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Abstract

Functional decline following hospitalization remains an important problem in health care,
especially for frail older adults. Modifiable factors related to reduction in harms of hospitali-
zation are not well described. One particularly pervasive factor is emergency department
(ED) boarding time; time waiting from decision to admit, until transfer to an in-patient medical
unit. We sought to investigate how the functional status of frail older adults correlated with the
length of time spent boarded in the ED.We found that patients who waited for 24 hours ormore
exhibited functional decline in both the Barthel Index and Hierarchical Assessment of Balance
and Mobility and an increase in the Clinical Frailty Scale from discharge to 6 months post
discharge. In conclusion, there is a need for additional investigation into ED focused interven-
tions to reduce EDboarding time for this population or to improve access to specialized geriatric
services within the ED.

Résumé
Le déclin fonctionnel à la suite d’une hospitalisation demeure un problème de soins de santé
important, surtout pour les personnes âgées fragiles. Les facteurs modifiables liés à la réduction
des effets néfastes de l’hospitalisation ne sont pas bien définis. Un des facteurs dominants est le
délai de prise en charge dans les services des urgences, du triage à l’admission, jusqu’au transfert
à un service interne. Nous avons cherché à déterminer la corrélation éventuelle entre l’état
fonctionnel des personnes âgées fragiles et leurs temps d’attente aux urgences. Parmi les patients
qui avaient attendu 24 heures ou plus, nous avons constaté des déclins fonctionnels à la fois
d’après l’indice Barthel et l’échelle d’évaluation hiérarchique de l’équilibre et de la mobilité
(HABAM), ainsi que des scores plus élevés sur l’échelle de la fragilité clinique, et ce de la sortie de
l’hôpital jusqu’à six mois plus tard. En conclusion, il est nécessaire de mener d’autres études sur
les interventions visant à réduire les délais de prise en charge de cette population dans les services
des urgences ou à améliorer l’accès à des services gériatriques spécialisés dans les services des
urgences.

Introduction

Harms of hospitalization for older adults such as functional decline, falls, and delirium have been
well known for decades and have been linked to worse outcomes in the form of longer hospital
stays, increased dependency, and elevated health care costs (Creditor, 1993;Mondor et al., 2019).
Despite the development and implementation of geriatric programs and interventions to reduce
harms of hospitalization, they remain a pervasive problem in clinical care. This is especially true
for older adults living with frailty, who are particularly vulnerable to functional decline following
hospitalization (Theou et al., 2018).

Functional transitions to increased dependency affect both quality of life (Chitalu et al., 2022)
and burden on the public health care system. Currently, the incremental 1-year direct costs of
health care associated with frailty for patients receiving home care in Ontario are a minimum of
10,000 dollars (Mondor et al., 2019). Since the impact of increasing frailty on clinical outcomes is
acknowledged as a significant factor in clinical practice and public health policy (Hoogendijk
et al., 2019), new information regarding potentially modifiable factors to reduce harm to frail
older adults from hospitalization is becoming increasingly important.
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Functional decline has been associated with physical depen-
dency and mortality, and the preservation of functional ability has
become a key measurement of success in the evaluation of geriatric
interventions (Gilmour & Ramage-Morin, 2021; Valenzuela et al.,
2020). For example, worsening frailty has been significantly asso-
ciated with mortality, co-morbidity, cognitive decline, reduced
mobility, and overall functional decline (Church et al., 2020).
Furthermore, the extent to which hospital factors contribute to
functional decline is of interest, and in particular, the emergency
department (ED) has been identified as a potential place for
increased intervention for in-patient geriatric services (Ellis et al.,
2014; Theou et al., 2018).

Previous work has shown that older adults aremore likely to use
ambulance services, have longer ED stays, and are more likely to be
admitted than any other age group (Aminzadeh & Dalziel, 2002).
For admitted patients, ED wait times have been found to correlate
with the incidence of delirium, which contributes adversely to
length of stay (LOS) and long-term functional outcomes (Han
et al., 2017). Long ED wait times have also been associated with
increased risk of short-termmortality and hospital admission even
for patients who are not admitted to hospital (Guttmann et al.,
2011). A substantial frequency of undesirable events occur while
patients are boarded in the ED, and these events are more frequent
in older patients or those with more co-morbidities (Liu et al.,
2009). However, there is little data examining the relationship
between time spend in the ED and long-term functional decline
post discharge.

In the following study, we sought to investigate how ED board-
ing time, defined as the time between decision to admit and transfer
to a medical unit (Affleck et al., 2013), was associated with func-
tional trajectories of older adults admitted to medical units. ED
boarding time is impacted by a lack of available hospital beds due to
multiple factors including overcapacity, staffing issues, require-
ments for sex specific rooms, and infectious disease protocols.
We hypothesized that more time spent in the ED would result in
increased functional decline pre and post discharge, along with
increased LOS.

