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Abstract

Background Restricted activity is a potential early marker of declining health in older adults. Previous studies
of this association with patient outcomes have been inconclusive. This review aimed to evaluate the extent to which
restricted activity is associated with decline in health.

Methods A search was conducted for studies including people over 65 years old which investigated the association
between measures of restricted activity and hospitalisation, cognitive decline, and mortality. Following data extrac-
tion by two reviewers, eligible studies were summarised using Inverse Variance Heterogeneity meta-analysis.

Results The search identified 8,434 unique publications, with 11 eligible studies. Three measures of restricted activ-
ity were identified: bed rest, restricted movement, and dependency for activities of daily living (ADL). Three studies
looked at hospitalisations, with two finding a significant association with bed rest or restricted movement and one
showing no evidence of an association. Restricted activity was associated with a significant increase in mortality
across all three measures (bed rest odds ratio [OR] 6.34, 95%Cl 2.51-16.02, 12 =76%; restricted movement OR 5.38
95%Cl 2.60-11.13, 12=69%; general ADL dependency OR 4.65 95%Cl 2.25-9.26, 12 =84%). The significant heterogene-
ity observed could not be explained by restricting the analysis by length of follow-up, or measure of restricted activity.
No meta-analysis was conducted on the limited evidence for cognitive decline outcomes.

Conclusions Limited studies have considered the prognostic value of restricted activity in terms of predicting
future declining health. Current evidence suggests restricted activity is associated with hospitalisation and mortality,
and therefore could identify a group for whom early intervention might be possible.

Keywords Multimorbidity, Older adults, Restricted activity, Systematic review

Introduction

Worldwide, the prevalence of multiple long-term condi-
tions (MLTC) is increasing [1]. These can include chronic
physical conditions, non-communicable diseases, men-
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contributes significantly to the workload in primary and
secondary care settings [3].

One key challenge is identifying declining or deterio-
rating health. A disease-specific approach may lead to
missed opportunities for intervention, as the responsibil-
ity for care falls between different specialties or institu-
tions. This can lead to duplication of efforts, increased
patient burden, and potential clashes between multiple
treatment and monitoring approaches. Avoiding hospi-
talisation is a priority for patients [4], so it is crucial to
identify markers that enable early intervention. Increas-
ing MLTCs are associated with an increased risk of hos-
pitalisation and death [5] and general reduced quality of
life. Patients with MLTCs could benefit from having a
holistic measure to identify generic decline before it pre-
sents acutely. Having a general measure of health could
be useful for older people, many of whom might other-
wise be unable to self-monitor their conditions.

Restricted activity, broadly defined as a reduction in a
person’s usual activities, ultimately leading to being una-
ble to get out of bed could be suitable as such a measure.
Previous studies have indicated an association between
restricted activity and higher rates of hospitalisation [6]
and mortality [7-9], as well as a reciprocal relationship
with cognitive decline [10]. These studies suggest that
such changes can occur several months before the out-
come event of interest, indicating the potential for early
intervention [8]. Although, the extent of this association
varies widely between studies.

The aim of this review was therefore to examine the
extent to which different measures of restricted activity
are associated with all-cause hospitalisation, all-cause
mortality, and cognitive decline in older people.

Methods

The protocol was developed and registered on Prospero
prior to conducting the search (CRD42022315789) and
the results reported following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [11].

The review question was formed using the PICOS
framework, with patient and public involvement (PPI) to
ensure the outcomes selected were meaningful to the tar-
get patient group.

+ Population: Older adults, above an average (mean or
median) age of 65 + years old.

«+ Intervention (exposure): Restricted Activities of daily
living (increasing), with no disease specific cause

+ Control: No restricted Activities of daily living (or
decreasing activities of daily living)

+ Outcome: Hospitalisation, mortality,
(changed Jun 2022) decline

cognitive
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 Study design: quantitative studies, specifically cohort
studies, case control studies, or randomised control
trials

Search strategy and selection criteria

A search was conducted from inception to 28th May
2022, using five databases: MEDLINE (via Ovid), Embase
(via Ovid), Web of Science, CINAHL, and ASSIA. Search
terms were designed to capture studies including older
adults which investigated the association of restricted
activities, including activities of daily living, to subse-
quent clinical outcomes. No language limits were applied.
Studies utilising disease specific or post-operative popu-
lations were excluded. A copy of the search can be found
in the appendix (Supplementary Material 1: Appendix A).

