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Aim: The mobility trajectories of hospitalized older people are heterogeneous, and there is a
need to understand patient groups with similar trajectories. Our aims were to identify mobility
trajectories of older patients admitted to geriatric wards in an English university hospital, and
describe patient characteristics and outcomes associated with different mobility groups.

Methods: A retrospective observational study of first admissions to geriatric wards for
3 months starting 1 May 2016 was carried out. Anonymized routinely collected clinical data
was extracted from the electronic patient records: age, sex, Clinical Frailty Scale score, pres-
ence of delirium (yes/no), diagnosis of dementia (yes/no), Charlson Comorbidity Index, falls
in the past year and the highest recorded Modified Early Warning Score in the Emergency
Department. Physiotherapists routinely collected the Elderly Mobility Scale on admission and
discharge; this information was entered in a K-means cluster analysis to identify mobility tra-
jectory groups. We compared clinical characteristics and outcomes between these groups and
used logistic regression models to determine independent predictors of group membership.

Results: The overall functional trajectory was improvement, from a median Elderly Mobility
Scale of 11 on admission to 14 on discharge. Cluster analysis identified five mobility trajectory
groups: low-low (n = 117), intermediate-intermediate (n = 95), intermediate-high (n = 205),
low-high (n = 89) and high-high (n = 209). Higher frailty and the presence of cognitive
impairment were associated with the low-low and intermediate-intermediate group member-
ship, and negatively associated with the high-high group membership.

Conclusions: The majority of hospitalized patients experienced functional improvement.
Frailty and cognitive impairment might be associated with poorer mobility trajectories and
hence require early identification. Geriatr Gerontol Int 2019; 19: 305–310.
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Introduction

Many older people experience a loss of function in response to a
stressor, such as an illness or fall.1 As a consequence, many are
admitted to hospital having experienced a loss of function associ-
ated with their acute illness.2,3 In those cases, an objective of hos-
pital care is to rehabilitate that loss of function, and minimize the
degree of illness-associated functional loss. As a result, samples of
hospitalized patients show an average improvement in functional
mobility scores from hospital admission to hospital discharge.4–6

In summarizing the change in functional mobility in a sample of
hospitalized patients as the average change from admission to dis-
charge, we risk oversimplification and misunderstanding. For
instance, this improvement in function might not represent complete
resolution to a pre-illness level,7,8 and further, a small but significant

number of patients are known to deteriorate in function from admis-
sion to discharge.2,9,10 This indicates that there might be distinctive
subsets of patients with different functional trajectories. A greater
understanding of the patient characteristics within the different sub-
sets might improve our understanding of patients at risk of poor hos-
pital outcome, and in time lead to improved hospital care. The aim of
the present study therefore was to identify distinct subsets of patients
based on similar functional mobility trajectories, and to describe the
patient characteristics and outcomes of the different subsets.

Methods

Design and setting

We carried out a retrospective observational study of all first-time
admissions to the Department of Medicine for the Elderly (DME)
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wards of Addenbrooke’s Hospital, which is a tertiary university
National Health Service acute hospital in England, for 3 months
starting 1 May 2016. The setting has been described else-
where.11,12 In brief, the six DME wards specialize in ward-based
Comprehensive Geriatric Assessment. All patients who are admit-
ted to DME wards are routinely assessed by a physiotherapist, and
the dedicated nursing and medical teams are able to refer to other
allied health professionals (e.g. occupational therapy, dietetics,
speech and language therapy, social work) or other medical spe-
cialties or psychiatry for old age if their inputs are required.

Measures

Anonymized routinely collected clinical data were extracted from
the electronic patient records. Information extracted included:

• Age (years) and sex.
• Clinical Frailty Scale (CFS). A local Commissioning for Quality

and Innovation scheme introduced in 2013 made it a manda-
tory requirement that all patients aged >75 years were to be
screened for frailty using the CFS within 72 h of admission if
they were admitted through the emergency pathway. A
section with the CFS and its scoring instructions (as per http://
geriatricresearch.medicine.dal.ca/clinical_frailty_scale.htm) was
included in the standard electronic medical admission pro
forma. The admitting team usually scored the CFS on the pro
forma, as described elsewhere.11

• A diagnosis of dementia, based on a review of the medical
notes.

