a higher proportion (69%) of those who
moved to care home were women compared to those who participated in all three waves (44% were women) when looking at the these two
variables only (bivariate multinomial regression). However when all baseline characteristics were added this difference was not significant
(multivariable multinomial regression).
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Table 3. Standardized direct and indirect effects (Standard Error) on change in unmet need
between time 1 (ELSA wave 6 or 7) and time 3 (ELSA wave 8 or 9) among people with
dementia in ELSA.
Parameter

Direct effect

Indirect effect via

Indirect effect via

Total indirect

level of functional

level of unmet

effect

limitations

need

Female

-0.10 (0.077)

0.01 (0.025)

0.12 (0.053)*

0.13 (0.055)*

Age

0.07 (0.075)

0.11 (0.042)**

-0.01 (0.059)

0.10 (0.069)

Has partner

-0.38 (0.093)***

-0.01 (0.029)

0.11 (0.061)

0.10 (0.064)

No qualification

0.18 (0.147)

-0.01 (0.029)

0.08 (0.067)

0.07 (0.064)

Routine occupation

-0.20 (0.146)

0.04 (0.031)

-0.08 (0.067)

-0.04 (0.064)

Home owner

0.01 (0.091)

0.01 (0.026)

0.08 (0.083)

0.09 (0.074)

Wealth quintile

0.04 (0.102)

-0.10 (0.042)*

0.15 (0.073)*

0.05 (0.075)

*** p < 0.001, ** p < 0.01, * p < 0.05. For instance, a higher wealth quintile contributed to
a 15% faster increase in unmet needs over the four-year period when the effect of
initial level of unmet need on the change in unmet need (a higher increase among
those with lower levels of unmet needs, i.e. fanning in) was taken into account. The
indirect paths were calculated from the paths shown in Figure 1: wealth on intercept
unmet need (-0.29) and intercept unmet need on slope unmet need (-0.44) by
multiplying their standardized estimates: -.21*-0.70=0.15. At the same time a higher
wealth quintile also contributed indirectly through the level of functional limitation, in
this case reducing the rate of change in unmet needs about 10% over the follow-up.
The total indirect effect of wealth on the change in unmet need is -0.10+0.15=0.05,
indicating no overall indirect effect when the contributions through the levels of
unmet need and functional limitations were taken into account.
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Figure captions

Figure 1. Latent Growth Curve for unmet need and functional limitations among
people with dementia in ELSA three successive waves (n = 234). I =intercept, S =
slope for unmet need (unmet) and functional limitations (func), all covariates from
time 1 (ELSA wave 6 or 7), unstandardized path estimates and standard errors (in
parathesis) are shown, bold arrows illustrate mediation through the level (intercept).
* p < 0.05, ** p < 0.01, *** p < 0.001. Model fit: 𝜒𝜒2 = 40.30, df = 22, p = 0.010, CFI =

0.94, RMSEA = 0.060, SRMR = 0.061

Figure 2. The estimated change in unmet needs by baseline level of functional
limitations. The estimates for the ‘average’ group are from the latent growth curve
(Figure 1), and for the ‘low’ and ‘high’ groups from the same latent growth curve
fitted in two groups simultaneously (multiple group model). The figure shows that the
increase in unmet needs is faster among those who have higher levels of functional
limitations at baseline. time 1 = ELSA wave 6 or 7, time 2 = ELSA wave 7 or 8, time
3 = ELSA wave 8 or 9.

Figure 3. The estimated change in unmet needs by baseline level of unmet needs.
The estimates for the ‘average’ group are from the latent growth curve (Figure 1),
and for the ‘low’ and ‘high’ groups from the same latent growth curve fitted in two
groups simultaneously (multiple group model). The figure shows that the increase in
unmet needs is faster among those who have lower levels of unmet needs at
baseline. time 1 = ELSA wave 6 or 7, time 2 = ELSA wave 7 or 8, time 3 = ELSA
wave 8 or 9.
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Figure 4. The estimated change in functional limitation by baseline level of unmet
needs and functional limitations. The estimates are from the latent growth curve (see
Figure 1) which was fitted in the subgroups simultaneously (multiple group model).
The figure shows that functional limitations increase faster when the unmet needs
are high initially (the darker colour lines compared to lighter colour lines) in those
with low or average level of functional limitations initially (dotted and solid lines).
When functional limitations are higher (broken lines) the pattern of change in
functional limitations is similar among those with low and high unmet needs initially.
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39

