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Abstract

Objective: we estimated the cost-effectiveness of a community falls prevention service compared with usual care from a
National Health Service and personal social services perspective over the 12 month trial period.

Design: a cost-effectiveness and cost utility analysis alongside a randomised controlled trial

Setting: community.

Participants: people over 60 years of age living at home or in residential care who had fallen and called an emergency am-
bulance but were not taken to hospital.

Interventions: referral to community fall prevention services or usual health and social care.

Measurements: incremental cost per fall prevented and incremental cost per Quality-Adjusted Life Years (QALYYs)
Results: a total of 157 participants (82 interventions and 75 controls) were used to petrform the economic evaluation. The
mean difference in NHS and personal social service costs between the groups was /-1,551 per patient over 1 year (95%
CIL: £-5,932 to £2,829) comparing the intervention and control groups. The intervention patients experienced on average
5.34 fewer falls over 12 months (95% CI: —=7.06 to —3.62). The mean difference in QALYs was 0.070 (95% CI: —0.010 to
0.150) in favour of the intervention group.

Conclusion: the community falls prevention service was estimated to be cost-effective in this high-risk group. Current
Controlled Trials ISRCTN67535605. (controlled-trials.com)

Keywords: economic evaluation, falls prevention, older people

Introduction admissions resulting from injuries in people aged 60 years
S or above who had fallen. These falls were estimated to cost
Falls are common among older people, can result in signifi-  the UK government £981 million, of which around £581

cant injgry [1], and atre associated with sub_stantial heath million were NHS costs (2000 price year) [2]. People who
and social care resource use. A UK stu(.iy estimated that in haye fallen in the UK often call the ambulance service that
1999 there were 647,721 A&E visits and 204424 jgsesses the severity of the injury and need for medical
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cate. Many such people are neither transferred to an emer-
gency department, where they may get access to fall preven-
tion services, nor are they routinely referred to falls services
in the community. We have shown that routine referral of
such people to a community falls prevention service has
many health benefits including a reduction in falls, reduced
fear of falling and increased activity [3].

A Cochrane review showed that the evidence that fall
prevention strategies are cost saving is limited [4]. A differ-
ent systematic teview also showed that there is considerable
uncertainty around the cost-effectiveness of multifactorial
assessment and targeted intervention for preventing falls
and injuries in community and emergency cate settings
among older people [5]. This study seeks to add to the evi-
dence surrounding the cost-effectiveness of these types of
interventions by teporting an economic evaluation of a
community fall prevention rehabilitation service for older
people who had called an ambulance because of a fall and
who had not been taken to hospital.

Method

Details of the methods used in the randomised controlled
trial have previously been published [3]. In brief, people
were eligible for inclusion in the trial if they were aged
>60 years and living at home or in care homes in four
Nottinghamshire primary care trusts in the UK and had
contacted the Fast Midlands Ambulance Service through
the emergency telephone system because of a fall, but who
had not been transported to hospital. People were excluded
if they were unable to give consent, deemed too ill to par-
ticipate (e.g terminally ill) or were already in a falls preven-
tion rehabilitation programme.

Participants allocated to the intervention group were re-
ferred to the community falls prevention service provided
by four community fall prevention teams which included
occupational therapists, physiotherapists and nurses. An
individualised multi-factorial intervention programme was
undertaken following the UK clinical falls guidelines
[National Institute of Health and Clinical Excellence
(NICE) 2004] [6]. The intervention was delivered primarily
in the participants’ homes, but it also included group ses-
sions held in community centres. Participants allocated to
the control group continued to use existing social and
medical services as usual. Further details of the interven-
tions can be found on page 2 of the clinical paper [3].

