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Abstract

Purpose The increased burden of multimorbidity is restricting individuals’ ability to live autonomously, leading to a poorer
quality of life. This study estimated trajectories of functional limitation and quality of life among middle-aged (ages 50 to
64 years) and older (aged 65 years and older) individuals with and without multimorbidity. We also assessed differences in
the relationship between these two trajectories by multimorbidity status and separately for each age cohort.

Methods Data originated from the Survey of Health, Ageing, and Retirement in Europe (SHARE). In Luxembourg, data
were obtained between 2013 and 2020, involving 1,585 respondents > 50 years of age. Multimorbidity was defined as a
self-reported diagnosis of two or more out of 16 chronic conditions; functional limitation was assessed by a combined
(Instrumental) Activities of Daily Living (ADL/IADLI) scale; and to measure quality of life, we used the Control, Autonomy,
Self-Realization, and Pleasure (CASP-12) scale. Latent growth curve modelling techniques were used to conduct the analysis
where repeated measures of quality of life and functional limitation were treated as continuous and zero-inflated count vari-
ables, respectively. The model was assessed separately in each age cohort, controlling for the baseline covariates, and the
estimates from the two cohorts were presented as components of a synthetic cohort covering the life course from the age of 50.
Results Middle-aged and older adults living with multimorbidity experienced poorer quality of life throughout the life course
and were at a higher risk of functional limitation than those without multimorbidity. At baseline, functional limitation had
a negative impact on quality of life. Furthermore, among middle-aged adults without multimorbidity and older adults with
multimorbidity, an increase in the number of functional limitations led to a decline in quality of life. These results imply that
the impact of multimorbidity on functional limitation and quality of life may vary across the life course.

Conclusion Using novel methodological techniques, this study contributes to a better understanding of the longitudinal
relationship between functional limitation and quality of life among individuals with and without multimorbidity and how
this relationship changes across the life course. Our findings suggest that lowering the risk of having multimorbidity can
decrease functional limitation and increase quality of life.
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Background

Multimorbidity, commonly defined as the co-existence of
two or more chronic conditions [1, 2], is affecting an increas-
ing number of individuals worldwide [1, 3, 4]. Data from
the Survey of Health, Ageing, and Retirement in Europe
(SHARE) indicate that the prevalence of multimorbidity in

Extended author information available on the last page of the article

Europe in middle-aged and older adults increased from 38%
in 2006 to 42% in 2015 [S]. This trend is due to increasing
life expectancy and population ageing, changes in lifestyle,
and improvements in the detection of chronic conditions [6,
7]. Systematic reviews have suggested that the burden of
multiple chronic conditions is associated with poorer qual-
ity of life [5, 8—11], one of the core outcome measures for
multimorbidity research and healthy ageing [12]. However,
little is known about the nature of the relationship between
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multimorbidity and quality of life [13—15]. A promising area
of research has focused on the role of functional limitation
[13, 15, 16], defined as the restriction of the ability of an
individual to live autonomously, without physical or psy-
chological limitations in daily activities [17, 18]. Individu-
als living with multimorbidity have been found to have, in
addition to poorer quality of life, a higher number of func-
tional limitations [11, 19-23]. However, due to a shortage
of longitudinal prospective studies, there is limited knowl-
edge on how multimorbidity affects functional limitation and
quality of life across the life course. Specifically, we do not
know if the cross-sectional associations between multimor-
bidity, functional limitation, and quality of life reported in
the literature are persistent over time or how the increase in
the degree of functional limitation among individuals liv-
ing with multimorbidity affects their quality of life. A more
in-depth understanding of these complex and dynamic rela-
tionships would help us to identify the mechanism by which
multimorbidity impacts quality of life or how it moderates
the relationship between functional limitation and quality of
life across the life course. Such knowledge could potentially
lead to the identification of routes and windows of oppor-
tunity by which interventions targeting individuals affected
by multimorbidity could better maintain or improve their
quality of life, for instance, by addressing some of the nega-
tive consequences associated with the burden of functional
limitation.

The objective of the present study was to address some
of these gaps by assessing how multimorbidity affects tra-
jectories of functional limitation and quality of life and how
the prospective relationship between these two trajectories is
moderated by multimorbidity status and how it differs across
the life course. We hypothesized that, across the life course,
adults with multimorbidity would have a higher degree of
functional limitation and poorer quality of life. We also pre-
dicted that an increase over time in functional limitation
would produce a decline in quality of life, especially among
individuals with multimorbidity. Finally, we hypothesized
that the nature of the relationship between multimorbidity,
functional limitation, and quality of life would differ across
the life course.