• A diagnosis of delirium, based on a review of the medical notes.
• Charlson Comorbidity Index.
• The number of falls in the period of approximately 1 year

before hospital admission (as recalled by the patient or a proxy
and recorded in the hospital chart during routine history-
taking).

• Acute illness severity on admission, measured by the highest
recorded Modified Early Warning Score in the Emergency
Department.13 Early warning scores are routinely used in
National Health Service hospitals.

• The Elderly Mobility Scale (EMS), a scale of functional mobility
from 0–20, with 0 representing high dependence.14 Physiother-
apists routinely collected the EMS on admission and discharge.
The scale includes the assessment of balance, mobility and

ability to change body positions (e.g. from lying to sitting). The
interrater reliability of the EMS has been reported as r = 0.88
(P < 0.001), and it has good convergent validity with the Barthel
Index (r = 0.787, P < 0.001).15 The minimally clinically impor-
tant difference of the EMS has been estimated at 2 points.16

• Total length of stay (days).
• The place of residence before admission.
• The discharge destination.

Statistical analysis

Anonymized data were analyzed with IBM SPSS Statistics (version
22; IBM, Armonk, NY, USA) software, and images produced with
R software,17 using the ggplot2 package.18 Descriptive statistics
were given as the number (with percentage) or median (interquar-
tile range). When comparing characteristics of those patients who
died during the hospital admission with those survived, the
Wilcoxon rank sum test with continuity correction was used for
continuous variables, and Pearson’s χ2-test with Yates’ continuity
correction for categorical variables. The two EMS variables
(admission and discharge) were entered in a K-means cluster anal-
ysis to produce five different mobility trajectory groups. Multivari-
ate binary logistic regression models were carried out to look for
independent predictors of membership of each group. In those
models, the variables used as independent predictors were: age,
sex, Modified Early Warning Score in the Emergency Department,
frailty, delirium, dementia and the number of falls in the past
12 months. Inpatient deaths were excluded from the present
study, as well as those without EMS data on either admission or
discharge.

Ethics approval

This study was approved as a service evaluation by our center’s
Safety and Quality Support Department (Project Register Num-
ber 5205).

Results

Of the 926 first-time admissions to the DME wards during the
3 months, 856 (92%) survived from admission to discharge.
Patients who died during admission had a higher CFS score
(P < 0.001), Modified Early Warning Score in the Emergency

Table 1 Characteristics of each mobility trajectory group, as well as that of the whole cohort

Variable Total (n = 715) LL (n = 117) II (n = 95) IH (n = 205) LH (n = 89) HH (n = 209)

Female 413 (58%) 75 (64%) 54 (57%) 120 (59%) 53 (60%) 111 (53%)
Age (years) 86 (81–90) 87 (80–91) 86 (81–91) 87 (83–92) 86 (81–90) 84 (79–88)
CFS 6 (5–6) 7 (6–7) 6 (6–7) 6 (5–6) 6 (5–6) 4 (3–5)
Highest ED-MEWS 2 (2–4) 3 (2–4) 2 (2–4) 2 (1–3) 2 (2–4) 2 (1–4)
EMS at admission 11 (5–16) 0 (0–2) 8 (6–10) 12 (11–14) 3 (0–6) 18 (16–20)
EMS at discharge 14 (9–18) 0 (0–3) 8 (6–10) 14 (12–15) 15 (13–17) 18 (17–20)
EMS decreased by ≥2 during hospitalization 65 (9%) 15 (13%) 25 (26%) 15 (7%) 0 (0%) 10 (5%)
EMS improved by ≥2 during hospitalization 267 (38%) 23 (20%) 25 (26%) 90 (44%) 89 (100%) 40 (19%)
Falls in last 12 months 1 (0–3) 0 (0–3) 1.5 (0–5) 2 (0–3) 1.5 (0–4) 1 (0–2)
Delirium 135 (19%) 37 (32%) 23 (24%) 33 (16%) 22 (25%) 20 (10%)
Dementia 199 (28%) 53 (45%) 44 (46%) 52 (25%) 22 (24%) 28 (13%)
CCI 2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3) 1 (0–3) 1 (1–3)
Length of stay (days) 7 (3–15) 11 (6–20) 7 (3–17) 6 (3–13) 15 (8–27) 4 (2–7)
Normal residence
Own home 606 (85%) 72 (62%) 72 (76%) 180 (88%) 81 (91%) 201 (96)%
Residential home 76 (11%) 25 (21%) 19 (20%) 21 (10%) 6 (7%) 5 (2%)
Nursing home 32 (4%) 20 (17%) 4 (4%) 4 (2%) 2 (2%) 2 (1%)

