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Abstract

The Nottingham Hip Fracture Score (NHFS) has been developed for predicting 30-day and 1-year mortality after hip frac-
ture. We hypothesise that NHFS may also predict other adverse events. Data from 666 patients (190 men, 476 women), aged
60.2-103.4 years, admitted with a hip fracture to a single centre from 1/10/2015 and 7/12/2017 were analysed. The ability
of NHFS to predict mobility within 1 day after surgery, length of stay (LOS) find mortality, and discharge destination was
evaluated by receiver operating characteristic curves and two-graph plots. The area under the curve (95% confidence interval
[CI]) for predicting mortality was 67.4% (58.4-76.4%), prolonged LOS was 59.0% (54.0-64.0%), discharge to residential/
nursing care was 62.3% (54.0-71.5%), and any two of failure to mobilise, prolonged LOS or discharge to residential/nursing
care was 64.8% (59.0-70.6%). NHFS thresholds at 4 and 7 corresponding to the lower and upper limits of intermediate range
where sensitivity and specificity equal 90% were identified for mortality and prolonged LOS, and 4 and 6 for discharge to
residential/nursing care, which were used to create three risk categories. Compared with the low risk group (NHFS =0-4),
the high risk group (NHFS =7-10 or 6-10) had increased risk of in-patient mortality: rates =2.0% versus 7.1%, OR (95%
CI)=3.8 (1.5-9.9), failure to mobilise within 1 day of surgery: rates =18.9% versus 28.3%, OR=1.7 (1.0-2.8), prolonged
LOS (> 17 days): rates =20.3% versus 33.9%, OR=2.2 (1.3-3.3), discharge to residential/nursing care: rates =4.5% vs
12.3%, OR=3.0 (1.4-6.4), and any two of failure to mobilise, prolonged LOS or discharge to residential/nursing care:
rates=10.5% versus 28.6%, 3.4 (95% CI11.9-6.0), and stayed 4.1 days (1.5-6.7 days) longer in hospital. High NHFS associ-
ates with increased risk of mortality, prolonged LOS and discharge to residential/nursing care, lending further support for
its use to identify adverse events.

Keywords Geriatrics - Health economics - Two-graph ROC analysis

Introduction

Hip fracture, a life-changing event, is associated with pro-

longed hospitalisation, disability and mortality, as well as

54 Thang S. Han discharge to residence with higher levels of care [1-4].
thang.han @rhul.ac.uk These adverse outcomes impose enormous personal and
social costs [5], which continues to escalate given the
increasing numbers of older individuals living in most west-
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originally developed to predict 30-day mortality [9], and
subsequently 1-year mortality after a hip fracture [10], there-
fore the majority of studies have been restricted to analysis
of post-discharge mortality. However, there is also evidence
that NHFS is inversely associated with the proportion of
patients discharged back to their own homes [11].

The NHFS contains a number of components that reflect
poor health including older age, low haemoglobin levels,
cognitive impairment, co-morbidities and institutional resi-
dence. Therefore, we hypothesise that NHFS may also pre-
dict other adverse events commonly observed in patients
admitted to hospital with a hip fracture. In this study, we
sought to examine the ability of the NHFS to predict other
adverse events: mobility within 1 day after surgery for a hip
fracture (an indication of rapid functional recovery); length
of stay (LOS) and mortality in hospital; and discharge desti-
nation for patients admitted with hip fractures. Furthermore,
we aimed to derive NHFS thresholds to identify individuals
at increased risk of these adverse outcomes.

Methods
Study Design, Participants and Setting

We conducted a cross-sectional study of older individuals
admitted with hip fractures to a National Health Service
hospital, serving a catchment population of over 410,000
people.