Participants and methods
Data and study participants

SHARE is a longitudinal population-based survey of Euro-
peans aged 50 years and older that was initiated in 2004
(wave 1) [24]. SHARE sampling and recruitment strategies
were designed to derive nationally representative samples,
and standardized questionnaires were translated by each
SHARE participating country from an English version into
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national languages (i.e., French and German in Luxem-
bourg) [25]. Face-to-face interviews were conducted using
computer-assisted personal interviewing (CAPI) techniques.
SHARE data contain information on respondents’ demo-
graphic, socio-economic, and health characteristics. More
information about the survey design, data structure, and
response rates has been previously published [24].

The data used in our study came from 1585 SHARE
respondents from Luxembourg who were 50 years of age or
older in 2013 at wave 5 (the baseline SHARE survey) [26].
These individuals were followed over a period of approxi-
mately seven years in three follow-ups: in 2015 (wave 6)
[27], in 2017 (wave 7) [28], and in 2019-2020 (wave 8)
[29]. To test if the prospective association of multimorbidity
with functional limitation and quality of life differs across
the life course, following Erikson’s Psychosocial Stages of
Development theory [30], we divided this sample into two
age cohorts: a “middle age” cohort (ages 50 to 64 years at
baseline) and an “older age” cohort (aged 65 years and older
at baseline). These two cohorts can be treated as components
of a synthetic cohort covering the life course from the age
of 50.

Measurements

At baseline, SHARE respondents were asked if they were
diagnosed with, treated for, or bothered by any of the fol-
lowing chronic conditions: heart attack, hypertension, high
cholesterol, stroke or cerebral vascular disease, diabetes
or high blood sugar, chronic lung disease, cancer, stom-
ach or duodenal ulcer, Parkinson disease, cataracts, hip or
other fractures, Alzheimer’s disease or dementia, affective
or emotional disorders, rheumatoid arthritis, osteoarthritis,
or any other conditions. Respondents with two or more of
these conditions were categorized as having multimorbidity
[1,2,31].

At each wave, respondents were asked if, because of a
physical, mental, emotional, or memory problem, they have
had any difficulty, lasting more than three months, with the
following six Activities of Daily Living (ADL): (1) dress-
ing, (2) walking across a room, (3) bathing or showering, (4)
eating, (5) getting in or out of bed, and (6) using the toilet;
or with the following seven Instrumental Activities of Daily
Living (IADL): (1) using a map to figure out how to get
around, (2) preparing a hot meal, (3) shopping for grocer-
ies, (4) making telephone calls, (5) taking medications, (6)
doing work around the house, and (7) managing money. The
summated ADL/TADL score ranges from 0 to 13, with a
higher score indicating a higher degree of functional limita-
tion [32, 33].

To measure quality of life at each wave, we used the Con-
trol, Autonomy, Self-Realization, and Pleasure (CASP-12)
scale, which consists of 12 items scored on a 4-point Likert
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scale [34]; the total score ranges from a minimum of 12 to a
maximum of 48 with a higher score indicating better quality
of life. We selected this validated scale since it is an appro-
priate tool to measure quality of life in older adults [13], it
was designed to measure positive experiences in older age,
instead of focusing on negative health outcomes [35], and
it was used in past research on the effects of multimorbidity
and functional limitation on quality of life [13]. The Cron-
bach’s alphas for the four waves were 0.76, 0.78, 0.79, 0.79
for the French language questionnaire and 0.75, 0.74, 0.73,
0.72 for the German language questionnaire, respectively,
indicating reasonably strong levels of internal consistency.

We also used the following baseline control variables:
age differences among respondents within each age cohort
(in years); gender (men vs. women); living with a partner
(yes vs. no); educational attainment (secondary or less vs.
post-secondary or more); household income (adjusted for
household size and log transformed); and whether or not
respondents were born in Luxembourg (vs. immigrants), as
Luxembourg has the largest proportion of immigrants in the
European Union [36].

Data management

Out of 1,585 baseline respondents, 543 (34.3%) partici-
pated in all three follow-ups, 391 (24.7%) dropped out after
the baseline survey, 274 (13.7%) after the first follow-up,
270 (17.0%) after the second follow-up, and 107 (6.8%)
skipped the first or second follow-up but participated in the
third follow-up. Overall, out of 6,348 potential time-person
data points, 4,187 (66.0%) were available for the analysis
while 2,161 (30.7%) were lost due to survey non-response,
including 212 (3.3%) due to mortality. Supplementary
Table S1 indicates that, at baseline, respondents who did
not participate in all follow-ups, including those who died,
were more likely to have functional limitation and had a

