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Abstract

Objective: To describe the epidemiological changes in the hip fracture population within a
defined geographical area of the United Kingdom over a consecutive 13-year period.

Design: Retrospective cohort study of prospectively collected Standardised Audit of Hip
Fractures of Europe data entered on to an institutional hip fracture registry.

Participants: 10044 consecutive hip fractures admissions (2000-2012)
Setting: A Major Trauma Centre in the United Kingdom

Results: There was a generalised increase in the number of admissions between 2000
(n=740) and 2012 (n=810). This increase was non-linear and best described by a quadratic
curve. Assuming no change in the prevalence of hip fracture over the next 20 years, our
hospital is projected to treat 871 cases in 2020 and 925 in 2030. This represents an
approximate year on year increase of just over 1%. There was an increase in the proportion
of male admissions over the study period (2000:174 of 740 admissions (23.5%); 2012:249 of
810 admissions (30.7%)). This mirrored national census changes within the geographical area
during the same period. While the median age 82 years (IQR 76 to 88) was similar during
the period of observations there were significant increases in the numbers of patients
admitted from their own home, patients mobilising independently outdoors at the time of
admission, and the proportion of patients requiring help with basic activities of daily living
(all p<0.001). There was also a two to fourfold increase in the proportion of patients
admitted with a diagnosis of cardiovascular disease, renal disease, diabetes and
polypharmacy (use of >4 prescribed medications) (all p<0.001).

Conclusions: The expanding hip fracture population has increasingly complex medical, social
and rehabilitation care needs. This needs to be recognised so that appropriate health care
strategies and service planning can be implemented. This epidemiological analysis allows
projections of future service need, both in terms of patient numbers and dependency.

Strengths and limitations of this study

- This analysis is based on 10044 consecutive hip fracture admissions over a 13 year
period from a defined geographical area using standardised data collection.

- Trends in the hip fracture population including information on patient demographics,
medical co-morbidities, physical functioning, social circumstances and cognitive capacity
during this period are presented.

- Based on these data we have been able to produce a simplified equation that allows
individual centres to calculate their own expected increases in hip fracture admissions
over the next 20 years.

- This is a retrospective analysis and there may be issues relating to coding inaccuracies
and recorder bias.

- Any projections to a national population of hip fractures from a single centre, single
population study may be liable to regional discrepancies and may not be applicable to
other hospital populations where incidence of, for example, other co-morbidities may be
significantly different

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 26



Page 3 of 26

©CoO~NOUTA,WNPE

BMJ Open

Introduction

The United Kingdom (UK) currently treats approximately 80,000 hip fractures every
year at an estimated annual cost of two billion pounds in direct health-care costs alone **2.
One in every 12 patients who sustains a hip fracture will die in the first month following
injury and three in every 10 will die within the first year *. The World Health Organisation
has estimated that the number of people aged 65 and over will increase by 88% over the
next 25 years due to an aging world population, better public health and an increased use of
medical interventions that prolong the average life expectancy *. Linked to this is the spectre
of the increasing incidence of patients with poor bone health, the so called ‘osteoporosis

epidemic’ °. The annual number of hip fractures in the UK is projected to rise to 91,500 by

2015 and 101,000 by 2020 °.

The projected rise in hip fracture incidence has implications for health strategy and
resource allocation. These must be addressed if we are to continue to manage the specific
needs of these patients and improve the standard of care. Previous studies have evaluated
the increase in the incidence of this injury and projected future health-care requirements
*78 Few, if any, studies have evaluated other changes in the same population, including
changes in social care, physical dependency and medical co-morbidities. These could also
have an important impact on the requirement of future medical, nursing, rehabilitation and
social services. This study aims to describe the epidemiological changes in the hip fracture
population within a defined geographical area of the United Kingdom including data from

two national censuses (2001 and 2011). The population is from a mixed urban and rural

environment and likely to be representative of the UK population.
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Patients and Methods

The Nottingham University Hospital admits approximately 800 hip fractures each
year. For the entire study period, it has been the only hospital providing a trauma service for
the local population and its surrounding areas and covers a catchment population of
approximately 785,000. Since 1999, information on all hip fracture patients has been
prospectively collected for the purpose of ongoing audit and service evaluation. Data for all
hip fracture patients are recorded using a modified version of the standardised audit of hip
fractures of Europe (SAHFE) audit form *. All data is collected prospectively by a team of
independent audit staff who administer the local hip fracture database. SAHFE data
completion is mandatory for all hip fractures in our hospital. In 2012 the trust recorded over
93% in the domain of data completeness within the national hip fracture database (NHFD) °.
Audit data is strictly confidential and is managed in accordance with national data protection

(Caldicott) guidelines.

Data recorded as part of this ongoing audit includes information on patient
demographics, medical co-morbidities, physical functioning, social circumstances and
cognitive capacity. Specific co-morbidities assessed include the presence of cardiovascular
disease (CVD), chronic obstructive pulmonary disease (COPD), cerebrovascular disease
(CVA), malignancy, diabetes mellitus (DM), renal disease, rheumatoid arthritis, Parkinson’s
disease, Paget’s disease and polypharmacy (the use of >4 regular medications). During the
study period there was no change in the definitions used by the audit for each of these
conditions. This was a pragmatic, clinical audit with diagnosis based upon clinical history,
examination and review of medical records. Physical functioning is assessed using specific
questions related to mobility status, independence both within and outside the house and
ability to perform activities of daily living such as washing, dressing, cleaning, feeding and
toileting. Social circumstances are assessed by questions relating to the type of residence,
co-habitation and the requirement for additional carers. The abbreviated mental test score

is used to assess cognitive capacity'’.

The present study was conducted as a retrospective cohort study using the
information held within the hip fracture database on all hip fractures entered between the
1* of January 2000 and 31%* December 2012. These dates were chosen as they represented
13 consecutive years for which complete data was available for the entire year. Graphical

and tabular summaries were performed to demonstrate how the hip fracture population has
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evolved over this 13-year period. An additional comparison to Nottingham Census data
(2001 and 2011) was conducted to see if the changes in the hip fracture population mirror

those seen for the general population.

Statistical comparisons were performed to determine if each of the analysed
variables changed over the period of observation. For continuous parametric data
comparisons were made using independent t-tests and one-way Analysis of Variance
(ANOVA). For continuous non-parametric data comparisons were made using Mann Whitney
and Kruskal-Wallis tests. For categorical data Fishers exact and Chi-squared test were used.

A p value of p<0.05 was used to indicate statistical significance.

Time series analysis was used to produce a mathematical model for the year on year
changes in the observed number of hip fracture admissions. This model was then used to
predict the expected admissions in 2020, 2025 and 2030. The ‘best fit’ time series model was
selected to minimise the mean absolute percentage error (MAPE), mean absolute deviation
(MAD) and the mean squared deviation (MSD). Statistical analysis was performed using SPSS

version 19 and Minitab version 16.
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Results

During the period 2000 to 2012 a total of 10044 patients were admitted with a hip
fracture. The mean number of admissions per year was 773 (S.D 44.9, Range 704 to 854)
with a generalised increasing incidence in hip fractures year on year. This increase was non-
linear and best described by a quadratic curve (Figure 1). Assuming no change in the
prevalence of hip fracture over the next 20 years, our hospital is projected to treat 871 cases
in 2020, 899 in 2025 and 925 in 2030. A simple equation to allow hip fracture units to
estimate their future hip fracture numbers (assuming similar demographics to Nottingham)

is shown in figure 1.

Patient demographics

Overall, 2626 of the 10044 (26.1%) admissions were male. There was a steady
increase in the proportion of male admissions between 2000 (174 of 740 (23.5%)) and 2012
(249 of 810 (30.7%)) (p<0.001) (Figure 2).

Median age at admission for all hip fractures over the 13-year period was 82 years
(IQR 76 to 88, Range 17 to 105 years). Age at admission did not significantly change during
the period of study (Median age in 2000 = 82 years (IQR 76 to 88); Median age in 2012 = 83
years (IQR 76 to 88 years), comparison across all years p= 0.67). However the median age of
females (83 years (IQR 77 to 88, Range 19 to 105 years) was significantly higher than that for
males (80 years (IQR 70 to 86, Range 17 to 105 years) (p<0.001). While they differed, the age
distributions of both male and female patients did not significantly change with time

(comparison across all years: female p=0.70, male p=0.11).

Social demographics

Between 2000 and 2012 (n=10044) 6742 (67.1%) patients were admitted from their
own home, 1952 (19.4%) from warden aided / residential care and 1101 (11.0%) from
nursing care and 249 from ‘other’ accommodation types. During this period there was a
gradual increase in the number of admissions from patient living in their own home (2000 =
463 of 740 admissions (62.6%); 2012 = 587 of 810 admissions (72.5%)) (p<0.001). Over the

same time period there was a reciprocal decrease in admissions from warden aided /
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residential care (2000 = 171 of 740 admissions (23.1%); 2012 = 149 of 710 admissions
(18.4%)) and nursing care (2000 = 98 of 740 admissions (13.2%); 2012 = 66 of 810 admissions
(8.2%)) (p<0.001) (Figure 3). Of the 6742 patients living in their own home 3278 (48.6%)
lived alone. The proportion of patients living alone in their own home remained similar over

the period of observations (Figure 4).

At the time of admission 5027 of the 10044 (50.1%) admissions mobilised
independently outdoors, 2443 (24.3%) mobilised independently indoors, 1302 (13.0%) were
accompanied outdoors, 561 (5.6%) were accompanied indoors, 261 (2.6%) were immobile or
could only transfer and for 450 (4.5%) mobility status was not known (Figure 5). Of the 5027
patients who were independent outdoors, 3119 (62.0%) did not use any mobility aids, 1520
(30.2%) used one aid and 388 (7.7%) used two aids / frame / walker. The reliance on walking

aids increased as the level of mobility decreased (p<0.001).

The proportions of patients mobilising independently outdoors at the time of
admission increased between 2000 (343 of 740 admissions (46.4%)) and 2012 (429 of 810
admissions (53.0%)) (p<0.001). However, there was a more dramatic change in the
proportions of patients mobilising independently indoors (2000 = 301 of 740 admissions
(40.7%); 2012 = 129 of 810 admissions (15.9%)) and mobilising accompanied outdoors (2000
= 33 of 740 admissions (4.5%); 2012 = 120 of 810 admissions (14.8%)) during the same
period (p<0.001) (Figure 5).

The proportions of patients who were completely independent for all activities of
daily living (ADLs) were similar across the study period (Figure 6). Overall 4011 of 10044
(39.9%) patients were completely independent for all ADLs. For the 6033 patients that were
not independent for their ADLs, 2586 (42.9%) required assistance with some form of basic
care (Washing, dressing, feeding, toileting) (Figure 7). The proportion of patients requiring
this level of care increased from 161 of 455 patients requiring assistance with ADLs (35.4%)

in 2000 to 220 of 460 patients requiring assistance with ADLs (47.8%) in 2012 (p<0.001).

Co-morbidities

Of the co-morbidities recorded there was a significant increase in the proportion of

patients presenting with cardiovascular disease (CVD), diabetes mellitus (DM), renal disease
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and polypharmacy (patients on greater than 4 prescribed medications) (Figure 8). Of the
total 10044 patients, 4851 (48.3%) had a diagnosis of CVD, 1242 (12.4%) had a diagnosis of
DM, 614 (6.1%) had a diagnosis of renal disease and 3906 (38.9%) were prescribed greater

than four medications.

In 2000, the percentage of patients with CVD was 19.6% (145 of 740 admissions),
which increased by a factor of 3.1 to 61.4% in 2012 (497 of 810 admissions) (p<0.001).
Similarly the percentage of patients with DM increased by a factor of 1.8 from 8.7% (64 of
740 admissions) in 2000 to 15.4% (125 of 810 admissions) in 2012 (p<0.001). The presence
of renal disease increased from 2% (15 of 740 admissions) in 2000 to 8.5% (69 of 840
admissions) in 2012, a greater than fourfold increase (p<0.001). The proportion of patients
with polypharmacy also increased by a factor of two between 2000 (20.2%, 142 of 740
admissions) and 2012 (39.8%, 322 of 810 admissions), n=142 (20.2%) increased to 2012
n=322 (39.8%) (p<0.001).

For all other recorded co-morbidities the proportions of admissions with a positive
diagnosis remained similar throughout the period of observation (respiratory disease:
n=1726 (17.2%), previous stroke n=1442 (14.4%), malignancy n=1183 (11.8%), rheumatoid
arthritis n=350 (3.5%), Parkinson’s disease n=325 (3.2%), Paget’s disease n=34 (0.3%)).

