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Abstract

Background:

Delirium is common, distressing and associated with poor outcomes. Despite this, delirium remains
poorly recognised, resulting in worse outcomes. There is an urgent need for methods to objectively
assess for delirium. Physical function has been proposed as a potential surrogate marker, but few
studies have monitored physical function in the context of delirium. We examined if trajectories of
physical function are affected by the presence and severity of delirium in a representative sample of
hospitalised participants over 65 years.

Methods:

During hospital admissions in 2016, we assessed participants from the DECIDE study daily for
delirium and physical function, using the Hierarchical Assessment of Balance and Mobility (HABAM).
We used linear mixed models to assess the effect of delirium and delirium severity during admission
on HABAM trajectory.

Results:

Of 178 participants, 58 experienced delirium during admission. Median HABAM scores in those with
delirium were significantly higher (indicating worse mobility) than those without delirium. Modelling
HABAM trajectories, HABAM scores at first assessment were worse in those with delirium than those
without, by 0.76 (95% Cl: 0.49-1.04) points. Participants with severe delirium experienced a much
greater perturbance in their physical function, with an even lower value at first assessment and
slower subsequent improvement.

Conclusions:

Physical function was worse in those with delirium compared to without. This supports the
assertion that motor disturbances are a core feature of delirium and monitoring physical function,
using a tool such as the HABAM, may have clinical utility as a surrogate marker for delirium and its
resolution.
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Introduction

Delirium is an acute and fluctuating neurocognitive disorder, specifically affecting attention and level
of arousal. Delirium is common and distressing, affecting 15% of older hospital inpatients (1), and is
associated with poor outcomes, including mortality, institutionalisation and cognitive decline (2, 3).
Delirium remains poorly recognised and documented, resulting in worse outcomes, and there
remains a lack of evidence regarding how best to monitor delirium longitudinally, including
recognising delirium resolution (1). Many of the cognitive tests currently used are not validated for
repeated use, are burdensome, and rely heavily on testing cognition, which may be abnormal in
people with dementia, with or without delirium (4). Therefore, there is an urgent need for reliable
and reproducible methods of rapidly and objectively assessing for delirium.

Although delirium is primarily regarded as a cognitive disorder, motor disturbances have been
proposed as a core feature of delirium and monitoring physical function has been suggested as a
possible surrogate marker for delirium (5). However, previous work is limited by the use of
measures of physical function which have significant floor effects in those with very limited or no
mobility (6). The Hierarchical Assessment of Balance and Mobility (HABAM) consists of three
domains: balance, transfers, and mobility, which are scored based on observation of the patient (7,
8). The HABAM assesses across the spectrum of function, from fully dependent for pressure care to
independent in transfers and mobility, and has been shown to be valid and reliable (9). Despite
being shown to predict prevalent delirium when measured on admission, the HABAM has not
previously been examined longitudinally in relation to delirium (10).

We aimed to describe the trajectories of HABAM over time in older, hospitalised patients and
explore whether these trajectories varied by overall delirium status and delirium severity, along with
exploring the effect of delirium on daily HABAM scores.

Methods

Participants

This analysis uses data collected for the Delirium and Cognitive Impact in Dementia (DECIDE) study,
which aimed to explore the association between delirium and cognitive function (3, 11). The DECIDE
study was nested within the Cognitive Function and Ageing Study II-Newcastle cohort (CFAS II-
Newcastle), which provided a representative, population-based sample of over 65 year olds living
within the catchment area of Newcastle upon Tyne Hospitals NHS Foundation Trust (12).

Recruitment

From 5™ January 2016 to 5" January 2017, we invited participants from CFAS II-Newcastle to
participate in DECIDE on admission to hospital. We were alerted to admissions by a Recurring
Admission Patient Alert (RAPA) attached to the participants’ electronic records. For participants
lacking capacity to consent, an appropriate personal consultee was requested to provide written
confirmation of willingness to participate. Participants were excluded if they lacked capacity to
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consent and it was not possible to identify or contact an appropriate personal consultee, they were
receiving end of life care, they were being isolated for infection control reasons or they were
expected to be in hospital for less than 24 hours. Once recruited, we recorded baseline data
including age, sex, frailty using the Clinical Frailty Scale (13), comorbidity using the Cumulative Iliness
Rating Scale (14) and place of residence. Admissions were classified as the care of a medical or
surgical team, with the latter divided into elective and emergency admissions. Early mobilisation was
routine on all wards in the study, including physiotherapy assessment when needed.

