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Abstract 

Background: Research to date offers mixed evidence about the relationship between quality of life and severity 
of cognitive impairment in people with dementia. We aimed to investigate longitudinal changes in patient‑ and 
proxy‑rated health‑related quality of life (HRQL) by severity of dementia and explore factors associated with changes 
in HRQL over a one‑year period. We used data from the MODEM longitudinal cohort study which recruited dyads of 
persons with clinically diagnosed dementia and their principal carer and interviewed them face‑to‑face at baseline 
and again 1 year later.

Methods: Quota sampling was used to generate balanced numbers (target n = 100 for each severity level) of people 
with mild cognitive impairment (20+ on the standardised Mini‑Mental State Examination (sMMSE)), moderate cogni‑
tive impairment (score 10 to 19), and severe cognitive impairment (score 0 to 9). Persons with dementia without an 
identifiable family carer or other informant (e.g., a formal/professional/paid carer) were excluded from the study. Par‑
ticipants answered a series of questions measuring their HRQL: DEMQOL, DEMQOL‑proxy, EQ‑5D‑3 L, EQ‑5D‑3L proxy. 
Multiple regression models were built to understand the effects of baseline demographics and dementia symptoms 
(cognitive impairment, neuropsychiatric symptoms) on change in HRQL over 1 year.

Results: Two hundred and forty‑three dyads of people with clinically diagnosed dementia and carers completed 
baseline and follow‑up interviews. Most measures of HRQL remaining relatively stable between time‑points, but one 
index of HRQL, EQ‑5D proxy, significantly declined. Depending on the HRQL measure, different factors were associ‑
ated with change in HRQL. The only factor consistently associated with decline in HRQL (when compared to improve‑
ment) was having a diagnosis of a non‑Alzheimer’s dementia.

Conclusions: Deterioration in HRQL is not an inevitable part of the dementia journey. However, people with non‑
Alzheimer’s dementias may be more susceptible to HRQL decline. This may indicate that those with non‑Alzheimer’s 
dementia may benefit from specific support focussed on maintaining their quality of life.
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Background
Dementia is a collection of progressive neurodegenerative 
disorders with some common symptoms but wide inter-
personal differences in experience and impact. The extent 
and speed of onset of cognitive and functional impair-
ment vary considerably, and neuropsychiatric symptoms 
such as agitation, aggression, depression and anxiety can 
arise unpredictably at any stage [1, 2]. The course of illness 
can last from 3 to 12 years [3], and most people living with 
dementia will have other long-term physical health prob-
lems [4]. Taken together, there is enormous heterogene-
ity in the lives of people with dementia, which will impact 
variably on their quality of life.

Intuitively, it is often assumed that, as the severity of 
dementia increases, so the health-related quality of life 
(HRQL) must decline. In fact, previous research offers 
mixed evidence about the relationship between quality of 
life and severity of cognitive impairment in people with 
dementia [5–7]. Some authors have found that greater 
severity of cognitive impairment was not associated 
with lower HRQL (e.g. [8, 9]). We aimed to collect high-
quality data on quality of life and other domains from 
a sample of people with dementia and their carers (as 
proxy-reporters), and to explore patterns of change over a 
1-year period. To ensure that the sample included a suffi-
cient number of people with severe dementia, quota sam-
pling was used to capture samples balanced in numbers 
across disease severity. In this way, we were able to inves-
tigate changes in HRQL over time as severity of demen-
tia increased. Previous studies suggest that patient-rated 
HRQL remains fairly stable over time and the course of 
the disease, while proxy ratings of patient HRQL tend to 
be lower and decline over time and across disease stages 
[10–15]. However, many studies are based on small sam-
ples with limited variation and focus on people with mild 
or moderate dementia severity at baseline.

Methods
Study design and sample
The MODEM project is modelling how changes in the 
treatment and care of people with dementia in England, 
and support for their carers, might result in better out-
comes and more efficient use of resources [16]. One com-
ponent of the project is to get a better understanding of 
health-related quality of life and what factors affect it. 
We recruited dyads of persons with clinically diagnosed 
dementia, of whatever cause, interviewed them and their 
carers face-to-face interviews. The baseline interviews 

took place between June 2015 and October 2016 and a 
follow-up interview was conducted, if possible, after 1 
year [9]. We used quota sampling to generate balanced 
numbers (target n = 100 for each level of severity) of peo-
ple with mild cognitive impairment (20+ on the stand-
ardised Mini-Mental State Examination (sMMSE)) [17], 
moderate cognitive impairment (score 10 to 19), and 
severe cognitive impairment (score 0 to 9). Persons with 
dementia without an identifiable family carer or other 
informant (e.g., a formal/professional/paid carer) were 
excluded from the study.

Ethical approval was obtained from the Social Care 
Research Ethics Committee (15/IEC08/0005).