Fig.1 Outline of the concep-
tual model. QoL: Quality of
Life. FL: Functional Limita-
tion. Solid (green) line (—):
Relationship established in the
past literature. Dotted (red) line
(—): Relationships assessed in
the current project

FL
Baseline

Multimorbidity
Baseline

higher number of limitations, were less likely to live with
a partner or to have a higher level of education, compared
to respondents who participated in all three follow-ups. In
addition, repeated measures for quality of life and functional
limitation had some missing data due to item non-response
(between 0.1% and 5.4%). Missing data for household
income were imputed by the SHARE project and may be
affected by selection bias. Our analyses included all 1,585
baseline SHARE respondents, 897 (56.6%) from the “middle
age” cohort and 688 (43.4%) from the “older age” cohort,
regardless of their dropout pattern and item non-response.
We used the full information maximum likelihood (FIML)
techniques to model missing data as a function of baseline
covariates and all available repeated measures based on the
explicit assumption that the missing data are missing at ran-
dom [37]; if the missing data do not meet this assumption,
the results may be biased (Fig. 1).

Statistical analysis

First, the univariate descriptive statistics (i.e., means, stand-
ard deviations [SD], and percentages [%]) were produced
to describe characteristics of middle-aged and older adults
at baseline and at the three follow-ups, separately by multi-
morbidity status (with/without multimorbidity). To compare
respondents in each age cohort by their morbidity status, we
conducted a series of t-tests and chi-square tests for con-
tinuous and categorical variables, respectively. To estimate
growth trajectories in quality of life and functional limita-
tion in each age cohort and by multimorbidity status (i.e.,
separately in each of the four groups), we used latent growth
curve (LGC) modeling techniques [38—40]. For the repeated
continuous measures of quality of life, we specified a lin-
ear random (between persons) intercept and a random slope
growth trajectory. Since over 70% of respondents reported
no functional limitations across the seven-year study period,
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some of these respondents were assumed not to be at risk
of experiencing any functional limitations (i.e., structural
zeros). The repeated measures of functional limitation were
treated as zero-inflated count variables and estimated as a
zero-inflated Poisson (ZIP) growth trajectory with two com-
ponents: an inflation component for respondents who were
unable to assume any other counts except zero (i.e., not at
risk of having any functional limitations during the study
period) and a count component for respondents who were
able to have counts of zero and above [41-43]. The latent
growth curve models assume that the growth trajectories
for all respondents in each of the four groups have the same
functional form (i.e., linear for quality of life and Poisson for
functional limitation), although individual growth trajecto-
ries are allowed to increase or decrease over time following
these functional forms. These models also assume that the
baseline covariates that affect the growth parameters affect
respondents in each of the four groups in the same way. Fig-
ure 2 shows the outline of our generic LGC model.

To explore how multimorbidity moderates the relation-
ship between growth trajectories in quality of life and func-
tional limitation, we tested associations between growth
parameters representing these two trajectories in a single
model, separately in the two age cohorts and controlling
for the baseline covariates. Taking into account smaller
sample sizes for some groups and potential violation of the
normality assumption, in all analyses, we used restricted
maximum likelihood (MLR) with robust standard errors
(sandwich estimator) and a numerical integration algorithm
[44] to produce unbiased estimates of variance and covari-
ance parameters. The calibrated individual sampling weights
from the baseline survey allowed us to extrapolate the results

Fig.2 Outline of the latent
growth model. QoL_i: Intercept
for the latent variable Quality of
Life QoL_s: Slope for the latent
variable Quality of Life. qol_5
— qol_8: Observed indicators
for the latent variable Quality of
Life. FL_i_r: Intercept for the
latent variable Risk of Func-
tional Limitation. FL_s_r: Slope
for the latent variable Risk of
Functional Limitation. fl_5_r—
fl_8_r: Observed indicators

for the latent variable Risk of
Functional Limitation. FL_i_#:
Intercept for the latent variable
Number of Functional Limita-
tions. FL._s_#: Slope for the
latent variable Number of Func-
tional Limitations. fl_5_#—
fl_8_#: Observed indicators for
the latent variable Number of
Functional Limitations.
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to non-institutionalized residents of Luxembourg who were,
in 2013, 50 years old and older. All data cleaning steps,
including tests for model assumptions (i.e., normality, miss-
ing data, linearity, outliers), were conducted in SAS 9.4 [45]
and all analyses were performed with Mplus 8 [46].

Results

At baseline in 2013, 60.1% of all respondents had mul-
timorbidity, 51.5% in the “middle age” cohort (with an
average age of 57.9 years, 54.7% women) and 71.4% in
the “older age” cohort (with an average age of 74.3 years,
50.4% women). The unweighted descriptive statistics for the
repeated measures for quality of life, functional limitation, as
well as for the baseline covariates are presented in Table 1.