Measurement

Through our participation in the National Hip Fracture Data-
base (NHFD) Audit Programme [4, 12, 13], data were pro-
spectively collected by a Trauma Coordinator for patients
admitted with a hip fracture from time of admission to dis-
charge. The data comprised clinical characteristics and care
quality, mobility within 1 day after hip surgery, LOS during
admission, and discharge destination. Pre-existing co-mor-
bidities were identified from electronic record databases by
disease codes categorised by the International Classifica-
tion of Diseases [14]. All data were updated regularly into a
database managed by the lead orthogeriatrician who checked
the data to ensure completeness and accuracy. Further data
inspection was carried out independently by an independent
investigator. Any anomalous data were resolved by these two
authors by examining the original electronically stored data
recorded by our hospital. There were only a few minor errors
that required rectification. Demographic and clinical infor-
mation was detailed including: age; sex; residency prior to
admission; dates of admission; surgery; death or discharge;
AMTS screening; and haemoglobin levels on admission.

@ Springer
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In addition to the clinical information described, the
NHFD Audit Programme also gave us an opportunity to
include NHFS, which was agreed with Kent Surrey Sussex
Academic Health Science Network for approximately 2
years of data collection, between 1/10/2015 and 7/12/2017.
The NHFS has a maximum score of 10 points and is based
on age (66—85 years=3,> 86 years =4), sex (male=1),
admission haemoglobin (<100 g/l=1), AMTS (£6=1),
residence (living in an institution = 1), co-morbidities
(=2=1), active malignancy within 20 years (yes=1)—
these scores summate to a scale of between 0 and 10 [9].

Categorisation of Variables

Mobilisation within 1 day after surgery was defined as
patients with hip fractures who were able to start rehabili-
tation no later than the day after surgery [15]. Prolonged
LOS was defined as a LOS > 17 days in hospital, i.e. in
the upper quartile of LOS. Change in discharge destina-
tion was defined as those who came from their own home
before hospital admission but did not return home directly
after discharge and transferred to places where increased
care was provided, including rehabilitation units, residen-
tial home or nursing care. Those who died in hospital were
excluded from the analysis on discharge destination (i.e.
only survivors to discharge were included).

Statistical Analysis

Receiver operating characteristic (ROC) curves were con-
structed to determine the area under the curve (AUC) for
the NHFS as a predictor of outcomes (in-patient mortality,
prolonged LOS in hospital or discharge to residential/nurs-
ing care). Two-graph ROC curve analysis was conducted
to optimise the selection of the maximum test accuracy
for a given NHFS threshold value for identifying at-risk
individuals—by plotting an overlapping graph of sensi-
tivity and specificity curves as a function of the NHFS
scores. The threshold d, was obtained by interpolating
from the intersection where sensitivity equals specificity
(6y), and the intermediate range (IRq,,) was determined
by the distance between the two points where sensitiv-
ity (lower limit) and specificity (upper limit) equal 90%
[16-18]. These derived limits of IRy, were used as cut-off
values to define risk levels of NHFS for identification of
outcomes; an NHFS below the lower limit of IRy, indi-
cates low risk, and above upper limit of IRy, indicates
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high risk, while an NHFS within the IRy, indicates inter-
mediate risk.

Group data are given as mean values + standard deviation
(SD). Differences in LOS between NHFS risk groups were
tested by ANOVA with post hoc analyses using a least-sig-
nificant difference test where necessary. Differences between
categorical outcome variables were assessed by Chi-squared
tests. Logistic regression was conducted to assess the asso-
ciation of different NHFS risk groups with outcome meas-
ures. Analyses were performed using IBM SPSS Statistics,
v23.0 (IBM Corp., Armonk, NY).

Results

Data from a total of 666 patients (190 men) and (476
women) aged 60.2—-103.4 years (mean=_84.1 years + 8.4)
were analysed for all outcomes, except for the analysis of
discharge destination where patients had to be from their
own home originally and survived to discharge (n =515, see
below). There were 534 patients (80.2%) who came from
their own home, 55 (8.3%) came from residential care,
and 73 (11.0%) from nursing care and 4 (0.6%) from other
types of residence. Of those patients who came from their
own home, 19 (3.6%) died in hospital and 515 survived for
discharge, among whom 275 returned to their home, 184
transferred to rehabilitation, 23 went to residential care and

16 to nursing care and 17 to unknown destination (Fig. 1).
Based on our data, the median LOS during admission was
11.2 (interquartile range =7.3—17.1 days), which is slightly
shorter than the value for the overall NHFD in England,
Wales and Ireland (median LOS =12 days, no interquar-
tile range available) [12]. There were slightly higher pro-
portions of left (51.4%) than right hip fractures (48.6%),
in which 34.5% were intertrochanteric grade A1/A2, 3.0%
intertrochanteric grade A3, 54.1% intracapsular displaced,
5.1% intracapsular undisplaced, and 3.3% subtrochanteric
(Table 1).