The median abbreviated mental test score for patients was 9 (IQR 3 to 10, Range 0
to 10) and did not change significantly year to year (p=0.51). The number of patients
prescribed either Clopidogrel or Warfarin demonstrated significant variation from year to
year and followed a steadily increasing trend between 2000 and 2012 (both p<0.001) (Figure
9).

Fracture demographics

The distributions of the type of fractures presenting to the unit by year are shown in
figure 10. Of the total 10044 patients, 6012 (59.9%) presented with an intracapsular fracture
of which 815 (8.1%) were undisplaced subcapital fractures, 4783 (47.6%) were displaced
subcapital fractures and 414 (4.1%) were basicervical neck fractures. The remaining 4032
(40.1%) were extracapsular fractures of which 3202 (31.9%) were trochanteric (2 to 4 part),
711 (7.1%) were subtrochanteric or reverse oblique fractures, and 119 (1.1%) were other

types / fracture pattern not recorded.
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Discussion

This analysis of 13 consecutive years of hip fracture admissions demonstrates an
increasing trend in the number of admissions between 2000 and 2012, which was largely
due to an increase in the number of male admissions. Based on the observed data for this
period we have produced a simplified equation that allows individual centres to calculate
their own expected increases in hip fracture admissions over the next 20 years. We also
observed significant increases in the number of patients admitted from their own home, the
proportion of patients requiring assistance with basic activities of daily living (washing,
dressing, feeding, toileting) and the incidence of cardiovascular disease, diabetes, renal
disease, polypharmacy and rates of anticoagulation in our hip fracture population. Patient
age, cognitive capacity and the type of hip fractures being treated were similar throughout

the study period.

The 2011 National Census reported that approximately 1 in 5 (22.6%) of the
population of England and Wales was aged over 60 and the total number of residents aged
over 90 was 430,000, up from 340,000 in 2001 ™. Between 2001 and 2011 the population of
Nottinghamshire increased by 37,500 (5%) from 748,300 (2001) to 785,800 (2011) with an
associated 3% increase in the proportion of the population aged over 60 (21.1% in 2001,
24.1% in 2011) ****. This may well explain the observed 10% increase in the number of hip
fracture admissions to our unit over the same time period (2001: 704 admissions, 2011: 774
admissions). The Nottingham Census also found that between 2001 and 2011 there was a
large increase in population numbers in residents aged 75-89 years, and that this increase

was greater for males than for females >3

. This suggests a greater relative improvement in
survival rates for elderly male patients and helps to explain the increasing number of male

admissions observed during the study period.

The observed increases in hip fracture admissions were best modelled using a
quadratic time series curve which suggested that, while the number of admissions is
increasing, the size of the annual increase is reducing year on year. This model forecasts our
unit will admit 871 hip fracture patients in 2020 and 925 in 2030 representing an 8% and
14% increase from the observed number of admissions in 2012 (810) respectively. Based on
this model we have produced a simplified equation for calculating the expected number of

hip fracture admissions in any unit in England and Wales using the observed number of
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admissions in that unit in 2012. Using our own data this simplified model is +/- 1% accurate
when compared to the forecasted results from the time series curve for predictions up to
2030. This supports its use as a simplified method of calculating the expected number of

admissions in the short to medium term.

Between 2000 and 2012 there was an increase in the number of patients admitted
from their own home (62.6% versus 72.5%), although the proportion of patients living alone
in their own home remained similar. The national figure for proportion of patients admitted
from their home in 2012 was 74.7%, suggesting that Nottingham may be fairly

representative of the English population °.

This analysis also found that the proportion of patients with dependency increased
with more requiring assistance to mobilise and with basic activities of daily living. In
addition, the number of patients with identified, concurrent co-morbidities significantly
increased between 2000 and 2012. Hence, we are supporting a population of patients who
are increasingly frail and have significant social care needs within their own homes. This has
implications for nursing care within hospital, rehabilitation and eventual discharge from
hospital following fracture treatment. Patients may be less likely to achieve the requisite
level of physical functioning to permit discharge home if they have poor functional reserve

to begin with.

Between 2000 and 2012 there was a two- to four- fold increase in the proportions of
patients presenting with cardiovascular disease, diabetes, renal disease and polypharmacy.
There was a similar increase in the number of patients prescribed either Clopidogrel or
Warfarin. Over the last 10 years, Quality and Outcome Frameworks (QOF) * have been
introduced to incentivise the treatment of a range of conditions in primary care. These
frameworks function as voluntary annual reward systems to primary care practices if they
deliver high quality on a range of services **. Areas of clinical care linked to rewards include
the implementation of evidence-based clinical interventions known to benefit patients with
chronic conditions such as diabetes, asthma, chronic renal disease, and cardiovascular

disease treatment **’

. The initiation of such strategies in 2003/04 may, in part, account for
the sudden jump in proportion of patients we observed with diagnosed cardiovascular

disease, diabetes and renal disease and the associated increase in polypharmacy.
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An increase in the volume of clinical evidence and national guidance may also have
contributed to the increase in diagnosis of these co-morbidities. Since 2000 NICE has
published a range of guidance including specific guidelines relating to the management of
Chronic heart failure (2003) *, Type 1 diabetes (2004) *°, Hypertension (2004) %, Vascular
disease (2005) 2!, Cardiovascular disease (Statins) (2006) ** and Atrial Fibrillation (2006) 2.
National Service Framework guidance on the management of cardiovascular disease (2000)

** may also have influenced the observed increase in this diagnosis.

The use of warfarin and clopidogrel varied from year to year but overall
demonstrated a progressive increased trend over the study period. Warfarin use was not
observed in the elderly population who suffer hip fractures until 2007 but has steadily risen
since. Reasons for this may include the publication of NICE guidance for atrial fibrillation 3
and the results of the BAFTA trial, which supported the use of warfarin for stroke prevention

25,26

in patients aged over 75 . Similarly the trends in Clopidogrel use may reflect the

27,28

publication of results from the CAPRIE and MATCH trials and subsequent NICE guidance

on the use of clopidogrel and dipyridamole in vascular disease **.

In 2011 NICE released specific guidance on the management of hip fractures (2011)".
Within this was a cost analysis detailing the projected financial impact of managing the hip
fracture population. It identified a number of resources that were likely to incur significant
costs to the NHS in the future as the number of hip fractures increases. These included the
provision of dedicated trauma lists to ensure surgery is performed within 36 hours, implant
costs, adequate physiotherapy and occupational therapy to allow early mobilization and
rehabilitation, and ongoing orthogeriatric assessment and support. Our study confirms that
the numbers of hip fracture admissions is increasing but the population is also changing with
more men, more patients admitted from their own homes, and more patients requiring
assistance with mobility and activities of daily living. In addition, more patients have
complex medical co-morbidities and so it is likely that the cost of treating these patients will
climb at a faster rate than projections based upon changes in the age demographics alone.
These changes will put pressure on orthopaedic trauma services and drive an increased
requirement for nursing, physiotherapy, occupational therapy and orthogeriatric input to
address the increasingly complex rehabilitation, social, and medical needs of this patient

population.
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This study benefits from the size of the cohort available for analysis, the consecutive
period of follow up, consistent data collection and the range of data collected. The hospital
serves a well defined urban / rural population with no alternative hip fracture service within
this geographical area. While the unit’s current data completeness rate of 93% is good and
much better than Hospital Episode Statistics, it could be better. The introduction of the NICE
guidance and best practice tariff may have raised awareness in reporting of facets of patient
care giving more accurate and complete data in the later years. Inaccuracies in coding and
recorder intervariability are potential sources of error which may account for some of the
year on year differences observed. Any projections to a national population of hip fractures
from a single centre, single population study may be liable to regional discrepancies and may
not be applicable to other hospital populations where incidence of, for example, other co-
morbidities may be significantly different. However, despite these concerns we feel that the
overall trends reported here are likely to be generalisable to national practice. While the
National Hip Fracture Database (NHFD) publishes yearly reports on management of the hip
fracture population it has only been reporting national results since 2009; NHFD only has
limited data on dependency and does not collect data on co-morbidities *°. This report

therefore adds significantly to the results available from this database.

Conclusion

The management of hip fractures represents a major financial, clinical and
logistical burden for the NHS and social services. The increasing numbers of patients
admitted with hip fractures mirrors the changes in population demographics reported by
national census data. Over the last decade this group of patients have demonstrated
increasing medical, social and rehabilitation care needs. This problem needs to be
recognised so that appropriate health care strategies and service planning can be
implemented. This paper provides data to allow projections of future service need, both in

terms of patient numbers and dependency.
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Figures:

Figure 1: Number of hip fracture admissions 2000 to 2012 with ‘best fit’ time series model
(Red line: Admissions = 715.59 + (8.72 x number of years after 1999) - (0.06 x (number of
years after 1999)?), i.e. year 2000 = 1). Green line represents the forecasted number of
admissions based on this model beyond 2030. Hip fracture admissions can be approximated
in any hospital using a simplified equation based on this model: Predicted admissions in year
X = Admissions in specified unit in 2012 + (0.01 x Admissions in specified unit in 2012 x (X —
2012)) — (0.0001 x Admissions in specified unit in 2012 x (X —2012)?).

Figure 2: Proportion of Male and Female patients admitted with a hip fracture by year (2000
to 2012).

Figure 3: Place of residence prior to admission by year (2000 to 2012).

Figure 4: Proportion of patients admitted from their own homes that were living alone (2000
to 2012). Dotted line represents the overall proportion for the entire study period (48.6%
living alone).

Figure 5: Trends in mobility status 2000 to 2012.

Figure 6: Proportion of patients who were independent for all activities of daily living (ADLs)
at the time of admission (2000 to 2012).

Figure 7: Patients requiring assistance with basic care (washing, dressing, feeding, toileting)
as a proportion of all patients requiring assistance with their activities of daily living (ADLs)
(n=6033).

Figure 8: Trends in the proportion of patients admitted with cardiovascular disease (CVD),
diabetes mellitus (DM), renal disease (Renal) and polypharmacy (4+ meds) between 2000
and 2012.

Figure 9: Number of admissions that were prescribed either Clopidogrel (C) or Warfarin (W).
Percentages represent the proportion of admissions that were taking either of these agents

in each year.

Figure 10: Distribution in the pattern of presenting fracture by year (2000 to 2012).
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Figure 1: Number of hip fracture admissions 2000 to 2012 with ‘best fit’ time series model
(Red line: Admissions = 715.59 + (8.72 x number of years after 1999) - (0.06 x (number of
years after 1999)?), i.e. year 2000 = 1). Green line represents the forecasted number of
admissions based on this model beyond 2030. Hip fracture admissions can be approximated
in any hospital using a simplified equation based on this model: Predicted admissions in year
X = Admissions in specified unit in 2012 + (0.01 x Admissions in specified unit in 2012 x (X —
2012)) - (0.0001 x Admissions in specified unit in 2012 x (X — 2012)?).
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Figure 2: Proportion of Male and Female patients admitted with a hip fracture by year (2000
to 2012).
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Figure 4: Proportion of patients admitted from their own homes that were living alone (2000
to 2012). Dotted line represents the overall proportion for the entire study period (48.6%

living alone).

601

50+
9
(=)
N _ A——R Walking ability
..2 404 W \ —e—  Independent outdoors
] \ —n— Independent indoors
= \ 49— Accompanied outdoors
o —h - Accompanied indoors

301 p
"6 \.\ ~a Immobile / Transfers only
] AN Unknown
= AN
S 201 u
r- ~ -_— —_—
o P o f—\;-j.—a——ﬁ-—-*“’fz\ \‘\/\,’
o ” "
a 10 » P

4 _A— - —A B B
t\*\\“/// _ A— —a— A4 —A -,
0- ===

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

Figure 5: Trends in mobility status 2000 to 2012.
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Figure 6: Proportion of patients who were independent for all activities of daily living (ADLs)
at the time of admission (2000 to 2012).
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Figure 8: Trends in the proportion of patients admitted with cardiovascular disease (CVD),
diabetes mellitus (DM), renal disease (Renal) and polypharmacy (4+ meds) between 2000
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Percentages represent the proportion of admissions that were taking either of these agents
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Abstract

Objective: To examine how the fractured neck of femur population has changed over the last
decade and determine whether they have evolved to become a more physically and socially
dependent cohort

Design: Retrospective cohort study of prospectively collected Standardised Audit of Hip Fractures of
Europe data entered on to an institutional hip fracture registry.