40

Number of unmet needs at baseline

41

42

Supplementary Table 1. Activities of Daily Living (ADLs), Instrumental Activities of Daily Living (IADLs) and mobility items in ELSA.
ADLs
IADLs
Mobility
Difficulty in:
Difficulty in:
Difficulty in:
Dressing*
Shopping for groceries*
Walking 100 yards (91.44 metres)*
Bathing or showering*
Taking medication*
Climbing several flights of stairs without resting*
Eating*
Doing work around the house or garden*
Climbing one flight of stairs without resting*
Getting in and out of bed*
Managing money*
Walking across a room*
Using the toilet*
Using a map
Sitting for about two hours
Recognising when in physical danger
Getting up from a chair after sitting for a long period
Preparing hot meals
Stooping
Making phone calls
Kneeling or crouching
Communication (speech, hearing, eyesight) Reaching or extending
Pulling or pushing large objects
Lifting or carrying weights over 10 pounds
Picking up a 5p coin
* Used in coding unmet need
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Supplementary Table 2. Descriptive results for unmet need related to mobility, activities of daily living (ADL) and instrumental
activities of daily living (IADL) at time 1, 2 and 3 (ELSA waves 6, 7 and 8 or 7, 8 and 9) among people with dementia.
n

Observed

LGC Model

LGC Model

M(SD)

Intercept

Slope

1.33 (0.09)***

0.50 (0.16)**

0.33 (0.05))***

-0.04 (0.35)

0.38 (0.05)***

0.41 (0.43)**

Unmet need mobilitya
time 1

215

1.4 (1.3)

time 2

106

1.4 (1.4)

time 3

53

1.6 (1.3)

Unmet need ADLb
time 1

215

0.3 (0.8)

time 2

106

0.4 (0.8)

time 3

53

0.3 (0.8)

Unmet need IADLc
time 1

215

0.3 (0.6)

time 2

106

0.4 (0.7)

time 3

53

0.6 (0.9)

Note. The intercept and slope for unmet need in mobility, ADLs and IADLs tested separately in three LGC models. a Number of
mobility difficulties (max 4 items) in which does not receive help. b Number of ADL difficulties (max 5 items) in which does not
receive help. c Number of IADL difficulties (max 4 items) in which does not receive help M=mean, SD=standard deviation,
LGC=Latent Growth Curve. * p < 0.05, ** p < 0.01, *** p < 0.001
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Supplementary Figure 1. Proportions of functional limitations (n=234) and unmet need (n=214) in 13 tasks in time 1 (ELSA wave 6
or 7).

45

Supplementary Figure 2. Latent Growth Curve for the interaction between baseline unmet need and functional limitations on
change in functional limitations among people with dementia in ELSA three successive waves (n = 234). I =intercept, S = slope for
unmet need (unmet) and functional limitations (func), all covariates from time 1 (ELSA wave 6 or 7), unstandardized path estimates
and standard errors (in parathesis) are shown. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Supplementary Figure 3. Latent Growth Curve for the interaction between baseline unmet need and functional limitations on move
to care home among people with dementia in ELSA three successive waves (n = 234). I =intercept, S = slope for unmet need
(unmet) and functional limitations (func), all covariates from time 1 (ELSA wave 6 or 7), unstandardized path estimates and
standard errors (in parathesis) are shown. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Supplementary Figure 4. The proportions of people with dementia who moved to care home in three consecutive waves (6, 7 and 8
or 7, 8 and 9) of ELSA by the initial level of unmet needs and functional limitations. The estimates are from the latent growth curve
(see Figure 1) which was fitted in the subgroups simultaneously (multiple group model).
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