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ABSTRACT

Introduction Long-term care (LTC) residents are
frequently transferred to acute care hospitals. Transfer
decisions should align with residents’ wishes and goals.
Decision to transfer to hospital, when not aligned with the
resident’s wishes, can result in transfers that are harmful
to residents, leaving residents in a state of disability that
could be considered worse than death. We aim to examine
whether transfer to an acute care hospital is associated
with subsequent new onset of severe permanent physical
and cognitive disability in LTC residents.

Method and analysis We will conduct a retrospective
cohort study of all LTC residents >65 admitted to LTC
homes between 1 April 2013 and 31 March 2018 in
Ontario, Canada. We will use health administrative data
from the Continuing Care Reporting System (CCRS),
National Ambulatory Care Reporting System (NACRS) and
Registered Persons Databases (RPDB), which include
data on emergency department visits, hospitalisations,
demographic information and mortality. All participants
will be followed until 31 March 2023. The exposure is
any transfer from LTC to an emergency department or
acute care hospital. The outcomes are (1) subsequent
new permanent physical disability, (2) subsequent new
permanent cognitive disability and (3) all-cause mortality.
Due to the time-varying nature of the exposure and
confounders, we will use an extended cause-specific Cox
regression model to explore this relationship. We will fit
marginal structural models (MSMs) to account for the
known shortcomings of traditional regression modelling,
such as collider bias. Lastly, we will use a preference-
based instrumental variable approach to address
unmeasured confounders.

Ethics and dissemination Ethics approval was obtained
through Bruyeére Research Institute Ethics Committee
(REB#M16-23-030). Study findings will be submitted for
publication in a peer-reviewed journal. Findings will be
disseminated in conferences and seminars.

Trial registration Open Science Framework (https://doi.
org/10.17605/0SF.10/JCDEY).
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study uses a population-based cohort with
comprehensive information on comorbidities to
study care transitions.

= This study uses three modelling approaches to ad-
dress measured and unmeasured confounders to
increase our confidence in determining the direction
of the effect.

= Coding  inconsistencies
misclassification.

= The exact date that the outcome occurred is un-
known and is estimated using the 92-day assess-
ment window.

may result in

INTRODUCTION

Long-term care (LTC) residents experience
frequent transfers to acute care hospitals.'
It is estimated that 25% of LTC residents
have at least one transfer to a hospital every
6 months.?® While transfers to hospital allow
LTC residents to receive timely investigation
or treatment when they become acutely ill,
transfers can also result in negative health
outcomes,"” poor quality of life® and adverse
events’’ due to complications, stress and the
burden of extensive treatments.* "

Ideally, transfers should promote the resi-
dent’s best interests and well-being. Trans-
fers should meaningfully prolong life while
preserving the resident’s cognitive and phys-
ical functioning, ensuring they maintain
their dignity and minimise stress. However,
transfer decisions are often made without
accounting for the natural downward trajec-
tory of health towards the end of life or the
resident’s wishes,'” ' resulting in transfers
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that may be more harmful than helpful to LTC residents.
In some cases, standard care practice can leave residents
in a state of disability that reduces quality of life in a
way that some residents consider worse than death.'* '
Improving the care planning process requires incorpo-
rating shared decision-making that helps LTC residents,
families and healthcare providers anticipate prepare
for future changes so they can make informed transfer
decisions.

We aim to examine if transfer to an acute care hospital
is associated with the subsequent new onset of a perma-
nent physical and cognitive disability in LTC residents.
We hypothesise that transfer to acute care hospital will
prolong life in states of disability. The protocol outlines
the planned steps for data preparation and analysis. Our
study findings will support LTC residents, caregivers
and staff to make informed transfer decisions and have
the potential to guide LTC policies regarding transfer
decisions.

METHODS AND ANALYSIS

Patient and public involvement

Caregivers of LTC residents were involved in the design,
conduct and selection of the outcomes of this study. Eight
LTC caregivers were engaged through the Patient and
Family Advisory Council at the Ottawa Hospital Research
Institute and Bruyere Health Research Institute. One
LTC caregiver is part of the research team and coauthor.
During the study design phase, we involved caregivers of
LTC residents to select cognitive and physical disability
measures that were meaningful and residentimportant.
They also played important roles in selecting covariates
for modelling. We will continue to engage with caregivers
of LTC residents through research and focus group meet-
ings. Once the study is completed, we will present our
findings in the meetings to gain feedback and ensure that
our study findings are presented to the general public.