Trajectories in quality of life and functional
limitation

Supplementary Table S2 presents the parameter estimates
for growth trajectories in quality of life and functional limi-
tation (i.e., means and variances of growth parameters, with
their standard errors [SEs], p-values, and 95% confidence
intervals [CIs]) for the two age cohorts and by multimor-
bidity status. These parameter estimates were converted
into model estimated means and proportions for quality of
life and functional limitation at baseline and at each fol-
low-up (see Table 2). We also displayed these estimates in
graphs, treating the two age cohorts as a synthetic cohort
(see Figs. 3, 4, and 5) in order to allow for a more intuitive
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Table 1 (continued)

&

p-value

chi-
square

%

%

p-value n

% % chi-square

%

n

Category

Springer

102 51.8

245 499

0.7249 365 74.3

239 54.9
263 60.5
172 395

252 54.6
274 59.3

838 529

1036 654

Females

2.82 0.9330

134 68.0
63 32.0
61 31.0

136 69.0

152 77.2
45 22.8
24 122
43 21.8

0.12

Born in Lux
Immigrant

No
Yes

Immigration

Status

126 25.7

0.0200 158 32.2

188 40.7

549 34.6
374 23.6
1211 76.4
1221 77.0

0.7572

0.10

5.41%

62 14.3
373 85.8
295 67.8

93 20.1
369 79.9

Having

333 67.8

0.0001 408 83.1

Partner

0.0704

327

15.03*

366 79.2

High
Low

Educational
Attainment
Household

Income

83 169

0.2070 69 14.1

140 32.2

96 20.8
125 27.1

364 23.0

0.7027

2.18

5.90

99 22.8

75
107 24.6

317 20.0
317 20.0
318 20.1
317 20.0
316 19.9

1st quartile

108 22.0

17.2

19.7
87 18.8
82 17.8

2nd quartile
3rd quartile
4th quartile

33 16.8
43 21.8
54 274

91 18.5
113 23.0
110 224

79 18.2

75

17.2

16.7

71

5th quartile

Source: 2013-2020 SHARE data from Luxembourg (n=1585)
*Statistically significant change across waves (p <0.05)

n: Sample size

SD: Standard deviation

%: Percentage of respondents in each category

interpretation of the potential differences in impact of multi-
morbidity on quality of life and functional limitation across
a longer span of the life course.

At baseline, individuals living with multimorbidity had
substantially lower levels of quality of life than individuals
without multimorbidity (38.0 vs. 40.8 in the “middle age”
cohort [Cohen’s D=0.54] and 38.7 vs. 41.3 in the “older
age” cohort [Cohen’s D=0.65]; see Table 2). Assessing
the change in the level of quality of life across the seven-
year study period, only individuals without multimorbidity
from the “middle age” cohort had a statistically significant
increase in quality of life at a rate of 0.11 units per year (95%
CI=0.02-0.20). These cohort-level results suggest that the
negative association between multimorbidity and quality of
life observed at baseline remained relatively stable during
the study period. Treating the group means as a synthetic
cohort (see Fig. 3) suggests that there was a substantial nega-
tive impact of multimorbidity on quality of life that persisted
throughout the life course from the age of 50.

We estimated proportions of middle-aged and older adults
who were presumed not to be at risk of experiencing any
functional limitations across the study period (structural
zeros from the ZIP growth model) and means for the number
of functional limitations for individuals at risk of experienc-
ing any functional limitations (count component of the ZIP
growth model). These estimates are presented in Table 2
and are displayed in the synthetic cohort format in Figs. 4
and 5, respectively. At baseline, when compared to adults
with multimorbidity, a larger proportion of adults without
multimorbidity was estimated not to be at risk of functional
limitation (53.9% vs. 18.5% in the “middle age” cohort and
12.9% vs. 9.5% in the “older age” cohort). However, the
impact of multimorbidity on this risk was more pronounced
in the “middle age” cohort. The proportion of adults not at
risk of functional limitation decreased over the study period
in the “middle age” cohort with multimorbidity (from 18.5%
to 1.5%) and increased in the “older age” cohort with multi-
morbidity (from 9.5% to 22.8%) and without multimorbid-
ity (from 12.9% to 57.6%). When displayed as a synthetic
cohort (see Fig. 4), these estimates suggest that the risk of
having a functional limitation followed a non-linear trajec-
tory, with a higher proportion of adults not being at risk at
the start and end points of this trajectory.