Methods

Study design

We performed a secondary data analysis of 60 patients admitted to
in-patient medical units at Health Sciences North in Sudbury,
Ontario, Canada, a 462-bed hospital that provides local and
regional clinical services. Patients were admitted between January
and June 2015 in equal proportions to either an internal medicine
and stroke unit, or an internal medicine and respiratory care unit.
The original prospective observational study was conceived to
compare the effects of an established multicomponent geriatric
intervention (McElhaney et al., 2012) on one medical unit to
another unit that had implemented a single component geriatric
intervention (Liu et al., 2018). No statistically significant differ-
ences in functional decline or any reported outcomes were identi-
fied between these two groups. We attributed this result to the
possibility of intervention contamination whereby the enthusiastic
reception of the multicomponent intervention among nursing staff
and multidisciplinary teammembers led to communication across
wards located in the same hospital, and ultimately, treatment
contamination in the control arm. It should be noted that no
geriatric interventions for boarded patients in the ED were in place
at the time of the original study. In this secondary analysis, we

considered all patients from the original study as a single group to
examine other factors that were associated with functional decline
in older in-patients.

All study participants were 65 years of age or older. Patients
were included in the study if they met the Clinical Frailty Scale
(CFS) threshold of 4 or greater on admission; were admitted to a
medical unit through the ED; and were under the care of a hospi-
talist physician. Participants were excluded if they had a diagnosis
of cancer, stroke, or mental illness with active treatment; were a
direct admission from home; were a transfer from another medical
unit; or were under the care of their own family physician with
admitting privileges or specialist team including internal medicine.

Written informed consent was obtained from all participants
within 48 hours of the decision to admit; if potential participants
could not consent due to cognitive impairment or acute illness, a
substitute decision maker was engaged to provide consent and to
help complete data collection. In the event the patient regained the
ability to provide their own consent, efforts were made to obtain
consent and assessment information directly from the patient.
Ethical review for this study was obtained from the Research Ethics
Board of Health Sciences North (#1004).

Data collection

A total of 82 patients were considered for the study. Of those,
60 met the inclusion/exclusion criteria, and were admitted in equal
proportion to one of twomedical units (Figure 1). Within 48 hours
of admission, patient demographics including age, sex, number of
medications, co-morbidities, and admitting diagnosis were col-
lected. Due to the wide number and variety of admitting diagnoses,
we organized them into five categories: cognitive concerns, exac-
erbation of chronic disease, infectious illness, mobility concerns,
and social admissions. Authors reviewed the list of diagnoses and
came to an agreement regarding appropriate placement within the
five categories. Further details can be found in Supplementary
Material 1.

Through the patient, a family member or substitute decision
maker, frailty status prior to admission was ascertained using a
frailty index composed of 30 items related to chronic conditions,
disability, mental health, sensory impairments, and continence
(Supplementary Material 2), which we have previously employed
(Verschoor et al., 2021). The index is expressed as the number of
deficits present relative to the total number of deficits considered.

Figure 1. Consort diagram.
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Hence, the frailty index ranges between 0 and 1, where larger scores
indicate greater frailty. The maximum number of deficits that can
be accumulated is generally the presence of two thirds of the vari-
ables collected (0.67), after which the burden of deficits is not
compatible with life (Rockwood, 2005; Searle et al., 2008). For
the purposes of this study, we used previously validated frailty
cut points of robust 0.0 to ≤0.10, pre-frail >0.10 to ≤0.21, and frail
>0.21 (Hoover et al., 2013). Admission characteristics including
LOS, time spent in the ED and geriatric consult ordered by the
attending physician and secondary outcomes including 30-day
readmission or visit to the ED were obtained following discharge.

Boarding time in the ED was roughly categorized into conve-
nient tertiles: 0–12 hours (boarding target), 12–24 hours (average
boarding time in the ED), and 24 or more hours (above both target
and average boarding time). We chose these specific time frames
based on the incentivized provincial government targets for ED
wait times. For complex patients admitted to hospital, the target for
time spent in the ED is 8 hours (Ontario Health, 2023). In our
study, we examined boarding time, which starts at time of decision
to admit to the time the patient gets a bed on the medical unit
(Affleck et al., 2013). Therefore, since the average time for all
patients to be assessed by a physician (time of triage to time of
decision to admit) is currently 2 hours (Ontario Health, 2023) but
unknown at the time of the study, we expanded the window
considered within target from 0–8 to 0–12 hours to allow for this
variability.