Objective

To estimate the cost-effectiveness (defined as incremental
cost per fall prevented) and cost utility [defined as incre-
mental cost per Quality-Adjusted Life Years (QALYs)
gained] of the community falls prevention service com-
pared to usual cate for the 12-month trial period from an
NHS and social services petspective (as favoured by NICE
[7]) in the base case.
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Resource use and costing

Contacts with health and social services, including care
home admissions, use of informal care, equipment pro-
vided and home modifications (For detailed list of resource
items recorded, please see Table S1 in Supplementary data
available in Age and Ageing online) were collected at an indi-
vidual patient level primarily from questionnaires adminis-
tered at baseline by a researcher face-to-face with the
participants in their own home and at 6 and 12 months via
a postal questionnaire. Different types of resource use data
were collected for different time periods in the 6- and
12-month questionnaires to aid recall, reflecting the likely
usage of the service, but all were adjusted to reflect a
12-month period. For instance, participants were asked to
report at 6 and 12 months the number of GP visits in the
past 3 months, at each time point these numbers were
multiplied by 2 and summed to estimate the number of
visits by the participant to the GP over 12 months.

Participants were asked whether they had paid for any
meals-at-home or for equipment and modifications made
to their home in order that we could estimate the propot-
tion paid for by social services. For equipment and modifi-
cations, we attached an average unit cost based on number
of items of equipment used taken from a previous study
[8]. We also measured the time costs of informal carers (re-
gardless of whether they had to give up work or not) using
the human capital approach, applying average net houtly or
weekly earnings as appropriate (please see Supplementary
data available in Age and Ageing online, Table S1). Patient
and carer costs were excluded from the base case analysis
because of controversy surrounding the methods used to
value time [9], but were included separately in an additional
analysis in line with the approach taken by NICE [7] and as
recommended specifically in the area of economic evalua-
tions of fall-prevention strategies [10].

In addition, some secondary care data (number of
admissions, the length of stay and fall-related fractures) for
the 12-month period was retrieved by a researcher blind to
allocation from the Nottingham University Hospital com-
puter system along with data on the number of emergency
ambulance calls received for falls over 12 months and the
proportion of these resulting in visits to emergency depart-
ments rather than the patient being left at home which
were extracted from the East Midlands Ambulance Service
computer system.

Baseline resource use was compared to check whether
the intervention and usual care groups were comparable in
terms of their prior health and social services usage. We
estimated the overall change in costs per patient to the
health service and personal social services (and separately
incorporating the patient and catrer costs) by summing the
costs associated with delivering the intervention and the
wider resource items. All unit costs and their soutces are
shown in Supplementary data available in _Age and Ageing
online, Table S1. All costs in this paper are presented in
2008-09 pounds sterling, discounting was not undertaken
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reflecting the timeframe for the analysis, and no price
adjustments for inflation or currency conversion were
necessary.

Outcomes

The number of falls was collected via a participant diary
sent out by post each month. Participants were telephoned
when diaries were not returned promptly.

To undertake a cost-utility analysis, we measured patient
health-related quality of life using the EQ-5D (www
euroqol.org), which has five dimensions (mobility, self-care,
usual activities, pain or discomfort, and anxiety or depres-
sion), each rated at one of three levels (none, some, severe
problems) [11]. When combined, these levels create 243
possible health states, each of which has an empirically
measured utility score from the York Al tariff where scores
range between —0.594 and 1.00 [12]. The EQ-5D was
administered at baseline, 6 and 12 months, and used to
construct patient-specific utility paths. The number of
QALYs for the 12-month trial period was estimated for
each patient using linear interpolation and area under the
curve analysis taking account of baseline values. The mean
difference in QALYs between the community falls preven-
tion service and usual cate was calculated.

Cost-effectiveness analysis

Cost-effectiveness was estimated from an NHS and person-
al social services perspective in the base case for a
12-month period. We present the incremental costs and
benefits with 95% Cls computed using the bootstrap tech-
nique [13]. Neither costs nor benefits were discounted
reflecting the 12-month analysis time frame. Current guid-
ance produced by the NICE (2008) suggests an interven-
tion is likely to be considered cost-effective if the
incremental cost effectiveness ratio is within or lower than
a cost-effectiveness threshold (A) of £20,000—£30,000 per
QALY [7]. In the case of incremental cost per fall pre-
vented, there is no clear guideline as to what represents
good value so we sought to compare it to previous cost-
effectiveness studies reporting this outcome.