In terms of the count component of the ZIP growth
model, at baseline, middle-aged and older adults with
multimorbidity had a higher number of functional limita-
tions than adults without multimorbidity (0.64 vs. 0.16 in
the “middle age” cohort and 2.47 vs. 1.56 in the “older
age” cohort). In addition, our results imply that older
adults had overall a higher number of functional limita-
tions than middle-aged adults. The rate of increase in the
average number of functional limitations over the study
period was statistically significant in three groups: among
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Table 2 Model estimated means and proportions for growth trajectories in quality of life and functional limitation at baseline and the three

follow-ups for middle-aged and older adults by multimorbidity status

Age cohort and Baseline survey 1st follow-up 2nd follow-up 3rd follow-up
Multimorbidity status Wave 5 (2013) Wave 6 (2015) Wave 7 (2017) Wave 8 (2019/20)
Quality of life

Middle age cohort with multimorbidity 38.0 38.1 383 38.6

Middle age cohort without multimorbidity* 40.8 40.9 41.2 41.5

Cohen's D 0.54 0.56 0.54 0.57

Older age cohort with multimorbidity 38.7 38.6 385 38.3

Older age cohort without multimorbidity 413 41.4 41.6 41.9

Cohen's D 0.65 0.71 0.74 0.83

Not at risk of functional limitation

Middle age cohort with multimorbidity* 18.5% 10.7% 4.5% 1.5%
Middle age cohort without multimorbidity 53.9% 34.6% 14.2% 4.0%

Older age cohort with multimorbidity* 9.5% 11.9% 16.2% 22.8%

Older age cohort without multimorbidity* 12.9% 20.0% 352% 57.6%
Number of functional limitations

Middle age cohort with multimorbidity* 0.64 0.68 0.77 1.01
Middle age cohort without multimorbidity 0.16 0.19 0.22 0.22

Older age cohort with multimorbidity* 247 2.83 3.80 6.24

Older age cohort without multimorbidity* 1.56 1.81 2.28 2.88
Source: 2013-2020 SHARE data from Luxembourg (n=1585)

*Statistically significant change across waves (p <0.05)

Fig. 3 Model-estimated 43.0

growth trajectory for quality )

of life across the life course by :—f 42.0 [ rcmmm===="
multimorbidity status (synthetic g 41.0 X ==

cohort). Source: 2013-2020 h=

SHARE data from Luxembourg (_:," 400

(n=1,585). Solid line (—): S 390 - - -

Estimates from the cohort of o — e, ea
middle-aged adults 50.0-64.9 T 380

years old at baseline (n=897). 2 370

Dotted line (---): Estimates &

from the cohort of older adults g 36.0

65.0 years and over at base- Z 350

line (n=688). * Statistically 57.8 59.3 61.5 64.1 74.3 75.8 78.0 80.6
significant change across waves

(p<0.05) Average age

e \\/ith multimorbidity

middle-aged adults with multimorbidity (from 0.6 to 1.0)
and among older adults with multimorbidity (from 2.5 to
6.2) and without multimorbidity (from 1.6 to 2.9). These
estimates, when treated as a synthetic cohort (see Fig. 5),
imply that individuals with multimorbidity had, on aver-
age, a larger number of functional limitations through-
out the life course. However, this difference appeared to
become more pronounced as adults progressed from the
middle-aged to older stage of the life course.

e \\/ithout multimorbidity

Longitudinal relationship between functional
limitation and quality of life

The results for the impact of multimorbidity on the relation-
ship between trajectories in quality of life and functional
limitation in each of the four groups are presented in Table 3.
Supplementary Table S3 also presents the parameter esti-
mates for the associations between control variables and
the growth parameters. At baseline, a higher number of
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Fig.4 Model-estimated growth 2 70.0%
trajectory for the risk of not .g
having any funct'%onal limita- S 60.0%
tions across the life course by £ * /
multimorbidity status (synthetic = . /
cohort). Source: 2013-2020 s 50.0% 4
SHARE data from Luxembourg -g ,’
H : . Q 9,
(n=1,585). Solid line (—): 2 40.0% 7
Estimates from the cohort of = /
middle-aged adults 50.0-64.9 > 30.0% 7
years old at baseline (n=_897). & /
Dotted line (---): Estimates :S: 20.0% /’ - P
from the cohort of older adults = * o - - -
65.0 years and older at baseline < - =
s 5 10.0% L SIS
(n=0688). * Statistically sig- o uER
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functional limitations was associated with poorer quality of
life in all groups. This association, however, was stronger
among individuals living with multimorbidity. Among
middle-aged adults, an additional functional limitation was
associated with a decline in quality of life by 1.02 units (95%
CI: -1.34 to -0.70) for individuals with multimorbidity, com-
pared to a less pronounced decline of 0.54 units (95% CI:
— 0.86 to — 0.21) for individuals without multimorbidity.
Among older adults, one additional functional limitation was
associated with a decrease in quality of life by 1.80 units
(95% CI: — 2.20 to — 1.40) with multimorbidity and by 1.23
units (95% CI: — 1.77 to — 0.69) for individuals without
multimorbidity.

