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Abstract

Hip fracture in older adults is associated with poor prognosis. We tested the
hypothesis that a single standardized measure, pre-fracture mobility, can be used
as an early indicator of patients at high health risk after a hip fracture. Analysis of
prospectively collected data of older adults admitted with a hip fracture between
April-2009 and June-2019 in a single NHS hospital, UK. Pre-fracture mobility sta-
tus (freely mobile, mobilising outdoors with one aid or with two aids, and limited
to indoors), was used to predict length of stay (LOS) and mortality in hospital,
and discharge destination. Among 3073 (2231 women, 842 men) admitted from
their own home (mean+SD age=82.7+9.3 yr), 159 died and 2914 survived to
discharge: 1834 back to their home, 772 to rehabilitation, 66 to residential care,
141 to nursing care and 101 to unknown destinations. Compared with LOS of
15.9+15.6 days in patients who mobilised freely before fracture (reference), those
who were able to mobilise outdoors with one aid stayed 3.5 days, and those with
two aids or confined to indoor mobility stayed one week longer in hospital. In-
patient mortality was increased among patients who mobilised outdoors with two
aids: OR=2.1 (95%CI=1.3-3.3), and those limited to indoors: OR=2.1 (1.3-1.5).
Finally, a change in residence on discharge was more likely in those who mobilised
outdoors with two aids (OR=1.8, 95%CI=1.2-2.6), and those limited to indoors
(OR=1.9, 95%CI=1.2-2.9). In conclusion, pre-fracture mobility may be a useful
early indicator for identifying patients at increased risk of adverse outcomes after
an acute hip fracture.
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Introduction

Hip fractures have become more prevalent in adults as the population ages (McQueen
& Court-Brown, 2016; Veronese & Maggi, 2018), with a large rise of incidence in both
sexes after 70 years (Curtis EM et al., 2016). This life-changing event is associated with
more adverse health outcomes and greater mortality (Bliuc et al., 2015; Papadimitriou
et al., 2017; Sullivan et al., 2016), as well as personal and social costs (Veronese &
Maggi, 2018). The speed of functional recovery from a hip fracture is important both
to patients and healthcare teams with regard to discharge planning and post-surgical
care provision—either back to the patients’ own home or a period of rehabilitation, or
the need for a permanent change of residence to a higher level of residential or nursing
care (Basu et al., 2016; Lisk et al., 2020a; Lisk et al., 2019). With a change of discharge
destination, a number of arrangements is necessary involving hospital and community
multidisciplinary teams, patients and their family, as well as the availability of residen-
tial/nursing care, which is a major determining factor for length of stay (LOS) in hospi-
tal (Fernandez & Forder, 2008; Gaughan et al., 2015).

Most existing studies have focussed on investigations of clinical and socio-economic
consequences of hip fracture (Peeters et al., 2016) and use pre-fracture function such
as walking ability as a baseline measure for assessment of recovery (Tang et al., 2017).
However, little is known about the impact of a patient’s functional status pre-hip frac-
ture which may have a bearing on the consequences of such a fracture. Because the
majority of older adults who present with a hip fracture have pre-existing morbidi-
ties and poor physical function, pre-fracture mobility may be useful as an early indi-
cator to identify patients at high health risk after a hip fracture. This early indicator
enables healthcare teams to make rapid decisions on suitable clinical management to
help improve the rate of recovery and to minimise adverse outcomes, and also to direct
appropriate resources to rehabilitation and level of care in hospital and the community.
The present study examined the association of pre-fracture mobility status with clinical
outcomes including LOS and mortality in hospital, and a change of discharge destina-
tion from patients’ own home to where higher levels of care are needed such as reha-
bilitation and residential/nursing care.

Methods
Study Design, Patients and Setting
We conducted a cross-sectional study of 3762 consecutive older individuals admitted

with hip fractures between April 2009 and June 2019 to a single NHS hospital serving
a population of over 410,000 people.