Inclusion criteria

— Studies including people with an average age of 65
years or over, measuring a reduction of usual activity

— Quantitative study designs including observational,
cohort, case control, longitudinal, and interventional
studies

— Measuring at least one relevant outcome from hospi-
talisation, mortality, and cognitive decline

— Primary data reported

Exclusion criteria

— Disease specific studies, or post-operative studies
(forced restricted activity)

— Secondary data, unless drawn from national statisti-
cal surveys

— Analyses which did not compare patients with
restricted activity to an appropriate control group

— Literature reviews

Outcomes

The primary outcome for this review was all-cause hos-
pitalisation. Secondary outcomes of interest were func-
tional decline and all-cause mortality. These outcomes
were selected to identify generic decline in older adults.
The outcomes were selected with the help of a patient and
public involvement (PPI) group. During initial screening,
it was identified that the outcome of functional decline
was too similar to the exposure of restricted activity and
so this was altered to cognitive decline. The search and
inclusion criteria were updated accordingly and rerun.
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Data screening and extraction

Firstly, de-duplication was performed (using EndNote 20
(Clarivate)) and studies were screened by two independ-
ent reviewers using Rayyan (Rayyan.ai). Initial screening
of title and abstracts excluded studies that clearly did
not meet the inclusion criteria. If deemed relevant, or
requiring further information, then full texts were inde-
pendently screened for inclusion or exclusion. Any dis-
crepancies were resolved either by discussion, or with an
independent third reviewer.

Studies in different languages were initially screened
using a translation software (DeepL Translator). If
deemed potentially eligible, data were extracted by native
speakers. Studies with relevant data missing were fol-
lowed up with the corresponding author but none replied
with relevant information. Where studies used data from
the same cohort of patients, the most relevant paper
using each dataset was included [6].

Following piloting, data extraction was conducted by
two independent researchers. Extracted information
included study and participant characteristics, methods
of measuring activity and outcomes, which outcomes
were investigated, statistical analysis, and results. Addi-
tional citation searching was performed on included
papers to identify any relevant studies missed in the
search.

A flowchart, following the PRISMA guidelines, was
created to illustrate this process (Supplementary Material
1: Appendix B).

Bias

The Quality In Prognosis Studies (QUIPS) risk of bias
(RoB) tool [12] was used to assess the risk of bias across
the studies. Two independent researchers conducted the
RoB, with any conflicts resolved through a third reviewer.

Data synthesis
Results were grouped by type of restricted activity.
When individual activities of daily living (ADL) depend-
ence were reported separately, the most relevant meas-
ures were extracted: walking, transferring, and dressing.
Walking was grouped with restricted movement, while
transferring and dressing were investigated separately. A
post-hoc analysis pooled studies based on their follow-
up periods; short follow up, between 12—-24 months, and
25+ months. Within each group, the results were ordered
by those with adjusted data and non-adjusted data. No
overall meta-analysis across all studies was undertaken
due to differences in the way restricted activity was
measured.

To reduce heterogeneity, the data describing the most
‘conservative’ definition of restricted activity (e.g. fully
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dependent for an activity, rather than partially depend-
ent) was used, if different levels were reported. A sen-
sitivity analysis was conducted varying the definitions
for restricted activity (e.g. fully dependent and partially
dependent for an activity, see Supplementary Material 1:
Appendix C).

Meta-analyses were conducted using the using the
Inverse Variance Heterogeneity method [13], which com-
bines the weighting scheme of the fixed effects model
with the variance estimation of the random effects
model. This was done in STATA (version 16.1), using the
admetan command [14]. Results were displayed using
forest plots. Odds ratios were extracted were possible; if
not available, risk ratios (RR) or incident rate ratios (IRR)
were extracted instead. When analysing rare outcomes,
these are approximately equivalent. To address con-
founding, we extracted adjusted odds ratios adjusted for
confounders where available. Heterogeneity was summa-
rised using the I” statistic.