Regarding the relationship between change in the number
of functional limitations and change in the level of quality
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e \\/ithout multimorbidity

of life, the direction and magnitude of parameter estimates
for the four groups suggested that an increase in the number
of functional limitations over the seven-year study period
was associated with a decline in quality of life. This associa-
tion was stronger among individuals with multimorbidity.
However, the parameter estimates for these effects were only
statistically significant in two groups: among middle-aged
adults without multimorbidity, one additional functional
limitation was associated with a decrease in quality of life by
1.59 units (95% CI: — 2.89 to — 0.29) and by 2.02 units (95%
CI: — 3.59 to — 0.46) among older adults with multimorbid-
ity. The parameter estimates for the other two groups, i.e.,
middle-aged adults with multimorbidity (b=— 3.27, 95%
CI: — 10.23 to 3.68) and older adults without multimorbidity
(b=—1.65,95% CI: — 3.82 to 0.51), were not statistically
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significant. This was likely due to substantial variation in
these effects within each group.

Discussion

As an increasing number of individuals in Europe and in
other parts of the world are becoming vulnerable to more
years lived with multiple chronic health conditions, there is a
growing need to identify factors that might lead to improve-
ments in or maintenance of quality of life among individuals

living with multimorbidity. This study assessed how mul-
timorbidity affects trajectories in functional limitation and
quality of life as well as the relationship between these tra-
jectories. We also explored whether these relationships vary
across the life course.

Compared to previous cross-sectional studies [5, 8—11],
we took advantage of the longitudinal SHARE data and a
multi-cohort study design. We found that middle-aged and
older adults living with multimorbidity exhibited consist-
ently poorer quality of life than those living without mul-
timorbidity throughout the life course. In addition, while

Table 3 Relationships between parameter estimates for growth trajectories for quality of life and number of functional limitations for middle-

aged and older adults by multimorbidity status

With multimorbidity

Without multimorbidity

Estimate SE p-value Lower CI Upper CI Estimate SE p-value Lower CI Upper CI
Middle age cohort (age 50.0-64.9 at baseline; n=_897)
QoL _i<—FL_i_# —-1.02 0.16 0.00 - 134 —-0.70 —-0.54 0.17 0.00 —-0.86 —-0.21
QoL_s<—FL_s_# —-3.27 3.55 0.36 —-10.23 3.68 - 1.59 0.66 0.02 —2.89 -0.29
QoL_s<—>QoL_i —-0.47 0.41 0.26 - 1.26 0.34 —-091 0.30 0.00 - 1.50 —-0.31
Means
QoL_i 34.81 0.83 0.00 33.19 36.43 37.70 0.96 0.00 35.82 39.58
QoL_s 0.17 0.23 0.46 -0.29 0.63 -0.19 0.28 0.51 -0.73 0.36
FL_i_# —2.40 0.48 0.00 —-3.34 —1.46 —-3.31 1.03 0.00 -532 -1.29
FL_s_# 0.00 0.07 0.97 -0.14 0.14 —-0.24 0.14 0.09 - 0.51 0.04
Variances
QoL_i 17.13 2.16 0.00 12.90 21.35 13.91 1.72 0.00 10.54 17.27
QoL_s 0.18 0.28 0.52 -0.37 0.73 0.08 0.10 0.43 —-0.12 0.28
FL_i_# 4.29 0.62 0.00 3.07 5.51 4.38 1.08 0.00 2.27 6.50
FL_s_# 0.02 0.02 0.36 —-0.02 0.07 0.05 0.04 0.23 -0.03 0.14
Older age cohort (age 65.0 and older at baseline; n=688)
QoL_i<—FL_i # —1.80 0.20 0.00 —-2.20 —1.40 —-1.23 0.28 0.00 - 1.77 —0.69
QoL_s<—FL_s # —-2.02 0.80 0.01 -3.59 —0.46 —1.65 1.10 0.13 —3.82 0.51
QoL_s<—>QoL_i -0.29 0.42 0.49 - 1.10 0.53 —0.05 0.35 0.90 —-0.74 0.65
Means
QoL_i 36.40 0.66 0.00 35.10 37.69 36.73 1.11 0.00 34.56 38.90
QoL_s -0.10 0.19 0.59 —-0.47 0.27 0.55 0.52 0.29 —0.46 1.56
FL_i_# -0.73 0.29 0.01 - 1.29 —-0.17 —2.85 0.62 0.00 —4.06 —1.64
FL_s_# 0.12 0.05 0.03 0.01 0.22 0.28 0.19 0.14 - 0.09 0.66
Variances
QoL_i 13.96 227 0.00 9.51 18.41 6.35 1.90 0.00 2.63 10.07
QoL_s 0.13 0.15 0.38 —-0.16 0.42 -0.11 0.19 0.57 —-0.47 0.26
FL_i_# 2.40 0.32 0.00 1.78 3.03 3.10 0.99 0.00 1.16 5.05
FL_s_# 0.03 0.01 0.01 0.01 0.06 0.08 0.05 0.14 —-0.03 0.18