New institutionalization 100 (14%) 32 (27%) 22 (23%) 24 (12%) 15 (16%) 8 (4%)

Values are presented as the number (percentage) or as the median (interquartile range). CCI, Charlson Comorbidity Index; CFS, Clinical Frailty
Scale; ED-MEWS, Modified Early Warning Score in the Emergency Department; EMS, Elderly Mobility Scale; HH, high-high. II,
intermediate-intermediate; IH, intermediate-high; LH, low-high; LL, low-low.
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Department (P < 0.001) and Charlson Comorbidity Index
(P = 0.001) compared with those who survived (see Supporting
Information Table S1). Of the patients who survived, 715 (77% of
first time admissions) had EMS scores on admission and dis-
charge. The median age of the cohort was 86 years (81–90 years),
and 58% were women (Table 1).

The functional trajectory from admission to discharge for the
entire sample (n = 715) is presented in Figure 1. The median EMS
score increased from 11 (5–16) on admission to 14 (9–18) on dis-
charge. A total of 65 (9%) of the patients experienced a loss on
the EMS of ≥2 points, whereas 267 (38%) had an improvement of
≥2 points.

The K-means cluster analysis identified five different mobility
trajectory groups. These mobility groups were named based on
their median admission and discharge EMS scores: low-low (LL,
n = 117), intermediate-intermediate (II, n = 95), intermediate-high

(IH, n = 205), low-high (LH, n = 89) and high-high (HH,
n = 209). Figure 2 shows a graphical representation of the mobility
trajectories of these subgroups, and Table 1 shows their character-
istics, as well as those of the overall cohort.

Multivariate logistic regression analyses (Table 2) suggested
that those in the LL and II groups had a higher burden of both
frailty and cognitive impairment. Frailty was also a predictor of
membership to the LH group, but those with a history of demen-
tia seemed to be less represented in this group compared with the
LL and II groups. Membership to the IH group seemed to be pre-
dicted by higher age and lower acute illness severity. Lower age,
lower frailty and absence of delirium significantly increased the
odds of membership to the HH group.

Discussion

The present study retrospectively identified five distinct subsets of
patients based on similar functional mobility trajectories, and
identified key patient characteristics associated with each subset.
The benefit of this methodology is in highlighting the heterogene-
ity of functional trajectories observed in geriatric wards. Although
we observed an overall improvement in functional mobility of
more than the reported minimally clinically important difference
of 2 points on the EMS, this threshold of 2 points was only
observed in two of the five groups (LH and IH). Frailty and cogni-
tive impairment in combination were associated with membership
of groups with poor functional mobility at discharge from hospital
(II and LL).

The overall functional trajectory across this cohort from a
median EMS score of 11 on admission to 14 on discharge is a key
service evaluation finding. Our local finding could provide some
comfort and confidence to patients and clinicians, and help allay
common popular fears that a hospitalization tends to carry a high
risk of negative functional outcome in all older adults.19 However,
this does obscure some of the underlying heterogeneity. We
observed that for some people, there is a significant loss of func-
tion (9% had a drop in EMS score of ≥2 points). This shows that
while in general there is improvement and on average there
appears to be a positive impact, subgroup analyses are key to the
better understanding of patient outcomes.20

In our K-means cluster analysis, we pre-determined five clus-
ters in order to illustrate the underlying heterogeneity of the

Figure 1 Elderly Mobility Scale on admission and discharge
for the whole cohort (n = 715).