Results

Initial searches resulted in 9,181 studies reduced to 8,434
following de-duplication. Following review of titles and
abstracts, 42 full text articles were reviewed in detail
for relevance and a total of 15 studies fulfilled the inclu-
sion criteria (Supplementary Material 1: Appendix B).
All included studies were observational cohort studies,
designed to measure the association between restricted
activity and clinical outcomes in real-world settings.

Included studies examined older adults, with mean
ages ranging from 70 to 92 years. Population charac-
teristics (Table 1) varied by ethnicity (90 to 40% white),
with many unreported characteristics. Eight studies
were conducted in the US [7, 15-20], and the others
spread between Europe (Spain and Finland) [21, 22], Asia
(Japan) [23], South America (Brazil) [24], and the Middle
East (Israel) [9].

Three studies examined outcomes relating to hospitali-
sation, and ten related to mortality (two measured both
outcomes). Two studies examined outcomes related to
cognitive decline. Follow-up periods ranged from 12 to
72 months.

Measures of restricted activity
The measures used in included studies were bed rest
(n=6), restricted movement (n=6), and activities of
daily living (n=4). These measures are evaluated in more
detail in Supplementary Material 1: Appendix D.
Measures ranged from hours in bed, to walking across
a room. All were simple questions a patient could report,
through a range of methods: self-completed surveys [21],
telephone interviews [6], and in-person interviews with
a researcher [18, 24] or a healthcare professional [22].
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Time-scales of follow-up periods varied from monthly [6]
to annual [18, 24], or biennial [22] check-ups, over differ-
ent follow-up periods.

The only measure that followed an established matrix
was the ADL scale using the Katz index of independ-
ence [26] (Supplementary Material 1: Appendix D). This
is scored on a 6-point scale, to determine physical func-
tions and dependence (maintaining personal hygiene,
transferring, ambulating, and feeding themselves). It was
either reported as a combined score of all the measures
[9, 16, 19, 22, 23], or dependency for each measure was
reported individually [15, 16, 24]. For this study, depend-
ency for walking was chosen as the most relevant ADL
measure to explore further.

Other measures included how the respondent spent
most of their day (e.g. sitting or in bed) [21], bed-bound
states (measured by days or hours in bed [6, 9, 22]), and
a combination of everyday activities (measured with
3-point Rosow-Breslau [27]) and limb strength (measured
with 5-point Nagi measures [28]) used to create a Rosow-
Breslau/Nagi measure [20] (Supplementary Material 1:
Appendix D: evaluation of measures).

Risk of bias

All papers had moderate risk of bias for at least two out
of six sections (Table 2). Over half the papers had high
risk of bias for one section, mostly due to potential study
confounding, or study attrition rates. Taken together,
there was an overall medium-high risk of bias, due to
the high bias in study confounding, and statistical analy-
sis sections. There was some uncertainty about methods
used for missing data and missing confounder data, as
most studies did not report this.

The main concerns highlighted by the risk of bias
assessment were the lack of adjustment for confounding
factors during analysis, where more than half of the stud-
ies didn’'t make appropriate adjustments or models, and
the prognostic factor measurement, which caused high
heterogeneity. There were also some missing data from
the patient characteristics, specifically for education and
living situations, precluding assessment of whether living
alone impacted the results.

This bias assessment also emphasised that the outcome
measures had clear endpoints (mortality or hospital
admissions), so the non-blinded design of the studies was
not considered to bias the results.

Primary outcome hospitalisation

Only three studies examined the association between
restricted activity and hospitalisation (Fig. 1), with two
studies measuring bed rest, and one examining restricted
movement. Due to the methodological diversity of
the small number of studies, combining data within a
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meta-analysis was deemed inappropriate. The association
between bed rest and hospitalisations was similar in both
studies, with a risk ratio of 1.30 (95% CI 0.54 to 3.24) [6]
and 1.50 (95% CI 1.41 to 1.59) [24]. The other study found
an association for restricted movement and hospitalisa-
tion (incident ratio (IR) 1.89, 95% CI 1.68 to 2.10) [25].