Source: 2013-2020 SHARE data from Luxembourg (n=1585)
QoL_i: Intercept for the latent variable Quality of Life
QoL_s: Slope for the latent variable Quality of Life

FL_i_#: Intercept for the latent variable Number of Functional Limitations

FL_s_#: Slope for the latent variable Number of Functional Limitations
SE: Standard error
CI: 95% confidence interval
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supporting past findings that individuals living with multi-
morbidity have a higher degree of functional limitation [11,
19-22], our study contributed to a more refined understand-
ing of the nature of this relationship. Specifically, we found
that, throughout the life course, a larger proportion of adults
living with multimorbidity was at a higher risk of experienc-
ing a functional limitation than those without multimorbid-
ity. We also revealed that middle-aged and older adults liv-
ing with multimorbidity had a higher number of functional
limitations compared to those without multimorbidity. This
gap may be larger among older adults.

Our study emphasized the need to assess how multimor-
bidity might affect the longitudinal relationship between the
number of functional limitations and quality of life. At base-
line, functional limitation had an overall negative impact on
quality of life, as previously suggested in a number of cross-
sectional studies [11, 13, 15, 47], and this effect was stronger
among individuals with multimorbidity. This confirmed our
hypothesis that multimorbidity is likely to exacerbate the
relationship between functional limitation and quality of life.
The longitudinal design of our study allowed us to provide
some support for the hypothesis that an increase in the num-
ber of functional limitations leads to a decline in quality of
life over time. However, this association was statistically
significant among middle-aged adults without multimorbid-
ity and among older adults with multimorbidity. The direc-
tion and magnitude of the significant and non-significant
parameter estimates suggested that the negative impact of
an increase in functional limitation on the decline in quality
of life is more pronounced among individuals living with
multimorbidity. This observation, however, would have to
be tested and confirmed in additional longitudinal studies.

This study was based on earlier conceptualizations of
the interrelationships between multimorbidity, functional
limitation, and quality of life. Using a cross-sectional sam-
ple of adults 65 years and older from the Medicare Health
Outcomes Survey, Barile and colleagues found that the
association between the number of functional limitations
and quality of life was moderated by the number of chronic
conditions, i.e., multimorbidity [15]. In a cross-sectional
study of SHARE respondents from several European set-
tings, Makovski and colleagues highlighted that the num-
ber of chronic conditions and functional limitations had an
independent relationship with quality of life [13]. To the best
of our knowledge, our study is the first longitudinal assess-
ment of these relationships. It allowed us to conclude that
the previously observed cross-sectional associations of mul-
timorbidity with functional limitation and quality of life are
more persistent and can affect middle-aged and older adults
over the life course. However, this relationship was not sta-
tistically significant in all groups and needs to be further

@ Springer

investigated. Finally, our results suggest that the strength
of the association of multimorbidity with functional limita-
tion and quality of life, as well as the relationship between
these two health outcomes, may differ across the life course.
This initial observation, however, would have to be formally
tested and confirmed in additional longitudinal studies. This
novel finding suggests that any future research on the inter-
relationship between multimorbidity, functional limitation,
and quality of life should assess these relationships sepa-
rately for middle-aged and older adults.