Recruitment took place in South East England. Peo-
ple with dementia were recruited from: memory assess-
ment and other older people’s mental health services; 
the Join Dementia Research national electronic data-
base (joind ement iares earch. nihr. ac. uk/); community 
groups; and care homes. The people with dementia 
were formally assessed by a research worker (RW) to 
assess capacity to consent to participate in the study. 
Informed consent was obtained from those persons 
with dementia with capacity to do so. If they lacked 
capacity to consent, a personal consultee (family mem-
ber or friend) was identified to advise on whether the 
person with dementia should take part. Interviews of 
the person with dementia and their carer took place 
simultaneously, with pairs of RWs visiting them in their 
own household or other agreed location. Capacity to 
consent was formally evaluated again at the follow-up 
interview 1 year later.

Measures
Quality of life is a multidimensional construct incorpo-
rating an “individual’s perception of their position in life 
in the context of culture and value systems in which they 
live and in relation to their goals, expectations, standards, 
and concerns” [18]. Health-related quality of life refers to 
that element of quality of life that is driven by health and 
illness. The US Centres for Disease Control define HRQL 
as “An individual’s or group’s perceived physical and men-
tal health over time” [19]. A number of domains were 
measured in the study at baseline and 1 year later.

Health‑related quality of life
The disease-specific instruments DEMQOL and 
DEMQOL-Proxy [20] and the generic HRQL instru-
ments EQ-5D-3L and EQ-5D-3L Proxy [21] were used. 
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As stipulated in its manual, only persons with mild or 
moderate dementia were asked to complete DEMQOL, 
while all carers were asked to complete DEMQOL-Proxy. 
Scores on DEMQOL can range from 28 to 112 and on 
DEMQOL-Proxy scores from 31 to 124. On both meas-
ures, higher scores indicate better HRQL. The three-level 
version of self-report EQ-5D was used to produce utility 
ratings after applying preference weights derived from a 
UK population [22]. As with DEMDOL, EQ-5D-3L data 
were not collected for those with severe dementia.

Cognition
Severity of cognitive impairment was rated using the 
sMMSE [17].

Activity limitation
Carers were asked to assess the level of functioning 
of the cared-for person using the Bristol Activities of 
Daily Living Scale (BADLS) [23]. The questionnaire asks 
respondents to rate the person with dementia’s ability to 
complete activities of daily living (ADLs), such as eating 
and bathing, and instrumental activities of daily living 
(IADLs), such as cooking and taking medication. For the 
analysis, four levels of disability were defined: no ADL or 
IADL needs, needs help with one or more IADLs but no 
ADLs, difficulty with one ADL and difficultly with two or 
more ADLs.

Neuropsychiatric symptoms in dementia
The Neuropsychiatric Inventory (NPI) [24] was used to 
obtain a carer report of the presence and severity of neu-
ropsychiatric (i.e. behavioural) disturbances which can 
occur in dementia. NPI scores can range from 0 to 144 
with higher scores representing more severe behavioural 
disturbance.

Carer burden
Carers participating in the MODEM study were also 
asked to complete measures pertaining to their own well-
being. The Zarit Burden Interview captures the stresses 
experienced by carers of persons with dementia [25]. It 
consists of 22 questions, possible scores ranging from 0 
to 88. Higher scores indicate greater carer burden.

Carer mental well‑being
The mental health of carers was assessed using the 
12-item General Health questionnaire (GHQ) [26], a 
tool to identify common psychiatric disorders, and the 
12-item Short Form Health Survey (SF-12) [27]. Scores 
used in the analysis were derived using the GHQ scor-
ing algorithm with higher scores indicating greater men-
tal health difficulties disorder and the mental health 

composite score for SF-12, for which higher scores indi-
cate better mental health.

Socio‑demographic data
A range of socio-demographic information was collected 
in interviews. In the analysis we included the age and 
gender of the person with dementia, the type of demen-
tia (Alzheimer’s disease versus other), their education 
level and whether they lived in an urban or rural area. 
Also included was the relationship of the carer to the 
person with dementia and whether or not the carer was 
co-resident.

Analysis
The initial step in the analysis was to summarise all 
measures using descriptive statistics. We compared the 
subsample of dyads for whom we had data at both time-
points with those for whom we only had baseline data. 
Follow-up interview did not take place due to refusal to 
participate or loss to follow-up, including cases where 
the person with dementia died during the study period. 
Statistical comparisons of ‘completers’ with each of the 
other two subgroups (‘lost-to-follow-up’ and ‘died’) used 
the t-test for continuous measures and chi-squared test 
for categorical measures. These tests allowed us to assess 
if attrition was associated with any socio-demographic 
characteristics.

Next, we calculated summary statistics for the HRQL 
outcomes (EQ-5D, EQ-5D Proxy, DEMQOL, and 
DEMQOL-Proxy) at baseline and follow-up, and for the 
difference over time (follow-up score minus baseline 
score).