Secondary outcomes

A total of ten studies examined the association between
restricted activity and mortality (Figs. 2 and 3). Included
studies had differing levels of adjustment, from no adjust-
ment at all, to adjusting for a few confounders such as
age, gender, or education level. For studies in which
adjustment included gait speed or ADL dependency the
unadjusted ORs were used to avoid over-adjustment,
noting that these factors may be mediators rather than
confounders.

Analyses were split by those examining short-term
follow-up (8 studies; up to 24 months) and those exam-
ining studies with longer term follow-up (4 studies; > 24
months). In short-term studies, bed rest was associated
with a sixfold increase in the risk of mortality (OR 6.34,
95% CI 2.51 to 16.02; I>=76%). The results were simi-
lar for restricted movement (OR 5.38 95% CI 2.60 to
11.13; I*=69%) and general ADL dependency (OR 4.65,
95% CI 2.25 to 9.62; I=84%) (Fig. 2). There were fewer
studies with longer follow-up, however these showed
similar trends. Longer follow-up restricted move-
ment had a 1.7-fold increase (OR 1.78, 95% CI 1.67,
1.90; I>=0%), although this was based upon two stud-
ies, weighted heavily in favour of one particular study.
General ADL dependency (longer follow-up) was asso-
ciated with a threefold increase in mortality (OR 2.91,
95% CI 0.45, 18.81; 1>=88%). No meta-analysis was
conducted for bed rest over a longer follow-up as there
was only one study. Significant heterogeneity remained
for both follow-up periods. Overall higher point esti-
mates were observed over the shorter follow-up peri-
ods (Figs. 2 and 3).

The literature on cognitive decline was Ambiguous®,
there was clear evidence suggesting functional decline
and cognitive decline were associated and may occur
simultaneously. The literature highlighted an important
link between the two, however it was not clear which
one preceded the other [30-32]. Most of the literature
focused on cognitive decline impacting functional abil-
ities [10, 29].

Two studies examined the effect of restricted activity
on cognitive decline, by the same author with a crosso-
ver of participants, from The Chicago Health and Aging
Project [33]. These papers showed restricted activity was
associated with a 30% increase in cognitive decline com-
pared to those without restricted activity, over a 9 year
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Table 2 QUIPS risk of bias assessment (RoB). RoB was assessed following the QUIPS framework, and reported as low risk (green),
moderate risk (orange), and high risk (red) [6, 7,9, 15, 16, 18, 20-24, 29]

Study Study Study Prognostic Outcome Study Statistical

participation | Attrition | factor measurement | confounding | analysis

measurement

Brill,
1997

Clark,
1990

Gill, 2001

Cabrera,

2012

Zhao,
1993

Carey,
2008

Carey,
2004

Jylha,
1999

Ginsberg,
1999

Palomo,

2000

Hardy,
2010

Rajan,

2012

Rajan,

2015

period [20], and that restricted activity was associated and the crossover of patients in the included studies, no
with accelerated cognitive decline over 3 years, of around  meta-analysis was conducted.

a 158% increase compared to people without restricted Sensitivity analyses were* conducted, evaluating dif-
activity [19]. Due to the insufficient number of studies, ferent definitions of restricted activity, which found
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1.50 (1.41, 1.59)  100.00

Number
Exposure of  Follow up Ratio %
and Study  Participants (months) Adjusted Ratio (95% Cl) Weight
Bed rest
Cabrera2, 2012 130 12 * OR 1.30 (0.54, 3.24) 0.45
Gill1, 2001 754 12 ** RR - 1.50 (1.41, 1.59) 99.55
¢

Subgroup (I-squared = 0.0%)

Restricted movement

Hardy1, 2010 5493 16 > IR -l 1.89(1.68,2.10) 100.00
T T T T T T T
.25 5 1 15 25 10 20 50
Restricted activity better Restricted activity worse

NOTE: Weights are from Doi's IVHet model
Fig. 1 Forest plot of restricted activity and hospitalisation. Analysis is sub-grouped by the type of restricted activity (bed rest and restricted
movement). The square markers indicate the point estimate of the effect size within the different studies, with the whiskers indicating
the confidence intervals. The size of the box correlates to the inverse variance of the effect estimate, which indicates the weight given to the study
in the pooled analyses. Superscript denotes the control for each study. RR=Risk ratio, OR=0dds ratio, IR=Incident rate. *No pooled effect was
estimated due to the lack of studies in each sub-group, and due to the non-significant study sizes