Participants: 10044 consecutive hip fractures admissions (2000-2012)
Setting: A Major Trauma Centre in the United Kingdom

Results: There was a generalised increase in the number of admissions between 2000 (n=740) and
2012 (n=810). This increase was non-linear and best described by a quadratic curve. Assuming no
change in the prevalence of hip fracture over the next 20 years, our hospital is projected to treat 871
cases in 2020 and 925 in 2030. This represents an approximate year on year increase of just over 1%.
There was an increase in the proportion of male admissions over the study period (2000:174 of 740
admissions (23.5%); 2012:249 of 810 admissions (30.7%)). This mirrored national census changes
within the geographical area during the same period. During the study period there were significant
increases in the numbers of patients admitted from their own home, the proportion of patients
requiring assistance to mobilise, and the proportion of patients requiring help with basic activities of
daily living (all p<0.001). There was also a two to fourfold increase in the proportion of patients
admitted with a diagnosis of cardiovascular disease, renal disease, diabetes and polypharmacy (use
of >4 prescribed medications) (all p<0.001).

Conclusions: The expanding hip fracture population has increasingly complex medical, social and
rehabilitation care needs. This needs to be recognised so that appropriate health care strategies and
service planning can be implemented. This epidemiological analysis allows projections of future
service need, both in terms of patient numbers and dependency.

Strengths and limitations of this study

- This analysis is based on 10044 consecutive hip fracture admissions over a 13 year period from a
defined geographical area using standardised data collection.

- Trends in the hip fracture population including information on patient demographics, medical
co-morbidities, physical functioning, social circumstances and cognitive capacity during this
period are presented.

- Based on these data we have been able to produce a simplified equation that allows individual
centres to calculate their own expected increases in hip fracture admissions over the next 20
years.

- This is a retrospective analysis and there may be issues relating to coding inaccuracies and
recorder bias.

- Any projections to a national population of hip fractures from a single centre, single population
study may be liable to regional discrepancies and may not be applicable to other hospital
populations where incidence of, for example, other co-morbidities may be significantly different
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Introduction

The United Kingdom (UK) currently treats approximately 80,000 hip fractures every year at an

estimated annual cost of two billion pounds in direct health-care costs alone *?

. One in every 12
patients who sustains a hip fracture will die in the first month following injury and three in every 10
will die within the first year *. The World Health Organisation has estimated that the number of
people aged 65 and over will increase by 88% over the next 25 years due to an aging world
population, better public health and an increased use of medical interventions that prolong the
average life expectancy *. Despite a decline in the age specific incidence of hip fractures over the last
decade *®’, these population changes mean the overall number of hip fractures will continue to

increase >° The annual number of hip fractures in the UK is projected to rise to 91,500 by 2015 and

101,000 by 2020 °.

The projected rise in hip fracture incidence has implications for health strategy and resource
allocation. These must be addressed if we are to continue to manage the specific needs of these
patients and improve the standard of care. Previous studies have evaluated how hip fracture

5,6,7

incidence has changed with time *®’, the relationships to changing population demographics °, and

the impact upon projected future health-care requirements #°°

. Few, if any, studies have evaluated
how physical dependency, medical co-morbidities, social needs and care requirements have changed
within this population with time. This is important to appreciate as these factors will also have a

significant impact on the requirements for future medical, nursing, rehabilitation and social services.

To address these concerns we interrogated an institutional hip fracture database with the aim of
answering the following research question: “How has the population of patients admitted to
hospital with a fractured neck of femur changed over the last decade and have they evolved to
become a more physically and socially dependent cohort?”. Our null hypothesis was that the
fractured neck of femur population would not have changed with time for any of the markers of

physical and social dependency examined during this analysis.
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Patients and Methods

The Nottingham Hip Fracture Database

Nottingham University Hospitals cover a catchment population of approximately 785,000 and admit
approximately 800 hip fractures each year. For the entire study period, it has been the only hospital
providing a trauma service for the local population and its surrounding areas. In May1999, the
Nottingham Hip Fracture Database was initiated to prospectively collect information on all hip
fracture patients for the purpose of ongoing audit and service evaluation. Data for all hip fracture
patients are recorded using a modified version of the standardised audit of hip fractures of Europe
(SAHFE) data collection form . All data is collected prospectively by a team of independent audit
staff who administer the local hip fracture database. SAHFE data completion is mandatory for all hip
fractures in our hospital and in 2012 the trust recorded over 93% in the domain of data
completeness within the national hip fracture database (NHFD) ''. Audit data is strictly confidential

and is managed in accordance with national data protection (Caldicott) guidelines.

Study Design and Dataset

To address our research question a retrospective cohort study was conducted using all of the
information held within the hip fracture database from its inception (May 1999) to the date of the
current project data request (March 2013). In total 10,739 consecutive hip fracture admissions were
identified. Form this cohort we excluded the cases from 1999 (n=446) and 2013 (n=249) as a
complete years’ worth of admission data was not available. Analysis was therefore based on a
consecutive series of 10,044 hip fractures admitted during a 13 year period between the 1st of
January 2000 and 31st December 2012. The baseline demographics for study cohort are given in

table 1.

Outcome Variables

The Nottingham Hip Fracture Database records information on patient demographics, medical co-
morbidities, physical functioning, social circumstances and cognitive capacity for each hip fracture
patient. The database records information pertaining to specific co-morbidities, including questions
about the presence of a diagnosis of cardiovascular disease (CVD), cerebrovascular disease (CVA),
chronic obstructive pulmonary disease (COPD), renal disease, diabetes mellitus (DM), , Rheumatoid
arthritis, Parkinson’s disease and malignancy. During the study period there was no change in the

definitions used by the database for each of these conditions. Information about medication use is
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also recorded, with specific questions about the use of steroids, anticoagulants (e.g. clopidogrel,

warfarin) and polypharmacy (the use of >4 regular medications) (Table 1).

Physical functioning is assessed using specific questions related to mobility status, independence
both within and outside the house and ability to perform activities of daily living such as washing,
dressing, cleaning, feeding and toileting. Social circumstances are assessed by questions relating to
the type of residence, co-habitation and the requirement for additional carers. The abbreviated

mental test score is used to assess cognitive capacity™.

To ascertain how the hip fracture population had changed with time the distribution of each of these
outcome variables was calculated for each year of the analysis (2000 to 2012). This allowed
observed changes and trends in the distributional characteristics of these variables with time to be

appreciated.

Statistical analysis

Initial graphical and tabular summaries were performed to demonstrate how the hip fracture
population changed over the period of analysis. Comparison to publically available Nottingham
Census data (2001 and 2011) was conducted to see if the observed changes in the hip fracture

population mirrored those seen for the general population.

Statistical comparisons were performed to determine if each of the analysed variables changed over
the period of observation. For continuous parametric data comparisons were made using
independent t-tests and one-way Analysis of Variance (ANOVA). For continuous non-parametric data
comparisons were made using Mann Whitney and Kruskal-Wallis tests. For categorical data Fishers
exact and Chi-squared test were used. A p value of p<0.05 was used to indicate statistical

significance.

Time series analysis was used to produce a mathematical model for the year on year changes in the
observed number of hip fracture admissions. Linear, quadratic, exponential and S-Curve models
were sequentially fitted to the data and for each model its adequacy was assessed using the mean
absolute percentage error (MAPE), mean absolute deviation (MAD) and the mean squared deviation
(MSD). The ‘best fit" quadratic time series model was selected as it was the model type that

minimised each of these variables. This model was then used to generate forecasts of the expected
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number of admissions in 2020, 2025 and 2030. Statistical analysis was performed using SPSS version
19 (IBM Corporation, Armonk, USA) and the time series analysis was undertaken using Minitab

version 16 (Minitab Ltd, Coventry, UK).
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Results

Hip fracture admissions
During the period 2000 to 2012 a total of 10,044 patients were admitted with a hip fracture. The

mean number of admissions per year was 773 (S.D 44.9, Range 704 to 854) with a generalised
increase in the number of hip fractures admissions with each year. This increase was non-linear and
best described by the quadratic curve: Admissions = 715.59 + (8.72 x number of years after 1999) -
(0.06 x (number of years after 1999)2), [i.e. year 2000 = 1] (Figure 1). Assuming no change in the
prevalence of hip fracture over the next 20 years, our hospital is projected to treat 871 cases in
2020, 899 in 2025 and 925 in 2030. A simple equation to allow hip fracture units to estimate their

future hip fracture numbers (assuming similar demographics to Nottingham) is shown in figure 1.

Patient demographics

Baseline demographics for the entire study cohort are presented in table 1.

Age at admission did not significantly change during the period of (p= 0.67). However the
median age of females (83 years (IQR 77 to 88, Range 19 to 105 years) was significantly higher than
that for males (80 years (IQR 70 to 86, Range 17 to 105 years) (p<0.001). While they differed, the age
distributions of both male and female patients did not significantly change with time (comparison
across all years: female p=0.70, male p=0.11). During the period of study there was a steady and
significant increase in the proportion of male admissions from 174 of 740 (24%) in 2000 to 249 of
810 (31%) in 2012 (p<0.001) (Table 2).

Co-morbidities

Of the co-morbidities recorded there was a significant increase in the proportion of patients
presenting with cardiovascular disease (CVD), diabetes mellitus (DM), renal disease and
polypharmacy (patients on greater than 4 prescribed medications) with time (Figure 2). In 2000, the
percentage of patients with CVD was 20% (145 of 740 admissions), which increased by a factor of 3.1
to 61% in 2012 (497 of 810 admissions) (p<0.001). Similarly the percentage of patients with DM
increased by a factor of 1.8 from 9% (64 of 740 admissions) in 2000 to 15% (125 of 810 admissions)
in 2012 (p<0.001). The presence of renal disease increased from 2% (15 of 740 admissions) in 2000
to 9% (69 of 840 admissions) in 2012, a greater than fourfold increase (p<0.001). The proportion of
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patients with polypharmacy also increased by a factor of two between 2000 (20%, 142 of 740
admissions) and 2012 (40%, 322 of 810 admissions)(p<0.001). For all other recorded co-morbidities
the proportions of admissions with a positive diagnosis remained similar throughout the period of

observation.

The median abbreviated mental test score for patients was 9 (IQR 3 to 10, Range 0 to 10) and did not
change significantly year to year (p=0.51). The number of patients prescribed either Clopidogrel or
Warfarin demonstrated significant variation from year to year and followed a steadily increasing

trend between 2000 and 2012 (both p<0.001) (Figure 3).

Social demographics

Baseline social demographic data is presented in table 1.Between 2000 and 2012 there was a
gradual increase in the number of admissions from patient living in their own home (p<0.001). Over
the same time period there was a reciprocal decrease in admissions from warden aided / residential
care and nursing care (p<0.001) (Figure 3). Of the 6742 patients living in their own home 3278 (49%)
lived alone. The proportion of patients living alone in their own home remained similar over the

period of observation (Table 2).

At the time of admission 5027 of the 10,044 (50%) admissions mobilised independently outdoors
(Table 1)., Of these 5027 patients 3119 (62%) did not use any mobility aids, 1520 (30%) used one aid
and 388 (8%) used two aids / frame / walker. The reliance on walking aids increased as the level of
mobility decreased (p<0.001). The proportions of patients mobilising independently outdoors at the
time of admission increased significantly between 2000 and 2012. During the same period there was
a reciprocal decrease in the proportion of patients mobilising independently indoors (p<0.001)

(Table 2).

The proportions of patients who were completely independent for all activities of daily living (ADLs)
were similar across the study period (Table 2). Overall 4011 of 10,044 (40%) patients were
completely independent for all ADLs. For the 6033 patients that were not independent for their
ADLs, 2586 (43%) required assistance with some form of basic care (Washing, dressing, feeding,

toileting) (Figure 4). The proportion of patients requiring this level of care increased from 161 of 455
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patients requiring assistance with ADLs (36%) in 2000 to 220 of 460 patients requiring assistance
with ADLs (48%) in 2012 (p<0.001).

Fracture demographics

The distributions of the type of fractures presenting to the unit by year are shown in figure 5 and
given in table 1. The distribution of intracapsular and extracapsular (intertrochanteric /
subtrochanteric / Other proximal femoral fractures) remained consistent over the period of study

with approximately 60% of hip fractures / year being intracapsular.
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Discussion

Principle findings and comparison with other studies

The last decade has seen an increase in the number of hip fractures admitted to our institution. The
number of admissions is expected to increase further over the next 20 years with a forecasted 15%
rise in admissions by 2030. However, while the number of admissions is increasing, the quadratic
time series curve produced suggested that, while the number of admissions is increasing, the size of
the annual increase is reducing year on year. Using our data we have produced a simplified
forecasting model which was +/- 1% accurate when compared to the predicted results from the time
series curve. This equation can be used by centres wanting to calculate their expected short to mid-

term hip fracture service requirements.