Prior to conducting statistical modelling, we imputed 
missing values to avoid bias in the estimates. Data were 
imputed for the subsample who declined to participate 
in the follow-up interview or were lost to follow-up, but 
not in cases where the person with dementia died during 
the study period. Fewer than 10% of the sample declined 
to participate in the follow-up or were lost to follow-up. 
We assumed that the data were missing at random (that 
is, factors associated with missingness were observed in 
the data), but not missing completely at random (which 
we determined by the analysis comparing ‘completers’ 
and ‘non-completers’ described above). Multiple impu-
tation was used as this is preferrable to complete-case 
analysis when data are assumed missing at random as 
complete-case analysis can result in biased and inefficient 
estimates [28]. The multiple imputation used the method 
of chained equations [29], in which missing values are 
derived from an appropriate distribution of the par-
tially observed data. Twenty copies of the dataset were 
derived using this method. The modelling results com-
bine the estimates derived from each copy, incorporating 
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standard errors associated with the uncertainty resulting 
from estimation across the multiple copies.

Models were estimated for each of the HRQL out-
comes reported by the person with dementia (EQ-5D 
and DEMQOL) and by the carer (EQ-5D Proxy and 
DEMQOL-Proxy).

Variables considered in the modelling were selected on 
the basis on existing evidence [6, 7, 30], and consensus 
within the experienced research team. Based on previous 
cross-sectional analyses [9], we hypothesised that cogni-
tive impairment (as measured by sMMSE) would have 
a greater association with proxy-rated HRQL than self-
reported HRQL. Of particular interest is the assessment 
of the clinical significance of any association found to be 
statistically significant.

The modelling sought to take advantage of data col-
lected at two time-points to reduce potential endoge-
neity. That is, that the quality of life of the person with 
dementia may be determined by an unobserved variable 
that is also correlated with one of the explanatory vari-
ables considered; or that quality of life is co-determined 
with one or more of the dementia symptom variables 
included in our modelling. By estimating effects of out-
come measures at baseline on outcome measures at 
follow-up we reduce the potential for bias caused by 
endogeneity. Models for each of the HRQL outcomes 
took this approach in the first instance (model 1).

It is also worth considering the impact of changes over 
time in health state and disability that occur contempo-
raneously with changes in HRQL. This is particularly 
the case in considering the relative strength of associa-
tion of changes in cognitive function, physical disability 
and behaviour disturbance with changes in HRQL. A 
second model estimated these contemporaneous effects 
(model 2).

Linear regression models were estimated. Different 
approaches exist for modelling change scores in regres-
sion analysis. We used the regressor variable method 
here as recommended in cases where the dependent vari-
able has an inherent persistence over time unless altered 
by some specific process [31]. We assumed this to be the 
case for HRQL. Thus, the dependent variable in each 
model was the quality of life (QoL) measure at follow-
up. In model 1, the independent variables were: the QoL 
measure at baseline; age, gender, marital status, education 
level and residential setting (urban vs rural) of the person 
with dementia; whether or not the carer co-resided with 
the person with dementia; carer’s relationship to the per-
son with dementia; carer’s Zarit burden, GHQ and SF-12 
mental health scores; whether the person with dementia 
had Alzheimer’s disease or another type of dementia; and 
severity of their cognitive impairment, ADL/IADL limi-
tation and behavioural disturbance (NPI score).

Because of the strong correlation between carer bur-
den, GHQ and SF-12 mental health scores, these were 
run in separate models in turn, with the final model 
retaining the variable with the greatest statistical signifi-
cance. The same procedure was followed for a second 
model (model 2), in which dummy variables indicat-
ing increases in severity of cognitive impairment, level 
of physical disability and behavioural disturbance were 
added. Dummy variables were assigned a value of 1 if 
an increase occurred between baseline and follow-up or 
0 if levels reduced or stayed the same. All models were 
estimated with robust standard errors, that is, standard 
errors robust to the error term not having constant vari-
ance. The goodness of fit was assessed for each model by 
graphing the residuals of each model against its fitted val-
ues and the standardized normal probability plot.

To further interrogate the data, we conducted analy-
sis of change over time in EQ-5D Proxy and DEMQOL-
Proxy variables after categorizing the values. Categories 
were defined based on estimates in the literature of the 
minimum (clinically) important difference (MID) on each 
measure. For each we created three categories: improve-
ment, remained the same, and deterioration in quality of 
life. On EQ-5D Proxy, Coretti et  al. [32] reviewed stud-
ies that estimated the MID in EQ-5D across a range of 
conditions using UK preference weights: median esti-
mate was 0.14. Using an instrument-defined health state 
transitions approach, Luo [33] estimated the minimally 
improvement difference as 0.08 for the UK. As a point 
between these two estimates, we defined values of 0.1 
or more on EQ-5D Proxy as representing important 
improvement and deterioration as decreases of more 
than 0.1. On DEMQOL-Proxy, Smith et al. [20] observed 
MID statistics ranging from 2 to 6 points (on 100-point 
scale) when using anchor and distribution-based meth-
ods on data from dementia carers. Based on this study, 
improvement on DEMQOL-Proxy was defined as values 
increasing by 4 units; deterioration as decreases of more 
than 4 units. Each categorical variable was modelled as 
a dependent variable in multinomial regression models 
(improvement as the reference category) with the same 
covariates as in the ordinary least squares models. Mod-
elling quality of life categorically allowed us to assess the 
association of covariates with MID on EQ-5D Proxy and 
DEMQOL-Proxy.

