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ABSTRACT

Introduction Hip fracture patients receive varying levels
of support posthip fracture surgery and often experience
significant disability and increased risk of mortality.

Best practice guidelines recommend that all hip fracture
patients receive active rehabilitation following their acute
care stay, with rehabilitation beginning no later than

6 days following surgery. Nevertheless, patients frequently
experience gaps in care including delays and variation in
rehabilitation services they receive. We aim to understand
the factors that drive these practice variations for older
adults following hip fracture surgery, and their impact on
patient outcomes.

Methods and analysis We will conduct a retrospective
population-based cohort study using routinely collected
health administrative data housed at ICES. The study
population will include all individuals with a unilateral

hip fracture aged 50 and older who underwent surgical
repair in Ontario, Canada between 1 January 2015 and 31
December 2018. We will use unadjusted and multilevel,
multivariable adjusted regression models to identify
predictors of rehabilitation setting, time to rehabilitation
and length of rehabilitation, with predictors prespecified
including patient sociodemographics, baseline health and
characteristics of the acute (surgical) episode. We will
examine outcomes after rehabilitation, including place of
care/residence at 6 and 12 months postrehabilitation, as
well as other short-term and long-term outcomes.

Ethics and dissemination The use of the data in

this project is authorised under section 45 of Ontario’s
Personal Health Information Protection Act and does not
require review by a Research Ethics Board. Results will
be disseminated through conference presentations and in
peer-reviewed journals.

BACKGROUND

Hip fractures in older adults are a substantial
cause of morbidity and mortality.! Worldwide,
the incidence of hip fractures is projected to
increase to approximately 2.6 million/year by
2025 and to 4.5million/year by 2050." As
the population ages, it is crucial to evaluate

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We will identify the relationships between patient
characteristics, acute episode of care and rehabil-
itation services.

= We will use unadjusted and multilevel, multivariable
adjusted regression models to identify predictors
of rehabilitation setting, time to rehabilitation and
length of rehabilitation.

= Prespecified predictors in our models will include
patient sociodemographics, baseline health and
characteristics of the acute (surgical) episode.

= We will examine outcomes after rehabilitation, in-
cluding place of care/residence at 6 and 12 months
postrehabilitation.

the healthcare needs of hip fracture patients
in order to improve the quality of care they
receive. Best practice guidelines recommend
that older hip fracture patients receive geri-
atric rehabilitation no later than postopera-
tive day 6. Despite this evidence, hospitals
are facing challenges with timely referrals
of patients to geriatric rehabilitation due to
patient complexities (eg, cognitive impair-
ment, multicomorbidities) and to system
capacity."” In some cases, when resources are
scarce, access to geriatric rehabilitation is
non-existent. Lack of rehabilitation services
is associated with decreased functional status,
mortality, failure to return to independent
living or readmission." ™ Patients often expe-
rience gaps in postoperative care including
delays and variation in rehabilitation services.

Studies have identified considerable vari-
ation in hip fracture care across different
countries.'*™'® Recent research by Pitzul et
al'® ' examined the discharge destination
of older hip fracture patients in Ontario,
Canada between April 2008 and March 2013.
That study identified 49 unique postacute
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care pathways and variation among health regions in
postacute discharge destinations. There are gaps in care
and patients often do not experience optimal outcomes
after hip fracture. We hypothesise that there will be signif-
icant variation in posthip fracture rehabilitative care, with
variations in care associated with both patient sociodemo-
graphic (eg, age, sex, neighbourhood income) and base-
line health (eg, functional and cognitive performance,
frailty, comorbidities) characteristics. Further, we expect
that there will be subgroups of patients, identified by
both sociodemographic and baseline health characteris-
tics, who may benefit differentially from different types of
postacute care.

Our study builds on previous work that has described
practice variations for hip fracture patients in Ontario.'"!
We aim to understand factors that are driving those prac-
tice variations and their impact on patient outcomes.
Specific objectives are:

» To characterise the associations between baseline
characteristics (eg, age, sex, neighbourhood income,
rurality, functional and cognitive performance, frailty,
comorbidities), acute episode of care (surgery) char-
acteristics and postacute rehabilitation care settings.

» To examine the associations between baseline charac-
teristics, acute episode of care (surgery) characteris-
tics and time to initiation of rehabilitation, as well as
length of rehabilitation services.