Data Collection

Through our participation in the National Hip Fracture Database (RCP, 2016; Lisk
et al., 2020b), data were prospectively collected by a Trauma Coordinator for every
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patient admitted with a hip fracture from time of admission to discharge. The data
comprised clinical characteristics and care quality, LOS during admission, and dis-
charge destination. Patients’ pre-fracture mobility status, assessed by a standardized
tool (NHFD, 2013), was routinely collected. Pre-existing co-morbidities were iden-
tified from electronic record databases by disease codes categorised by the Inter-
national Classification of Diseases (WHO, 2004). All data were updated regularly
into a database managed by the lead orthogeriatrician. Demographic factors were
documented including: residency prior to admission; medications; as well as dates
of admission, surgery, and death or discharge. Nutritional status (risk of malnutri-
tion, malnourished or well-nourished) was assessed using the Malnutrition Univer-
sal Screening Tool (MUST) protocol (Kondrup et al., 2002). Information on the type
of fracture and on sedation was recorded including: general anaesthesia (GA) only;
GA with fascia-iliaca block; spinal block; spinal block with fascia-iliaca block; or
GA with spinal block.

Categorisation of Variables

Pre-fracture mobility status was categorised into five groups: 1) freely mobile
without aids, 2) mobile outdoors with one aid, 3) mobile outdoors with two aids
or frame, 4) some indoor mobility but never goes outside without help, and 5) no
functional mobility (using lower limbs) (NHFD, 2013). Due to small numbers, the
last two groups were merged together as a “limited to indoors” category for analysis
in the present study. A change in discharge destination was defined as those who
were admitted from their own home, but did not return home directly after discharge
and transferred to places where increased care was provided, including rehabilitation
units, residential home or nursing care. Those who died in hospital were excluded
from this particular analysis.

Polypharmacy was defined as four or more different types of medications taken
daily. The anticholinergic burden (ACB) scale was calculated from scores based on
the list of medications developed by the Aging Brain Program (www.Agingbrain
care). Type of sedation was categorised into: 1) GA with any other type of sedation
or, 2) spinal nerve block with any other type of sedation except GA.

Statistical Analysis

To minimise bias introduced by patients admitted from nursing care and residential care
who have poor mobility and prognosis, and to allow analysis of change in discharge des-
tination to higher levels of residential care, only those who were admitted from their own
home were selected for analysis in the present study. Group data are given as mean val-
ues+SD, or median and interquartile range where data were not normally distributed—
such as LOS. Differences in LOS between groups of pre-fracture mobility were tested by
Kruskal-Wallis tests. Differences between categorical outcome variables were assessed
by Xz-squared tests, or by Fisher’s exact tests when the expected counts were less than
5. Logistic regression was conducted to assess the association of pre-fracture mobility
status with outcome measures including death in hospital, as well as change in residence
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on discharge. The results are presented in four models; model I — unadjusted; model
2—adjusted for age and sex, model 3 — additional adjustment for years of study to model
2, and model 4—additional adjustment for LOS to model 3. Results were expressed as
odds ratios (OR) and 95% confidence intervals (CI). Analysis on a subsample of 440
patients was performed to examine the relationship between pre-fracture mobility and
co-existing morbidities and polypharmacy. Analyses were performed using IBM SPSS
Statistics, v25.0 (IBM Corp., Armonk, NY).

Results

From a total of 3762 patients admitted, 376 (9.3%) came from residential care, 253
(6.2%) from nursing care and 3133 (77.2%) from their own home. Among patients
admitted from their own home, 3073 had information on pre-fracture and these were
selected for analysis. There were 2231 (72.6%) women and 842 (27.4%) men with
mean age 82.7+9.3 years, 159 died in hospital and 2914 survived for discharge:
1834 back to their home, 772 to rehabilitation, 66 to residential care, 141 to nursing
care and 101 to unknown destination (Fig. 1). The mean LOS during admission was
18.4+17.0 days.

There were slightly more left (52.7%) and right (47.3%) hip fractures: 17.4%
had intertrochanteric, 78.2% intracapsular, and 4.4% subtrochanteric fractures.
Almost all patients received physiotherapist assessment. The majority of patients

_ _ Residential care (n=376)
Own home (n=3133) Total (n=3762) Nursing care (n=253)
Admission
_— No information on pre-
fracture mobility (n=60)
-
<
E Pre-fracture
& mobility
) L Mortality (n=159
% information v ( )
(n=3073)
Discharge

Own home Nursing care (n=141)

(n=1834) Residential care (n=66)
Rehabilitation (n=772)
Other (n=101)

Fig. 1 Flowchart showing distribution of patients from the time of admission for a hip fracture to dis-
charge
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(87.2%) received GA for sedation during their hip surgery and the remaining
12.8% had nerve block without GA.