This study also employed a number of novel methodo-
logical techniques that may be beneficial to future research
on healthy ageing. Firstly, the longitudinal study design and
LGC modeling techniques offered a unique opportunity not
only to assess the trajectories in individual health outcomes
but also the relationships between these trajectories. Sec-
ondly, taking advantage of the multi-cohort study design,
we explored how multimorbidity might affect functional
limitation and quality of life across a longer span of the life
course than a single age cohort would allow us to do. How-
ever, we suggest that future studies with longer follow-up
time periods would be in a better position to untangle com-
plex interrelationships between multimorbidity, functional
limitation, and quality of life compared to studies relying
only on synthetic cohorts. Thirdly, in the past, the ADL/
IADL summated scale was used either as a binary indicator
[13, 21, 23], count variable [19], or as a continuous scale
[15]. We proposed a more realistic measurement option for
functional limitation by assuming the existence of two longi-
tudinal processes, the over-time change in the risk of having
functional limitation and, among those at risk, the change
in the number of limitations. We encourage future studies
to provide further validation for this modeling approach.
Finally, a number of past studies indicated that there exist
substantial across-country differences in the prevalence of
and relationships between multimorbidity, functional limi-
tation, and quality of life. This suggests that demographic,
socioeconomic, and health care system differences across
contexts have pronounced influences on these relationships
[5, 13, 22]. Thus, although there are some advantages in
using pooled data from multiple geographic settings, we
employed a more homogeneous sample of non-institutional-
ized residents of Luxembourg. We encourage future research
to corroborate our findings in other contexts.

Some limitations of our study warrant mentioning. A
selection bias could have affected the representativeness of
the sample, as individuals with poorer health or lower socio-
economic status tend to be under-represented in self-reported
population surveys and are more likely to drop out through-
out the study period. To address this issue, we used sampling
weights, controlled for key indicators of socioeconomic status,
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and introduced statistical adjustments for attrition and miss-
ing data. Our measures of chronic conditions, functional
limitation, and quality of life were self-reported and could be
affected by recall bias. However, self-reports are commonly
used in large population-based studies [48] and a sensitivity
analysis of SHARE data has indicated a very strong concord-
ance in reporting the same chronic conditions across time [22].
Future research should explore how specific sub-domains of
the multidimensional CASP-12 scale (i.e., control, autonomy,
self-realization, and pleasure) as well as other aspects of qual-
ity of life (e.g., social and functional aspects, mental health,
vitality) are associated with multimorbidity and functional
limitation.

Our study focused on the role of multimorbidity. Past
research, however, has provided some evidence that distinct
patterns and combinations of chronic conditions may be dif-
ferentially associated with functional limitation [9, 23, 49].
Thus, future studies should consider assessing the relative
role of specific chronic conditions or clusters of conditions
(e.g., musculoskeletal, cardiometabolic, and mental health)
in functional limitation and quality of life among people liv-
ing with multimorbidity. Future studies should also assess
how time of onset and progression of chronic conditions
across the life course may lead to differential trajectories in
quality of life and functional limitation.

An important limitation of the study is the lack of infor-
mation on additional confounding variables. These would
include major modifiable risk factors (e.g., smoking, alcohol
consumption, diet, physical activity, sleep), which are known
to influence both multimorbidity risk and the selected study
outcomes. SHARE data focuses on individuals > 50 years
and excludes those between the ages of 45 and 49, limiting
our ability to assess the relationship between multimorbid-
ity, functional limitation, and quality of life across the whole
spectrum of “middle age”, as defined by Erikson [30].

Furthermore, length of the follow-up in our study could
be too short to detect long-term effects of multimorbidity
on functional limitation and quality of life. Although we
took advantage of the multi-cohort design and presented our
results as a synthetic cohort, these results should be treated
as exploratory and confirmed in studies with longer follow-
ups. Finally, the statistically significant variances associated
with the parameter estimates for the growth trajectories
suggested that there is a substantial degree of heterogeneity
across person-specific functional limitation and quality of
life trajectories. Although our study did not explore the pres-
ence of latent classes consisting of individuals with more
homogenous growth trajectories, this might be a potentially
fruitful direction for future research on healthy ageing. It
may also be beneficial to identify sub-groups of individuals
living with multimorbidity, as these groups may have dif-
ferent needs and may require more targeted interventions to

address their functional limitations and improve their quality
of life.

Conclusion

Improving or maintaining a good quality of life can be an
important coping mechanism for individuals living with
multimorbidity [50]. The results from the current study con-
tribute to a better understanding of the complexity of the
relationship between multimorbidity, functional limitation,
and quality of life by focusing on how these three health
outcomes interact across the life course. However, additional
longitudinal research from multiple geographic contexts
and with longer follow-up time periods is needed to further
explore the underlying mechanisms of these interrelation-
ships. This includes an assessment of the mediating role of
functional limitation in the relationship between multimor-
bidity and quality of life as well as on identification of other
factors that may mediate or moderate these relationships.
From a clinical standpoint, health professionals should pay
great attention to the clinical management of people living
with multimorbidity via a patient-centred approach, in order
to mitigate the potential negative impact of co-occurring
multiple chronic conditions on functional limitation and
quality of life over time [51].
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