The second tertile of 12–24 hours was chosen based on our site’s
estimated average time spent in the ED for admitted patients at the
time of the study based on a comparison of trends from the start of
tracking in 2009 (Canadian Institute for Health Information,
2019). Taking into account triage time to time of decision to
admission, the average patient would have stayed in the ED
between 12 and 24 hours. Our third tertile, of over 24 hours of
boarding time, is well above the provincial target, and also above
the site average wait in the ED.

Functional measures

Measures to assess and monitor functional decline across time
points were the Barthel Index (BI), CFS, and the mobility
section of the Hierarchical Assessment of Balance and Mobility
(HABAM) tool. All measures were obtained at admission, dis-
charge, and 6 months post discharge by trained research assistants
using a variety of sources and consistent data collection tools
(Supplementary Material 2).

Barthel Index
The BI is a simple index of independence originally designed to
monitor functional improvement over time in a rehabilitation
setting (Mahoney & Barthel, 1965). Total values assigned range
from 0 to 100 with each item scored based on time and the amount
of actual physical assistance needed if a patient cannot complete the
activity independently. A score of 100 is completely independent
and scores are lowered even if the patient needs only minimal help
such as cueing and/or supervision to complete the task (Mahoney
& Barthel, 1965). Compared with similar tools that evaluate inde-
pendence through the evaluation of activities of daily living, the BI’s
advantages include completeness, sensitivity to change, amenabil-
ity to statistical manipulation, and recognition due to widespread
use (Gresham et al., 1980). For this study, participants who scored
less than 90 were categorized as having at least some degree of
dependency.

Clinical Frailty Scale
The CFS was originally developed to summarize the overall level of
fitness and frailty in older adults after being assessed by a clinician
using a nine-point scale (Rockwood, 2005). The CFS is more than a
measure of physical functioning. It provides a measure of frailty
which allows capture of multi-dimensional features of functional
decline including cognitive decline (Rockwood, 2005). A score of
1 is very fit, while a score of 8 is very severely frail and a score of 9 is
terminally ill. This study used CFS version 1.2, and patients with a
CFS score of 5 or greater were considered frail (Dent et al., 2016).

Hierarchical Assessment of Balance and Mobility
The HABAM version 1.2 is a valid and reliable tool for assessing
mobility and balance in frail older adults (MacKnight &Rockwood,
1995). The mobility portion of the HABAM can be used to assess
andmonitor mobility changes over time using a scale ranging from
zero (needs positioning in bed) to 28 (unlimited, vigorous activity).
For the purposes of this study, patients who scored less than
19 (unlimited activity with an aid) were considered to have limited
mobility.

Statistical analysis

Continuous data were summarized as themean, standard deviation
and range or median and interquartile range, and categorical as the
count and frequency. For pairwise comparisons, Student’s t-test or
Wilcoxon rank-sum test and Fisher’s exact test were employed,
respectively. To estimate the association between functional mea-
sures at each time point and ED boarding time, mixed model
regression was used. Base models included the fixed effect of ED
boarding time and a random intercept for medical unit, and
adjusted models also included the fixed effects of age, sex, baseline
frailty, geriatric consult, and diagnosis. To estimate the effect of ED
wait time on change in a given functional measure over time, the
aforementioned models were additionally adjusted for using the
prior time point measure; for example, for the change from admis-
sion to discharge, the measure at discharge was the outcome, and
measure at admission was adjusted for. Results are presented as the
coefficient and 95 per cent confidence interval, relative to the 0–12-
hour EDboarding time group. All analyses were performed in the R
environment, version 4.0.2.

Results

Patient characteristics

Patient characteristics by ED boarding time are summarized in
Table 1. The average age of participants was 79 ± 8 years
(range = 65–92), 53 per cent (n = 32) were female, 20 per cent
(n = 12) took 16 or more medications, and the average number of
co-morbidities reported was 4. We characterized baseline (pre-
admission) level of frailty using the frailty index: on average,
patients exhibited an FI of 0.28 ± 0.11, and using previously detailed
cut points (Hoover et al., 2013), 5 per cent (n = 3) were robust,
20 per cent (n = 12) were pre-frail, and 75 per cent (n = 45) were
frail. The most common reason for admission was due to exacer-
bation of chronic disease (33%, n = 20), infectious illness (20%,
n= 12), andmobility concerns (30%, n= 18). Approximately 22 per
cent (n = 13) received a geriatric consult. LOS was a median of
6 days (IQR = 4–8), and 30 days following discharge, 12 per cent
(n = 7) had a repeat ED presentation and 10 per cent (n = 6)
required readmission.
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Prior to transfer to a medical unit, 28 per cent (n = 17) spent 0–
12 hours boarded in the ED, 37 per cent (n = 22) were boarded for
12–24 hours, and 35 per cent (n = 21) were boarded for over
24 hours.