Decision uncertainty

To estimate the level of uncertainty associated with the de-
cision as to whether the community falls prevention service
or usual care was most cost-effective, we estimated the
cost-effectiveness acceptability curves, which plot the prob-
ability of an intervention being cost-effective compared to
an alternative for different levels of willingness to pay per
QALY, and plotted these graphically [14, 15]. Unit costs
were attached to resource use in Microsoft Excel and all
statistical analysis was undertaken in STATA IC version 11.

For details of the sensitivity analysis undertaken, please
see Supplementary data available in _Age and Ageing online,
Appendix 3.

Results

In total, 204 patients were randomised equally between the
intervention and control groups. In total, 35 patients
died (16 intervention vs. 19 control), and 12 withdrew (4
intervention vs. 8 control) before 12-month data could be
elicited. Therefore, data from 157 participants (82 interven-
tion and 75 control) were included in the base case
economic analysis using only complete cases (one partici-
pant did not complete the 6-month follow-up resource use
questionnaire, so for this patient, we based the annual costs
only on answers to their 12-month questionnaire).

Resource use and costs

Baseline resource use was similar for intervention versus
control participants (data not shown but available from cor-
responding author).

Tables 1 and 2 show the resource use and associated
costs in the two groups over 12 months. There were signifi-
cantly fewer GP and practice nurse visits, subsequent am-
bulance journeys to the emergency department and
meals-at-home paid for by the patient in the intervention
group compared with the control group. The mean total
NHS and personal social service cost per participant
during the 12-month follow-up period (excluding patient
and carer costs) was £15,266 (SD £13,504) in the interven-
tion group compared to £16,818 (SD £14,210) in the
control group giving a mean difference of £-1,551 (95%
Cl: £-5,932 to £2,829).

Cost-effectiveness

The mean number of falls per patient during the 12-month
follow-up period in the 157 participants included in the
base case economic analysis was 2.61 (SD 4.13) for com-
munity falls prevention service participants and 7.95 (SD:
6.61) for the control group (difference —5.34; 95% CI:
—7.06 to —3.62, P <0.001). These are similar to the figures
presented in the effectiveness paper that included all partici-
pants, not only those with resource use data [8]. The cost-
effectiveness analysis estimates that the intervention was the
dominant strategy as it had lower costs and falls compared
to the control group, therefore an incremental cost-
effectiveness ratio is not required and the intervention is
cost-effective.

Cost utility results without carer time costs
included

The mean utility per patient at baseline, 6 and 12 months
was 0.438, 0.366 and 0.344 for the intervention group and
0.481, 0.334 and 0.263 for the control group, respectively.
The mean QALY per patient for the community falls pre-
vention service group was —0.059 (SD: 0.269), while the
mean QALYs for the control group was —0.129 (SD:
0.238), giving a mean difference of 0.070 (95% CI: —0.010
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Table |. Mean (standard deviation) resource use and mean difference in resource use per patient (95% CI)

Resource use item

Intervention
Rehabilitation programme (number of hours)
Primary health care
GP (number of visits)
Practice nurse (number of visits)
District nurse (number of visits)
NHS walk in centre (number of visits)
Secondary health care
Ambulance call out (leaving the person at home) (number)
Ambulance call out (taking the person to ED) (number)
Fractures (number)
Inpatients (number of bed days)
A&E (number of visits)
Outpatients first and follow-up visit (number)
Day hospital visits (number)
NHS funded travel (number of trips)
Personal social services
LA home cate worker (number of hours
Day centre (number of visits)
Residential care (number of days resident)
Nursing home care (number of days resident)
Meals at home (number of meals)
Special equipment (number of items)
Patient and carer
Meals at home (number of meals)
Travel (number of trips)*
Home care—live in (number of hours)
Home care—live out (number of hours)
Time—relative/ friend gave up work partially (number of hours)

Time costs—relative/ friend gave up work completely for all or part of the year

(number of people)

Community falls prevention Usual care Mean difference (95% CI)

service (= 82) (n="175)