Figure 2 Median Elderly
Mobility Scale on admission and
discharge for five groups after K-
means cluster analysis. Shaded
areas represent the interquartile
ranges.

Mobility trajectories on geriatric wards
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sample, but we do not imply that five is necessarily the most statis-
tically efficient number of clusters. However, the characteristics of
the clusters might resonate in clinicians’ minds as patterns that
are commonly seen in real clinical practice. At one end, we identi-
fied those that tend to be admitted with a high level of mobility,
from their own home and with low levels of cognitive impairment;
they have comparatively low levels of frailty, and are discharged to
their own home having maintained their mobility and function,
thus having a low percentage of new institutionalization
(HH group). At the other end, we identified those who tend to be
severely frail when admitted, more often from residential and
nursing homes, and with low baseline mobility scores; they have
comparatively high levels of cognitive impairment, do not signifi-
cantly improve their mobility during hospitalization and are at risk
of new institutionalization (LL group). Some admissions in the LL
group might be from the community when care for an advanced
chronic disabling process can no longer be provided in the com-
munity. In between these groups, those in the LH group tend to
experience a marked improvement in mobility while in hospital,
perhaps as a result of an acute illness that limits mobility acutely,
but gradually wears off over a longer period of hospitalization.

There are also the groups that start off at intermediate mobility
and then diverge, the II and IH groups. The LL, II and LH groups
are of most interest, with the prior two being the more negative
functional patterns and the latter being the most positive pattern
in terms of the effect of hospitalization on mobility. Research is
required to understand how best to optimize functional outcomes
for high complexity patients, and that involves moving patients
from the LL and II groups into LH groups. However, that was not
in the scope of the present study.

The present results suggest a potential relationship between
clinical frailty and a poor level of functional mobility on admis-
sion. This is in part explained by the scoring of the CFS including
disability (as well as symptoms, comorbidity, cognition and the
overall clinician’s impression). It is therefore logical that there is a
degree of overlap between our definition of frailty and disability
(functional mobility). The logistic regression models show
increased odds of membership to the LL, II and LH group with
increased frailty. This is in keeping with the findings of our previ-
ous work.5 Other work has shown increased frailty to be associ-
ated with increased odds of a negative functional outcome, as in
the LL and II group.21 However, it is interesting to note that the

Table 2 Multivariable predictors of outcomes

Odds ratio (OR) 95% CI for OR P

Lower Upper

Low-low (n = 117) Sex 1.124 0.686 1.841 0.643
Age 0.997 0.958 1.037 0.881
Frailty 2.311 1.788 2.987 <0.001*
ED-MEWS 1.101 0.949 1.276 0.204
Falls 1.000 0.976 1.024 0.992
Delirium 1.989 1.197 3.306 0.008*
Dementia 1.308 0.795 2.150 0.290
CCI 1.017 0.890 1.162 0.804

Intermediate-intermediate (n = 95) Sex 0.845 0.517 1.379 0.500
Age 0.977 0.938 1.018 0.271
Frailty 1.544 1.238 1.926 <0.001*
ED-MEWS 0.980 0.840 1.142 0.793
Falls 1.022 0.993 1.051 0.135
Delirium 1.069 0.608 1.877 0.817
Dementia 1.730 1.032 2.899 0.038*
CCI 1.068 0.936 1.218 0.326

Intermediate-high (n = 205) Sex 1.057 0.735 1.520 0.765
Age 1.059 1.027 1.093 <0.001*
Frailty 1.016 0.884 1.168 0.825
ED-MEWS 0.873 0.774 0.985 0.027*
Falls 0.997 0.974 1.021 0.828
Delirium 0.750 0.471 1.192 0.223
Dementia 0.745 0.480 1.157 0.190
CCI 1.092 0.988 1.207 0.085