No significant differences were observed for any of the above
patient characteristics or outcomes for the 12–24 or 24 or more
hour boarded groups relative to the 0–12-hour group, with excep-
tion of admitting diagnosis, the distribution of which was signifi-
cantly different for those who were boarded 24 or more hours
(p = 0.014) (SupplementaryMaterial 1). Patients whowere boarded
over 24 hours were more likely to be admitted due to exacerbation
of chronic disease (29.4% vs. 47.6%), infectious illness (5.9%
vs. 28.6%), or social admission (5.9% vs. 14.3%). Patients admitted
for cognitive concerns (11.8% vs. 0%) or mobility concerns (47.1%

vs. 9.5%) were more likely to belong to the shorter boarding time
groups.

Evaluating the change in functional measures over time

For the whole group, all three assessment instruments indicated
lowest function on admission, which improved significantly by
discharge, and were not statistically different 6 months later
(Figure 2). For the BI, only 13 per cent of participants scored
90 or above on admission indicating no dependency (mean [95%
CI] = 56 [50, 63]); however, that number rose to 33 per cent at
discharge (76 [71, 81]) and 46 per cent by 6 months post discharge
(76 [69, 82]). For the CFS, 8 per cent were below the frailty cut-off
when assessed on admission (5.9 [5.7, 6.2]) and this number rose to

Table 1. Comparison of patient characteristics between ED boarding time groups

ED wait time (hrs)

Total 0–12 12–24 24 or longer p-value

(n = 60) (n = 17) (n = 22) (n = 21) 12–24 vs. 0–12 24+ vs. 0–12

Age 79 ± 8 [65–92] 82 ± 8.1 [68–92] 77 ± 7.8 [65–92] 80 ± 7.7 [66–91] 0.077 0.593

Sex 1.000 0.508

Female 32 (53.3%) 8 (47.1%) 11 (50.0%) 13 (61.9%)

Male 28 (46.7%) 9 (52.9%) 11 (50.0%) 8 (38.1%)

# Medications 0.261 0.589

0–7 15 (25.0%) 6 (35.3%) 5 (22.7%) 4 (19.0%)

16–Aug 32 (53.3%) 7 (41.2%) 14 (63.6%) 11 (52.4%)

16 or more 12 (20.0%) 4 (23.5%) 2 (9.1%) 6 (28.6%)

Missing 1 (1.7%) 0 (0.0%) 1 (4.5%) 0 (0.0%)

# Co–morbities 4.3 ± 2 [0–11] 4.7 ± 1.6 [2–7] 3.6 ± 2.1 [0–9] 4.6 ± 2.2 [1–11] 0.074 0.830

Frailty Index (continuous) 0.28 ± 0.11 [0–0.59]
0.31 ± 0.088
[0.18–0.56]

0.25 ± 0.13
[0.077–0.59]

0.28 ± 0.1 [0–0.45] 0.142 0.406

Reason for visit 0.519 0.014

Cognitive concerns 6 (10.0%) 2 (11.8%) 4 (18.2%) 0 (0.0%)

Exacerbation of chronic disease 20 (33.3%) 5 (29.4%) 5 (22.7%) 10 (47.6%)

Infectious illness 12 (20.0%) 1 (5.9%) 5 (22.7%) 6 (28.6%)

Mobility concerns 18 (30.0%) 8 (47.1%) 8 (36.4%) 2 (9.5%)

Social admission 4 (6.7%) 1 (5.9%) 0 (0.0%) 3 (14.3%)

Geriatric consult 0.430 0.428

No 47 (78.3%) 15 (88.2%) 16 (72.7%) 16 (76.2%)

Yes 13 (21.7%) 2 (11.8%) 6 (27.3%) 5 (23.8%)

Length of stay (days) 8.2 ± 7.9 [2–42] 8.8 ± 9.4 [3–42] 6.6 ± 5.2 [2–26] 9.3 ± 8.8 [4–35] 0.400 0.878

ER admissions (30 d) 0.283 1.000

No 52 (86.7%) 13 (76.5%) 21 (95.5%) 18 (85.7%)

Yes 7 (11.7%) 3 (17.6%) 1 (4.5%) 3 (14.3%)

Missing 1 (1.7%) 1 (5.9%) 0 (0.0%) 0 (0.0%)

Readmissions (30 d) 0.576 1.000

No 53 (88.3%) 14 (82.4%) 21 (95.5%) 18 (85.7%)

Yes 6 (10.0%) 2 (11.8%) 1 (4.5%) 3 (14.3%)

Missing 1 (1.7%) 1 (5.9%) 0 (0.0%) 0 (0.0%)

Note: Bi-variate analyses included Student’s t-test for continuous data, and Fisher’s exact test for categorical.
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18 per cent by discharge (5.4 [5.2, 5.6]), further improving to 20 per
cent by 6 months post discharge (5.4 [5.1, 5.7]). For the HABAM,
28 per cent of participants had unlimited mobility at time of
admission (mean HABAM score 14.8 [13.0, 16.6]); by discharge,
43 per cent of participants had unlimited mobility (18.5 [17.3,
19.7]) and at 6 months post discharge this increased to 54 per cent
(18.8 [17.6, 20.3]).