ROC analysis to generate AUC values showed that the
NHES as a predictor of failure to mobilise within 1 day of
surgery was 56.0% (95% CI 50.7-61.3%, P=0.027), pro-
longed LOS in hospital was 59.0% (95% CI 54.0-64.0%,
P =0.001), in-patient mortality was 67.4% (95% CI
58.4-76.4%, P=0.002) (Fig. 2a) and discharge to residen-
tial/nursing care was 62.3% (95% CI 54.0-71.5%, P=0.008).
A composite variable, constructed from any two of the three
outcomes (failure to mobilise within 1 day of surgery, pro-
longed LOS, and discharge to residential/nursing care) were
shown to be more strongly associated with NHFS, with AUC
rose to 64.8% (59.0-70.6%, P <0.001) (Fig. 2b). The AUC
increased further to 76.2% (95% CI 64.1-88.3%, P <0.001)
when NHFS was related to the composite of all of the three
outcomes, but the event rate was too small (2.4%) for further
reliable analysis.

Own home (n=534)

Total (n=666)

Residential care (n=55)
Nursing care (n=73)
Others (n=4)

Admission

28 deaths (19 from own
E’ home and 9 from other
= Discharge residences)
0 h
o] destination
- (515 alive) ) )

------ > No information (n=1)

Discharge ‘

Own home
(n=275)

Nursing care (n=16)
Residential care (n=23)

Rehabilitation (n=184)
Other (n=17)

Fig. 1 Flowchart showing patient distribution before and during hospital admission and on discharge
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Table 1 Characteristics of
666 patients admitted with hip

Proportion (%)

fractures Sex distribution (women: men)

Residence before admission

Own home: residential care: nursing care

Fracture sides (left: right)

Fracture type (IT-grade A1/A2: IT- grade A3: IC-displaced: IC-undisplaced: ST)

NHFS (0-3: 4: 5: 6:7: 8: 9-10)

71.5:28.5

80.2: 11.0: 8.3
51.4:48.6

34.5:3.0: 54.1: 5.1: 3.3
16.5: 28.7: 21.4: 16.5:

12.3:4.1: 0.7

Mobile: failure to mobilise within 1 day after surgery 78.5:21.5
LOS (<17 days: > 17) 75.2:24.8
Discharge destination

Own home/sheltered accommodation 53.4

Rehabilitation units 35.7

Residential or nursing home 7.6

Death 3.6

IT intertrochanteric, /C intracapsular, ST subtrochanteric

Two-graph ROC plots showed the NHFS threshold
(dy) where sensitivity equals specificity (8,) for pre-
dicting in-patient mortality was 5.3 (IRgqq =4.0-7.0—
see Fig. 3a), failure to mobilise within 1 day of sur-
gery was 4.8 (IR, =3.6-7.0), prolonged LOS was 4.8
(IRggq, =3.6-6.9), discharge to residential/nursing care was
4.8 (IRgyy, =3.7-6.4), and any two of the three outcomes
(failure to mobilise, prolonged LOS or discharge to residen-
tial/nursing care) was 5.0 (IRgy, =3.7-6.7)—see Fig. 3b);
data are summarised in Table 2. Based on these results,
NHEFS thresholds at 4 and 7, corresponding to the lower and
upper limits of IRy, were selected for the categorisation
of three risk groups for failure to mobilise within 1 day of
surgery, prolonged LOS and mortality. In addition, similar
thresholds at 4 and 6 were calculated for discharge to resi-
dential/nursing care. Thus, patients with an NHFS between 0
and 4 were considered to be in the low risk group, an NHFS
of 5+ 6 (5 for residential/nursing care analysis) in an inter-
mediate risk group, and between 7 and 10 (between 6 and
10 for residential/nursing care analysis) in high risk group.