The predicted rise in the number of hip fractures mirrors the trends predicted for England ® and
Scotland °. However, the size of the increase is smaller than the 45 to 75% rise in numbers predicted
by the Scottish group 6 and significantly lower than the ‘pessimistic’ estimate of a doubling in the
number of hip fractures by 2033 reported for England by White et al *. Hip fracture admissions are
expected to continue to rise despite a global decrease in the age related incidence of these fractures
during the last decade *’. This is because the population continues to age due to the success of
public health strategies and the advent of medical interventions that prolong the average life
expectancy during the second half of the 20th century®*3. In 2011 approximately 1 in 5 (22.6%) of
the population of England and Wales was aged over 60 and the total number of residents aged over
90 was 430,000, up from 340,000 in 2001 *. Between 2001 and 2011 the population of
Nottinghamshire increased by 37,500 (5%) from 748,300 (2001) to 785,800 (2011) with an
associated 3% increase in the proportion of the population aged over 60 (21.1% in 2001, 24.1% in
2011) **®. This may explain the observed 10% increase in the number of hip fracture admissions to
our unit over the same time period and the relatively conservative estimate for the number of future
admissions. Geographical areas with greater increases in the proportion of their population over 60
are likely to experience greater increases in hip fracture admissions in future years. Our equation for
predicting future clinical need must therefore be interpreted in the context of each individual
centres geographic population and will be most accurate for centres that service patient populations

similar to our own.
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The median age of our cohort did not change with time, however, the proportion of male admissions
increased. This contrasts with the review by Haleem et al ** which found a trend towards an
increasing mean age and a static female: male ratio in the 36 publications they reviewed pertaining
to hip fractures between 1959 and 1998. Similarly the 2013 National Hip Fracture Database report
demonstrates an increase in the proportion of hip fractures in the very elderly (>90 years) with a
static female: male ratio between 2009 and 2013 11. Census data for Nottingham suggests that
between 2001 and 2011 there was a large increase in the number of male patients aged 75-89 years
living within the hospitals catchment area >, helping to explain these differing findings and the

increasing number of male admissions observed within our cohort.

Between 2000 and 2012 we observed a number of significant changes in the hip fracture population.
At the end of the period a greater number of patients were living alone in their own homes,
requiring assistance with basic activities of daily living, and presenting with significant medical co-
morbidities. This increase in the levels of physical and social dependence has implications for the
delivery of the hip fracture service. As a result of these changes we can expect to see increases in
the rates of post-operative mortality, morbidity and length of hospital stay >°. White et al predicted
that, as the population ages, 30 day mortality rates will rise from 8.3% in 2008 to 9.3% by 2033,
resulting in 7000 additional deaths each year °. This effect is likely to be compounded by the
increasing frailty observed in this study, and if these trends continue this estimate may need to be
revised upward. These changes also suggest that we are supporting a population of patients who are
increasingly frail and have significant social care needs within their own homes. This has implications
for acute nursing care, post-operative rehabilitation and eventual discharge planning. Patients are
less likely to achieve the requisite level of physical functioning to permit discharge home if they have
poor functional reserve to begin with. They are also less likely to get home if they are socially
isolated and require increased levels of social care. There are also implications for benchmarking
and audit systems, such as the National Hip fracture Database and the Nottingham Hip Fracture

1728 Our data

Score that use living at home versus living in an institution as a surrogate for frailty
suggest that this distinction may be becoming less clear cut. Such scores may therefore need re-

calibration in future years.

Changes in the prevalence of specific co-morbidities may be a direct manifestation of an

increasingly frail elderly population within declining health. Some of this effect may be attributable
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to greater data accuracy as the hip fracture database matured and administrators became more
familiar with the datasets. However, this is unlikely to account for the magnitude of the observed
changes in each of the co-morbidities. The changing prevalence may also have been influenced by
the introduction of national guidelines and health policies that aim to promote evidence based
practice and incentivise the treatment of a range of chronic conditions in primary care during the
period of study. Initiatives such as the Quality and Outcome Frameworks (QOF) ' have been
introduced to reward primary care practices if they deliver high quality on a range of services %°.
Areas of clinical care linked to rewards include the implementation of clinical interventions known to
benefit patients with chronic conditions such as cardiovascular disease, diabetes, and chronic renal

21,22

disease . The initiation of such strategies in 2003/04 may, in part, account for the sudden jump in

proportion of patients we observed with these co-morbidities. In addition, during the study period,

23,24,25,26,27,28

the National Institute for Clinical Excellence and the National Service Framework?® have

published a range of guidance which may have increased diagnostic awareness for these conditions.

Strengths and limitations

This study benefits from the size of the cohort available for analysis, the consecutive period of follow
up, consistent data collection and the range of data collected. The hospital serves a well defined
urban / rural population with no alternative hip fracture service within this geographical area.
During the study period the trauma service at Nottingham was awarded major trauma centre status.
This is, however, unlikely to have had a significant impact upon the number of hip fracture
admissions and our future hip fracture projections as referral to a major trauma centre is triggered
primarily based upon mechanism of injury. As the majority of hip fractures occur after low energy
injuries such as fall from standing height they should not trigger the major trauma pathway and
should be taken to their nearest orthopaedic unit as previously. While the unit’s current data
completeness rate of 93% is good and much better than Hospital Episode Statistics, it could be
better. The introduction of the NICE guidance and best practice tariff may have raised awareness in
reporting of facets of patient care giving more accurate and complete data in the later years.
Inaccuracies in coding and recorder intervariability are potential sources of error which may account
for some of the year on year differences observed. Any projections to a national population of hip
fractures from a single centre, single population study may be liable to regional discrepancies and
may not be applicable to other hospital populations where incidence of, for example, other co-

morbidities may be significantly different. In addition our projections for future admissions are
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based upon static hip fracture incidence whereas current hip fracture incidence is declining at
approximately 0.6%/year >. While we accept this may result in the number of hip fracture admissions
being over estimated it was done to simplify the analysis, and the ability of other centres to use the
proposed equations. In addition it is unclear whether this decrease in prevalence will continue at the
same rate over the next 20 years, will decrease further or increase at some undefined point so that
the prevalence starts to rise. However, despite these concerns we feel that the overall trends
reported here are likely to be generalisable to national practice. While the National Hip Fracture
Database (NHFD) publishes yearly reports on management of the hip fracture population it has only
been reporting national results since 2009 **. Despite comprising over 250,000 records its report
containslimited information on dependency and does notpresent data on co-morbidities *'*. The
information presented here therefore adds significantly to the results available from this database.
Further useful information is likely to come from the recently undertaken hip fracture Anaesthesia
Sprint Audit Project (ASAP) *°. This audit of 11,000 hip fracture cases will complement the
information presented here by allowing us to better understand the absolute numbers and the
variation in prevalence of a range of co-morbidities, and the differing ways in which these co-

morbidities are treated.

Conclusion

The cost of treating hip fractures is rising . Currently the annual cost of treating these injuries is
approximately £2 billion/year which helps to deliver a high quality service based on NICE’s
recommendations of surgery performed on dedicated trauma lists within 36 hours of admission,
adequate physiotherapy and occupational therapy provision allowing early mobilisation and
rehabilitation, and ongoing orthogeriatric assessment and support. However, the projected increase
in the number of hip fractures, combined with a more frail, elderly and socially dependent patients
who are likely to experience greater rates of mortality, post-operative morbidity and longer
inpatient stays will drive this figure up over the next 20 years. Cost estimates for hip fracture
treatment predict a 243% increase in costs to £5.6 billion by 2033 °. Worryingly we have shown that
more and more patients have complex medical co-morbidities and social needs and so it is likely that
the cost of treating these patients is likely to climb at a faster rate than these projections based
upon changes in the age demographics alone. This must be appreciated to so that appropriate

health care strategies and service planning can be implemented to prevent the hip fracture service
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enduring a financial shortfall, particularly at a time when there is an ever increasing drive to meet

best practice targets.
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Legend page

Tables:
Table 1: Baseline data for the study cohort

Table 2: Changes in patient and social demographics between 2000 and 2012 (results for 2000, 2004,
2008 and 2012 shown for clarity)

Figures:

Figure 1: Number of hip fracture admissions 2000 to 2012 with ‘best fit’ time series model (Red line:
Admissions = 715.59 + (8.72 x number of years after 1999) - (0.06 x (number of years after 1999)?),
i.e. year 2000 = 1). Green line represents the forecasted number of admissions based on this model
beyond 2030. Hip fracture admissions can be approximated in any hospital using a simplified
equation based on this model: Predicted admissions in year X = Admissions in specified unit in 2012
+(0.01 x Admissions in specified unit in 2012 x (X — 2012)) — (0.0001 x Admissions in specified unit in
2012 x (X —2012)%).

Figure 2: Trends in the proportion of patients admitted with cardiovascular disease (CVD), diabetes
mellitus (DM), renal disease (Renal) and polypharmacy (4+ meds) between 2000 and 2012.

Figure 3: Number of admissions that were prescribed either Clopidogrel (C) or Warfarin (W).
Percentages represent the proportion of admissions that were taking either of these agents in each

year.

Figure 4: Patients requiring assistance with basic care (washing, dressing, feeding, toileting) as a
proportion of all patients requiring assistance with their activities of daily living (ADLs) (n=6033).

Figure 5: Distribution in the pattern of presenting fracture by year (2000 to 2012).
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Patient Demographics

Study Cohort (n=10,044)

Median Age (years) (IQR) (Range)

82 years (IQR 76 to 88) (Range 17 to 105)

Gender (%)
Male : Female

2626 (26%) : 7418 (74%)

Comorbidities (Yes (%))
Cardiovascular disease
Cerebrovascular disease

Chronic Obstructive Airways Disease
Renal disease

Diabetes Mellitus

Rheumatoid arthritis

Parkinson’s disease

Malignancy

4851 (48%)
1442 (14%)
1426 (17%)
614 (6%)
1242 (12%)
350 (3%)
325 (3%)
1183 (12%)

Median Abbreviated Mental Test Score (IQR)

9 (IQR 2to 10)

Residence (Yes (%))

Own Home

Warden aided / Residential home
Nursing home

Hospital inpatient

Rehabilitation facility

Other

Unknown

6742 (67%)

1952 (19%)

1101 (11%)
127 (1%)
26 (0%)
77 (1%)
19 (0%)

Walking ability (Yes (%))
Independent outdoors
Independent indoors
Accompanied outdoors
Accompanied indoors

Unable to mobilise / transfers only
Unknown

5027 (50%)

2443 (24%)

1302 (13%)
561 (6%)
261 (3%)
450 (5%)

Walking aids (Yes (%))
No aids

One or more aids
Frame / Walker
Wheelchair / Bedbound
Unknown

4434 (44%)

3086 (31%)

2009 (20%)
293 (3%)
222 (2%)

Fracture type (Yes (%))
Intracapsular
Intertrochanteric
Subtrochanteric

Other (e.g. Reverse Oblique)
Unknown

6012 (60%)
3202 (32%)
522 (5%)
305 (3%)
3 (0%)

Table 1: Baseline data for the study cohort
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Patient Demographics Year p value*

2000 2004 2008 2012
n 740 761 758 810
Median Age (years) (IQR) 81 (75 to 87) 81 (74 to 87) 82 (75 to 87) 82 (75 to 87) 0.06
Gender (%)
Male : Female 174(24%):566(76%) 173(23%):588(77%) 206(27%):552(73%) | 249(31%):261(69%) <0.001
Median Abbreviated Mental Test Score (IQR) 8(2to10) 8(2to10) 8(2to 10) 7 (2 to 10) 0.51
Residence (Yes (%))
Own Home 463 (63%) 505 (66%) 537 (71%) 587 (73%) <0.001
Warden aided / Residential home 171 (23%) 161 (21%) 127 (17%) 149 (18%)
Nursing home 98 (13%) 74 (10%) 75 (10%) 66 (8%)
Other / Unknown 8 (1%) 13 (2%) 19 (3%) 8 (1%)
Living alone in own home 234 of 463 (51%) 263 of 505 (52%) 261 of 537 (49%) 301 of 587 (51%) 0.49
Walking ability (Yes (%))
Independent outdoors 343 (46%) 385 (51%) 400 (53%) 429 (53%) <0.001
Independent indoors 301 (41%) 201 (26%) 126 (17%) 129 (16%)
Accompanied outdoors 33 (4%) 101 (13%) 128 (17%) 120 (15%)
Accompanied indoors 46 (6%) 39 (5%) 35 (5%) 42 (5%)
Unable to mobilise / transfers only 14 (2%) 26 (3%) 20 (3%) 33 (4%)
Unknown 3 (0%) 9 (1%) 49 (6%) 57 (7%)
Independent for all ADLs (%) 455 (61%) 488 (64%) 441 (58%) 460 (57%) =0.02
Requires assistance with basic care (%) 162 (22%) 240 (32%) 181 (24%) 220 (27%) <0.001

(washing, dressing, feeding, toileting)

Table 2: Changes in patient and social demographics between 2000 and 2012 (results for 2000, 2004, 2008 and 2012 shown for clarity),

*comparison of variationin factors for all years with the analysis.
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Figure Legends

Figure 1: Number of hip fracture admissions 2000 to 2012 with ‘best fit’ time series model
(Red line: Admissions = 715.59 + (8.72 x number of years after 1999) - (0.06 x (number of
years after 1999)?), i.e. year 2000 = 1). Green line represents the forecasted number of
admissions based on this model beyond 2030. Hip fracture admissions can be approximated
in any hospital using a simplified equation based on this model: Predicted admissions in year
X = Admissions in specified unit in 2012 + (0.01 x Admissions in specified unit in 2012 x (X —
2012)) - (0.0001 x Admissions in specified unit in 2012 x (X — 2012)?).