Associations between ED wait time and functional measures at
each time point

To determine whether function differed depending on ED wait
time, we evaluated the mean of each instrument over time for our
three boarding time categories (Figure 3) and followed with mul-
tivariable regression analysis. For the BI and HABAM, patients
who were boarded 12 or more hours were not found to be signif-
icantly different than those who were boarded less than 12 hours at
admission. However, in the fully adjusted model, CFS scores were
found to be higher at admission for those who waited longer than
24 hours, relative to 0–12-hour wait group, (coefficient [95%

CI] = 0.58 [0.01, 1.16]) (Table 2). For all three measures, no
statistically significant differences were observed between ED
boarding time groups at discharge, whichwas not the case 6months
post discharge. Although only trending towards significance in the
fully adjusted model, 6-month follow-up HABAM scores were
much lower for patients who were boarded 24 or more hours,
relative to 0–12 hours (�3.3 [�6.7, 0.03]), while both the BI and
CFS were significantly worse for those that were boarded 24 or
more hours compared to the 0–12-hour group, even after adjusting
for age, sex, geriatric consult, baseline frailty index, and diagnosis:
the BI was on average 18.6 points lower (95% CI = �33.7, �3.4),
while the CFS was 0.66 points higher (0.1–1.31) (Table 2).

Associations between EDwait time and the change in functional
measures over time

Given that the trajectory of functional decline is an important
correlate of adverse outcomes in frail older adults (Rockwood
et al., 2011), we evaluated whether the change in functional mea-
sures differed with ED boarding time. Although no differences
between groups were observed from admission to discharge, the
change in all three measures from discharge to 6 months post
discharge was significantly different for those who were boarded
24 ormore hours, relative to 0–12 hours, after adjusting for age, sex,
baseline frailty index, geriatric consult, and diagnosis (Table 3): the
BI decreased an average of 17.7 points (95% CI: �30.9, �4.6), the
HABAM decreased 3.3 points (�6.2, �0.4), while the CFS
increased 0.7 points (0.23, 1.17). No discharge to 6-month differ-
ences were observed between the group who was boarded 12–
24 hours, relative to the 0–12-hour group.

Discussion

Our study tracked standardized geriatric measures of function,
frailty, and mobility longitudinally through acute hospitalization
and to 6 months post discharge to examine the association of ED
boarding time on functional decline. We found that an ED board-
ing time longer than 24 hours was not associated with increased
LOS or functional decline by time of discharge but was associated
with functional decline 6 months post discharge for all measures
employed. Floor wide geriatric interventions in place for hospital-
ized older adults at our study site (Liu et al., 2018; McElhaney et al.,
2012) may have accounted for the consistent LOS and functional
improvement at time of discharge regardless of patient wait times
with these programs offering temporary, but not sustained, func-
tional improvement. Once discharged, and in-patient hospital
supports for frail older adults were removed, the association of
functional decline and ED wait times became measurable. We
hypothesize that had these in-patient geriatric interventions not
been in place, long ED wait times would also be associated with
longer LOS as well as functional decline at time of discharge.

As compared to those who were boarded 0–12 hours, the BI
decreased by an average of 17.7 points between discharge and
6 months post discharge, which is more than twice what is consid-
ered a clinically important change (i.e., 7.5) (Braun et al., 2021),
whereas the HABAM decreased by an average of 3.3 points, which
is also considered a clinically meaningful change (Braun et al.,
2021). The CFS was observed to increase by an average of 0.7
points. According to the interRAI home care assessment tool,
which is used across Ontario to qualify patients for government-
funded home care services, an increase of 0.7 on the CFS would

Figure 3. Trajectories of each instrument, stratified by emergency department wait
time, in hours. Notes: The mean Barthel Index, Clinical Frailty Score, and Hierarchical
Assessment of Balance and Mobility are shown at each time point (AD = Admission;
DC = discharge; 6M = 6 months post discharge) for each wait time group. Error around
the mean is not shown to improve visualization of differences between groups.

Figure 2. Trajectories of the Barthel Index, Clinical Frailty Score, and Hierarchical
Assessment of Balance and Mobility over the course of admission and post discharge.
Notes: Each instrument wasmeasured at admission (AD), discharge (DC), and 6months
following discharge (6M). The mean and 95 per cent confidence interval are shown at
each time point, and differences tested by Student’s t-test; ns = not significant,
****p < 0.0001, ***p < 0.001.
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translate to an increase in services required tomaintain patient care
needs at home (Morris et al., 2009). For example, a patient who was
assessed as moderately frail on the CFS and required bathing once
per week at discharge could still be assessed as moderately frail on
the CFS 6 months later but would now require daily visits from a
PSW. A rise of 0.7 on the CFS may also mean the difference
between moderate and severe frailty which is the clinical difference
between daily visits and multiple home care visits per day. It could
also be the difference between requiring or not requiring home care
services at all.