Exposure Number in Control ~ Numberin  Exposure Follow up Odds ratio %
and Study Control events  Exposure events Adjusted  (months) (95% CI) Weight
Bed rest
Palomos, 2000 187 55 36 25 . 24 _—— 545(254,11.70)  31.01
Clark1, 1990 261 16 36 21 . 12 : L 21.44 (9.40, 49.00) 26.54
Cabrerat, 2012 13 7 17 4 . 12 : 466(128,17.22)  10.71
Jylhad, 1999 333 54 33 12 - 18 —_— 2.95(1.39,6.29) 3174
Subgroup (I-squared = 76.3%) 0- 6.34(251,16.02)  100.00
Restricted movement
Cabrera2, 2012 74 4 56 7 . 12 - 250 (0.75, 8.44) 238
Hardy1, 2010 5571 6 380 50 . 16 ¢ — 872(6.56,11.59)  43.13
Carey1, 2004 4263 384 253 78 . 24 + 4.50 (3.38, 6.00) 4243
Jylha3, 1999 236 33 130 33 - 18 —_— ! 209 (1.22,3.58) 12.06
Subgroup (I-squared = 88.4%) —_ T 538(260,11.13)  100.00
ADL
Palomo2, 2000 186 58 37 2 . 24 _— 3.24(1.58, 6.63) 930
Carey2, 2004 2080 62 2436 392 . 24 —— 6.24 (4.75,8.21) 63.86
Zhao2, 1993 205 46 218 94 bl 12 . : 262 (1.72, 4.00) 26.85
Subgroup (I-squared = 84.0%) —_ 465(225,962)  100.00
T T T T T T T T
25 5 1 25 5 10 15 25 50

Restricted activity better Restricted activity worse

NOTE: Weights are from Doi's IVHet model
Fig. 2 Forest plot and meta-analysis of restricted activity and mortality, with a short follow up (< 24). Analysis is sub-grouped by the type
of restricted activity (bed rest, restricted movement, and activities of daily living (ADL) dependency). Square markers indicate the point estimate
of the effect size within the different studies, with the whiskers indicating the confidence intervals. The size of the box correlates to the inverse
variance of the effect estimate, which indicates the weight given to the study in the pooled analyses. The diamond markers indicate the pooled
effect estimate across sub-groups. Superscript denotes the control for each study

similar directions of effect to the overall results but Discussion

did not explain the statistical heterogeneity observed = Summary of findings

in the primary analyses (Supplementary Material 1:  This systematic review and meta-analysis has found some
Appendix C). evidence of an association between restricted activity and
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Exposure Number in Control  Numberin  Exposure Follow up

and Study Control events  Exposure events  Adjusted  (months)
Bed rest

Ginsberg6, 1999 584 83 21 16 - 72

Restricted movement
Carey1, 2008 1033 43 1192 536 . 36
Brill1, 1997 17709 1469 6980 1399 - 60
Subgroup (I-squared = 0.0%)

ADL
Ginsberg2, 1999
Zhao?, 1993

572 74 33 25 . 72
205 147 218 184 - 60

Page 9 of 12
Odds ratio %
(95% Cl) Weight

19.32(7.14,53.10)  100.00

1.64 (1.38, 1.95) 13.87
1.80 (1.68, 1.93) 86.13
1.78 (1.67, 1.90) 100.00

11.34 (4.10, 31.20) 18.33
2.14(1.30, 3.40) 81.67

Subgroup (I-squared = 88.2%)

2.91(0.45,18.81)  100.00

T T
25 5

Restricted activity better

NOTE: Weights are from Dof's IVHet model

‘ e ‘L

25 5 10 15 25 50

Restricted activity worse

Fig. 3 Forest plot and meta-analysis of restricted activity and mortality, with a long follow up (> 25). Analysis is sub-grouped by the type

of restricted activity (bed rest, restricted movement, and activities of daily living (ADL) dependency). Square markers indicate the point estimate
of the effect size within the different studies, with the whiskers indicating the confidence intervals. The size of the box correlates to the inverse
variance of the effect estimate, which indicates the weight given to the study in the pooled analyses. The diamond markers indicate the pooled
effect estimate across sub-groups. Superscript denotes the control for each study. *=Not adjusted. ** = Adjusted.