12.02 (12.51) NA 12.02 (9.25 to 14.78)
8.00 (10.54) 11.95 (12.22) —3.95 (=7.56 to —0.33)
3.22 (6.74) 7.09 (11.94) —3.87 (—6.98 to —0.77)

12.10 (45.56) 12.45 (30.74) —0.36 (—12.53 to 11.82)
0.10 (0.43) 0.29 (1.26) —0.20 (—=0.50 to 0.11)
1.83 (5.20) 2.57 (4.19) —0.74 (—2.23 t0 0.74)
0.55 (0.74) 1.01 (1.44) —0.46 (—0.83 to —0.10)
0.10 (0.43) 0.11 (0.45) —0.01 (=0.15 to 0.013)

13.24 (19.53) 11.41 (17.97) 1.83 (—4.08 to 7.74)
0.93 (1.81) 1.65 (3.19) —0.73 (=1.56 to 0.10)
2.45 (5.28) 1.356 (4.26) 1.09 (—0.42 to 2.60)
1.32 (6.02) 0.53 (2.82) 0.78 (—0.68 to 2.25)
1.44 (1.64) 1.39 (1.771) 0.05 (—0.48 to 0.58)

192.99 (297.33)
21.88 (78.95)
14.43 (48.25)
16.09 (58.82)
42.64 (104.21)

3.89 (4.41)

184.00 (252.33)  8.99 (—77.03 to 95.71)
15.25 (41.68) 6.62 (—13.09 to 26.33)
30.05 (75.81)  —15.62 (=35.91 to 4.67)
2939 (79.99)  —13.30 (~35.63 to 9.04)
66.89 (146.08) —24.25 (—65.64 to 16.14)

2.64 (3.50) 1.25 (=0.005 to 2.50)

40.11 (80.85)
1.28 (3.76)
81.13 (304.40)
160.50 (485.06)
45.98 (232.60)
0.05 (0.22)

88.42 (153.96)
0.71 (2.34)

44.07 (148.761)

152,37 (188.79)
7.63 (46.58)
0.00 (0.00)

—48.30 (~87.73 to —8.88)
057 (~0.40 to 1.55)
37.06 (=37.69 to 111.80)
8.13 (~106.52 to 122.78)
38.35 (—13.80 to 90.50)
0.05 (—0.001 to 0.10)

“The number of trips was estimated by adding up the number of inpatient, outpatient and A&E visits minus the number of ambulance trips. This may

overestimate costs if patients attended multiple outpatient visits at once.

to 0.150; p=0.0806). Since the mean cost per patient was
lower for the intervention group and the intervention group
saw a lower fall in QALY over the trial period, we conclude
that the intervention is dominant and therefore cost-effective
such that there is no need to estimate an incremental cost-
effectiveness ratio for the community falls prevention service
in the base case and no need for value judgements about its
cost-effectiveness. Figure 1 shows the cost-effectiveness ac-
ceptability curves for the 12-month trial period. At a willing-
ness to pay of £20,000 (£30,000) per QALY there is a
89.0% (92.3%) chance of the community falls prevention
service group being cost-ceffective in this population.

For details of the results of the sensitivity analysis
undertaken, please see Supplementary data available in 4ge
and Ageing online, Appendix 4.

Discussion

We have estimated that the community falls preventions
service, as delivered in this trial, was both cost saving and
improved outcomes (both in terms of number of falls and
QALYs), suggesting it is highly cost-effective in this group
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of people. Exploring the decision uncertainty surrounding
this result showed that the probability that the intervention
was cost-effective was high >89% from an NHS and per-
sonal social services perspective and slightly less certain
(>71%) when patient and carer costs were incorporated.
The results are robust to changes in (i) large increases in the
cost of the intervention; (ii) taking a wider perspective; or
(i) where one considers only the cost of the intervention
i.e. excluding the wider costs associated with the intervention
(although in the latter scenario the intervention group on
average cost more but was cost-effective when considering
the change in QALYSs).