Causal inference with observational data

Our objective is to examine whether transfer from LTC to
acute care hospital prolongs residents' life but increases
the chance of being alive with severe disability. Estimating
causation requires knowledge of the counterfactual. That
is, what would have happened to this person if they had
not been transferred to hospital? Rubin’s causal model
describes the challenge of estimating outcomes that would
have occurred under the observed and the unobserved
counterfactual."* With no ability to observe the outcome
of both decisions, the best we can do is compare those
who are transferred to those who are not while adjusting
for differences that could also affect the outcome.

Any causal inference based on observational data
requires assuming the completeness and accuracy of
measured confounders as well as the nature of the rela-
tionships between confounders and the outcome. Because
these assumptions cannot be tested, we cannot be certain
of the alignment between statistical estimands and causal

effects. One way to address concerns about these assump-
tions is to use multiple modelling approaches and to
explore whether the direction of the effect is consistent
across approaches.

To address both measured and unmeasured
confounders related to residents’ health and well-being,
we will use multiple analytical approaches to examine
the association between transfer to acute care hospital
and physical and cognitive disabilities. By leveraging the
Rubin causal model, we will use three approaches: (1) an
instrumental variable (IV) approach, (2) a marginal struc-
tural model and (3) an extended cause-specific hazard
model. Each of these methods will allow us to approxi-
mate the unobservable counterfactual under different
assumptions.

Data source

We will conduct a retrospective cohort study using admin-
istrative health data to examine the association between
all-cause transfer and the subsequent onset of a perma-
nent physical and cognitive disability. We will obtain our
data from the Institute for Clinical Evaluative Sciences
(ICES). ICES is an independent, non-profit research
institute whose legal status under Ontario’s health infor-
mation privacy law allows it to collect and analyse health-
care and demographic data, without consent, for health
system evaluation and improvement. The use of the data
in this project is authorised under section 45 of Ontar-
io’s Personal Health Information Protection Act (PHIPA)
and does not require review by a Research Ethics Board.
ICES conducts routine data quality assessments to ensure
data completeness, reliability and accuracy."

We will use the following databases: the National
Ambulatory Care Reporting System (NACRS), the Cana-
dian Institute for Health Information (CIHI) Discharge
Abstract Database (DAD), Registered Persons Database
(RPDB) and Continuing Care Reporting System (CCRS).
These datasets are linked using unique encoded identi-
fiers and analysed at ICES. NACRS collects information
on emergency department visits and DAD records hospi-
talisations. RPDB tracks demographic information and
vital status for Ontario residents. CCRS collects informa-
tion on health status and care characteristics based on the
resident assessment instrument- minimum data set 2.0
(RAI-MDS 2.0) assessments.

Study population

We willinclude LTCresidents 265 who entered LTChomes
between 1 April 2013 and 31 March 2018 in Ontario,
Canada. We will follow participants for a minimum of
5 years, with the maximum follow-up date of 31 March
2023. We will exclude non-Ontario residents at index and
those who entered an LTC home prior to April 2013 to
ensure we are capturing a cohort of incident admissions
and all residents are indexed from their first-ever admis-
sion assessment. Residents receive assessments using the
RAI-MDS 2.0 schedule that provides these assessments at
admission, quarterly, and with full assessments annually or
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when a resident has a vital change in status.'® Based on this
schedule, we created a longitudinal within resident time
series where every resident is followed for discrete 92-day
periods beginning from admission (period 0) to the end
of follow-up. Assessment information is then captured
once every 92-day period and updated accordingly. The
end of follow-up is marked by either death, administrative
censoring in March 2023 or discharge from LTC, where
the resident was not readmitted within 123 days and thus
missed their subsequent assessment period.