P-values below 0.05 in statistical models were deemed 
statistically significant. Analysis was performed using 
STATA 14.2 [34].

Results
Participants
At baseline, 307 dyads were interviewed. The sam-
ple consisted of 110 persons with dementia with mild 
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cognitive impairment, 100 with moderate cognitive 
impairment and 97 with severe cognitive impairment. 
The baseline sample is further described elsewhere [9]. 
Follow-up interviews were completed with 243 dyads. 
Of the remaining dyads in the study at baseline, 26 
were lost to follow-up and in 38 cases the person with 
dementia had died within the year.

Table 1 compares the sub-sample that completed fol-
low-up with those lost to follow-up and those in which 
the person with dementia had died. A significantly 
greater proportion of those lost to follow-up were men 
as compared to those who completed the study and 
those who died. Deaths were more common among 

single persons with dementia, those in care homes and 
those with severe cognitive impairment at baseline.

Table  2  presents the distribution of HRQL scores at 
baseline and follow-up and the distribution of the change 
in scores from baseline to follow-up. The self-reported 
EQ-5D was completed by only a few persons with severe 
cognitive impairment and persons with severe cognitive 
impairment were not asked to complete DEMQOL as per 
the instrument’s manual. Thus, the self-reported values 
represent the subsample with mild or moderate cogni-
tive impairment. Minimal change was observed in these 
values.

There was divergence in the results observed for 
change over time in proxy-reported HRQL. Mean EQ-5D 

Table 1 Demographics of persons with dementia (at baseline) – percentages unless otherwise stated

*Comparing follow-up complete cases, refusals/lost to follow-up and deaths. Between group comparison p-values reported (CvsR = Follow-up complete vs Refusal; 
CvsD = Follow-up complete vs Died)

Follow-up complete
(n = 243)

Refusal or lost to 
follow-up
(n = 26)

Died
(n = 38)

p-value*

Age: mean (SD) 80.1 (8.6) 81.2 (7.2) 85.0 (7.3) CvsR:0.566 CvsD:0.001

Gender

 Female 50.6 41.7 55.3 0.578

Marital status:

 Married/civil partner 72.2 75.0 55.3 0.092

 Widowed 23.2 16.7 42.1

 Divorced 2.9 8.3 0.0

 Single 1.7 0.0 2.6

Education:

 O‑level/GCSE or below 52.1 65.2 59.5 0.495

 AS/A‑level 14.5 4.4 8.1

 Degree 33.3 30.4 32.4

Type of accommodation

 Care home 18.7 12.5 42.1 0.003

Urban/rural

 Rural 39.3 33.3 34.2 0.731

Type of dementia

 Alzheimer’s disease 62.7 52.2 52.6 0.346

sMMSE Total score (baseline; 0–30): mean (SD) 15.9 (9.1) 14.8 (8.9) 8.6 (6.8) CvsR:0.585

CvsD:0.001

NPI Total Score (baseline; 1–144): mean (SD) ↓ 18.8 (14.9) 17.0 (12.2) 19.8 (17.8) CvsR:0.425

CvsD:0.627

EQ‑5D (baseline; 0–1): mean (SD) 0.80 (0.23) 0.83 (0.18) 0.90 (0.12) CvsR:0.631

CvsD:0.053

EQ‑5D proxy (baseline; 0–1): mean (SD) 0.53 (0.33) 0.60 (0.33) 0.42 (0.30) CvsR:0.190

CvsD:0.051

DEMQOL (baseline; 28–112): mean (SD) 91.6 (13.1) 92.2 (11.0) 92.6 (13.2) CvsR:0.864

CvsD:0.747

DEMQOL proxy (baseline; 31–124): mean (SD) 95.3 (13.5) 88.9 (12.8) 98.5 (15.2) CvsR:0.051

CvsD:0.199
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Proxy values decreased statistically significantly between 
baseline and follow-up from 0.53 to 0.47. This contrasted 
with those of the dementia-specific HRQL measure 
DEMQOL-Proxy. The mean DEMQOL-Proxy values 
were statistically significantly higher at follow-up.

The results of linear regression models of follow-
up EQ-5D and EQ-5D Proxy values are presented in 
Table 3. In both Model 1 (baseline covariates only) and 
Model 2 (baseline covariates plus dummy variables of 
change in cognitive impairment, disability and behav-
ioural disturbance), self-reported EQ-5D at follow-up 
was significantly associated only with baseline EQ-5D 
and the constant term. In the EQ-5D Proxy Model 1, in 
addition to the association with baseline EQ-5D, severe 
cognitive impairment and difficulty with two or more 
ADLs were associated with lower HRQL of the person 
with dementia as rated by their carer. In Model 2, these 
baseline effects remained and an increase in cognitive 
impairment was also associated with lower HRQL at 
follow-up.