» To evaluate how postacute rehabilitation care settings,
time to initiation of rehabilitation as well as length of
rehabilitation services are associated with place of
care/residence at 6 and 12months postsurgery, as
well as other shortterm (return to the emergency
department, hospital readmissions) and long-term
(new long-term care admission, days at home, health
service utilisation, costs, functional status, health-
related quality of life, cognition) outcomes.

METHODS
Study design and data source
We will conduct a retrospective cohort study using
population-based linked administrative health data avail-
able at ICES (previously known as the Institute for Clinical
Evaluative Sciences). ICES is an independent, non-profit
research institute whose legal status under Ontario’s
health information privacy law allows it to collect and
analyse healthcare and demographic data, without
consent, for health system evaluation and improvement.
For this study, we will develop our data analytical plan
from several databases including the Discharge Abstract
Database, Registered Persons Database, Ontario Health
Insurance Claims database, Continuing Care Reporting
System, Ontario Census (CENSUS), Postal Code Conver-
sion File, Resident Assessment Instrument-Home Care
and inter Resident Assessment Instrument-Home Care,
National Rehabilitation Reporting System, Home Care
Database, Assistive Devices Programme and National
Ambulatory Care Reporting System. Our study reporting
will follow the relevant reporting guidelines.'”'®

Study cohort

All individuals with a unilateral hip fracture aged 50 and
over who underwent surgical repair in Ontario, Canada
between 1 January 2015 and 31 December 2018 will
be included. These individuals will be identified using
International Classification of Disease 10th Edition
(ICD10CA) codes S72.0 (fractures of neck of femur),
S72.1 (pertrochanteric fractures) or $72.2 (subtrochan-
teric fractures). We will exclude individuals with patho-
logical fractures (ICD10CA M8445), malignant neoplasm
(ICD10CA C0-C9) and Paget’s disease (ICD10CA M880,
M88, M888).

Exposure

The main exposure is postacute rehabilitation care
services. Postacute rehabilitation services include reha-
bilitation settings (eg, geriatric rehabilitation, short-term
rehabilitation, slow-pace rehabilitation, convalescent
care, home-based rehabilitation), time to initiation of
rehabilitation, as well as rehabilitation length of stay
(LOS).

Outcomes

Our primary outcome is place of care/residence at 6
and 12months postsurgery (eg, death, acute hospital,
long-term care, rehabilitation, home with support,
home no support).19 Our secondary outcomes are
return to the emergency department within 90 days of
hospital discharge (and reason), hospital readmissions
with 90 days of discharge (and reason), new long-term
care admission, an adjusted validated day alive at home
indicator,% survival at 6 and 12months, health service
utilisation (eg, follow-up visits with family physicians or
specialists, new or increased home care services) and
healthcare costs across the system using a costing macro
developed at ICES.”" For patients discharged home with
home care, complex continuing care or long-term care,
we will additionally capture functional status at rehabilita-
tion discharge (eg, self-care, sphincter control, transfers,
locomotion, communication, social cognition), cognition
level and health-related quality of life.

Covariates/potential confounders
The following variables will be examined as potential
predictors and/or confounders:

Sociodemographic characteristics: Age at hospital
admission, sex, marital status, geographical location (eg,
census areas, rurality (ICES Macro: %getdemo)), living
situation prior to admission (eg, home without home
care, home with home care, in long-term care), neigh-
bourhood income quintile. For home care and long-term
care patients, we will also examine presence of care-
giver, caregiver type, caregiver living status and caregiver
distress prior to acute index admission date.

Baseline health characteristics: Prior fall resulting in
an emergency department visit or acute care admission,
comorbidities (using the Health System Performance
Research Network multimorbidity macro),*? frailty status
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(using a validated, accumulating deficits frailty index
(%getpFI Macro)).” For home care and long-term care
patients, we will also capture weight-bearing status and
prefracture functional status based on activities of daily
living (ADLs) and instrumental ADLs, cognition level
and health-related quality of life.

Characteristics of acute episode of care: Type of surgical
intervention, surgery day of the week, acute LOS, days
from hospital admission to surgery, postsurgery LOS, post-
operative complications defined as any in-hospital patient
safety events using a validated set of ICD-10 indicators.**

Characteristics of rehabilitation services: Type of
therapy services received (eg, physical therapy, occu-
pational therapy, recreational therapy, social worker),
rehabilitation intensity (minutes per day) and rehabili-
tation frequency (days per week) and discharge location
following rehabilitation.

The data variables, sources and codes are described in
online supplemental appendix 1.