Figure 2: Trends in the proportion of patients admitted with cardiovascular disease (CVD),
diabetes mellitus (DM), renal disease (Renal) and polypharmacy (4+ meds) between 2000
and 2012.

Figure 3: Number of admissions that were prescribed either Clopidogrel (C) or Warfarin (W).
Percentages represent the proportion of admissions that were taking either of these agents
in each year.

Figure 4: Patients requiring assistance with basic care (washing, dressing, feeding, toileting)

as a proportion of all patients requiring assistance with their activities of daily living (ADLs)
(n=6033).

Figure 5: Distribution in the pattern of presenting fracture by year (2000 to 2012).
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program is held by the hip fracture audit co-ordinators in the department of trauma and
orthopaedics, Queens Medical Centre, Nottingham. This database is administered by the senior
author (Prof Christopher Moran). The data used for this study was extracted from this database for
the sole purpose of the stated analyses. The corresponding author therefore possesses no additional
unpublished data in respect of this study. Data held within the Nottingham Hip Fracture Database
and the data used for these analyses was stored and used in accordance with local Caldicott
guidelines.
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Abstract

Objective: To examine how the fractured neck of femur population has changed over the last
decade and determine whether they have evolved to become a more physically and socially

dependent cohort,

Design: Retrospective cohort study of prospectively collected Standardised Audit of Hip Fractures of
Europe data entered on to an institutional hip fracture registry.

Participants: 10044 consecutive hip fractures admissions (2000-2012)
Setting: A Major Trauma Centre in the United Kingdom

Results: There was a generalised increase in the number of admissions between 2000 (n=740) and
2012 (n=810). This increase was non-linear and best described by a quadratic curve. Assuming no
change in the prevalence of hip fracture over the next 20 years, our hospital is projected to treat 871
cases in 2020 and 925 in 2030. This represents an approximate year on year increase of just over 1%.
There was an increase in the proportion of male admissions over the study period (2000:174 of 740
admissions (23.5%); 2012:249 of 810 admissions (30.7%)). This mirrored national census changes
within the geographlcal area durlng the same perlod During the study period While-the-medianage

3¢ vations-there were significant increases
wn home, the proportlon of patlents requiring

in the numbers of patlents admltted from their
assistance to mobilise-pati

o

proportion of patients requiring help W|th baS|c activities of daily ||V|ng (all p<0. 001) There was also
a two to fourfold increase in the proportion of patients admitted with a diagnosis of cardiovascular
disease, renal disease, diabetes and polypharmacy (use of >4 prescribed medications) (all p<0.001).

Conclusions: The expanding hip fracture population has increasingly complex medical, social and
rehabilitation care needs. This needs to be recognised so that appropriate health care strategies and
service planning can be implemented. This epidemiological analysis allows projections of future
service need, both in terms of patient numbers and dependency.

Strengths and limitations of this study

- This analysis is based on 10044 consecutive hip fracture admissions over a 13 year period from a
defined geographical area using standardised data collection.

- Trends in the hip fracture population including information on patient demographics, medical
co-morbidities, physical functioning, social circumstances and cognitive capacity during this
period are presented.

- Based on these data we have been able to produce a simplified equation that allows individual
centres to calculate their own expected increases in hip fracture admissions over the next 20
years.

- This is a retrospective analysis and there may be issues relating to coding inaccuracies and
recorder bias.

_ - {Formatted: Font:
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Any projections to a national population of hip fractures from a single centre, single population
study may be liable to regional discrepancies and may not be applicable to other hospital
populations where incidence of, for example, other co-morbidities may be significantly different
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Introduction

The United Kingdom (UK) currently treats approximately 80,000 hip fractures every year at
an estimated annual cost of two billion pounds in direct health-care costs alone **2. One in every 12
patients who sustains a hip fracture will die in the first month following injury and three in every 10
will die within the first year ®. The World Health Organisation has estimated that the number of
people aged 65 and over will increase by 88% over the next 25 years due to an aging world
population, better public health and an increased use of medical interventions that prolong the

average life expectancy *. Despite a decline in the age specific incidence of hip fractures over the last

decade *®7, these population changes mean the overall number of hip fractures will continue to | - {Formatted: Superscript
- { Formatted: Superscript
health—the-so-called—osteoporosis—epidermic——The annual number of hip fractures in the UK is
projected to rise to 91,500 by 2015 and 101,000 by 2020 °.
The projected rise in hip fracture incidence has implications for health strategy and resource**'**{Formatted: Indent: First line: 0"
allocation. These must be addressed if we are to continue to manage the specific needs of these
patients and improve the standard of care. Previous studies have evaluated how hip fracture
incidence has changed with time >®’, the relationships to changing population demographics 5,7a7ng< - {Formatted: Superscript
the impact upon Rrevi \\‘[Formatted: Superscript

4,9,10%8

projected future health-care requirements . Few, if any, studies have evaluated how physical

dependency, medical co-morbidities, social needs and care requirements have changed within this

population with time. This is important to appreciate as these factors will also have a significant

impact on the requirements for future medical, nursing, rehabilitation and social services.
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To address these concerns we interrogated an institutional hip fracture database with the aim of

answering the following research question: “How has the population of patients admitted to

hospital with a fractured neck of femur changed over the last decade and have they evolved to

become a more physically and socially dependent cohort?”. Our null hypothesis was that the

fractured neck of femur population would not have changed with time for any of the markers of

physical and social dependency examined during this analysis.

N ‘[Formatted: Indent: First line: 0" ]
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10 The Nottingham Hip Fracture Database- - {Formatted: Font: Bold

IS
Nottingham University Hospitals cover a catchment population of approximately 785,000 Fhe

12

13 Nettingham-University-Hespitatand admits approximately 800 hip fractures each year. For the entire

14 study period, it has been the only hospital providing a trauma service for the local population and its

15

16 surrounding areas. In Maya

1; the Nottingham Hip Fracture Database was initiated to prospectively collect information on all hip

19 fracture patients for the purpose of ongoing audit and service evaluation.irfermation—en—al-hip

20

21 . . y . . .

29 evaluatien- Data for all hip fracture patients are recorded using a modified version of the

23 standardised audit of hip fractures of Europe (SAHFE)-audit data collection form *. All data is

gg collected prospectively by a team of independent audit staff who administer the local hip fracture

26 | database. SAHFE data completion is mandatory for all hip fractures in our hospital and —in 2012 the

27 trust recorded over 93% in the domain of data completeness within the national hip fracture

28

29 | database (NHFD) 2. Audit data is strictly confidential and is managed in accordance with national

30 data protection (Caldicott) guidelines.

31

32

33 Study Design and Dataset - {Formatted: Font: Bold

34 To address our research guestion a retrospective cohort study was conducted using all of the

35

36 information held within the hip fracture database from its inception (May 1999) to the date of the

37 current project data request (March 2013). In total 10,739 consecutive hip fracture admissions were

gg identified. Form this cohort we excluded the cases from 1999 (n=446) and 2013 (n=249) as a

40 complete years” worth of admission data was not available. Analysis was therefore based on a

41 consecutive series of 10,044 hip fractures admitted during a 13 year period between the 1st of

42

43 January 2000 and 31st December 2012. The baseline demographics for study cohort are given in

44 table 1.

45

46

47 Outcome Variables - { Formatted: Font: Bold

jg The Nottingham Hip Fracture Database records Batarecorded-aspartof this-engeingauditincludest— - - { Formatted: Indent: First line: 0"

50 information on patient demographics, medical co-morbidities, physical functioning, social

51 circumstances and cognitive capacity for each hip fracture patient. The database records

52

53 information pertaining to specific co-morbidities, including questions about the presence of a

54

55

56

57

58

59

60
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diagnosis of Specific-co-morbidities-assessed-include-thepresence—of-cardiovascular disease (CVD),
cerebrovascular _disease (CVA), chronic obstructive pulmonary disease (COPD), eerebrevaseutar
disease{EVA}—renal disease, watigraney—diabetes mellitus (DM), renal—disease, Rrheumatoid

arthritis, Parkinson’s disease_and malignancy.Paget’'s—disease—and—polypharmacy—{the-useof >4
regular-medieations)— During the study period there was no change in the definitions used by the

audit-database for each of these conditions. Information about medication use is also recorded, with

specific _questions about the use of steroids, anticoagulants (e.g. clopidogrel, warfarin) and

polypharmacy (the use of >4 regular medications) (Table 1).

review—of—medical+reecerds—Physical functioning is assessed using specific questions related to

mobility status, independence both within and outside the house and ability to perform activities of
daily living such as washing, dressing, cleaning, feeding and toileting. Social circumstances are
assessed by questions relating to the type of residence, co-habitation and the requirement for

additional carers. The abbreviated mental test score is used to assess cognitive capacity'*2.

To ascertain how the hip fracture population had changed with time the distribution of each of these

outcome variables was calculated for each year of the analysis (2000 to 2012). This allowed

observed changes and trends in the distributional characteristics of these variables with time to be

appreciated.

Page 32 of 69

<+ S {Formatted: Indent: First line: 0" J

complete—data—was—availableforthe-entire—year—Initial Ggraphical and tabular summaries were

performed to demonstrate how the hip fracture population changed over the period of analysis. has

evelved—over—this13-yearperiod: An—additionaleComparison to publically available Nottingham

Census data (2001 and 2011) was conducted to see if the observed changes in the hip fracture

population mirrored those seen for the general population.

Statistical comparisons were performed to determine if each of the analysed variables

changed over the period of observation. For continuous parametric data comparisons were made

- { Formatted: Font: Bold

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 33 of 69 BMJ Open

using independent t-tests and one-way Analysis of Variance (ANOVA). For continuous non-

P OO~NOUILAWNPE

o

parametric data comparisons were made using Mann Whitney and Kruskal-Wallis tests. For

categorical data Fishers exact and Chi-squared test were used. A p value of p<0.05 was used to

el
N

indicate statistical significance.

=
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[
(&)

Time series analysis was used to produce a mathematical model for the year on year changes in the+- - - {Formatted: Indent: First line: 0"

e
~N o

observed number of hip fracture admissions. Fhis—+medelwasthenused-to—predictthe-expected

‘ ’

N
O © ™

NN
N -

Linear, quadratic, exponential and S-Curve models were sequentially fitted to the data and for each

N
w

model its adequacy was assessed using the mean absolute percentage error (MAPE), mean absolute

N
N

deviation (MAD) and the mean squared deviation (MSD). The ‘best fit’ quadratic time series model

N
ol

N
(o3}

was selected as it was the model type that minimised each of these variables. This model was then

N
~

used to generate forecasts of the expected number of admissions in 2020, 2025 and 2030.

NN
©

Statistical analysis was performed using SPSS version 19 (IBM Corporation, Armonk, USA) and the

w
o

time series analysis was undertaken using Minitab version 16 (Minitab Ltd, Coventry, UK).

w
=
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Results

Hip fracture admissions

During the period 2000 to 2012 a total of 10,044 patients were admitted with a hip fracture.
The mean number of admissions per year was 773 (S.D 44.9, Range 704 to 854) with a generalised

increase in the number of hip fractures admissions with each year. This increase was non-linear and

best described by the quadratic curve: Admissions = 715.59 + (8.72 x number of years after 1999) -
(0.06 x (number of years after 1999)2), [i.e. year 2000 = 1] (Figure 1). irereasing—incidence—inhip

4}—Assuming no change in the prevalence of hip fracture over the next 20 years, our hospital is
projected to treat 871 cases in 2020, 899 in 2025 and 925 in 2030. A simple equation to allow hip
fracture units to estimate their future hip fracture numbers (assuming similar demographics to

Nottingham) is shown in figure 1.