Among the 666 patients studied, there were 301 patients
(45.2%) in the low risk group, 142 (21.3%) in the intermedi-
ate risk group, and 223 (33.5%) in the high risk group. The
corresponding values for the 515 patients in the discharge
to residential/nursing care analysis were 264 (51.3%), 113
(21.9%), and 138 (26.8%), respectively.

There were significant differences between the three
risk groups for failure to mobilise within 1 day of surgery:
18.9, 21.4, and 28.3% ()(2=4.3, P=0.049), for prolonged
LOS: 20.3, 26.3 and 33.9% ()(2=8.6, P=0.015), for mor-
tality: 2.0, 5.6 and 7.1% (y*=7.1, P=0.009), for discharge
to residential or nursing care: 4.5, 8.8 and 12.3% (y*=17.1,
P=0.017), and for and any two of the three outcomes (fail-
ure to mobilise, prolonged LOS or discharge to residential/

@ Springer

nursing care): 10.5, 17.2 and 28.6% (;(2= 19.2, P<0.001),
respectively. Compared with the low risk group, the high
risk group had increased risk of failure to mobilise within
1 day of surgery by 1.7-fold (95% CI 1.0-2.8), prolonged
LOS by 2.2-fold (95% CI 1.3-3.3), in-patient mortality by
3.8-fold (95% CI 1.5-9.9), discharge to residential/nursing
care by 3.0 (95% CI 1.4-6.4), and any two of the three out-
comes (failure to mobilise, prolonged LOS or discharge to
residential/nursing care) by 3.4 (95% CI 1.9-6.0) (Table 3).
Further adjustment for the sides and types of hip fracture did
not alter the results.

ANOVA showed significant differences in LOS in hospi-
tal between NHEFS risk categories (F=5.6, P=0.004): 12.9,
15.1 and 17.0 days for NHFS 04, 5+ 6, and 7-10. Patients
in the intermediate and in high risk group stayed in hospital
longer by 2.1 days (95% CI1 0.2 to 4.1) and 4.1 days (95% CI
1.5 to 6.7) than those in the low risk group (Fig. 4). There
were no significant differences in LOS between intermediate
and high risk groups.

Discussion

This study found that a high NHFS (> 6 to identify risk of
discharge to residential/ nursing care, or > 7 to identify fail-
ure to mobilise within 1 day of surgery, prolonged LOS
and mortality) was significantly associated with in-patient
mortality by four-fold, failure to mobilise within 1 day of
surgery and prolonged LOS in hospital by two-fold and dis-
charge to residential/nursing care by three-fold. As far as
we are aware, this is the first study to provide an evidence-
based derivation of NHFS thresholds for the identification
of patients at increased risk of adverse outcomes after a hip
fracture. Our findings indicate that NHFS is applicable to



The Ability of the Nottingham Hip Fracture Score to Predict Mobility, Length of Stay and Mortality...

A 10 7
0.9 -

0.8 e Q&)

0.7 ’ 7

0.6 ’ Ao

0.5 / P

Sensitivity

. o\o
04 ’ Q"
0.37 /

029 )/ \50
0.1/

OG T T T T T T T T T
00 01 02 03 04 05 06 0.7 08 09 1.0
1 - Specificity

0.9 %

0.8 e D
0.7 Vs
0.6 -7 A
0.5 / il

Sensitivity

- /
04 / @o,
0.3 / ]
0.2 7 00

0.1,

OG T T T T T T T T T
0.0 0.1 02 0.3 04 05 06 0.7 08 09 1.0
1 - Specificity

Fig.2 ROC curves (dotted lines) to estimate the ability of NHFS to
predict in-patient mortality (a) and any two of the three outcomes
(failure to mobilise within 1 day of surgery, prolonged LOS, and dis-
charge to residential/nursing care) (b)

identify a number of other clinical outcomes beyond its use
for predicting post-discharge mortality. The three categories
created from the two derived NHES thresholds precisely pro-
vide different risk levels which are useful and practical in
clinical settings for identifying at-risk patients.