Table 4 presents the regression results for the models of 
DEMQOL and DEMQOL-Proxy values at follow-up. As 
with the models of EQ-5D, self-reported, dementia-spe-
cific HRQL at follow-up was not associated with any of 
the covariates apart from the baseline score. Aside from 
the association with baseline DEMQOL-Proxy score, 
carers of persons with a diagnosis of Alzheimer’s dis-
ease rated HRQL more highly than did carers of persons 
with other types of dementia. Additionally, an increase in 
the level of behavioural disturbance in the person with 
dementia was associated with lower proxy-reported qual-
ity of life at follow up.

Modelling change in EQ-5D Proxy values as a categori-
cal variable, the characteristics associated with poorer 
HRQL compared to improved HRQL were: lower EQ-5D 
value at baseline, severe cognitive impairment, difficulty 

with two or more ADLs, and greater behavioural distur-
bance (Table  5). Characteristics associated with a dete-
rioration in HRQL on DEMQOL-Proxy compared to 
an improvement were: lower DEMQOL-Proxy value at 
baseline, having a type of dementia other than Alzhei-
mer’s disease, and an increase in the level of behavioural 
disturbance (Table 6).

Discussion
There are around 690,000 people with dementia in Eng-
land [35] and 50 million worldwide [36]. Dementia 
has profound impacts on the individuals with demen-
tia themselves, their families, and society in general. 
The syndrome of dementia can be caused by a num-
ber of different disorders, with Alzheimer’s disease the 
most common [37], but up to a third may be caused by 
other conditions including vascular dementia, Lewy 
Body dementia, frontotemporal dementia and mixed 
dementias.

The impact of dementia on quality of life can be pro-
found. In this study, we described patterns of quality of 
life, using both self- and proxy-rated measures, over a 
12-month period, and explored factors associated with 
changes in HRQL. We used careful quota-sampling to 
include sufficient numbers of people with different levels 
of dementia severity.

Strengths and limitations
A limitation of this study is that we have only two time-
points, 12 months apart. Richer information would have 
been available if we had been able to measure intermedi-
ate time-points and to follow the sample for longer than 
12 months. Two time-points limit us to assuming a lin-
ear relationship, which may not be the best fit for actual 
effects on quality of life over time. Studies with longer 

Table 2 Distribution of HRQL measures at baseline and follow‑up, and change over time (completers only)

SD Standard Deviation, CI Confidence Interval
a Scale from   -0.59 to 1.0
b Scale from 28 to 112
c Scale from 31 to 124

Baseline (T1) Follow-up (T2) Difference (T2-T1)

Mean SD Mean SD Mean SD 95%CI Min Max

EQ‑5D (n=153)a0.82 0.22 0.82 0.20 0.00030 0.21 ‑0.033, 0.034 ‑0.81 0.21

EQ‑5D proxy 
(n=225)a

0.53 0.33 0.47 0.35 ‑0.062 0.32 ‑0.10, ‑0.020 ‑0.96 1.01

DEMQOL 
(n=140)b

92.0 13.0 92.0 12.9 0.05 7.7 ‑1.2, 1.3 ‑21.0 23.0

DEMQOL proxy 
(n=241)c

95.2 13.6 97.8 13.2 2.6 10.2 1.3, 3.9 ‑36.0 36.0
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follow-up periods may see greater loss to follow up; we 
were able to include 69% of the original sample in our 
longitudinal analysis, which is comparable or better than 
similar longitudinal studies [12, 14, 15, 38].

Another limitation is that self-report data, which 
should always have primacy in quality of life assessment, 
were only available for those with mild and moderate 
severity of dementia because of the cognitive impairment 
that is a fundamental element of the disorder. The sample 
also reflects a somewhat homogenous group of people 
with dementia, who notably were well-educated, White 
British (see [9]) and recruited from a single geographic 
region of England.

Strengths of the approach taken here were that: we 
were able to follow up equal numbers of people with 
mild, moderate, and severe cognitive impairment, includ-
ing people in care homes; we compared disease-specific 
and generic measures head-to-head in self- and proxy-
report formats; and we achieved a high level of follow-up 
(90%; 243/269) of those who survived (death rate = 12.4%; 
38/307).

Interpretations
These findings provide insights into the natural history 
of HRQL in dementia and the effect of severity of cog-
nitive impairment on change in HRQL. Focussing on the 
proxy measures which cover the whole range of demen-
tia severity, it is striking that contradictory results were 
observed for change over time in quality of life from 
generic and disease-specific measures of HRQL.