! No cut-down in usual activity. 2Independent for ADL, or walking. *Spending day moving around. 4 Spending day sitting or moving around. °Less
than the defined cut off (16 h) hours in bed. ®Less than the defined cut off (6 days) bed rest

hospitalisations, but data were sparse, precluding firm
conclusions about the strength of any association. There
was however evidence that restricted activity was associ-
ated with an increased risk of mortality. Given these links
with poor subsequent outcomes, these findings support
the hypothesis that restricted activity could be a poten-
tial tool to prospectively identify decline in older adults.
Three measures of restricted activity were identified (bed
rest, restricted movement, and general ADL depend-
ency), all being administered through questionnaires.

Strengths & limitations

To our knowledge, this is the first systematic review and
meta-analysis to examine the association of restricted
activity on patient hospitalisations, cognitive decline, and
mortality.

Statistical heterogeneity was high within all measures
examined and seems likely to be driven by a combination
of the different populations and different definitions and
measurements of restricted activity. There was also sig-
nificant heterogeneity within the sub-groups, potentially
due to different analytical approaches taken by individual
studies. This should be considered when interpreting the
results: in particular, the exact numerical estimates (odds
ratios) should be considered less informative than the
general finding.

There was also potentially high methodological het-
erogeneity between the studies, especially within con-
trol groups. Some studies used no change in activity as
their control, whereas others compared restricted activity

against partial limitations in activities. Some potentially
relevant studies were also excluded due to not reporting
any control group data.

The small number of available studies with evidence
of low, and moderate risk of bias presented further limi-
tations when interpreting the results. Unadjusted data
have interpretation bias due to the potential impact of
confounding factors. Similarly, when adjusted, stud-
ies did not always mention precisely which factors had
been adjusted for [9]. Some studies over-adjusted for fac-
tors such as gait speed, which we considered potentially
linked to progression of restricted activity. Despite this,
the point estimates for all included studies showed a
direction of effect towards restricted activity being asso-
ciated with poorer outcomes. This was further confirmed
by the sensitivity analysis evaluating partial restricted
activity, showing similar trends, but with lower overall
risks. This supports the theory that the worse the restric-
tion of activity, the worse the health outcome.

There were also some limitations with the study. One
limitation was using a minimum average age, rather than
actual age. This was a pragmatic approach for screening,
as many abstracts reported averages rather than ranges.
The lowest limit of age in an included study was 60 years
(mean age 74 years) [24], however the impact of this, if
any, is that any observed associations may have been
under-estimated due to potentially lower mortality in
younger populations.

The search was designed to capture a compressive
overview of the literature on this topic.
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However, the search term for cognitive function was
limited to cognitive decline and didn’t include other
terms such as cognitive trajectories or specific cogni-
tive impairments (eg Dementia or Alzheimer’s). This is
because we were interested in generically identifying
causes of decline. Further exploration into the relation-
ship between cognitive function and restricted activ-
ity might be beneficial, but is beyond the scope of this
review.

Another limitation of the search strategy was not
including care or nursing home admissions or receiv-
ing at home care as outcomes of interest. Many older
people experience illness or injury, resulting in a move
to residential care [34]. However, it can also be hypoth-
esised that many might have been hospitalised prior to
institutionalisation. While a few papers assessed during
screening indicated institutionalisation could be a rel-
evant outcome, there could have been other papers not
included in the search results. Similarly, as our search
criteria excluded qualitative studies, we were not able to
assess the feasibility or acceptability of these measures to
patients or their caregivers.

Comparison with existing literature

This review was initially inspired by a Gill paper ‘Taking
to bed at the end of life’ looking at bed rest in end-of-life
care [8]. Gill's data highlighted a link between restricted
activity and poor patient outcomes using monthly inter-
views. Unfortunately, a lack of control data precluded
inclusion of that study, but the results were consistent
with Gill’s findings, showing similar effects of bed rest on
patient outcomes.

