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Abstract
Purpose This paper reports the external validation of a
recently developed instrument, the Discharge of Hip fracture
Patients score (DHP) that predicts discharge location on
admission in patients living in their own home prior to hip
fracture surgery.
Methods The DHP (maximum score 100 points) was applied
to 125 hip fracture patients aged 50 or more years admitted to
an academic centre in the northern part of the Netherlands
(Groningen cohort). The characteristics of this cohort, sensi-
tivity, specificity and positive and negative predictive value
(PPV, NPV) of the DHP for discharge to an alternative
location (DAL) were calculated and compared with the
original cohort of hip fracture patients from the western part

of the Netherlands (Delft cohort). Scoring 30 points or
higher indicated DAL.
Results The Groningen cohort was younger compared to the
Delft cohort, (mean age 75.4 vs. 78.5 years, P=0.005) but was
more often classified ASA III/IV (46.4 % vs. 25.2 %, P<
0.001). Sensitivity of the DHP for DAL in the Groningen
cohort was 75 % (vs. 83.8 %), specificity of 66.7 % (vs.
64.7 %) and a PPV of 86.3 % (vs. 79.2 %), compared to the
Delft cohort.
Conclusion External validation of the DHP was successful;
it predicted discharge location of hip fracture patients accu-
rately in another Dutch cohort, the sensitivity for DAL was
somewhat lower but the PPV higher. Therefore, the DHP
score is a useful valid and easily applied instrument for
general hip fracture populations.

Abbreviations
DHP Discharge of Hip fracture Patients score
DAL Discharge to an Alternative Location
ASA American Society of Anesthesiologists
LOS Length of Stay
ADL Activities of Daily Living
SD Standard Deviation
OR Odds Ratio
CI Confidence Interval
ROC Receiver Operating characteristics Curve
AUC Area Under the Curve
PPV Positve Predictive Value
NPV Negative Predictive Value
IQR InterQuartile Range

Introduction

Worldwide, numbers of hip fracture patients are growing
with associated rises in costs [1, 2]. Discharge to an
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alternative location (DAL, compared to the pre-fracture resi-
dence) or the necessity for arranging additional postoperative
care at home for those that can go home directly after dis-
charge can contribute to a longer stay in hospital and contrib-
utes to additional health care costs, which may be preventable
[3, 4]. Early planning of the date and the type of discharge
location may thus be a powerful tool in reducing costs [4–6].

Recently, we described the Discharge of Hip fracture
Patients score (DHP) [7]. This score predicts, on admission,
the discharge location in patients living in their own home
prior to admission for a hip fracture. The DHP was designed
on prospective data of a Dutch cohort of 310 patients aged
50 or more years admitted to a general teaching hospital in
the western part of the Netherlands [7]. Risk factors for DAL
were identified using multivariable regression analysis [7].
Higher age, female gender, dementia, absence of a partner
and a limited level of mobility were found to be predictive.
These risk factors were used as score items, each with a
weighing factor, based upon the beta coefficient.

In this paper we present the results of external validation
of the DHP in another Dutch cohort of hip fracture patients.

Methods

Patients

The DHP was developed using data of 310 hip fracture
patients aged 50 years and older admitted to a 450-bed
teaching hospital (Delft, the Netherlands) between January
2008 and December 2009 [7]. Patients with a fracture due to
a high-energy trauma or with a pathological fracture,
patients not living in their own home prior to admission,
those treated conservatively and those that died during hos-
pital stay were not included in this cohort. This cohort will
be referred to as the ‘Delft cohort’.

The DHP was externally validated in a cohort of 125 hip
fracture patients admitted to a university hospital (Groningen,
the Netherlands) between January 2010 and June 2011. The
same inclusion and exclusion criteria were applied to this
cohort. This cohort will be referred to as the ‘Groningen
cohort’.

Data collection

Uniform collection and recording of data of all patients of
both cohorts was achieved by standard evaluation on admis-
sion, according to the local standardised care for hip fracture
patients.

Collected demographic data included age, gender, pres-
ence of a partner and discharge location.

Characteristics obtained on admission were American Soci-
ety of Anesthesiologists (ASA) Physical Status classification,

presence of dementia based upon history taking from patients,
families and carers, presence of anaemia on admission based on
the criteria of the World Health Organisation (haemoglobin
level below 7.5 mmol/L (12 g/dL) in women and below
8.1 mmol/L (13 g/dL in men), level of mobility, type of fracture
(intra- or extracapsular hip fracture) and length of stay (LOS)
[8, 9].