Exposure

Our exposure includes all transfers to an emergency
department, regardless of type (planned or unplanned),
after the index admission to LTC. Residents can transition
in and out of an exposed state during their follow-up. We
linked their transfer history to each resident’s assessment
period cycle, treating it as a binary time-varying exposure.
An exposed period is defined as the 92-day period in
which a resident had a transfer. An unexposed period is a
92-day period with no transfers.

Outcomes

Our outcomes are (1) permanent physical disability, (2)
permanent cognitive disability and (3) all-cause mortality.
We defined permanent physical disability as total depen-
dence in performing personal hygiene, toilet use, eating
and locomotion (equivalent to activities of daily living
(ADL)—self-performance hierarchy=6) with no improve-
ment in subsequent assessments once the outcome is
achieved (table 1). We defined permanent cognitive
disability as comatose, or severely impaired in decision-
making skills, and total dependence in eating (equivalent
to Cognitive Performance Scale (CPS)>5; Mini Mental
State Examination (MMSE)<5) with no improvement in
subsequent assessments once the outcome is achieved
(table 1). The outcome will be assessed in the immediate
subsequent assessment period, since it contains the assess-
ment information that occurs entirely after the exposure
and is clinically relevant for interpreting the association.

Other variables

We selected covariates based on existing literature that
examined factors associated with cognitive and func-
tional decline in institutionalised older adults,' ' and
the team’s previous work in developing a predictive
algorithm for life expectancy in frail older adults.”* **
Covariates for adjustment will include sociodemographic

factors, health stability measures, comorbidities, medi-
cation use and other functional measures (table 2). We
obtained covariate data using the RAI-MDS 2.0 assess-
ment in the CCRS. The RAI-MDS 2.0 is a comprehensive
assessment with more than 160 items and is administered
to every LTC resident on admission, every 3 months and
when there is a change in residents’” health status. Age will
be treated as a continuous linear term. Sex will be catego-
rised into two groups (female vs male). We will categorise
education into four groups: less than high school, high
school or equivalents, technical or trade school, college
and above.

We will use weight loss/gain of 5% or more in the
last 30 days, or 10% or more in the last 180 days, and
changes in health, end-stage disease and signs and symp-
toms (CHESS) score as a measure of health stability.
Other functional measures will include hearing and
vision impairment, which will be categorised into five
groups: adequate, impaired, moderately impaired, highly
impaired and severely impaired. All comorbidities will be
determined using data from CCRS. Variable definitions
are listed in table 2.

Statistical analyses

To address concerns with both measured time-varying
confounding and unmeasured confounders and to deter-
mine the direction of effect, we will use a staged approach
with three analyses: extended cause-specific Cox regres-
sion model, marginal structural models (MSMs) and
instrumental variable analysis (figure 1). Each method
improves on the previous one by how the model adjusts
for measured and unmeasured confounding, allowing for
increasingly robust causal inference. Our primary analysis
will be the IV analysis. The IV analysis for causal inference
accounts for measured and unmeasured confounding
using a third variable, which mimics randomisation to
isolate the effect of the exposure on the outcome.** We
selected the IV model to be our primary analysis because
it adjusts for unmeasured confounders, primarily the resi-
dent’s health instability at the time of the transfer.

Extended cause-specific Cox regression models

We will fit a traditional extended cause-specific Cox
regression model to model both the time-varying expo-
sure and confounder histories. However, this model has
several known and documented methodological short-
comings. This approach is often biased when there are
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Table 1 Physical and cognitive outcomes

Physical outcome Variable

Definition

Loss of independence in physical
function

Cognitive outcome

Loss of independence in cognitive
function

Activities of daily living score=6

Cognitive Performance Scale>5

Total dependence in performing personal
hygiene, toilet use, eating and locomotion

Comatose, or severely impaired in decision-
making skills and total dependence on
eating
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Table 2 Covariates for modelling =
Variable Scale Range/levels 9
)

Sociodemographic =
Age Continuous 65-105 years r
Sex Categorical Female, male o
Education Categorical <High school =
Completed high school s
Technical or trade school 3

Some college and >Bachelor’s 2
Unknown S
. @ ©
Health stability g E
Weight loss of 5% or more in the last 30 days, or 10% or  Categorical 0=No o 2
more in the last 180 days 1=Yes -
9=Unknown S o