Although the NHFS was originally developed to predict
mortality [9, 10], for patients after a hip fracture, it has been
shown here to relate to the proportion of those returning
back to their own home, as well as their early discharge [11].
We have therefore further examined the ability of NHFS
to predict a number of other outcome measures commonly
experienced by patients admitted with a hip fracture. We
observed that NHFS was associated with in-patient mortality
with a predictive value (AUC) of 67.4%, which is modest
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Fig.3 Two-graph ROC plot to identify in-patient mortality (a) and
any two of the three outcomes (failure to mobilise within 1 day of
surgery, prolonged LOS, of discharge to residential/nursing care) (b).
These show the threshold of the NHFS index (d,) interpolated from
the point where sensitivity (@) equals specificity (@) (6,), and the
intermediate range (red bar) where sensitivity =90% (lower limit) and
specificity =90% (upper limit)

but similar to figures reported from previous studies for
predicting 30-day mortality (AUC range 67-72%) [10, 19,
20]. The ability of NHFS to predict other measures were
also significant but weaker, especially for failure to mobilise
within 1 day of surgery. However these findings, not been
previously explored, provide further support to NHFS as a
marker of adverse outcomes in patients with hip fracture.
The strength of the association between NHFS and outcomes
was further increased when individual outcomes (failure to
mobilise within 1 day of surgery, prolonged LOS, and dis-
charge to residential/nursing care) were combined using any
two or all of the three outcomes—AUC rose to 64.8% and
76.2% respectively. Additional factors such as bone profile

@ Springer
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Table2 ROC and two-graph ROC analysis to assess the predictability of NHFS on outcomes and to determine cut-offs based on intermediate
range where sensitivity and specificity equal 90% (IRgy,)

ROC analysis

Two-graph ROC analysis

AUC (%) 95% CI P Threshold (d,)* Lower IRy, Upper IRy,
Mortality 67.4 58.4-76.4 0.002 53 4.0 (4) 7.0 (7)
Failure to mobilise within 1 day of surgery 56.0 50.7-61.3 0.027 4.8 3.6 (4) 7.0 (7)
Prolonged LOS 59.0 54.0-64.0 0.001 4.8 3.6(4) 6.9 (7)
Discharge to residential/nursing care 62.8 54.0-71.5 0.008 4.8 3.74) 6.4 (6)
Any two of failure to mobilise, prolonged 64.8 59.0-70.6 <0.001 5.0 3.74) 6.8 (7)
LOS or discharge to residential/nursing care
All three of failure to mobilise, prolonged 76.2 64.1-88.3 <0.001 5.7 5.0(5) 7.0 (7)

LOS or discharge to residential/nursing care

Threshold at d,, indicates the intersection at which sensitivity and specificity are equal. Numbers in parentheses indicate threshold values used

for subsequent analyses

YEvent rate was too small (2.4%) for further analysis

Table 3 Rates and risk of mortality, prolonged LOS in hospital and discharge to residential/nursing care

NHFS =0-4 (n=301)*" NHFES=5+6 (n=142)"

Event rates (%)

NHFS =7-10 (n=223)°

Event rates (%) OR 95%CI P Event rates (%) OR 95%CI P

Inpatient mortality

Failure to mobilise within 1
day of surgery

Prolonged LOS in hospital

Discharge to residential/nurs-
ing care

Any two of failure to mobilise,
prolonged LOS or discharge
to residential or nursing care

2.0
18.9

20.3
4.5

10.5

5.6
214

26.3
8.8

17.2

2.19 0.69-6.85 0.187 7.1 3.80 1.46-9.88 0.006
1.17 0.77-1.77 0.466 28.3 1.69 1.03-2.79 0.040
1.40 0.94-2.09 0.094 339 2.02 1.25-3.27 0.004
2.04 0.85-4.87 0.109 12.3 295 1.37-6.37 0.006
1.77 1.07-2.93 0.025 28.6 3.40 1.94-5.99 <0.001

aReference group; "For analysis of discharge to residential/nursing care, only those admitted from own home were selected: NHFS categories for
this particular analysis were defined as 0—4 (n=264), 5 (n 113) and 6-10 (n=138)

217
207
197
187
177
167
157
147
137
127
117
107

Length of stay in hospital (days)

*p =0.033

Tp =0.002

T
0-4

T
5and 6

T
7-10

Nottingham Hip Fracture Score categories

Fig.4 Length of stay in hospital according to NHFS risk groups
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and renal function may provide further information on the
prognosis and deserve further investigations, but this topic
is beyond the scope of this study.