Overall, adverse outcomes were lowest among those who could mobilise
freely before their hip fractures. The proportions of patients who did not return
to their own home on discharge, discharged to rehabilitation and residential care
increased with poorer pre-fracture mobility, while the proportions for those
who were discharged to nursing care peaked among those who could mobilise
with two aids (Table 1). A similar progressive increase in the proportions of
patients who died in hospital was associated with worsening pre-fracture mobil-
ity (x*=22.7, P<0.001, Fig. 2).

Compared with patients who were able to mobilise freely before hip fracture
(the reference group), those with poorer pre-fracture mobility were significantly
older (ANOVA: F=96.8; P<0.001). The mean age of the reference group was
80.0+9.5 years, while that of those who mobilised outdoors with one aid was
5.3 years older (95%CI=4.5-6.1, P<0.001) and with two aids was 5.6 years
older (4.7-6.5, P <0.001): those limited to indoors was 5.7 years older (4.6-6.8,
P <0.001).

The median (interquartile range) LOS for the entire group was 13.0 days
(8.0-22.6), and significantly differed between pre-fracture mobility groups
(Kruskal-Wallis test: X2=114, P <0.001). The median (interquartile range)
LOS for patients who were freely mobile was 11.2 days (7.1-19.1), rising
to 14.1 days (8.8-23.0) for those mobilising outdoors with one aid, and to
16.1 days (9.6-28.6) for those mobilising outdoors with two aids or limited to
indoors (Fig. 3A).

There were also significant differences in LOS between patients who were
discharged to different destination of residence (Kruskal-Wallis test: X2=21 1,
P <0.001). The median (interquartile range) LOS for patients who were dis-
charged back home was 13.0 days (7.8-22.9), for those who went to rehabilita-
tion was 11.8 days (8.2—17.5), whilst the LOS for those who were transferred to
residential care was 21.9 days (11.5-34.8), and to nursing care as new residents
was 37.7 days (23.3-66.4) (Fig. 3B).

Compared to patients who mobilised freely, the age- and sex-adjusted risk of
in-patient mortality was increased among patients who mobilised outdoors with
two aids: OR=2.1, 95% CI=1.3-3.4, and indoors: OR=2.1, 1.3-3.5. Finally, a
change in residence on discharge was more likely in those who mobilised out-
doors with two aids: OR=1.8, 1.2-2.6, and indoors: OR=1.9, 1.2-2.9. Addi-
tional adjustment for years of study and LOS in hospital did not change or min-
imally attenuated the association between pre-fracture mobility and outcomes
(Table 2).

Finally, analysis of a subsample was conducted in 440 patients who had simi-
lar age (mean=282.8 + 8.9 years) and sex distribution (314 (71.4%) women and
126 (28.6%) men) to those of the entire sample. Poorer pre-fracture mobility
was associated with several co-existing chronic conditions including dementia,
Parkinson’s disease, and stroke, as well as anticholinergic burden and polyphar-
macy and high 4AT, and risk of malnutrition (Table 3).
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Fig.2 Rates of mortality in 11
relation to pre-fracture mobility 1 0_"
status 1

o

Rates of mortality (%)

Freely mobile Outdoors: Outdoors: Indoors
1 aid 2 aids

Pre-fracture mobility status

Discussion

Evidence from our study supports that a single measure of pre-fracture mobil-
ity may be served as an early indicator in the identification of patients with poorer
health outcomes after a hip fracture. Compared with patients who could mobilise
freely prior to hip fracture, patients whose mobility limited them to indoors, there
was greater risks of mortality in hospital and being discharged to residential/nursing
care. These increased risks were independent of age and sex. LOS was increased by
a week among those who mobilised with two aids or limited to indoors.