Mean scores on the (generic) EQ-5D proxy decreased 
statistically significantly between baseline and follow-
up from 0.53 to 0.47 (95%CI − 0.10 to − 0.02) while 
mean scores on the (disease-specific) DEMQOL-Proxy 
increased from 95.2 to 97.8 (95%CI 1.3 to 3.9). Whilst 
there was a statistically significant decline in the EQ-5D 
Proxy, and an increase in the DEMQOL-Proxy, it does not 
mean that change is clinically meaningful. It is important 
to recognise that on average HRQL remained relatively 
stable, which supports findings reported elsewhere (e.g. 
[39]). There have been a variety of methods proposed to 
determine what is clinically meaningful change [40]. The 
present sample did not display such a change, irrespective 
of HRQL outcome, either based on the estimates of MID 
we employed, or on the basis that a clinically meaning-
ful change is greater than half a standard deviation of the 
total score [41]. It should be noted that at an individual 
level there might be a degree of variability [42].

In an earlier paper, we looked at cross-sectional data 
from the MODEM cohort to explore factors associated 
with quality of life using an a priori model, with cogni-
tive impairment being a key variable [9]. Unlike the new 

analyses presented here, the cross-sectional data did 
not show systematic differences between generic and 
disease-specific measures when reported by the person 
with dementia. Proxy-report measures were associated 
with cognitive impairment. This has also been observed 
in cross-sectional studies [10, 13, 43] and other longitu-
dinal studies [11–15]. The present findings, do however 
support observations from the DADE2 study in which a 
significant decline in the EQ-5D Proxy occurred along-
side a significant improvement in the DEMQOL-Proxy 
scores over 18-months [38].

One possible explanation of our findings is that the 
EQ-5D Proxy is subject to greater error in dementia sam-
ples than the DEMQOL-Proxy. By definition, generic 
measures are designed to work for all disorders; they 
focus on a core set of physical and mental functions and 
therefore (potentially) miss elements that are of particu-
lar salience in specific disorders. Given the considerable 
complexity of the syndrome of dementia, where simple 
measures of function are poor indicators of HRQL, the 
generic proxy measure may be measuring the inevitable 
increase in activity limitation that is inherent in demen-
tia, rather than HRQL where no such direct relationship 
with severity exists [5]. The DEMQOL questionnaire was 
developed from a theoretical bases, with people with 
dementia as the respondent so it is more likely to capture 
what they feel is important to their HRQL [20].

Another possible explanation may stem from the fram-
ing of some DEMQOL-Proxy questions. The DEMQOL-
Proxy (and DEMQOL) benefit from capturing how 
worried people with dementia are about various aspects 
of their lives, and clearly distinguishes itself from other 
measures which are more focussed on functional abil-
ity (e.g., QoL-AD). This means that other HRQL meas-
ures will inevitably decline over time as it is tied with 
functional performance. The DEMQOL-Proxy is likely 
to be less susceptible to this but might introduce differ-
ent sources of bias. For example, insight into cognitive 
impairment may dictate the extent to which someone 
is worried. Certainly, awareness of memory function 
is a strong predictor of HRQL [44]. Whilst ignoring the 
dementia and living in the moment may act as a coping 
mechanism to preserve quality of life [45]. This would 
be reflected in improvement in DEMQOL-Proxy scores 
over time, as observed.

The consistency in findings between model 1 and 
model 2 suggests that significant effects are robust and 
are not enhanced by a more strict temporal interpreta-
tion of their relationship to quality of life in persons with 
dementia. The one exception is the significance of change 
in the level of behavioural disturbance on DEMQOL-
proxy values and the non-significance of baseline level of 
behavioural disturbance on this outcome measure.
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Interestingly, EQ-5D proxy decline appeared to 
be driven by measures of disease severity at baseline 
(cognition and ADLs). Such associations were not 
observed in any other outcome measure. However, 
change in cognitive impairment over time was only 

significantly associated with the EQ-5D proxy scores 
when treated as a continuous outcome. This associa-
tion did not exist when the EQ-5D proxy deterioration 
or stability was compared to improvement, indicat-
ing disease progression is likely to account for a small 

Table 3 Multiple regression models with follow‑up EQ‑5D and EQ‑5D proxy values as dependent variables