Comparison with other studies

Previous studies of strategies to reduce falls in older people
in the community have shown a range of costs per fall pre-
vented, but none has found an intervention that is both
cost saving and reduces falls [4]. This may be explained by
the differences in the target populations since previous
studies have suggested that cost-effectiveness can be
improved by better targeting of interventions. For instance,
Irvine ef al. identified older people via GP practices and


http://ageing.oxfordjournals.org/lookup/suppl/doi:10.1093/ageing/afs071/-/DC1
http://ageing.oxfordjournals.org/lookup/suppl/doi:10.1093/ageing/afs071/-/DC1

Economic evaluation of community falls prevention

Table 2. Mean (standard deviation) cost and cost difference (95% CI) per patient over the 12 months for community falls
prevention service compared to usual care (in 2008-09 pounds sterling)

Resource use item

Community falls prevention

Usual care (#=75): mean (SD) £’s Mean difference (95% CI) £s

service (7= 82): mean (SD) £’s

Intervention
Rehabilitation programme 262.44 (245.04)

Primary health care

NA 262.44 (208.60 to 316.28)

GP

Practice nurse

District nurse

NHS walk in centre

Total primary health care

Secondary health care

Ambulance call out (leaving the person at home)
Ambulance call out (taking the person to A&E)
Cost of fractures

Cost of inpatients

A&E

Outpatients first and follow-up visit

Day hospital visits

NHS funded travel

Total secondary health care

Personal social services

LA home care worker

Day centre visits

Residential care

Nursing home care

Meals at home

Special equipment

Total personal social services

Patient and carer

Meals at home

288.00 (379.30)
3541 (74.12)
314.54 (1,184.68)
7.61 (33.81)
645.56 (1,258.18)

477.89 (1,368.23)
205.24 (276.60)
37.95 (168.62)
5,576.03 (8,299.44)
62.30 (168.28)
187.43 (332.34)
181.76 (831.08)
77.71 (88.63)
6,806.31 (8,474.43)

3,474.04 (5,351.79)
765.73 (2763.39)
1,030.27 (3,433.51)
1,644.46 (6,016.53)
183.36 (448.12)
454,34 (395.76)
7,552.21 (9,536.96)

175.63 (352.57)

430.08 (440.03)
78.03 (131.37)

323.79 (799.32)
22.88 (98.31)

854.77 (1,070.21)

676.79 (1,102.47)
378.99 (537.75)
41.49 (15.99)
4,859.00 (7,649.41)
88.85 (159.05)
117.84 (266.30)
73.60 (388.56)
74.88 (92.21)
6,311,44 (7,681.01)

3,312.08 (4,541.34)
533.87 (1458.87)
2,150.26 (5,412.20)
3,005.41 (8,180.65)
287.63 (628.16)
362.32 (407.50)
9,651.58 (11,044.15)

452,40 (935.26)

~142.08 (—172.22 to —11.94)
—42.61 (=76.76 to —8.47)
~9.25 (~325.73 to 307.23)
~15.27 (=39.01 to 8.47)
—209.21 (=576.55 to 158.12)

~198.90 (=589.23 to 191.44)
—173.74 (=310.91 to —36.58)
—3.54 (~58.00 to 50.91)
717.03 (—1,797.38 to 3,231.41)
—26.55 (=78.16 to 25.06)
69.59 (=25.01 to 164.18)
108.16 (—94.16 to 310.47)
2.83 (—25.75 to 31.40)
494.87 (—12,052.12 to 3,041.85)

161.96 (—1,398.88 to 1,722.79)
231.87 (—457.939 to 921.712)
—1,119.99 (=2,566.89 to 326.90)
—1,360.95 (—3,644.93 to 923.03)
—104.27 (—=277.95 to (69.42)
92.02 (—34.85 to 218.89)
—2,099.37 (—5,367.95 to 1,169.20)

—276.77 (=504.74 to —48.81)

Travel costs 28.52 (112.06)
735.10 (2,758.20)
1,454 (4,395.6)
416.59 (2,107.57)
956.23 (495.82)
3,766.39 (10,031.45)
15,266.52 (13,504.44)