Low-high (n = 89) Sex 1.021 0.622 1.676 0.935
Age 0.991 0.952 1.032 0.671
Frailty 1.325 1.090 1.610 0.005*
ED-MEWS 1.000 0.858 1.166 0.998
Falls 0.982 0.929 1.038 0.523
Delirium 1.296 0.732 2.292 0.374
Dementia 0.541 0.295 0.994 0.048*
CCI 0.936 0.813 1.077 0.355

High-high (n = 209) Sex 0.882 0.578 1.347 0.562
Age 0.959 0.924 0.996 0.028*
Frailty 0.453 0.381 0.539 <0.001*
ED-MEWS 1.039 0.908 1.189 0.580
Falls 0.930 0.859 1.008 0.076
Delirium 0.469 0.250 0.882 0.019*
Dementia 0.967 0.547 1.712 0.910
CCI 0.900 0.796 1.016 0.088

*Statistically significant results (P < 0.05). CCI, Charlson Comorbidity Index; CI, confidence interval; ED-MEWS, Modified Early Warning Score in
the Emergency Department; OR, odds ratio.

A Lyons et al.

308 | © 2019 Japan Geriatrics Society



LH group shows a vast improvement in their EMS scores despite
membership of the group being associated with frailty. This sug-
gests that even though some patients might be very frail, they still
have significant potential for improvement in their function during
hospitalization. This might suggest that frailty per se is not neces-
sarily associated with adverse functional patterns, instead, it
appears that frailty in combination with other geriatric syndromes,
such as cognitive impairment, is associated with negative mobility
trajectories.

Cognitive impairment has previously been shown to be associ-
ated with poor functional patterns.22 In our sample, the preva-
lence of dementia and delirium are broadly in line with those
reported in other hospitals.23,24 The LL and II subgroups had the
lowest EMS scores at discharge, and the highest percentage of
patients with a clinically significant deterioration in the EMS
scores, and were the only groups in which the presence of cogni-
tive impairment was associated with increased odds of member-
ship (Table 2). Despite comparative levels of delirium and frailty
in the II and LH groups (24.2% and 24.7%), the groups had very
different functional trajectories. This might be explained by the
higher prevalence of dementia in the II group, or potential differ-
ences in the severity and duration of delirium, which we did not
capture in the data. Delirium superimposed on dementia has been
hypothesized to be a strong predictor of poor functional perfor-
mance, and has been shown to be so in studies of patients under-
going rehabilitation.25,26 It is difficult to disentangle these different
possibilities using our current analysis, which is one of the various
limitations of the present study.

A key service evaluation finding is that 77% of the eligible
sample had EMS scores on admission and discharge, which
underscores the “real-life” nature of the acute hospital setting in
which the study was carried out. Those who did not have com-
plete EMS data included those who died during the inpatient stay,
and this highlights the known association between missing infor-
mation in performance-based measures and adverse outcomes in
clinical databases.27

This was a retrospective study with a single center focus and
thus the results are not generalizable or externally valid. In addi-
tion, although associations can be identified between the predic-
tors used in the logistic regression models and the mobility
patterns, causal links cannot be inferred. In the present study,
baseline function before hospitalization was not recorded, so we
do not know how close to their baseline patients were when they
were discharged and thus how “well” they recovered. We did not
collect the admission diagnosis, which could act as a potential
confounding variable for our cluster analysis. Furthermore, we
have relied on routinely collected clinical data, variables such as
the diagnosis of dementia or delirium might therefore underesti-
mate the true prevalence.24,28

The present study underscores the importance of the routine
and early identification of geriatric syndromes in the acute hospi-
tal, and how they are key to understanding the outcomes of a nat-
urally heterogeneous population. Frailty alone was not associated
with poor functional outcome, and should not be considered a
barrier to functional improvement. Research is necessary to estab-
lish whether interventions outside “usual care,” such as enhanced
physical and/or cognitive therapy, could improve some of the
adverse functional trajectories in the most vulnerable subgroups.
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