Our data suggest that ED boarding time may be a critical factor
in the functional decline of older adults following hospitalization,
although the pathological mechanism remains unclear. One pos-
sible component of this harm of hospitalization is the development
of acute cognitive impairment, such as delirium, which is common
in frail, older adults, and has previously been associated with wait
time in the ED (Émond et al., 2017). Han et al. (2017), previously
showed that in-patient delirium originating in the ED can persist

throughout admission and is associated with both functional and
cognitive status 6 months post discharge.

A lack of mobilization in the ED could also have contributed to
the long-term functional decline observed in our study as decreased
mobility in hospital has also been associated with poor functional
outcomes at 6months post hospital discharge (Hajduk et al., 2019).
Furthermore, in a study of older adults, hospitalization for at least
one night, or periods of restricted activity, such as staying in bed at
least half a day due to illness or injury in the previous month, were
associated with functional decline (Gill et al., 2010). Prior research
using the HABAM has demonstrated that the first 48 hours of a
hospital stay represents a critical window to stabilize and improve
mobility; older adults whose mobility continues to worsen during
the first 48 hours of admission have a 17-fold increased odds of
poor outcomes compared with those whose mobility stabilizes and
improves (Hubbard et al., 2011). As our >24-hour boarding time
group illustrates, spending more than half of this critical window
waiting in the ED may discourage sustainable mobility recovery.

Table 2. Associations between functional measures at each time point with ED boarding time

Coefficient (95% CI)

Measure Time point ER boarding time Model 1 Model 2 Model 3

Barthel Admission 0–12 hrs Ref Ref Ref

12–24 hrs �0.9 (�17.7, 16) �3.2 (�20.5, 14.1) �11.2 (�28.7, 6.3)

24+ hrs �6.8 (�23.8, 10.2) �6.6 (�23.7, 10.6) �12.3 (�29.7, 5.2)

Discharge 0–12 hrs Ref Ref Ref

12–24 hrs 2.7 (�10.8, 16.1) 2.4 (�11.7, 16.5) �4 (�16.2, 8.2)

24+ hrs �0.2 (�14, 13.5) �0.1 (�14.2, 14) �4 (�16.1, 8.1)

6–month 0–12 hrs Ref Ref Ref

12–24 hrs �3.1 (�19.5, 13.4) �6.9 (�23.8, 9.9) �10.2 (�25.6, 5.2)

24+ hrs �20.2 (�37, �3.4) �19.5 (�35.9, �3.1) �18.6 (�33.7, �3.4)

CFS Admission 0–12 hrs Ref Ref Ref

12–24 hrs �0.01 (�0.57, 0.55) 0.05 (�0.53, 0.62) 0.19 (�0.39, 0.77)

24+ hrs 0.57 (�0.006, 1.15) 0.54 (�0.034, 1.12) 0.58 (0.001, 1.16)

Discharge 0–12 hrs Ref Ref Ref

12–24 hrs �0.25 (�0.85, 0.36) �0.18 (�0.8, 0.43) �0.12 (�0.65, 0.41)

24+ hrs 0.32 (�0.31, 0.94) 0.28 (�0.34, 0.9) 0.15 (�0.38, 0.68)

6–month 0–12 hrs Ref Ref Ref

12–24 hrs �0.22 (�0.97, 0.52) 0.05 (�0.67, 0.77) �0.04 (�0.71, 0.62)

24+ hrs 0.88 (0.11, 1.65) 0.83 (0.12, 1.54) 0.66 (0.01, 1.31)

HABAM Admission 0–12 hrs Ref Ref Ref

12–24 hrs �0.4 (�4.8, 4.1) �0.4 (�5, 4.3) �2.1 (�7.2, 3.1)

24+ hrs �0.2 (�4.7, 4.3) �0.1 (�4.7, 4.6) �1.2 (�6.3, 3.9)

Discharge 0–12 hrs Ref Ref Ref

12–24 hrs 1.2 (�2, 4.4) 1.4 (�1.9, 4.7) �0.5 (�3.9, 2.9)

24+ hrs 0 (�3.2, 3.3) 0.3 (�3, 3.6) �0.7 (�4.1, 2.7)

6–month 0–12 hrs Ref Ref Ref

12–24 hrs 0.4 (�2.9, 3.7) �0.3 (�3.7, 3) �0.4 (�3.8, 2.9)