Delirium and HABAM assessments

Participants were seen daily for the DECIDE study, as far as possible, during their hospital
admissions. Two research staff (SIR and a specially trained research nurse) completed all of the
assessments for the study. We ascertained delirium using a standardised approach based on DSM 5
criteria, described fully in the study protocol (11). In summary, the assessment.combined objective
testing of the participant, and information gained from informants (usually nurses, next of kin or
clinical records), with structured observations made by the assessor. Disturbance in attention was
evaluated using months of the year backwards and digit span, and arousal was recorded using the
Observational Scale of Level of Arousal and the modified Richmond Agitation and Sedation Scale
(15). Disturbance in cognition was evaluated using 3 item recall, 10 orientation questions, 3 stage
commands and any evidence of perceptual disturbances along with observations by the examiner
during the interview. Acute onset and fluctuating course, change from baseline and evidence of
underlying medical condition were obtained from informant history from nursing staff, next of kin
and clinical records. Delirium presence or absence, along with delirium severity according to the
Memorial Delirium Assessment Scale (MDAS) (16), was determined on each assessment.

We also recorded HABAM score on each assessment based upon observation by the assessor along
with collateral history from nursing and physiotherapy staff. Participants were not specifically
manoeuvred for the purpose of the study but were observed throughout the interaction. Bedside
clues such as the presence of zimmer frames and also signs at the patient bedside regarding levels of
mobility (e.g. WZF+1 = wheeled zimmer frame with assistance of one) were also noted. The medical
notes were then reviewed for details regarding mobility during the preceding 24 hours, including any
documentation by physiotherapists. If available, staff on the ward were asked how patients were
mobilising and transferring and whether any aids or assistance were required. Based on all of this
information, we recorded scores for balance (out of 21), transfers (out of 18) and mobility (out of 26)
with higher scores indicating better function (8).

Statistical analysis

In line with previous work, each HABAM component was transformed to lie in the range 0-1 by
dividing the score obtained by the total score for each component (17). Also aligned to previous
work, total HABAM score used in all analyses was calculated by summing the three individual items,
giving a total score in the range 0-3, and then rescaled such that lower HABAM corresponded to

1 Z0Z Y2JBe\ GZ uo Jasn uopuoT abs|jon Ausiaaiun Aq zZos/19/1809elB/euoiab/ce0 1 01 /10p/eonie-aoueape/Abojojuoiabpawolq/woo dno olwapese//:sdiy Wol) papeojuMo(]



better function. We used the previously developed cut-points for the rescaled score: mild (<= 1.25),
moderate (1.26 — 1.74) and severe (>= 1.75) functional impairment (17).

In instances where all three components were missing (n=14 observations), no HABAM score was
calculated. Where at least one other component was available (n=4 observations), the missing
component was imputed based upon the mean of available components, justified by the strong
correlation seen previously between the three components (8).

We limited analysis to the first admission for participants during the study period with-at least two
documented HABAM scores. We also included only the first 14 days of admission due to the scarcity
of data beyond this, as the majority of patients were discharged by this point. Characteristics of
interest were first assessed for normality through use of the Shapiro-Wilks test. We assessed
differences in HABAM scores, and other baseline variables, between those with and without
delirium using student t-test (parametric) and the Wilcoxon rank-sum test (non-parametric). The
test was used for assessing categorical variables.

We examined HABAM trajectories by fitting linear mixed effects models, taking into account
clustering at the level of individual patients. We tested for differences in the intercept and slope of
HABAM trajectories between patients with-and without delirium during their admission. We
additionally divided those with delirium into thirds based on their maximum recorded MDAS score:
categorised as mild, moderate and severe. We then carried out a further linear mixed effects model,
with delirium sub-divided into non-severe (mild or moderate) and severe groups. Finally, in a
separate model restricted to those with delirium during admission, we incorporated delirium
diagnosis as a time-varying, binary predictor. This allowed for appraisal of the effect of delirium on
daily HABAM score.

Patients who died during their selected admission were excluded in a sensitivity analysis. All
statistical analyses were performed using R version 3.6.0 (www.r-project.org).

Results

Characteristics of participants with and without delirium

The DECIDE study recruited 205 participants. Of these, 178 participants (53.9% female) had an
admission with at least two valid HABAM scores and form the sample for the present analyses. The
majority of participants (69.1%) were admitted under the care of a medical team. We found no
differences in the age, sex, or frailty status of the 27 participants who did not have at least two valid
HABAM scores.
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