19,032.9 (17, 055.79)

Home care—live in

Home care—live out

Time costs—relative/ friend gave up work partially
Time costs—telative/ friend gave up work completely
Total patient and carer

Total NHS and PSS costs

Total costs

10,55 (42.42)
399.34 (1,347.93)

17.98 (—8.41 to 44.37)
335.76 (—341.49 to 1,013.03)
1,380.64 (1,710.67) 73.67 (=965.15 to 1,112.5)

69.11 (422.09) 347.48 (—125.07 to 820.03)

0 (0) 956.23 (—30.30 to 1,942.77)
2,312.04 (2,462.31) 1,454.35 (—817.26 to 3,725.96)
16,817.79 (14,210.42) ~1,551.28 (~5,932.02 to 2,829.47)
19,129.83 (14,930.35) ~96.92 (—5,140.92 to 4,947.07)

—— Community falls service =~ ===-Usual care

Probability of being cost effective

0 10 20 30 40 50 60 70 80 90 100
Cost effectiveness threshold (£'000s/QALY)

Decision Effectiveness

Figure 1.

Acceptability Curves for intervention and usual care when

uncertainty:  Cost

patient and carer costs are included.

had to contact more than five thousand people in order to
identify those at high risk of falling and ended up with 364
suitable patients [16]. They calculated an incremental cost-
effectiveness ratio of /3,320 per fall averted, with a fall rate
of 2.85 among controls over a 12-month follow-up. Salkeld
¢t al. found that a home hazard reduction programme to
reduce falls was cost saving for only those that had fallen in
the 12 months prior to randomisation [17]. Therefore, cost-
effectiveness seems to depend on the background fall rate
of the population targeted by a fall prevention intervention.
In the current study, we identified high-risk older people at
the point at which they had fallen and called the emetrgency
services, the targeting of this intervention to a group who
had all fallen and who had a particularly high fall rate
during follow-up (mean of 7.95 among controls) may
explain why we find it to be so cost-effective relative to pre-
vious studies in the area.
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Strengths and weaknesses

The major strength of this study is that it was conducted
alongside a randomised controlled trial. The inclusion of a
cost utility analysis, measuring outcomes in terms of
QALYs, in this study will aid value for money comparisons
across diverse health interventions and should help raise the
priority attached to cate of this vulnerable group of people.
However, potential limitations include the possibility of re-
spondent bias since respondents knew if they were in the
intervention arm or not and this may have influenced how
they recorded resource use, although notably most second-
ary cate data and ambulance resource use data came from
computerised records rather than patients directly The
study time frame was 12 months, thus we did not estimate
the long-term costs and benefits of the intervention com-
pared to usual care. Finally, the 95% Cls around the mean
differences in costs and QALY's span zero, suggesting that it
is possible that the intervention is associated with additional
costs ot less QALYs. This reflects the fact that clinical
studies are rarely powered to find statistically significant dif-
ferences in economic costs or outcomes, this is one reason
why economists generally focus on estimation (of incremen-
tal cost effectiveness) and the uncertainty surrounding this
estimate (as illustrated in this paper using cost-effectiveness
acceptability curves) rather than on hypothesis testing [18].

Implications and future research

The provision of a community falls prevention service tat-
geted at those calling ambulance services following a fall is
likely to represent a cost-cffective use of NHS and personal
social services resoutces. However, future research should
be conducted to test the generalisability of the findings
from this study to investigate whether similar levels of cost-
effectiveness can be found across multiple study sites.

Conclusion

The community falls prevention service delivered in this trial
was cost-effective with little decision uncertainty. This study
further justifies the development of clinical pathways linking the

emergency ambulance services to community therapy setrvices.

Key points

* Many people fall and call an ambulance and are not trans-
ported to hospital. This group is at high risk of falls.

* A community-based falls prevention service reduces the falls
rate, fear of falling and increases activity in these people.

* Few economic evaluations of strategies to prevent falls in
older people have been conducted, particularly in the UK.

* The community-based falls prevention service was esti-
mated to be a cost-effective intervention for this patient

group.
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