Pre-fracture level of mobility

The level of mobility was divided into four main cate-
gories; mobile without the use of an aid in- and out-
doors, mobile in- and outdoors with the use of an aid
in- and/or outdoors, only mobile indoors (regardless the
use of an aid) and the last group was immobile both in-
and outdoors. A cane, crutch(es) or walker were all
considered an aid, patients in a wheelchair were considered
to be immobile.

Discharge of hip fracture patients score (DHP)

The DHP score ranged from zero to 100 points. Higher age,
female gender, dementia, absence of a partner, and a more
limited level of mobility are score items, each with a weight-
ing factor based upon the beta coefficient in the multivari-
able regression analysis. The beta coefficients were rounded
up and the regression coefficients associated with the
questions were transformed into a simple score that
could be summated up to obtain an aggregate score (Table 1)
[7].

With ROC analysis, the cut-off point of 30 was
calculated. Scoring 30 points or more predicted dis-
charge to an alternative location in the Delft cohort with
a sensitivity of 83.8 %, a specificity of 64.7%a negative

Table 1 Discharge of Hip fracture Patients score (DHP)

Predisposing risk factors for discharge to an alternative location Points

Age

* 50–64.9 years 0

* 65–79.9 years 10

* ≥80 years 20

Female gender 10

Dementia 20

Absence of a partner 10

Mobility at admission

Mobile in- and outside without an aid 0

Mobile in- and outside with an aid for either one or for both 10

Only mobile indoors 40

Immobile 40

Total score
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predictive value of 71.3 % and a positive predictive
value of 79.2 % [7].

Statistical analysis

Demographic continuous data are presented as means, with
standard deviations (SD or median with the interquartile
range (IQR) in case of a non-normal distribution). Categor-
ical data are presented as the number of subjects in the
category, along with the percentages. Baseline character-
istics of both cohorts were compared, using the Student’s
T-test. Sensitivity, specificity, positive and negative predic-
tive value (PPV and NPV) for DAL and the positive and
negative likelihood ratio were calculated for the Groningen
cohort and compared to the Delft cohort.

A receiver operating characteristics curve (ROC) was
created by plotting the sensitivity (true positive rate) versus
the 1-specificity (false positive rate). The actual area under
the curve (AUC) measures the ability of the instrument to
classify correctly DAL.

P-values lower than 0.05 were considered statistically
significant. All data were analysed in IBM SPSS Statistics
19.0 (SPSS Inc. Chicago, USA).

Results

Patients

Table 2 shows clinical characteristics of the Delft and Gro-
ningen cohorts, stratified by discharge location. The mean
(SD) age of the Delft patients was 78.5 (10.5) years, 67.1 %
were female. One hundred and ninety-one (61.7 %) patients
were discharged from hospital to an alternative location. The
mean (SD) age of the Groningen patients was 75.4 (9.2)
years, 69.6 % was female. Ninety-two (73.6 %) patients
were discharged to an alternative location from hospital in
the Groningen cohort.

In both cohorts, patients discharged to an alternative
location were older, more often classified ASA III/VI and
had a longer LOS compared to those who were discharged
directly to their own home. In the Delft cohort, they were
also more often female and suffered more from dementia.

Some baseline parameters of both cohorts were signifi-
cantly different: Patients of the Groningen cohort were
younger (P=0,002), more often classified ASA III/IV (P<
0,001) and had a better level of mobility (more patients
walked without an aid, P=0.01). Furthermore, more patients

Table 2 Clinical characteristics of the Groningen and Delft cohort and stratified by discharge location

Groningen Discharge location P-valuea Delft Discharge location P-valuea

All patients Own home Alternative
location

All patients Own home Alternative
location

n=125 n=33 n=92 n=310 n=119 n=191

Age category <0.001 <0.001

50–64.9 years old 19 (15.2) 10 (30.3) 9 (9.8) 45 (14.5) 36 (30.3) 9 (4.7)

65–79.9 years old 64 (51.2) 20 (60.6) 44 (47.8) 107 (34.5) 54 (45.4) 53 (27.7)

≥80 years old 42 (33.6) 3 (9.1) 39 (42.4) 158 (51.0) 29 (24.4) 129 (67.5)

Female gender 87 (69.6) 21 (63.6) 66 (71.7) 0.385 208 (67.1) 63 (52.9) 145 (75.9) <0.001