Patient demographics

Page 34 of 69

Baseline demographics for the entire study cohort are presented in table 1. Overal2626-efthe+ - - {Formatted: Indent: First line: 0" J

comparison-across—atyears—(p= 0.67). However the median age of females (83 years (IQR 77 to 88,
Range 19 to 105 years) was significantly higher than that for males (80 years (IQR 70 to 86, Range 17

to 105 years) (p<0.001). While they differed, the age distributions of both male and female patients
did not significantly change with time (comparison across all years: female p=0.70, male p=0.11).

During the period of study there was a steady and significant increase in the proportion of male

admissions from 174 of 740 (24%) in 2000 to 249 of 810 (31%) in 2012 (p<0.001) (Table 2).

Co-morbidities
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Of the co-morbidities recorded there was a significant increase in the proportion of patients

presenting with cardiovascular disease (CVD), diabetes mellitus (DM), renal disease and

polypharmacy (patients on greater than 4 prescribed medications) with time (Figure 2). In 2000, the

percentage of patients with CVD was 20% (145 of 740 admissions), which increased by a factor of 3.1

to 61% in 2012 (497 of 810 admissions) (p<0.001). Similarly the percentage of patients with DM

increased by a factor of 1.8 from 9% (64 of 740 admissions) in 2000 to 15% (125 of 810 admissions)

in 2012 (p<0.001). The presence of renal disease increased from 2% (15 of 740 admissions) in 2000

to 9% (69 of 840 admissions) in 2012, a greater than fourfold increase (p<0.001). The proportion of

patients with polypharmacy also increased by a factor of two between 2000 (20%, 142 of 740

admissions) and 2012 (40%, 322 of 810 admissions)(p<0.001). For all other recorded co-morbidities

the proportions of admissions with a positive diagnosis remained similar throughout the period of

observation.

The median abbreviated mental test score for patients was 9 (IQR 3 to 10, Range 0 to 10) and did not

change significantly year to year (p=0.51). The number of patients prescribed either Clopidogrel or

Warfarin demonstrated significant variation from year to year and followed a steadily increasing

trend between 2000 and 2012 (both p<0.001) (Figure 3).

Social demographics

Baseline social demographic data is presented in table 1.

‘otheraccommoedationtypes—During thisperiod-there was a gradual increase in the number of
admissions from patient living in their own home {2000=463-6f 740-admissions{62-6%};2012 =587
of 810-admissions{72.5%}-(p<0.001). Over the same time period there was a reciprocal decrease in

admissions from warden aided / residential care {2000=171ef 740-admissions{23-1%)-2012 =149

o0 dmissiens o4 0-and nursing care (2000—=00-af A0 adrissiens U2 2000 = 6625010
adwmissions{8-2%1-(p<0.001) (Figure 3). Of the 6742 patients living in their own home 3278

(48-649%) lived alone. The proportion of patients living alone in their own home remained similar

over the period of observations (Figure-Table 24).

A

Formatted: Font: Not Bold
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At the time of admission 5027 of the 10,044 (50-1%) admissions mobilised independently outdoors+- - - {Formatted: Indent: First line: 0"

(Table 1).,
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and-for-450-{4.5%}mebility-status—wasnot-known{Figure 5}-0Of these 5027 patients who—were
ndependent-eutdeers-3119 (62-0%) did not use any mobility aids, 1520 (30-2%) used one aid and

388 (877#%) used two aids / frame / walker. The reliance on walking aids increased as the level of

mobility decreased (p<0.001). The proportions of patients mobilising independently outdoors at the

time of admission increased significantly between 2000 and 2012. During the same period there was

a_reciprocal decrease in the proportion of patients mobilising independently indoors (p<0.001)

(Table 2).
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The proportions of patients who were completely independent for all activities of daily living (ADLs)+~ - - {Formatted: Indent: First line: 0" J

were similar across the study period (Figure-6Table 2). Overall 4011 of 10,044 (39-940%) patients
were completely independent for all ADLs. For the 6033 patients that were not independent for
their ADLs, 2586 (42:943%) required assistance with some form of basic care (Washing, dressing,
feeding, toileting) (Figure #4). The proportion of patients requiring this level of care increased from

161 of 455 patients requiring assistance with ADLs (35-436%) in 2000 to 220 of 460 patients

requiring assistance with ADLs (474848%) in 2012 (p<0.001).
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35 Fracture demographics

36 The distributions of the type of fractures presenting to the unit by year are shown in figure 5 and

given in table 1. The distribution of intracapsular and extracapsular (intertrochanteric /

39 subtrochanteric / Other proximal femoral fractures) remained consistent over the period of study

with approximately 60% of hip fractures / year being intracapsular.
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Discussion

Principle findings and comparison with other studies

The last decade has seen an increase in the number of hip fractures admitted to our institution. The

number of admissions is expected to increase further over the next 20 years with a forecasted 15%

rise in admissions by 2030. However, while the number of admissions is increasing, the quadratic

time series curve produced suggested that, while the number of admissions is increasing, the size of

the annual increase is reducing year on year. Using our data we have produced a simplified

forecasting model which was +/- 1% accurate when compared to the predicted results from the time

series curve. This equation can be used by centres wanting to calculate their expected short to mid-

term hip fracture service requirements.

The predicted rise in the number of hip fractures mirrors the trends predicted for England > and

by the Scottish group 6 and significantly lower than the ‘pessimistic’ estimate of a doubling in the

number of hip fractures by 2033 reported for England by White et al >. Hip fracture admissions are

expected to continue to rise despite a global decrease in the age related incidence of these fractures

during the last decade >’. This is because the population continues to age due to the success of

public health strategies and the advent of medical interventions that prolong the average life

expectancy during the second half of the 20th century®*. In 2011 approximately 1 in 5 (22.6%) of

the population of England and Wales was aged over 60 and the total number of residents aged over

90 was 430,000, up from 340,000 in 2001 **. Between 2001 and 2011 the population of

Nottinghamshire increased by 37,500 (5%) from 748,300 (2001) to 785,800 (2011) with an

associated 3% increase in the proportion of the population aged over 60 (21.1% in 2001, 24.1% in

2011) . This may explain the observed 10% increase in the number of hip fracture admissions to

our unit over the same time period and the relatively conservative estimate for the number of future

admissions. Geographical areas with greater increases in the proportion of their population over 60

are likely to experience greater increases in hip fracture admissions in future years. Our equation for

predicting future clinical need must therefore be interpreted in the context of each individual

centres geographic population and will be most accurate for centres that service patient populations

similar to our own.
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The median age of our cohort did not change with time, however, the proportion of male admissions

increased. This contrasts with the review by Haleem et al ** which found a trend towards an - {Formatted: Superscript

increasing mean age and a static female: male ratio in the 36 publications they reviewed pertaining

to hip fractures between 1959 and 1998. Similarly the 2013 National Hip Fracture Database report

demonstrates an increase in the proportion of hip fractures in the very elderly (>90 years) with a

static female: male ratio between 2009 and 2013 11. Census data for Nottingham suggests that

between 2001 and 2011 there was a large increase in the number of male patients aged 75-89 years

living within the hospitals catchment area ***¢, helping to explain these differing findings and the - {Formatted: Superscript

increasing number of male admissions observed within our cohort.

Between 2000 and 2012 we observed a number of significant changes in the hip fracture population.

At the end of the period a greater number of patients were living alone in their own homes,

requiring assistance with basic activities of daily living, and presenting with significant medical co-

morbidities. This increase in the levels of physical and social dependence has implications for the

delivery of the hip fracture service. As a result of these changes we can expect to see increases in

the rates of post-operative mortality, morbidity and length of hospital stay >°. White et al predicted - {Formatted: Superscript

that, as the population ages, 30 day mortality rates will rise from 8.3% in 2008 to 9.3% by 2033,

resulting in 7000 additional deaths each year . This effect is likely to be compounded by the - {Formatted: Superscript

increasing frailty observed in this study, and if these trends continue this estimate may need to be

revised upward. These changes also suggest that we are supporting a population of patients who are

increasingly frail and have significant social care needs within their own homes. This has implications

for acute nursing care, post-operative rehabilitation and eventual discharge planning. Patients are

less likely to achieve the requisite level of physical functioning to permit discharge home if they have

poor functional reserve to begin with. They are also less likely to get home if they are socially

isolated and require increased levels of social care. There are also implications for benchmarking

and audit systems, such as the National Hip fracture Database and the Nottingham Hip Fracture

1718 Our data | - {Formatted: Superscript

Score that use living at home versus living in an institution as a surrogate for frailty

suggest that this distinction may be becoming less clear cut. Such scores may therefore need re-

calibration in future years.

Changes in the prevalence of specific co-morbidities may be a direct manifestation of an

increasingly frail elderly population within declining health. Some of this effect may be attributable
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to greater data accuracy as the hip fracture database matured and administrators became more

familiar with the datasets. However, this is unlikely to account for the magnitude of the observed

changes in each of the co-morbidities. The changing prevalence may also have been influenced by

the introduction of national guidelines and health policies that aim to promote evidence based

practice and incentivise the treatment of a range of chronic conditions in primary care during the

Page 40 of 69

period of study. Initiatives such as the Quality and Outcome Frameworks (QOF) 1‘“1 havebeen - {Formatted: Superscript

introduced to reward primary care practices if they deliver high quality on a range of services°. - {Formatted: Superscript

Areas of clinical care linked to rewards include the implementation of clinical interventions known to

benefit patients with chronic conditions such as cardiovascular disease, diabetes, and chronic renal

disease **2, The initiation of such strategies in 2003/04 may, in part, account for the sudden jumpin _ - - { Formatted: Superscript

proportion of patients we observed with these co-morbidities. In addition, during the study period,

the National Institute for Clinical Excellence ***#*>?52".28 and the National Service Framework® have  -- {Formatted: Superscript
: Superscript

: Indent: First line:

0"
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i? - T e - { Formatted: Font: Bold
18 Strengths and limitations - { Formatted: Indent: First line: 0"
19 This study benefits from the size of the cohort available for analysis, the consecutive period of follow
20

21 up, consistent data collection and the range of data collected. The hospital serves a well defined
22 urban / rural population with no alternative hip fracture service within this geographical area.
22 During the study period the trauma service at Nottingham was awarded major trauma centre status.
25 This is, however, unlikely to have had a significant impact upon the number of hip fracture
26 admissions and our future hip fracture projections as referral to a major trauma centre is triggered
27

28 primarily based upon mechanism of injury. As the majority of hip fractures occur after low energy
29 injuries such as fall from standing height they should not trigger the major trauma pathway and
22 should be taken to their nearest orthopaedic unit as previously. While the unit’s current data
32 completeness rate of 93% is good and much better than Hospital Episode Statistics, it could be
33 better. The introduction of the NICE guidance and best practice tariff may have raised awareness in
34

35 reporting of facets of patient care giving more accurate and complete data in the later years.
36 Inaccuracies in coding and recorder intervariability are potential sources of error which may account
37 . . . . .
38 for some of the year on year differences observed. Any projections to a national population of hip
39 fractures from a single centre, single population study may be liable to regional discrepancies and
jg may not be applicable to other hospital populations where incidence of, for example, other co-
42 morbidities may be significantly different. In_addition our projections for future admissions are
43 based upon static hip fracture incidence whereas current hip fracture incidence is declining at
44

45 approximately 0.6%/year,”. While we accept this may result in the number of hip fracture admissions _ _ - { Formatted: Superscript
46 being over estimated it was done to simplify the analysis, and the ability of other centres to use the
j; proposed equations. In addition it is unclear whether this decrease in prevalence will continue at the
49 same rate over the next 20 years, will decrease further or increase at some undefined point so that
50 the prevalence starts to rise. However, despite these concerns we feel that the overall trends
51

52 reported here are likely to be generalisable to national practice. While the National Hip Fracture
53 Database (NHFD) publishes yearly reports on management of the hip fracture population it has only
54

55

56

57

58

59

60
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been reporting national results since 2009_". Despite comprising over 250,000 records its report - {Formatted: Superscript
contains;NHED-erby-has-limited data-information on dependency and does not-eeHectpresent data