Values in table are linear regression beta coefficients

*p < 0.05; ** p < 0.01

EQ-5D 
(n = 195)
Model 1

EQ-5D 
(n = 195)
Model 2

EQ-5D proxy 
(n = 269)
Model 1

EQ-5D proxy 
(n = 269)
Model 2

EQ‑5D/EQ‑5D proxy at baseline 0.35 ** 0.34 ** 0.26 ** 0.27 **

Age −0.0013 − 0.0014 − 0.0032 − 0.0038

Gender

 Female – – –

 Male −0.037 − 0.038 − 0.034 − 0.025

Education level

 Below A‑level or equivalent – – –

 AS/A‑level 0.030 0.028 0.0049 0.013

 Degree or higher −0.031 − 0.032 0.024 0.031

Co‑resident

 No – – –

 Yes 0.076 0.077 −0.0061 0.0078

Setting

 Rural – – –

 Urban 0.014 0.015 0.050 0.051

Relationship of carer

 Spouse – – –

 Son/daughter (incl. in‑law) 0.011 0.012 − 0.074 − 0.062

 Other 0.030 0.032 −0.063 −0.049

Carer (Zarit) burden score 0.0022 0.0023 0.00065 0.00048

Carer GHQ score

Carer SF‑12 Mental health score

Alzheimer’s disease

 No – – – –

 Yes 0.037 0.038 0.0013 −0.0015

Severity of cognitive impairment

 Mild – – –

 Moderate 0.041 0.041 −0.044 − 0.042

 Severe −0.16 * −0.20 **

Level of disability

 No ADL or IADL limitations – – –

 Needs help with 1+ IADL −0.016 − 0.017 − 0.016 0.012

 Difficulty with 1 ADL −0.072 − 0.073 − 0.090 −0.067

 Difficulty with 2+ ADLs −0.051 −0.046 − 0.25 ** −0.20 **

Level of behavioural disturbance (NPI score) −0.00024 −0.00031 − 0.0022 −0.0028

Increase in severity of cognitive impairment 0.0024 −0.11 *

Increase in level of disability 0.014 −0.020

Increase in level of behavioural disturbance −0.0043 −0.057

Constant 0.51 ** 0.51 ** 0.82 ** 0.89 **
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amount of variance in the outcome. Therefore, for at 
least the EQ-5D proxy outcome, the absolute stage 
of the disease is a more important determinant of 
HRQL than changes in cognitive performance over a 
12-month period.

There was some variation in the factors associated 
with poorer HRQL, depending on the model and meas-
ure of HRQL. One recurring factor associated with the 
difference between those whose HRQL improved and 
those whose HRQL deteriorated was dementia diagnosis. 

Table 4 Multiple regression model with follow‑up DEMQOL, DEMQOL proxy values as dependent variables

Values in table are linear regression beta coefficients

*p < 0.05; ** p < 0.01

DEMQOL 
(n = 195)
Model 1

DEMQOL 
(n = 195)
Model 2

DEMQOL proxy 
(n = 269)
Model 1

DEMQOL proxy 
(n = 269)
Model 2

DEMQOL/DEMQOL proxy at baseline 0.65 ** 0.65 ** 0.63 ** 0.63 **

Age 0.030 0.016 0.065 0.044

Gender

 Female – – – –

 Male 0.35 0.30 −1.12 −1.17

Education level

 Below A‑level or equivalent – – – –

 AS/A‑level −0.61 −0.49 −2.29 −2.42

 Degree or higher 1.52 1.45 −2.08 − 1.85

Co‑resident

 No – – – –

 Yes 1.17 1.21 −1.50 −0.95

Setting

 Rural – – – –

 Urban 0.56 0.68 −0.48 − 0.32

Relationship of carer

 Spouse – – – –

 Son/daughter (include in‑law) 2.65 2.64 −3.64 −3.16

 Other 3.90 4.11 −1.42 −1.00

Carer burden (Zarit Burden score) −0.031 −0.025

Carer GHQ score

Carer SF‑12 Mental health score − 0.031 − 0.038

Alzheimer’s disease

 No – – – –

 Yes 0.13 0.29 3.44 * 3.38 *

Severity of cognitive impairment

 Mild – – – –

 Moderate 1.70 1.58 1.55 1.80

 Severe 3.87 4.11

Level of disability

 No ADL or IADL limitations – – – –

 Needs help with 1+ IADL −2.08 −1.90 −1.55 −1.42

 Difficulty with 1 ADL −1.83 − 1.59 1.71 1.39

 Difficulty with 2+ ADLs −1.83 − 0.66 0.56 0.94

Level of behavioural disturbance (NPI score) −0.065 − 0.060 − 0.053 − 0.12

Increase in severity of cognitive impairment −1.49 0.68

Increase in level of disability 1.33 0.71

Increase in level of behavioural disturbance 0.24 −4.32 **

Constant 30.72 31.91 34.71 ** 38.02 **
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In cross-sectional baseline analyses from the IDEAL 
project, people with non-Alzheimer’s disease demen-
tia scored lower on measures spanning quality of life 
(including HRQL), life satisfaction and wellbeing [46]. 
That study noted that people with Parkinson’s disease 
dementia and Lewy body dementia often had the worst 

outcomes, attributing the association to symptoms such 
as fatigue, hallucinations or other comorbidities. This 
supports further the need to better understand why cer-
tain subtypes of dementia are more likely to experience a 
worsening of quality of life in general.