No partner at admission 60 (48.0) 12 (36.4) 48 (52.2) 0.119 174 (56.1) 44 (37.0) 130 (68.1) <0.001

ASA classification III/IV 58 (46.4) 7 (21.2) 51 (55.4) 0.001 78 (25.2) 20 (16.8) 58 (30.4) 0.007

Dementia 9 (7.2) 0 (0.0) 9 (9.8) 0.111 29 (9.4) 28 (14.7) 1 (0.8) <0.001

Anaemia at admission 39 (31.2) 6 (18.2) 33 (35.9) 0.060 100 (32.3) 28 (23.5) 72 (37.7) 0.009

Pre-fracture mobility <0.001 <0.001

Without an aid 82 (65.6) 30 (90.9) 52 (56.5) 164 (52.9) 92 (77.3) 72 (37.7)

With an aid 43 (34.4) 3 (9.1) 40 (43.5) 127 (41.0) 26 (21.8) 101 (52.9)

Only mobile indoors 0 (0) 0 (0.0) 0 (0.0) 16 (5.2) 0 (0.0) 16 (8.4)

Immobile 0 (0) 0 (0.0) 0 (0.0) 3 (1.0) 1 (0.8) 2 (1.0)

Intracapsular hip fracture 71 (56.8) 23 (69.7) 48 (52.2) 0.081 192 (61.9) 87 (73.1) 105 (55.0) 0.001

Osteosynthesis 84 (67.2) 24 (72.7) 60 (65.2) 0.431 195 (62.9) 88 (73.9) 107 (56.0) 0.001

Median LOS, days (IQR) 7 (4) 6 (4) 8 (6) <0.001b 9 (7) 7 (5) 12 (9) <0.001b

Values are given as number (percentage) if not defined otherwise

LOS length of stay, ASA American Society of Anesthesiologists Physical Status classification, IQR interquartile range
a Bivariate analysis
b Nonparametric analysis
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were discharged to an alternative location in the Groningen
cohort compared to the Delft cohort (P=0.02).

Validation of the DHP

The DHP was applied to the Groningen cohort; the results
are displayed in Table 3.

Compared to the values in the Delft cohort, the PPV was
higher (86.3 vs. 79.2 %), but the sensitivity (75 vs. 83.8 %)
and the NPV for the score in the Groningen cohort were
lower (48.9 vs. 71.3 %).

Figure 1a shows the ROC curve of the DHP in the
Groningen cohort, the AUC was 0.75 (95 % CI 0.66–
0.82), Fig. 1b demonstrates the Delft ROC curve with an
AUC of 0.84 (95 % CI 0.79–0.88).

Discussion

The goal of this study was the external validation of the
DHP. This score has recently been developed in a cohort of

Dutch hip fracture patients in Delft showing a good sensi-
tivity and a reasonable PPV and was easy to use due to
readily obtainable data on admission [7].

By providing early reliable prediction of discharge loca-
tion, the DHP can be used to facilitate the work of the health
care professionals, e.g., liaison officers to make early
arrangements for discharge, thus potentially reducing LOS
substantially [4–7]. Since population density, hospital and
rehabilitation potentials are different between the areas in
The Netherlands, testing for external validity of a score is a
necessity in order to judge its applicability in general. When
performing an external validation, it is of importance to
realise two issues. Firstly, appreciation of the important
characteristics of the score (i.e., sensitivity vs. specificity
and PPV vs. NPV), secondly, that external validation often
results in lower scores in the second cohort compared to the
first cohort, since the two cohorts are never exactly the
same. The latter only underscores the necessity for valida-
tion before general application.

For example, external validation of a questionnaire for
chronic obstructive pulmonary disease patients showed poorer

Table 3 Results of the validity
analysis of the DHP for dis-
charge to an alternative location,
for the cut-off point of 30 and
higher (out of 100) in the
Groningen and Delft cohort