S T

Weight gain of 5% or more in the last 30 days, or 10% or  Categorical 0=No = 8
more in the last 180 days 1=Yes ‘% N
9=Unknown PN

S
CHESS score Discrete 0-5 2 8
D
Hip fracture in last 180 days Binary 0=No g' bt
1=Yes e g
Fell in the past 30 days Binary 0=No = ,:\")
1=Yes § 8

Comorbidities ® 5
o) o

Dementia Dichotomous Yes, no o 53
Delirium Dichotomous Yes, no 35 N
Emphysema/COPD Dichotomous Yes, no ° § &

]

Cancer Dichotomous Yes, no xSy
Kidney failure Dichotomous Yes, no 53’2 §

o
Congestive heart failure Dichotomous Yes, no ggg
Arteriosclerotic heart disease Dichotomous Yes, no ; -3
Depression Dichotomous Yes, no =) g
Anxiety Dichotomous Yes, no 8 =
Pressure ulcer Dichotomous Yes, no b 5
Stroke Dichotomous Yes, no S g
: [

Seizure disorder Dichotomous Yes, no é L
Anaemia Dichotomous Yes, no o 3

2
Parkinson’s disease Dichotomous Yes, no % g
Multiple sclerosis Dichotomous Yes, no 3 9
Oxygen therapy Dichotomous Yes, no g 3
[y o

Kidney dialysis Dichotomous Yes, no ® s

>0

Incontinence Dichotomous Yes, no 3 §
Number of chronic conditions Discrete 0-18 S N
Medications .9’ S
Antipsychotic: the number of days during the last 7 days  Categorical 0,1,2+ §
Number of medications Discrete 0-13 5
Other functions §
BMI Continuous 0-40kg/m? 5
Pain scale Discrete 0-3 o
Continued @
N
~
_|
>
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Table 2 Continued

Variable Scale Range/levels

Vision impairment Categorical Adequate, impaired, moderately
impaired, highly impaired, severely
impaired

Hearing impairment Categorical Adequate, impaired, moderately
impaired, highly impaired, severely
impaired

Index of Social Engagement Discrete 0-6

Depression Rating Scale Discrete 0-14

CPS score Discrete 0-6

ADL —Self-Performance Hierarchy Scale Score Discrete 0-6

ADL, activities of daily living; BMI, body mass index; CHESS, Changes in Health, End-Stage Disease and Signs and Symptoms; COPD,
chronic obstructive pulmonary disease; CPS, Cognitive Performance Scale.

time-dependent confounders that are risk factors for the
outcome and predict future exposure or when past expo-
sure history itself predicts the current exposure and/or
risk factors.® Furthermore, with longitudinal repeated
measures data, the same variable can act as a confounder,
mediator or collider, and this can change over time in
ways that traditional conditional estimates are unable to
account for.?

Marginal structural models

To address the methodological shortcomings of the
extended cause-specific Cox models, we will use MSMs,
which provide a propensity score-weighted framework
for longitudinal exposures. MSMs are especially useful
in this context because they allow us to control for
confounders that change over time and are influenced by

prior exposures. Unlike traditional models, MSMs reduce
bias by accounting for confounding variables at each time
point.

We will use stabilised weights estimated from a sequence
of logistic regression models that will be subsequently
computed as products of both the inverse probability of
treatment weights at each assessment period and inverse
probability of censoring weights based on the probability
of being censored at a current assessment period. These
stabilised weights are cumulatively carried forward to
account for the entire exposure and confounder history
when connecting transfers to the rate of subsequent
disability and/or death.

To ensure we have a mean stabilised weight of approx-
imately one, we will experiment with trimming of the

Extended cause-specific Cox proportional hazards model

Marginal structural model

Addresses measured time-varying confounders

Effect of the acute illness
led to a transfer + transfer
and subsequent hospital
care

Addresses measured time-varying confounders and the

relationships between confounders

Instrumental variable analysis

Addresses measured and unmeasured confounding

Effect of transfer and

subsequent hospital care

Figure 1 Staged analytical approach. Staged approach with three analyses: extended cause-specific Cox proportional hazard
model, marginal structural model and instrumental variable analysis.
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stabilised weights, starting at the 1st and 99th percentiles
and moving out to the extremes. The last step of the MSMs
analysis will be to fit a weighted cause-specific extended
Cox model and estimate a weighted HR and 95% CI with
robust sandwich covariance estimators. Both the MSMs
and extended Cox models will account for clustering at
the LTC home level by incorporating a random intercept.
Through these methods, we aim to provide reliable esti-
mates of the impact of transfers on disability and death
while accounting for complex confounding. Neither of
these approaches will adjust for the acute health event
that led to the transfer.