In the present analyses, bed rest appeared to have
the strongest association with mortality, compared to
restricted movement and ADL dependency. The ADL
(Katz-index) has a significant evidence base [26], validat-
ing a well-rounded set of questions to establish physical
dependence, which was included in many of the studies
[9, 15, 16, 22, 23]. An important consideration is timing
of intervening, and which measure of restricted activity
might present earlier, and therefore be a better oppor-
tunity for early intervention. More research is needed
to better understand the timelines of restricted activity
prior to an adverse outcome; the meta-analyses high-
lighted the highest risk was during shorter follow-up
periods. This suggests intervention should occur within
12-24 months of experiencing restricted activity, how-
ever it can be hypothesised earlier intervention will result
in better patient outcomes.

Studies using mobility measures (eg Lifespace [35])
did not meet our review eligibility criteria due to the
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composite nature of the assessment (i.e. a continuum of
mobility combining cognitive and physical functions, and
psychosocial and environmental factors).

Level 1 of Lifespace (mobility from one’s bedroom
to other areas of the house) was highly relevant to this
study, however its association with patient outcomes was
not reported independently, and therefore could not be
included in analysis.

Strong associations have been seen between lower
Lifespace scores and poorer patient outcomes, in older
adults, specifically, hospitalisation [36, 37], mortality
[38—41], and cognitive decline [42, 43]. Despite not being
eligible, these associations further support the findings
that restricted activity has prognostic significance.

Both ADL dependency, or Lifespace are research tools
and not currently used clinically for predicting patient
outcomes, however evidence from this review show a
reduction in activity is often observed before poorer
patient outcomes. Interestingly, in primary care, it is
often patients who bring up the effects a condition has on
their everyday life, rather than doctors [44], which sug-
gests activity restriction could be a meaningful measure
for self-reporting health status.

Implications for clinical practice and research

This review has identified an association between
restricted activity and future mortality. This association
provides optimism for the prospect of creating a general
measure of health for patients with complex needs, par-
ticularly those with MLTC. Such an initiative could facili-
tate the assessment of their non-specific symptoms and
enhance the early detection of potential health deterio-
ration. Relatively simple questions could be comfortably
self-reported by a range of patients with limited health
literacy. Modern technology, such as smartphones, could
collect such data, and flag changes potentially alongside
passive measures such as step counting. However, the
paucity of data highlights the need for more research in
this area.

Limited studies were found assessing cognitive impair-
ment. Cognitive decline was suggested by our PPI group
as an important outcome to patients, as well as featuring
in the James Lind Alliance priority setting for multiple
conditions in later life [4]. Despite this, limited studies
were found assessing cognitive impairment. Those that
did found restricted activity increased the risk of cog-
nitive decline, however, both papers were by the same
researchers, on the same cohort of patients. Further
high-quality studies are therefore required. Some studies
have explored tracking movement using sensors within a
‘smart’ home setting, with the long-term goal of detecting
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early cognitive decline [45]. The Intelligent Systems for
Assessing Aging Changes (ISAAC), demonstrated suc-
cessful tracking of activity changes, including total activ-
ity, night-time activity, and walking speeds, however, has
yet to be used to assess the prognostic significance of
these measures.

Conclusion

This study identified a range of measures of restricted
activity, from bed rest to walking across a room. The
measures demonstrated similar effects on patient out-
comes, indicating an association between restricted
activity and poorer patient outcomes, specifically mortal-
ity, and possibly hospitalisations.

This review indicates restricted activity could be a good
general measure of health and predictor of future health
decline. Further research is needed to determine whether
restricted activity could be successfully incorporated into
a clinically relevant system leading to earlier interven-
tions for older adults with MLTC.

Key points

— Restricted activity has been assessed in several ways,
including using measures of bed rest, restricted
movement, and activities of daily living.

— Despite few studies having explored the associa-
tion between such measures of restricted activity
and hospitalisation, the evidence indicates a possible
association.

— Evidence suggests restricted activity is also associated
with an increased risk of subsequent mortality, sug-
gesting it could be used as an early warning signal for
health decline in older adults.

Why does this matter?

Restricted activity could be a good general measure of
health and predictor of future health decline, for older
adults who are unable to monitor their numerous condi-
tions. A better understanding of the clinical meaning of
restricted activity will help advance geriatric research.
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