24+ hrs �3.2 (�6.6, 0.08) �3.4 (�6.7, �0.15) �3.3 (�6.7, 0.03)

Notes: Estimates represent the difference and 95% confidence interval (CI) relative to the reference (ref) group, 0–12 hours; those bolded are considered statistically significant (p < 0.05). Eachmodel
included a random intercept for medical unit, and the following covariates: Model 1 – none; Model 2 – age and sex; Model 3 – age, sex, baseline frailty index, geriatric consult, and diagnosis.
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It should be noted that at least temporary functional improvement
in hospital was achieved with established floor wide geriatric pro-
grams in place despite the long ED wait. In the clinical context of
our study, patients transferred to the medical units faster would
have had earlier access to medical units where geriatric interven-
tions were taking place, including nursing, physiotherapy, and
occupational therapy services. These supports would be expected
to reduce the harmful effects of immobility, resulting in improved
functional trajectories post discharge, which was the case for par-
ticipants that boarded in the ED for less than 24 hours. Together,
our findings suggest that timely screening, recognition, and care for
patients experiencing delirium (Émond et al., 2017; Han et al.,
2017) with ongoing efforts to establish and maintain a culture of
early mobilization in hospital (Pereira et al., 2021) may be benefi-
cial in counteracting some of the harmful effects of ED
boarding time.

In an effort to understand why ED boarding times were longer
for some patients than others, we compared patient characteristics
between boarding time groups; however, only the admitting diag-
nosis was found to be significantly different. A greater proportion
of patients who were boarded in the ED longer than 24 hours had
an admitting diagnosis related to exacerbation of chronic disease
(48% vs. 29%), infectious illness (29% vs. 6%), and failure to cope
(i.e., social admission: 14% vs. 6%) versus the 12-hour group.
Patients who were admitted due to cognition or mobility issues
were more likely to have shorter boarding times. An admitting
diagnosis related to exacerbation of chronic disease or infectious
illness may have presented atypically, which occurs in up to one
third of frail older adults (Limpawattana et al., 2016). Likewise,
patients with an admitting diagnosis of failure to cope are admitted

by the ED physician with an uncertain medical diagnosis. Diag-
nostic uncertainly may contribute to longer boarding times in the
ED as the physicians and consultants who are assuming care in
hospital must determine the medical problem and how best to care
for the patient (Webster et al., 2015).

Other contributing factors for the functional decline identified
in our study may be related to chronic hospital overcapacity and
crowding. Canada has one of the lowest ratios of hospital beds to
population in the developed world and ED overcrowding has been
associated with increased mortality, LOS, and costs for admitted
patients (OECD, 2022; Sun et al., 2013).

The way people are triaged in the ED has also been identified as
problematic for frail older adults as triage acuity and frailty are
independentmeasures (Mowbray et al., 2020), and a previous study
at the same site identified triage acuity as a variable in boarding
time for admitted ICU patients (Montgomery et al., 2014). There
have been calls to implementmore intensive geriatric interventions
within EDs; however, these programs are notoriously difficult to
implement in the context of chronic overcrowding and staff short-
ages (Ellis et al., 2014; Pereira et al., 2021). Despite this, there has
been some early success in preserving function of frail older adults
at this site with the hiring of a weekend physiotherapist to promote
early mobilization in the ED (Rajendran et al., 2022). Another
recent study identified that nurses who worked in the ED were
able to use their clinical judgment to identify when a comprehen-
sive geriatric assessment could be beneficial to patients in the ED
setting (Mowbry et al., 2023). Successful implementation of spe-
cialized geriatric services for frail older adults in the ED would
likely reduce the long-term risks of functional decline related to
longer boarding times.

Table 3. Associations of the change in functional measures from admission to discharge and discharge to 6 months post discharge with ED boarding time

Coefficient (95% CI)

Measure Change ED waiting time Model 1 Model 2 Model 3

Barthel Admission to discharge 0–12 hrs Ref Ref Ref

12–24 hrs 3.1 (�4.9, 11.1) 4.3 (�3.9, 12.5) 1.9 (�6.3, 10.1)

24+ hrs 4.9 (�3.3, 13) 4.9 (�3.2, 13.1) 2.5 (�5.7, 10.6)

Discharge to 6–month 0–12 hrs Ref Ref Ref

12–24 hrs �2 (�13.7, 9.6) �4.5 (�16.5, 7.5) �6.9 (�20.3, 6.6)

24+ hrs �17.7 (�29.7, �5.8) �17.2 (�28.9, �5.5) �17.7 (�30.9, �4.6)

CFS Admission to discharge 0–12 hrs Ref Ref Ref

12–24 hrs �0.24 (�0.6, 0.13) �0.22 (�0.59, 0.16) �0.25 (�0.61, 0.1)