3,911

on co-morbidities . The information presented here therefore adds significantly to the results

available from this database. Further useful information is likely to come from the recently

undertaken hip fracture Anaesthesia Sprint Audit Project (ASAP) *. This audit of 11,000 hip fracture - {Formatted: Superscript

cases will complement the information presented here by allowing us to better understand the

absolute numbers and the variation in prevalence of a range of co-morbidities, and the differing

ways in which these co-morbidities are treated. Fhis-report-thereforeaddssignificantlyto-theresults

Conclusion - {Formatted: No underline

The cost of treating hip fractures is rising *°. Currently the annual cost of treating these injuries is - {Formatted: Superscript

approximately £2 billion/year which helps to deliver a high quality service based on NICE’s

recommendations of surgery performed on dedicated trauma lists within 36 hours of admission,

adequate physiotherapy and occupational therapy provision allowing early mobilisation and

rehabilitation, and ongoing orthogeriatric assessment and support. However, the projected increase

in the number of hip fractures, combined with a more frail, elderly and socially dependent patients

who are likely to experience greater rates of mortality, post-operative morbidity and longer

inpatient stays will drive this figure up over the next 20 years. Cost estimates for hip fracture

treatment predict a 243% increase in costs to £5.6 billion by 2033 °. Worryingly we have shown that - {Formatted: Superscript

more and more patients have complex medical co-morbidities and social needs and so it is likely that

the cost of treating these patients is likely to climb at a faster rate than these projections based

upon changes in the age demographics alone. This must be appreciated to so that appropriate

health care strategies and service planning can be implemented to prevent the hip fracture service

enduring a financial shortfall, particularly at a time when there is an ever increasing drive to meet

best practice targets.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 45 of 69 BMJ Open

©CoO~NOUTA,WNPE

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



P OO~NOUILAWNPE

BMJ Open Page 46 of 69

References

1. Hip Fracture. Costing Report. Implementing NICE guidance. National Institute for Health and
Care Excellence clinical guideline 124. June 2011

2. Osteoporosis Facts and Figures v1.1 The National Osteoporosis Society publication. Jan 2006

3. Johansen A, Wakeman R, Boulton C, Plant F, Roberts J, Williams A. National Report 2013.
Clinical Effectiveness and Evaluation Unit, Royal College of Physicians. National Hip Fracture
Database.

4. Quah C, Boulton C, Moran C. The influence of socioeconomic status on the incidence,
outcome and mortality of fractures of the hip. J Bone Joint Surg (Br) 2011; 93-B:801-5

5.  White SM, Griffiths R. Projected incidence of proximal femoral fractures in England: A report
from the NHS Hip Fracture Anaesthesia Network (HIPFAN). Injury 2011;42:1230-1233.

6. Holt G, Smith R, Duncan K, Hutchinson JD, Reid D. Changes in population demographics and
the future incidence of hip fracture. Injury 2009;40:722-726.

7. Fisher AA, O’Brien ED, Davis MW. Trends in hip fracture epidemiology in Australia: Possible
impact of bisphosphonates and hormone replacement therapy. Bone 2009;45:246-253.

4 - - - ‘[ Formatted: No bullets or numbering

)

=~ ~ | Formatted: Indent: Left: 0.5", No bullets or
numbering

|

6-8.The Care of Patients With Fragility Fracture. Blue Book Publication by the British
Orthopaedic Association. September 2007.

7:9.Bleiber F, Konnopka A, Benzinger P, Rapp K, Konig HH. The health burden and costs of
incident fractures attributable to osteoporosis from 2010 to 2050 in Germany--a
demographic simulation model. Osteoporosis Int 2013 Mar; 24 (3): 835-47. Doi
10.1007/s00198-012-2020-z

8:10. Konnopka A, Jerusel N, Konig HH. The health and economic consequences of
osteopenia-and osteoporosis-attributable hip fractures in Germany: estimation for 2002 and
projection until 2050. Osteoporosis Int. 2009 Jul; 20 (7): 1117-29 doi: 10.1007/s00198-008-
0781-1.

9.11. Currie C, Partridge M, Plant F, Roberts J, Wakeman R, Williams A. National Report
2012. National Hip Fracture Database.

12. Woodford HJ, George J. Cognitive Assessment in the elderly: a review of clinical methods.
QJM (2007) 100 (8): 469-484. doi 10.1093

10:13. Haleem S, Lutchman L, Mayahi R, Grice JE, Parker MJ. Mortality following hip <+~~~ 7| Formatted: Normal, Left, Space After: 0 pt,
. H P H .20 _ Widow/Orphan control, Adjust space between
fracture: Trends and geographlc?l varlatlor_1 over the_ Ia_st 40 years. Injury 2008;39:1157-1163. ] Latin and Asian text, Adjust space between
1114, Census Comparator: Office for National Statistics accessed at: ~_ | Asian text and numbers
http://www.ons.gov.uk/ons/interactive/vp2-2011-census-comparator/index.html. [Last " Formatted: Font: (Default) Calibri, 11 pt,
Accessed September 2013] Underline color: Auto

12:15. Census Results 2001: Nottinghamshire County Council.
http://cms.nottinghamshire.gov.uk/home/business-
economy/econdata/census2001/censusresults.htm [Last Accessed September 2013]

16. Census 2011 Overview. Nottingham Insight.
http://www.nottinghaminsight.org.uk/insight/key-datasets/census-2011.aspx [Last
Accessed September 2013]

17. Wiles MD, Moran CG, Sahota O, Moppett IK. Nottingham Hip Fracture Score as a predictor of
one year mortality in patients undergoing surgical repair of fractured neck of femur. British
Journal of Anaesthesia 2011;106(4):501-504.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 47 of 69

P OO~NOUILAWNPE

U OTUu AU DMBEMDIAMDIAMBAEDIAMDIMDNWOWWWWWWWWWWNDNNDNNNNMNNNNRPRPRPERPRERPERRER
QOO NOUPRRWNRPOOO~NOUOPRRWNPRPOOONOOUOPRARWNRPEPOOONOODURAWNRPOOO~NOOUUDMWNEO

BMJ Open

18. Moppett IK, Parker M, Griffiths R,Bowers R, White SM, Moran CG. Nottingham Hip Fracture
Score: longitudinal and multi-assessment. British journal of Anaesthesia 2012;109(4):546-50.

13 .
14-19. About the Quality and Outcomes Framework. National Institute of Health and Care {
Excellence. http://www.nice.org.uk/aboutnice/qgof [Last Accessed Sept 2013]
45-20. Quality and Outcomes Framework. Online GP practice results database. QOF
2011/12 results. www.gof.ic.nhs.uk [Last Accessed September 2013]
16.21. National Quality and Outcomes Framework Statistics 2004-05. August 2005. Health

and Social Care Information Centre. http://www.hscic.gov.uk/catalogue/PUB01946 [Last
accessed September 2013]

17:22. Quality and Outcomes Framework 2011-12. October 2012. Health and Social Care
Information Centre. http://www.hscic.gov.uk/catalogue/PUB08135 [Last accessed
September 2013]

18.23. Chronic Heart Failure. Management of chronic heart failure in adults in primary and
secondary care. National Collaborating Centre for Chronic Conditions. National Institute for
Health and Care Excellence Clinical Guideline 5. July 2003.

19.24. Diagnosis and Management of Type 1 diabetes in children, young people and adults.
National collaborating centre for chronic conditions. National Institute for Health and Care
Excellence Clinical Guideline 15. July 2004.

20:25. Hypertension (persistently high blood pressure) in adults. National Institute for
Health and Care Excellence clinical guideline CG18. August 2004.

21:26. Clopidogrel and modified- release dipyridamole in the prevention of occlusive
vascular events. National Institute for Health and Care Excellence Technology Appraisal 90.
May 2005.

22:27. Statins for the prevention of cardiovascular events in patients with increased risk of
developing cardiovascular disease or those with established cardiovascular disease. National
Institute for Health Care and Excellence Technology appraisal 94. January 2006

23-28. The management of atrial fibrillation. National Institute for Health and Care
Excellence clinical guidelines CG36.

29. National Service Framework: coronary heart disease. Department of Health. March 2000.

30. Hip Fracture Anaesthesia Sprint Audit Project (ASAP). Accessed at:
http://www.networks.nhs.uk/nhs-networks/hip-fracture-anaesthesia/hip-fracture-
anaesthesia-sprint-audit-project-asap

Formatted: Indent: Left: 0.5", No bullets or
numbering

Formatted: Indent: Left: 0.5", No bullets or
numbering

o

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 48 of 69



Page 49 of 69 BMJ Open

©CoO~NOUTA,WNPE

Legend page

- ‘[Formatted: Font: Bold

A _

ables:

Table 1: Baseline data for the study cohort

Table 2: Changes in patient and social demographics between 2000 and 2012 (results for 2000, 2004,
2008 and 2012 shown for clarity)

Figures:

Figure 1: Number of hip fracture admissions 2000 to 2012 with ‘best fit’ time series model (Red line:
Admissions = 715.59 + (8.72 x number of years after 1999) - (0.06 x (number of years after 1999)?),
i.e. year 2000 = 1). Green line represents the forecasted number of admissions based on this model
beyond 2030. Hip fracture admissions can be approximated in any hospital using a simplified
equation based on this model: Predicted admissions in year X = Admissions in specified unit in 2012
+(0.01 x Admissions in specified unit in 2012 x (X —2012)) — (0.0001 x Admissions in specified unit in
2012 x (X —2012)%).

Figure 2: Trends in the proportion of patients admitted with cardiovascular disease (CVD), diabetes
mellitus (DM), renal disease (Renal) and polypharmacy (4+ meds) between 2000 and

2012 .Proportion-of Maleand-Female patientsadmitted-w

Figure 3: Number of admissions that were prescribed either Clopidogrel (C) or Warfarin (W).
Percentages represent the proportion of admissions that were taking either of these agents in each

vear. Mace-ebresideneonriortendiaission-byn e 2000 e 2000

Figure 4: Patients requiring assistance with basic care (washing, dressing, feeding, toileting) as a
proportion of all patients requiring assistance with their activities of daily living (ADLs)

(n=6033).Proporti
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Patient Demographics

Study Cohort (n=10,044)

82 years (IQR 76 to 88) (Range 17 to 105)

Gender(%)

Male : Female

Cardiovascular disease
Cerebrovascular disease

Chronic Obstructive Airways Disease

4851 (48%
1442 (14%
1426 (17%

Renal disease 614 (6%)
Diabetes Mellitus 1242 (12%
Rheumatoid arthritis 350 (3%)
Parkinson’s disease 325 (3%)
Malignancy 1183 (12%
edian Abbreviated Mental Test Score (IQR 9 (IQR 2 to 10)

Warden aided / Residential home
Nursing home

Hospital inpatient

Rehabilitation facility

Other

Unknown

6742 (67%
1952 (19%
1101 (11%
127 (1%)
26 (0%
77 (1%
9 (0%

=

Independent outdoors
Independent indoors
Accompanied outdoors
Accompanied indoors

Unable to mobilise / transfers only

Unknown

5027 (50%
2443 (24%
1302 (13%
561 (6%)
261 (3%)
450 (5%)

No aids
One or more aids

Frame / Walker

Wheelchair
Unknown

Bedbound

4434 (44%
3086 (31%
2009 (20%
293 (3%)
222 (2%)

Fracturetype(Yes(%)
Intracapsular

Intertrochanteric

Subtrochanteric

Other (e.g. Reverse Oblique)

Unknown

6012 (60%

3202 (32%
522 (5%)
305 (3%)
3 (0%

Table 1: Baseline data for the study cohort
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(washing, dressing, feeding, toileting)

Table 2: Changes in patient and social demographics between 2000 and 2012 (results for 2000, 2004, 2008 and 2012 shown for clarity),

*comparison of variationin factors for all years with the analysis.
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Patient Demographics Year p value*