The association between NHFS and prolonged LOS in
hospital observed in our study mirrors those reported by
Moppett et al. [11] who showed increasing NHFS was
related inversely to the proportions of patients being dis-
charged early back to their own home. The extra days spent
in hospital by patients with NHFS in the intermediate
(2 days) or in the high risk (4 days) groups are similar to
those observed in patients admitted with cognitive impair-
ment or delirium [4]. Our observations of the association
between high NHFS with discharge to residential/nursing
care are also consistent with the findings of a negative corre-
lation between NHFS and eventual return-to-home by Mop-
pett et al. [11]. The threshold for identifying those at risk of
being discharged to residential/nursing care was lower (6)
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than that for other outcomes (7) is likely due to differences
in underlying health status between the two groups; patients
from residential/nursing care before admission are likely to
have poorer health than those from their own home.

The failure to mobilise within 1 day of surgery among
those with high NHFS contributes to a delay in discharge or
a need for increasing level of care. This notion is supported
by our finding of an average LOS of 18.1 days for those
who failed to mobilise within 1 day of surgery, compared
with 13.5 days in those who could; a difference of 4.6 days
(2.4-6.8 days, P<0.001). There was also a higher propor-
tion of those who were originally from their own home
before admission being newly placed in a residential/nurs-
ing care (13.0% versus 6.3%, P=0.024).

Previous studies have visually estimated various cut-offs
for the NHFS (between 4 and 6) to predict 30-day mortality
and selected a single threshold to separate low risk from
high risk groups of patients, i.e. a binary variable [10, 21,
22]. In contrast, by employing a more precise two-graph
ROC analysis to determine the upper and lower limits of
IRyyy, we were able to derive two thresholds in order to
generate three categories of risk level (low, intermediate,
and high risk groups).

It should be emphasised that the two-graph ROC analy-
sis is employed to facilitate objective decisions on desired
NHFS thresholds, which depends on a number of factors
such as clinical benefits and risks, costs of interventions
and physiological characteristics of the individual [23].
The risk of adverse outcomes follows stepwise increments
with increasing levels of risk categories. If patients in the
intermediate risk group were included, then the total num-
bers of at-risk patients would be larger but have a smaller
proportional mortality rate, i.e. there would be more false
negatives. Thus, the balance between resources and optimis-
ing recognition of risk should be taken into account when
selecting an at-risk group.

The strengths of this study lie in its detailed informa-
tion gathered in accordance with national guidelines [12,
13] in a wide range of age in older adults (60 to 103 years).
The NHFS used in the present study has been well-validated
and used widely in the UK and many countries. This study
included dominantly white Caucasians representative of UK
older individuals admitted with hip fractures [12]. Our per-
formance including assessment, surgery and outcomes were
mostly within or above expected range of national average
[24]. There are other tools for assessing outcome measures
with varying performance ability and practicality [25].
Caution should be taken when extrapolating our findings to
other populations. We used the NHFS in this study because
it was selected by the Royal College of Physicians for the
NHFD Audit Programme. The majority of published data
have focussed on medical-centric outcomes. Further stud-
ies are suggested to evaluate patient/carer-centric outcomes

including shared decision making and self-management sup-
port, and patient participation in the planning and delivery
of services.

In conclusion, a high NHFS associates with increased
risk of in-patient mortality, prolonged LOS and discharge to
residential/nursing care. This lends further support for the
use of NHFS to identify other adverse events beyond its use
in predicting post-discharge mortality.
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