Instrumental variable approach

While MSMs account for time-varying covariates, they
cannot adjust for unmeasured confounding, such as the
acute health event, that led to a transfer. The IV analysis
addresses both measured and unmeasured confounding,
allowing us to estimate the average treatment effect of
transfer for residents. Our conceptual instrument is the
preference for transfer at LTC home level, which will
be operationalised as homes’ hospital transfer rate. We
defined the annual transfer rate as the proportion of resi-
dents in an LTC home who are transferred to the hospital
within the last year. We will examine the consistency of
the transfer rate over a 5-year period from 2013 to 2018,
assessing the temporal stability of the transfer rate vari-
able and changes in LTC facility characteristics over time
to ensure the robustness of our IV.

For the transfer rate to be a valid instrument, there are
three assumptions (relevance, exogeneity and exclusion
assumption) that need to be satisfied. Transfer rate is (1)
strongly associated with the exposure, (2) unrelated to
the error in the outcome model and (3) associated with
the outcome only through the exposure. For the rele-
vance assumption to be supported, our instrument (ie,
transfer rate) should be strongly associated with the expo-
sure (ie, transfer event). Our preference IV is logically
sound because the transfer rate of LTC homes reflects
directly their preference for transfer. Transfer rates are
known to vary widely due to culture and practices within
the home.*®*" Thus, the preference for hospital transfer
at the LTC home level can be expected to have a strong
and direct impact on transfer events, making it a suitable
instrument. We will use descriptive statistics to summarise
the transfer rate across LT'C homes and the number of
actual transfers to test the relevant assumption. Although
directly unverifiable, adherence to the exogeneity assump-
tion will be supported if the baseline residents' character-
istics are similar between homes, which have been shown
previously.” We will perform a balance test to compare
baseline residents’ characteristics across LTC homes with
varying transfer rates to examine if systematic differ-
ences exist. For exclusion assumption to be supported,
the transfer rate needs to be unrelated to physical or
cognitive function other than through its association with
the transfer event. Although we cannot directly test this
assumption, evidence from prior studies, such as from

Hébert et al, indicated that the LTC home transfer rate is
primarily determined by systemic factors (ie, institutional
policies and practice patterns), but not directly driven
by residents’ health status.*’ We will compare residents’
physical and cognitive functions across LTC homes with
different transfer rates to explore this assumption.

Our IV analysis will use two-stage least squares regres-
sion analysis. We will first model the probability of hospital
transfers as a function of the transfer rate. Then, we will
use the predicted probabilities as an instrument in the
time-to-event analysis using a Cox proportional hazard
model, further adjusting for LTC home characteristics
and health stability factors. We will use the ivtools package
in R and use the two-stage estimators with a control func-
tion to obtain HR estimates along with 95% CIL.

Primary model selection

We anticipate that the results will be different between
the extended Cox model, MSMs and IV analysis because
of model assumptions and approach to account for
confounding.

The extended Cox model is widely used and well under-
stood. However, it cannot fully adjust to the complex rela-
tionship between time-varying covariates and unmeasured
confounding, particularly the acute health condition that
led to a transfer. The acute health condition leading to
the transfer is critical in our analysis. This acute health
condition refers to the sudden deterioration in health
or onset of symptoms that necessitate a hospital transfer
from the LTC home. It influences the subsequent health
trajectory of the residents and precipitates disability,”
affecting physical and cognitive functioning and mortality.
However, the acute health condition in the moments
leading up to the hospital transfer is not measured. It is
a major unmeasured confounder. The MSMs improve on
the extended Cox models by using inverse probability
weighting to better adjust for time-varying covariates.
However, like the Cox models, they cannot adjust for the
unmeasured acute illness that led to a transfer. As a result,
we expect both the extended Cox models and MSMs to
reflect the combined effect of the transfer and the acute
illness thatled to such transfer. In this case, we hypothesise
that both the extended Cox models and MSMs will reveal
a positive association between transfer and our outcomes
(ie, physical disability, cognitive disability and mortality)
because the acute illness leading to the transfer will not
be accounted.