CI: Confidence Interval, all
values are percentage if not
defined otherwise

Groningen cohort Delft cohort

95 % CI 95 % CI

Sensitivity 75.0 64.9–83.5 83.8 77.8–88.7

Specificity 66.7 48.2–82.0 64.7 55.4–73.2

Positive Predictive Value 86.3 76.7–92.9 79.2 72.8–84.4

Negative Predictive Value 48.9 33.7–64.2 71.3 61.7–79.4

Likelihood ratio Positive (Sens/1-Spec) 2.25 1.37–3.7 2.37 2.0–2.7

Likelihood ratio Negative (1-Sens/Spec) 0.38 0.24–0.58 0.25 0.20–0.40

Correlation with discharge to alternative location 0.38 n/a 0.50 n/a

Fig. 1 ROC curves of the DHP with 95 % confidence intervals in the Groningen (a) and Delft (b) cohorts. The diagonal indicate results no better
than by chance
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discriminating ability (i.e., a smaller AUC) between normal
and affected patients compared to the primary internal valida-
tion [10]. This was also the case in our study: a smaller AUC
with a wider 95 % CI. The wider 95 % CI in the Groningen
cohort could be attributed to the smaller sample size in this
cohort (125 versus 310 patients) but also to confounders for
discharge to an alternate location such as a different discharge
policy, more potential for day care help at home and rehabil-
itation centres near the hospital.

We consider a good sensitivity and high PPV to be the most
important features of the score. Sensitivity is the ability of a
test to give positive results in true cases and the PPV the
percentage of true positives of all positive scoring patients.
In this study a positive result is a score of 30 or more points
and true positive is a patient scoring 30 and higher on admis-
sion who is discharged to an alternative location. In contrast,
specificity is the ability of a test to give negative results in
negative cases, the NPV is the percentage of true negatives of
all negative scoring patients: In this study a negative result is a
score under 30 points and true negative is a patient scoring less
than 30 who is discharged directly to their own home from
hospital. In daily practice it is of greater importance and
impact for both patient and health professionals, e.g., liaison
officers to know whether a patient will be discharged to an
alternative location. Therefore, a better sensitivity and a higher
PPVare the most important features of the score. The PPV in
the Groningen cohort was higher compared to the Delft co-
hort, the NPV was lower. The lower NPV is explained by the
fact that predictivity and prevalences are not comparable
across groups because they depend on the prevalence of the
outcome (in our case discharge to an alternative location,
DAL). The prevalence of DAL in the Groningen cohort was
higher (74 % versus 62 %), resulting in a lower chance of
discharge directly to the own home, corresponding with the
NPV. Finally, the differences in all characteristics of the score
can also be explained by the fact that there are factors of
influence that were not risk items in the DHP but that do
influence the place of discharge.

We demonstrated in the previous paper on the DHP that
the Delft cohort was representative for a general hip fracture
population in Europe with regards to characteristics including
age, distribution of type of fracture and gender and the number
of patients living in their own home prior to sustaining a hip
fracture [7]. The Groningen cohort was comparable to the
Delft cohort, other than age, poorer general condition (ASA
III/IV) and a higher level of mobility. The latter is directly
related to the lower mean age, as we demonstrated previ-
ously [11]. The higher ASA scores despite younger age
might be due to the fact that it was a cohort from a university
hospital, often having more co-morbidities. Furthermore,
significantly more patients were discharged to an alternative
location in the Groningen cohort compared to the Delft
cohort, after a longer LOS. The LOSmight have been longer

due to the poorer general condition. The higher percentage of
DAL can partially be explained by the longer LOS, often due
to a more complicated postoperative course [4, 12–14]. An-
other reason is the difference in local discharge policy. The
Groningen cohort was more easily discharged to a nursing
home compared to the Delft cohort. These differences are
good for external validation; if a score is valid in a population
that is somewhat different from the original population, the
score might be even of higher value than if it would only work
in exactly the same type of cohort.

Limitations

Although the DHP is externally validated and the score was
easily applicable to the Groningen cohort as well, it has its
limitations. First: absence of more detailed data of cognitive
function, combining the mobility categories “immobile” and
“only mobile indoors” to one group due to the small number
of patients who were immobile and the fact that it might not
be applicable to other countries than the Netherlands with its
own typical private health care organisation [7]. However,
the score items used were comparable to those in pre-
vious models from other countries, both with national
health care as well as private health care systems (UK,
Sweden, US) [15–18]. The limitations of this validation
study are the smaller AUC of the DHP in the Groningen
cohort and the relatively small sample size, resulting in a
wider 95 % CI of the AUC.

Conclusions

The external validity of the DHP for hip fracture patients is
good in the Dutch health care setting, validated with an
acceptable sensitivity and a good PPV. Therewith its use in
other hip fracture cohorts is recommended. However, before
extrapolating our Dutch results to another country, the score
should preferably be validated in that specific country.
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