24+ hrs �0.21 (�0.58, 0.16) �0.21 (�0.59, 0.17) �0.25 (�0.61, 0.12)

Discharge to 6–month 0–12 hrs Ref Ref Ref

12–24 hrs �0.05 (�0.49, 0.39) 0.11 (�0.31, 0.53) 0.15 (�0.33, 0.63)

24+ hrs 0.56 (0.11, 1.02) 0.55 (0.15, 0.96) 0.7 (0.23, 1.17)

HABAM Admission to discharge 0–12 hrs Ref Ref Ref

12–24 hrs 1.4 (�0.6, 3.3) 1.6 (�0.4, 3.6) 0.5 (�1.7, 2.8)

24+ hrs 0.1 (�1.8, 2.1) 0.3 (�1.7, 2.3) �0.1 (�2.3, 2.1)

Discharge to 6–month 0–12 hrs Ref Ref Ref

12–24 hrs 0.3 (�2.5, 3.1) �0.6 (�3.3, 2) �0.3 (�3.1, 2.5)

24+ hrs �3.1 (�5.9, �0.4) �3.3 (�5.9, �0.7) �3.3 (�6.2, �0.4)

Notes: Estimates represent the difference and 95% confidence interval (CI) relative to the reference (ref) group, 0–12 hours; those bolded are considered statistically significant (p < 0.05). Each
model included a random intercept for medical unit, the fixed effect of the prior time-point measure and the following covariates: Model 1 – none; Model 2 – age and sex; Model 3 – age, sex,
baseline frailty index, geriatric consult, and diagnosis.
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The strengths of this study include a relatively homogeneous
sample of hospitalized frail older adults, for which we measured
functional outcomes prospectively using three standardized tools.
Further, we measured frailty retrospectively using a frailty index,
allowing us to control for overall health status prior to admission. A
limitation of this study is the context specific design. Given that all
participants took part in floor wide geriatric interventions that are
not standard of care on all medical units, it is possible that our
findings are not representative of a typical in-patient medical unit.
Even so, this study enrolled ‘all comers’ who were identified as
having functional decline on admission and had a medical admis-
sion to hospital via the ED. In the absence of geriatric focused
interventions on the medical units, it is likely that we would have
seen even greater declines in function, possibly both at discharge
and at 6 months post discharge as well as a longer LOS for those
with boarding times over 24 hours in the ED. Also, we were not able
to measure details of social circumstances, and social vulnerability,
or some other unmeasured characteristic which was associated
with longer ED stay and may have contributed to poor long-term
outcomes.

Other limitations of our study include that this was a secondary
analysis of a modest-sized cohort with a single site observational
design. Since all three groups had similar frailty at baseline and we
did not have an independentmeasure of illness acuity, wemust also
acknowledge that it is difficult to determine whether illness acuity
at time of admission or long ED boarding time was the main factor
for the poor long-term outcomes observed in the 24-hour group.
Steps to control for illness acuity were considered in the design of
our study; however, it could not entirely be controlled for. For
example, the group that spent themost time boarded in the ED had
statistically higher Clinical Frailty Scores at time of admission
relative to their baseline frailty index scores compared to the other
two boarding groups. This is important, as across all levels of frailty,
illness acuity increasesmortality risk (Pulok et al., 2020) with frailty
remaining the most significant factor in terms of functional decline
(Gilmour & Ramage-Morin, 2021). Moreover, although we con-
trolled for degree of frailty at baseline, it is possible that other
unmeasured factor(s) may have contributed to both longer ED
boarding times and greater post-discharge functional declines
resulting in confounding by indications. This study cannot be
generalized to older adults who are robust or mildly frail at baseline
and/or present to the ED with no measurable functional decline.
Nevertheless, our study has identified a novel risk factor for post
hospitalization functional decline, which, if replicated, would offer
an important target for future interventional trials specifically for
frail older adults who are presenting to the ED with functional
decline.

Conclusion

We found that ED boarding time over 24 hours is related to
functional decline for frail older adults by 6 months post discharge.
Monitoring ED boarding time may be a very simple and effective
screening tool to determine who is most at risk for long-term
functional decline regardless of their reason for admission and
discharge functional status. Targeted pathways to prioritize frail
older adults for transfer out of the ED once the decision to admit
has been reached, and multicomponent geriatric interventions
starting in the ED for patients who are admitted and awaiting
transfer to a ward bed, are potential interventions worthy of
consideration and evaluation. Further, understanding that patients

who have long ED boarding times are at risk for functional decline
makes it possible to target hospital and community based inter-
ventions to slow functional decline. Advance care planning initia-
tives at time of discharge and in primary care settings post
discharge may be helpful in preparing patients and families for
future decision making related to anticipated increased care needs.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0714980824000199.
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