Our findings are consistent with previous studies on pre-fracture mobility and
health outcomes. Ingemarsson et al. (2003) found that patients who could walk
outdoors unaided before a hip fracture were more likely to perform physical activ-
ity better a year after hip surgery, compared to those with more limited mobility.
Another study found pre-facture mobility was the most significant predictor of being
able to continue to live at home one year after discharge from a hip fracture sur-
gery (Parker & Palmer, 1995). Our observations in patients with hip fracture are
similar to those in stroke patients. A study by Han et al. (2020) found that increased
pre-stroke functional disability (assessed by modified Rankin Scale) was associated
with post-stroke mortality, increased LOS in hospital and discharge to institutional
care. Pre-fracture function such as mobility status assessed by standardized tool is
therefore a useful early prognostic indicator of outcome measures for older patients
who have suffered a hip fracture. The evidence of stepwise increments in adverse
outcome measures with poorer pre-fracture mobility shown in the present study pro-
vides further information on allocation of healthcare provisions to those who are at
greatest need, and also supports the need for preventative and early interventional
measures.

The relationship between pre-fracture mobility status and health outcome meas-
ures is complex. Analysis of a subsample in the present study revealed that patients
with poor pre-fracture mobility were more likely to have co-existing co-morbidities
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Fig.3 Box plot representing median and interquartile ranges of length of stay in hospital according to
pre-fracture status (A) and discharge destination (B); whiskers represent the 5th and 95th percentiles, and
pairwise comparisons were assessed by Kruskal-Wallis test

that are particularly associated with poor physical function (dementia, Parkinson’s
disease and stroke). Analysis also showed that malnourishment/malnutrition and
polypharmacy were more prevalent among patients with poorer mobility. Immobil-
ity and low body weight are known risk factors for bone loss (Evans, 2010a, 2010b;
Pye et al., 2010), which is associated with increased risk of death (Pye et al., 2015).
Moreover, acceleration of bone loss is an independent risk factor for post-fracture
mortality (Bliuc et al., 2015).
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Table2 Logistic regression unadjusted, adjusted for age, sex, years of study and length of stay in hospi-

tal
Mobility status as risk factor for death and discharge destination:
Freely mobile group as reference
Outdoors with one aid Outdoors with two Limited to indoors
aids
Model 1: Unadjusted OR 95%CI p OR 95%CI p OR 95%CI p
Death 1.8 1.2-2.8 0.004 24 1.5-37 <0.001 2.5 1.5-4.0 <0.001
Not returning to own home 2.0 1.6-24 <0.001 24 19-3.0 <0.001 3.7 29-4.8 <0.001
on discharge
Rehabilitation 2.1 1726 <0001 23 1.8-29 <0.001 35 2746 <0.001
Residential care 0.8 04-1.7 0.614 1.2 0.6-2.5 0.637 2.7 14-5.0 <0.001
Nursing care 1.8 1.1-2.7 0.010 2.8 1.8-43 <0.001 2.1 1.2-3.6 0.010
Residential care or nursing 1.4 1.0-2.1 0.064 22 15-32 <0.001 24 1.6-3.6 <0.001
care
Model 2: Adjusted for age
and sex
Death 1.5 1.0-23 0.054 2.1 1.3-33 0.001 2.1 1.3-35 0.003
Not returning to own home 1.7 1.4-2.1 <0.001 2.1 1.7-2.6 <0.001 3.2 2542 <0.001
on discharge
Rehabilitation 19 1523 <0001 20 1.6-26 <0.001 3.1 24-4.1 <0.001
Residential care 0.7 03-14 0.268 0.9 0.5-2.0 0.864 2.1 1.1-39 0.030
Nursing care 1.5 1.0-23 0.087 23 1.5-3.6 <0.001 1.7 1.0-29 0.073
Residential care or nursing 1.2 0.8-1.7 0436 1.8 1.2-2.6 0.004 1.9 1.2-29 0.004
care
Model 3: Model 2 plus
year of study
Death 1.5 1.0-24 0.085 2.2 14-34 0.001 22 1.3-3.8 0.005
Not returning to own home 1.7 14-2.0 <0.001 2.1 1.7-2.6 <0.001 2.8 2.1-3.7 <0.001
on discharge
Rehabilitation 1.8 1.5-23 <0.001 2.1 1.6-27 <0.001 24 1.8-32 <0.001
Residential care 0.6 0.3-13 0.213 0.8 0.4-1.8 0.643 1.5 0.8-3.1 0214
Nursing care 1.5 1.0-24 0.062 23 1.5-3.6 <0.001 3.5 1.9-6.6 <0.001
Residential care or nursing 1.2 0.8-1.7 0429 1.7 1.1-25 0.008 2.7 1.7-43 <0.001
care
Model 4: Model 3 plus
LOS in hospital
Death 1.5 1.0-24 0.055 24 15-38 <0.001 24 1.4-42 0.002
Not returning to own home 1.7 14-2.1 <0.001 2.2 1.7-2.7 <0.001 29 2.2-3.8 <0.001
on discharge
Rehabilitation 20 16-25 <0001 25 19-32 <0.001 29 22-39 <0.001
Residential care 0.6 0.3-1.2 0.122 0.7 0.3-1.5 0.340 1.2 0.6-2.5 0.563
Nursing care 1.3 0.8-2.1 0259 1.7 1.1-2.7 0.030 2.5 1.3-25 0.004
Residential care or nursing 1.0 0.7-1.5 0992 1.3 0.9-19 0.221 2.0 1.2-32 0.005