The IV analysis is designed to address unmeasured
confounding to provide unbiased effect estimates.”* Tt
will account for the acute health condition that led to a
transfer. Thus, our primary research question regarding
the association between hospital transfer and new perma-
nent cognitive and physical impairments will be addressed
through the IV analysis. We will use the instrumental vari-
able analysis as our primary model. We hypothesise that
the IV analysis will reveal a protective effect of hospital
transfer for survival. For physician and cognitive disability
outcomes, we hypothesise that the IV analysis will reveal
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a positive association with the most accurate estimates of
the causal effect of hospital transfer, given its ability to
adjust for both measured and unmeasured confounding.

Anticipated challenges and mitigation strategies

We anticipate several challenges that might affect us,
including the potential for a weak IV, computational
demands of our modelling approaches, limitations in
the RAI-MDS assessment cycle, and inherent constraints
of administrative health data. We have developed strat-
egies to address these issues to ensure that our findings
are robust.

In the unlikely event that our IV is weak, we will refine
our instrument by using multiple instrument variables.” **
LTC home level factors we will consider as IVs include LTC
home staff ratios, geographical location and for-profit
status. Additionally, we may use near-far matching in our
IV analysis to further control for confounding. In this
approach, residents with similar measured confounders
who differ by level of their LTC home transfer rate will
be matched.” ** The inclusion of nearfar matching
will improve robustness by further reducing bias from
residual confounding.

Our modelling approaches are computationally
complex. All of the models will require significant
processing power due to the large data volume. If this is
an issue, we will conduct initial analyses on smaller subsets
of data to optimise codes and refine model specifications
before applying to the full dataset.

The RAI-MDS assessment cycle is every 92 days. There-
fore, the exact date that physical disability or cognitive
disability outcome occurred is unknown but can only be
assigned to a 92-day assessment window. This limitation
means that residents who had a new permanent physical
or cognitive disability after a transfer that occurred during
the same window as the transfer but then died prior to
their next assessment will not be classified as having had
the outcome. We will make this limitation clear when the
model is presented. The 92-day assessment period reflects
the standard clinical practice at LTC homes, and more
frequent assessments are not feasible in the LTC setting.
While the exact time cannot be determined, the assess-
ment cycle captures a clinically relevant timeframe that
reflects changes occurring after a transfer.

Administrative datasets may have inconsistencies due to
coding errors or delayed data entry, which could lead to
misclassification. To address these issues, we will conduct
rigorous data quality checks during the data cleaning
stage to identify and correct any inconsistencies in coding.
Where possible, we will use validated definitions for our
variables, maintaining consistency with existing studies.
We expect that any issues with data quality will be minimal
because ICES data undergo regular quality control proce-
dures to ensure data accuracy and completeness.”

By examining the association between transfer to an
acute care hospital and subsequent onset of disabilities,
we hope to provide evidence that encourages health-
care providers to foster an environment for shared

decision-making for LTC residents. Study findings will
provide average treatment effects for those who are trans-
ferred from LTC to hospital and will not be directly appli-
cable to individual patients, but our study will generate
two pieces of useful information to support policymakers
and inform decisions. The Cox and MSM models will
provide estimates of the relative risk of death and disability
for those who become unwell enough for a transfer to
be considered compared with those who did not become
unwell enough to consider transfer. Our IV will provide
estimates of the relative risk of death and disability caused
by the transfer itself, which could be avoided if a resi-
dent is not transferred. Our study will be the largest and
best used to optimise transfer decisions by supporting
residents, caregivers and LTC staff in making informed
decisions, improving care coordination between LTC
and hospitals to improve quality of life outcomes for LTC
residents, and influencing LTC practice and policies on
making transfer decisions.
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