Table 5 Multiple regression model of change in HRQL as measured on EQ‑5D proxy as dependent variable

Values in table are multinomial regression beta coefficients

*p < 0.05; **p < 0.01

EQ-5D proxy (n = 269) EQ-5D proxy (n = 269)

Poorer HRQL… 
compared to 
improvement

Stable HRQL… 
compared to 
improvement

Poorer HRQL… 
compared to 
improvement

Stable HRQL… 
compared to 
improvement

EQ5D proxy at baseline 8.03 ** 4.51 ** 8.14 ** 4.55 **

Age 0.032 0.017 0.037 0.023

Gender

 Female – – – –

 Male 0.23 0.47 0.16 −0.47

Education level

 Below A‑level or equivalent – – – –

 AS/A‑level −0.35 −0.032 − 0.39 −0.023

 Degree or higher −0.53 −0.60 − 0.61 −0.55

Co‑resident

 No – – – –

 Yes −0.038 −0.86 − 0.13 −0.86

Setting

 Rural – – – –

 Urban −0.40 −0.13 − 0.43 −0.18

Relationship of carer

 Spouse – – – –

 Son/daughter (incl. in‑law) 0.42 −0.14 0.34 −0.16

 Other −0.26 −1.13 −0.42 −1.20

Carer burden (Zarit Burden score) −0.014 −0.031 * − 0.015 −0.033 *

Alzheimer’s disease

 No – – – –

 Yes −0.44 0.12 −0.44 * 0.082

Severity of cognitive impairment

 Mild – – – –

 Moderate 0.62 0.68 0.60 0.70

 Severe 1.63 * 1.61 * 1.87 * 1.78 *

Level of disability

 No ADLs or IADLs – – – –

 Needs help with 1+ IADL −0.012 −0.95 −0.17 −0.97

 Difficulty with 1 ADL 0.23 −0.14 0.13 −0.16

 Difficulty with 2+ ADLs 2.29 * 0.56 2.20 * 0.22

Level of behavioural disturbance (NPI score) 0.037 * 0.027 0.043 * 0.029

Increase in severity of cognitive impairment 0.55 0.23

Increase in level of disability 0.23 −0.68

Increase in level of behavioural disturbance 0.45 0.029

Constant −7.65 * −2.81 −8.39 ** −3.05
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Conclusion
The complexity of dementia has led to acknowledge-
ment that broad measures of overall impact and outcome 
are needed to develop, deliver and monitor treatment 
and care that enables people to live well with the condi-
tion. This study highlights that worsening HRQL is not 

an inevitable part of the dementia journey. However, the 
choice of outcome measure has a pivotal role in the asso-
ciations found. Generic measures of HRQL are essential 
in the evaluation of interventions, particularly to inform 
resource allocation decisions across different health 
problems, but our findings clearly demonstrate the value 

Table 6 Multiple regression model of change in dementia quality of life as measured on DEMQOL proxy

Values in table are multinomial regression beta coefficients

*p < 0.05; **p < 0.01

DEMQOL proxy (n = 269) DEMQOL proxy (n = 269)

Poorer HRQL… 
compared to 
improvement

Stable HRQL… 
compared to 
improvement

Poorer HRQL… 
compared to 
improvement

Stable HRQL… 
compared to 
improvement

DEMQOL proxy at baseline 0.077 ** 0.070 ** 0.080 ** 0.069 **

Age −0.029 0.022 −0.030 0.024

Gender

 Female – – – –

 Male 0.52 −0.41 0.58 −0.44

Education level

 Below A‑level or equivalent – – – –

 AS/A‑level 0.37 −0.60 0.44 −0.62

 Degree or higher 0.49 0.32 0.43 0.27

Co‑resident

 No – – – –

 Yes 0.88 0.91 0.75 0.86

Setting

 Rural – – – –

 Urban 0.40 0.21 0.43 0.22

Relationship of carer

 Spouse – – – –

 Son/daughter (incl. in‑law) 1.30 0.22 1.23 0.16

 Other 0.50 −0.59 0.51 −0.70

Carer burden (Zarit Burden score) −0.0065 − 0.025 −0.0083 − 0.026

Alzheimer’s disease

 No – – – –

 Yes −0.95 * −1.28 ** −0.91 * −1.27 **

Severity of cognitive impairment

 Mild – – – –

 Moderate 0.27 −0.60 0.22 −0.62

 Severe −0.65 −0.87 − 0.98 −0.81

Level of disability

 No ADLs or IADLs – – – –

 Needs help with 1+ IADL 0.47 0.48 0.46 0.40

 Difficulty with 1 ADL −0.43 −0.38 −0.37 − 0.42

 Difficulty with 2+ ADLs −0.32 − 0.025 −0.13 − 0.075

Level of behavioural disturbance (NPI score) 0.017 0.016 0.035 0.020

Increase in severity of cognitive impairment −0.71 0.17

Increase in level of disability 0.29 0.17

Increase in level of behavioural disturbance 1.12 * 0.32

Constant −6.57 * −7.54 ** −7.43 ** −7.71 **



Page 12 of 13King et al. BMC Geriatrics          (2022) 22:469 

of also using disease-specific measures. Irrespective of 
the method used, however, increasing cognitive impair-
ment does not appear to be a key driver of poorer HRQL 
over time. Our finding that people with non-Alzheimer’s 
dementia appear to have a worse prognosis in HRQL 
terms warrants further exploration. This may indicate 
that those with non-Alzheimer’s dementia may ben-
efit from specific support focussed on maintaining their 
quality of life.
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