2000 2004 2008 2012
n 740 761 758 810
Median Age (years) (IQR) 81 (75to 87 81 (74 to 87 82 (75 to 87) 82 (75 to 87) 0.06
Gender (%
Male : Female 174(24%):566(76%) 173(23%):588(77%) 206(27%):552(73%) | 249(31%):261(69%) <0.001
Median Abbreviated Mental Test Score (IQR) 8(2to10) 8(2t010) 8(2t010) 7(2to10) 0.51
Residence (Yes (%))
Own Home 463 (63%) 505 (66%) 537 (71% 587 (73% <0.001
Warden aided / Residential home 171 (23%) 161 (21%) 127 (17% 149 (18%
Nursing home 98 (13% 74 (10% 75 (10%) 66 (8%
Other / Unknown 8 (1% 13 (2%) 19 3% 8 (1%)
Living alone in own home 234 of 463 (51%) 263 of 505 (52%) 261 of 537 (49%) 301 of 587 (51%) 0.49
Walking ability (Yes (%))
Independent outdoors 343 (46%) 385 (51%) 400 (53% 429 (53%) <0.001
Independent indoors 301 (41%) 201 (26%) 126 (17% 129 (16%
Accompanied outdoors 33 (4%) 101 (13%) 128 (17%) 120 (15%
Accompanied indoors 46 (6% 39 (5%) 35 (5% 42 (5%
Unable to mobilise / transfers only 14 (2%) 26 (3% 20 (3% 33 (4%
Unknown 3 (0% 9 (1% 49 (6% 57 (7%
Independent for all ADLs (%) 455 (61%) 488 (64%) 441 (58% 460 (57% =0.02
Requires assistance with basic care (%) 162 (22%) 240 (32%) 181 (24% 220 (27%) <0.001
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29 Figure 1: Number of hip fracture admissions 2000 to 2012 with ‘best fit’ time series model
30 (Red line: Admissions = 715.59 + (8.72 x number of years after 1999) - (0.06 x (number of
31 years after 1999)%), i.e. year 2000 = 1). Green line represents the forecasted number of

32 admissions based on this model beyond 2030. Hip fracture admissions can be approximated
33 in any hospital using a simplified equation based on this model: Predicted admissions in year
34 X = Admissions in specified unit in 2012 + (0.01 x Admissions in specified unit in 2012 x (X —
2012)) — (0.0001 x Admissions in specified unit in 2012 x (X — 2012)?).
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Figure 2: Trends in the proportion of patients admitted with cardiovascular disease (CVD),

diabetes mellitus (DM), renal disease (Renal) and polypharmacy (4+ meds) between 2000

and 2012.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 54 of 69



Page 55 of 69 BMJ Open

Key —
C = Number of admissions on Clopidogrel
W = Number of admissions on Warfarin _
% = Percentage of admissions on either Clopidogrel or Warfarin

50+

P OO~NOUILAWNPE

el
N = O

40

=
M w

[
(&)

[E
\l

T

[
o

20+

N

=
©

N

NN
[ ]

T

10+

N
N

4.5%
4.7%

=
o
Number and percentage (%) of admissions

3.9%

N
w

1.6%
2.9%
2.1%

T rrmrrmrrrrTTTY
J30TRTRTI TR T TR TR DR R TR RTARARTRARARRAR

i

NN

N
N
0.0%

T T T T i
Anticoagulant CW% CW% CW% CW% CW% CW% CW% CW% CW% CW% CW% CW% CW%
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

NN
o Ol

N N
o~

Figure 3: Number of admissions that were prescribed either Clopidogrel (C) or Warfarin (W).
Percentages represent the proportion of admissions that were taking either of these agents

in each year.

N
©

w
o

oo oD OWWWWWWWW
QUOWONODUPRRWNRPOOO~NOOPRARWNPFPOOONOOUIASAWNPE

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

100+

80

60

Gender

B Mae
O Female

40

Percentage of|admissions (%)

20

0

Year

T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 20

T
12

Page 56 of 69

{

Formatted: Tab stops: 3.26", Left + Not at
1.23"

!

800
Residence
7004 —e— Own Home
—#— Warden / Residential
| —— Nursing
600 —h— Other
]
g 5001
]
o
% 400
™
[}
'g 3004
3
200 +
100 1
0 -

o 30 f rosi ; - 2000-t6-2042).

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

1

Formatted: Tab stops: 3.26", Left + Not at
1.41"

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 57 of 69 BMJ Open

Living
alone
B Yes
O nNo

10

100

©CoO~NOUTA,WNPE

o]
o
1

=
w
patients (%)
[e2)
<

!

=
[e¢)
Percentage
D
o
1

201

24 00— T T T T T T T T T T T T
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

33
34 50
35

_A——R Walking ability
404 W \ —— Independent outdoors
\ —a— Independent indoors
\ —4--  Accompanied outdoors
30- \.\ —h - Accompanied indoors
Immobile / Transfers only

Unknown

201

N
o
PercentagL of patients (%)
/
"

45 101 »

49 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
50 Year

53 Figure 5: Trendsin-mobility-status 2000-to2012-

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

1004

80 1

Independent
for all ADLs
Yes

No

Om

Percentage clf patients (%)

40

201

0

T T T T T T T T T T T T T
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 58 of 69



Page 59 of 69

©CoO~NOUTA,WNPE

BMJ Open

100+

o)
<

o
<

Percentage of patients (%)
N
o
1

N
o
1

|
0

Assistance
with basic
care

Yes

No

0 T T T T T T T T T T T T
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

| Figure 74: Patients requiring assistance with basic care (washing, dressing, feeding,

toileting) as a proportion of all patients requiring assistance with their activities of daily

living (ADLs) (n=6033).

70
—=CVD
DM
60 Renal
e — - -—4+ Meds
X -
~ 50 .
(7] \
£ .
9 . N,
® 40 - b S
o ;
kS ,
g 30 '
(“ A
z /
8 J
5 20 - ;
o .I
/
10 ~ .
’I
/
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




P OO~NOUILAWNPE

U OTUu AU DMBEMDIAMDIAMBAEDIAMDIMDNWOWWWWWWWWWWNDNNDNNNNMNNNNRPRPRPERPRERPERRER
QOO NOUPRRWNRPOOO~NOUOPRRWNPRPOOONOOUOPRARWNRPEPOOONOODURAWNRPOOO~NOOUUDMWNEO

BMJ Open

Ke —
@ 50{ . .
o C = Number of admissions on Clopidogrel
v W = Number of admissions on Warfarin _
‘e % = Percentage of admissions on either Clopidogrel or Warfarin
©
c 404 _
Y
° —
e
°\ —
N
o 301 — Z %
o 2 7
o] % %
c 2 7
Q M 7 7
o -
o 207 -
o 110
c Z) 78
© Z) 5
= & | =
2 104 mllm
< = X %

E S 205 =] < n
2 sll=lallallalls n

) PN Z g

— ~N Z 7

Anticoagulant
Year

0.0%
TSN

T T T T i
CW% CW% CW% CW% CW% CW% CW% CW% CW% CW% CW% CW% CW%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 60 of 69



Page 61 of 69 BMJ Open

{Formatted: Tab stops: 2.44", Left
!

Fracture configuration /

100+ Other / Unknown I
10 Subtrochanteric / Reverse Oblique /’
Trochanteric (2-4 part) I

11 Basicervical !

12 80 Subcapital (displaced) /
Subcapital (undisplaced) !

13 :

14 ;

15 B 60 A

16 K

17

18 40

19

20

21

20

22

23

24

0 T T T T T T T T T T T T T

25 Year 20002001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

©CoO~NOUTA,WNPE

OEOEOE

Percentage of patients (%)

28 Figure 518: Distribution in the pattern of presenting fracture by year (2000 to 2012).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

950

900

850

800

Admissions

750

700

2020 2025 2030
,o"o
+* | 925
e 899
v 871
. 2
o* &
Variable
—&— Adual
—mB— Fi
-4 - Forecass
2000 2005 2010 2015 2020 2025 2030
Year

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

127x84mm (300 x 300 DPI)

Page 62 of 69




Page 63 of 69 BMJ Open

©CoO~NOUTA,WNPE

Renal
13 —-¢-—4+ Meds

£
w
-—
c
=
=
©
o
L
o
o
=)
©
<
c
-
o
1
D
[

31 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

36 127x108mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

a 50| €Y
_5 C = Number of admissions on Clopidogrel
a W = Number of admissions on Warfarin
iz % = Percentage of admissions on either Copidogrel or Warfarin
" 401 _
G
° =
5 _
) 304 — _
o
b -
5 _ L
o
& 201
o
o
=
g 10- | Ug |8
£ 1 H H P 2 [ | e
Z T EE MM A
ol _=

1T ili- T T L T Ui AT
Arnticoagulant CW% CWS CWeo CWe% CWeb CW9% CWee CWe% CWeh CWee CWe%

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008

2009 2010

J.8%

-
CW%
2011

9.8%

L
CWe%

2012

127x90mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 64 of 69



Page 65 of 69 BMJ Open

Assstence
1004 with basic
10 care

= Yes
11 = No

©CoO~NOUTA,WNPE

[y
\l
Percentage of patients (%)

201

0 . . r . . v
26 Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

127x84mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




©CoO~NOUTA,WNPE

BMJ Open

100 -

s 8 8

Percentage of patients (%)

20

0

OECOEON

Fracture configuration

Other /Unknown
Subtrochanteric / Reverse Oblique
Trochanteric (2-4part)

Basicer vical

Subcapitd (displaced)

Subcapital (undisplaced)

Year 2(11) 3)31 21)22703 21)421'1523032(1)7 ZJJBZJCBZOID Z)ll 3312

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

127x84mm (300 x 300 DPI)

Page 66 of 69



Page 67 of 69 BMJ Open

1

2 STROBE Statement—checklist of items that should be included in reports of observational studies
3

4

5 Item

6 No Recommendation

7 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
8 Title: Page 1

9 (b) Provide in the abstract an informative and balanced summary of what was done
12 and what was found

12 Abstract: Page 4

13 Introduction

14 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
ig Intro paragraph 1&2 (Page 5)

17 Objectives 3 State specific objectives, including any prespecified hypotheses

18 Intro paragraph 3 (Page 5),

;’8 Methods

21 Study design 4 Present key elements of study design early in the paper

22 Methods: Study design and dataset section (Page 6)

23 Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
24 exposure, follow-up, and data collection

gg Methods: Study design and dataset section (Page 6)

27 Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of

28 selection of participants. Describe methods of follow-up

29 Methods: Study design and dataset section (Page 6)

32 Case-control study—Give the eligibility criteria, and the sources and methods of
32 case ascertainment and control selection. Give the rationale for the choice of cases
33 and controls NA

34 Cross-sectional study—Give the eligibility criteria, and the sources and methods of
35 selection of participants NA

g? (b) Cohort study—For matched studies, give matching criteria and number of

38 exposed and unexposed NA

39 Case-control study—For matched studies, give matching criteria and the number of
40 controls per case NA

j; Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
43 modifiers. Give diagnostic criteria, if applicable

44 Methods: Outcome variables section page 6/7

45 Data sources/ 8* For each variable of interest, give sources of data and details of methods of

46 measurement assessment (measurement). Describe comparability of assessment methods if there
j; is more than one group

49 Methods: Outcome variables section page 6/7

50 Bias 9 Describe any efforts to address potential sources of bias

51 Not described

gg Study size 10 Explain how the study size was arrived at

54 Methods: Study design and dataset section (Page 6)

55 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,

56 describe which groupings were chosen and why

g; Methods: Statistical analysis section (page 7/8)

59

60
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Statistical methods
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12 (a) Describe all statistical methods, including those used to control for confounding

Methods: Statistical analysis section (page 7/8)

(b) Describe any methods used to examine subgroups and interactions
Methods: Statistical analysis section (page 7/8)

(c) Explain how missing data were addressed
NA
(d) Cohort study—If applicable, explain how loss to follow-up was addressed NA

Case-control study—If applicable, explain how matching of cases and controls was
addressed NA

Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy NA

(e) Describe any sensitivity analyses NA

Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study, completing
follow-up, and analysed

Methods: Study design and dataset section (Page 6)

(b) Give reasons for non-participation at each stage
NA

(c) Consider use of a flow diagram NA

Descriptive
data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
Results (pages 8 to 10)

(b) Indicate number of participants with missing data for each variable of interest
NA

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
NA

Outcome data

15%

Cohort study—Report numbers of outcome events or summary measures over time
Results incl Table 1

Case-control study—Report numbers in each exposure category, or summary measures
of exposure NA

Cross-sectional study—Report numbers of outcome events or summary measures NA

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted
for and why they were included

Results (Pages 8 to 10)

(b) Report category boundaries when continuous variables were categorized
NA

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period NA

Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses
Results (Pages 9 to 11) plus relevant tables

Discussion

Key results

18

Summarise key results with reference to study objectives
Discussion: principle findings and comparison with other studies section (page
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12/13/14)

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias
Discussion: Strengths and limitations section (page 14)

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence
Discussion (Page 12/13/14/15)

Generalisability 21

Discuss the generalisability (external validity) of the study results
Discussion: principle findings and comparison with other studies section (page
12/13/14)

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based
NA

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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