Data analysis

Sample size

We will include all individuals who meet the study inclu-
sion criteria defined above. Based on the average number
of hip fractures per year in Ontario (n=13000), we esti-
mate that we will have a study population of approxi-
mately 52000 hip fracture patients.

For objectives 1 and 2: To characterise the associations between
baseline characteristics, acute episode of care (surgery) and
postacute rehabilitation care settings (Obj. 1) as well as time to
rehabilitation initiation and length of rehabilitation (Obj. 2)

We will use descriptive statistics to summarise the socio-
demographic, baseline health and acute episode of care
characteristics of patients according rehabilitation setting
(Obj. 1) as well as time to initiation of rehabilitation,
and length of rehabilitation (Obj. 2). We will compare
differences in outcomes using unadjusted and multilevel,
multivariable adjusted regression models. Multivariable
models will adjust for clustering at the acute hospital level
using generalised estimating equation (GEE) methods.
Variables that will be analysed include sociodemo-
graphics, baseline health and acute episode of care char-
acteristics. Regression models will be chosen based on the
outcome format (eg, multinomial logistic regression for
rehabilitation setting, log-gamma regression for length of
rehabilitation) and Cox proportional hazards models for
time to rehabilitation initiation).

For objective 3: To evaluate how postacute rehabilitation care
settings, time fto initiation of rehabilitation as well as length of
rehabilitation services are associated with place of care/residence
at 6 and 12 months postsurgery as well as other short-term and
long-term outcomes

We will use descriptive statistics to describe patient
outcomes, including place of care/residence at 6 and
12months postsurgery and other short-term (return to
the emergency department, hospital readmissions) and

long-term (new long-term care admission, days at home,
health service utilisation (eg, follow-up visits with family
physicians or specialists, new or increased home care
services) and healthcare costs) outcomes. For patients
discharged home with home care, complex continuing
care or long-term care, we will describe functional status,
cognition level and health-related quality of life outcomes.

We will estimate the unadjusted and adjusted associa-
tion of postacute rehabilitation care settings, time to initi-
ation of rehabilitation as well as length of rehabilitation
on outcomes using regression models chosen to align
with outcome form (eg, ordinal logistic regression for the
ordinal primary outcome, binary logistic regression for
dichotomous outcomes, Cox proportional hazards models
for time-to-event outcomes). Time-to-event outcomes will
account for mortality as a competing risk as required.
All model building will be based on clinical relevance
according to the specific research question being eval-
uated. Variables will be chosen a priori as confounders
for adjustment in multivariable models based on clinical
knowledge and evidence that they are likely to be associ-
ated with the exposure and/or outcome and not on the
causal pathway between the exposure and outcome. Fully
adjusted models will be reported, and we will account for
clustering by acute care hospital (index admission) using
GEE in all analyses. While we expect missing data to be
minimal, we will explore procedures to handle missing
predictor variables in multivariable models, including
complete case analysis and imputation procedures.

All data processing and statistical analysis will be
performed by ICES Analysts in SAS (SAS V.9.4, SAS
Institute).

Patient and public involvement

The study consists of a retrospective analysis of secondary
data collected from ICES linked databases. There will be
no direct patient involvement.

Ethics and dissemination

The use of the data in this project is authorised under
section 45 of Ontario’s Personal Health Information
Protection Act and does not require review by a research
ethics board. Results will be disseminated through confer-
ence presentations and in peer-reviewed journals. We will
also organise an end-of-grant meeting with researchers,
knowledge users and clinicians to review findings, discuss
opportunities for further investigations, and identify the
next steps for the development of clear guidelines on the
postacute pathways.

CONCLUSION

While hip fractures are relatively common in older adults,
we do not know how best to support their postacute care
needs. There is little evidence regarding the types of
rehabilitation care individuals should receive, and how
the care received is influenced by clinical (eg, frailty)
and non-clinical (eg, supports at home) characteristics.
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Neither is there evidence for what characteristics consti-
tute effective rehabilitation, nor whether different
patients would benefit from different rehabilitation
services. This research fills these knowledge gaps by docu-
menting variations in care and short-term and long-term
outcomes postsurgery for hip fracture patients using
linked population-level clinical and administrative data-
bases held at ICES.

With the evidence generated by this study, we will begin
the development of postacute pathways that will directly
impact the care provided to these patients across the
province as well as identify resource allocation based on
the number of patients in a region. This research will
support personalised decision-making around postacute
care by identifying those patients most likely to benefit
from specific types of rehabilitation.
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