care

LOS length of stay
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The association between increased LOS and several co-existing morbidities
with worse pre-fracture mobility, as well as the association of increased LOS with
a change to higher level of care on discharge, suggests that LOS is determined by
a number of factors. These could include the underlying health of the patients,
which could affect the speed of recovery from a hip fracture (Lisk et al., 2020a;
Lisk et al., 2019), as well as the availability of residential/nursing care (Fernandez
& Forder, 2008; Gaughan et al., 2015); both of which would delay discharge. A
recent study showed that compared with patients who stayed in hospital less than
five days after a hip fracture repair, the risk of death 30 days after discharge was
increased by 32% for those who stayed in hospital between 11 and 14 days and by
103% for those who stayed longer than 14 days (Nikkel et al., 2015).

There has been increasing interest in the use of pre-event indices such as the
Nottingham Hip Fracture Score (NHFS) (Maxwell et al., 2008) and Rockwood
Frailty Index (Rockwood et al., 2005) to predict outcomes in older adults. Some
indices may contain a few and simple measures whilst others comprise multi-
ple variables (Maxwell et al., 2008; Ravindrarajah et al., 2013; Rockwood et al.,
2015). Pre-fracture mobility is easy to use in large sample sizes of older individu-
als, and thus is more practical than more complex indices. By contrast, the NHFS
requires age, sex, admission haemoglobin, Abbreviated Mental Test Score, resi-
dence, co-morbidities, active malignancy within 20 years—these scores summate
to a scale of 0 to 10 (Maxwell et al., 2008).

The NHFS was also examined in a subsample of this cohort and was shown
to relate to a number of adverse outcomes (Lisk et al., 2020a, 2020b). It would
be of interest to compare the performance of pre-fracture mobility and NHFS on
outcomes in the future. A prospective study is suggested to increase the confi-
dence of the ability of these indices to predict outcomes. Further study could be
extended to older individual amongst the general population.

The strengths of this study include data from a large number of participants
collected consecutively over a relatively long period of ten years, and measured
by standardized protocols. Bias from individuals who were likely to have poorer
health and thus mobility was minimised by excluding patients who were admit-
ted from residential care and nursing care. This was confirmed by an analysis
conducted prior to the decision was made: compared with selected patients who
were admitted from own home, excluded patients who were admitted from resi-
dential care or nursing care were significantly (P <0.001) older by 4.9 years and
4.7 years respectively, with higher proportions of pre-fracture mobility limited
to indoors (11.2% vs 43.9% vs 48.0%) and mortality in hospital (6.4 vs 8.8% vs
8.2%). Including those admitted from residential/nursing care exaggerated the
association of pre-fracture mobility and outcomes. This technique of analysing
only individuals living in their own home before hip fracture is commonly used
for studies such as ours (Jalal et al., 1996; Nanjayan et al., 2014). It would be
ideal to have complete data for every variable, but due to resource constraints, we
only collected co-existing morbidities or medications for a subsample. However,
this subsample was relatively large (n=440) with similar characteristics to the
entire study group. The present study did not attempt to adjust for co-morbidities
because of the close association between pre-fracture and morbidity. Therefore
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having both of these measures in the same regression model would likely intro-
duce a multicollinearity effect.

In conclusion, pre-fracture mobility, a simple and practical tool, is a useful early
indicator for identifying patients at increased risk of adverse outcomes after an acute
hip fracture.
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