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Abstract
Purpose Among others, the German National Prevention Conference recently recommended the provision of preventive options
for elderly to maintain their independent living. Because a home safety assessment and modification program (HSM) has shown
to be effective in avoiding falls and risk of falling in elderly, the aim of this analysis was to evaluate the cost-effectiveness of HSM
in patients aged ≥ 80 years who receive non-institutionalized long-term care.
Methods In order to reflect quality-adjusted life years (QALYs) and costs resulting from HSM, a Markov-model with a time
horizon of 20 years was performed from the perspective of the German statutory health insurance (SHI) and statutory long-term
care insurance (LCI). The model assumed that HSM reduces fall-related hip fractures in accordance with the reduction of the rate
of falls. Data was obtained from public databases and from various literature searches. The robustness of the results was assessed
in deterministic and probabilistic sensitivity analyses.
Results In women, the incremental cost-effectiveness ratio of HSM compared to no prevention was €9580 per QALY, while in
men, it was €57,589. For the German SHI/LCI, in total, the provision of HSM to patients ≥ 80 years who receive non-
institutionalized long-term care would result in annual costs of €7.7 million. The results were robust in several sensitivity
analyses.
Conclusions Provided that the rate of falls is a valid surrogate endpoint for the rate of fall-related hip fractures, HSM could be a
promising approach for investments in preventive options targeting the reduction of fall-related fractures in elderly women.
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Background

Falls are associated with an increased risk of mortality and
morbidity and are the most important risk factor in an elderly
person for suffering a fracture [1]. In addition, fall-related

fractures, particularly osteoporotic hip fractures, result in high
socioeconomic costs. In Germany, the number of
osteoporosis-attributable hip fractures was 55,000 in 2010
and is expected to increase to 92,000 fractures in the year
2030 [2].

There are several preventive options for reducing the risk
of fractures, targeting either at strengthening bone density by
bone-stimulating drugs (i.e., bisphosphonates) or, at reducing
the number of falls by non-medical interventions (e.g., visual
aids, multiple-component group exercise or home safety adap-
tions). Because the effectiveness of these opportunities differ
according to the subgroup provided [3], a specific preventive
intervention should be offered to those who are assumed to
benefit most.

In Germany, in 2015, the parliament passed a law to
strengthen health promotion and preventive health care,
named the Preventive Health Care Act. According to this
law, the health insurance and long-term insurance funds will
be investing over €500 million for health promotion and
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prevention within the next years. Themain focus, thereby, will
be on health promotion in life settings [4]. Based on recom-
mendations of the German National Prevention-Conference,
the Statutory Health Insurance (SHI) should offer—among
others—preventive measures that allow elderly people to
maintain their independent living and, to resist a required de-
mand for long-term care. Thus, preventive measures should
also be offered to elderly who are in need of long-term care but
still able to stay at home [4].

The home environment has been implicated in many fall-
related injuries in older persons. Home environments may be
affected by potential hazards, and many older people attribute
their falls to trips or slips inside the home or immediate home
surroundings. In addition, the relationship between an older
person’s physical abilities and the exposure to environmental
stressors appears to be risk-predictive as taking risks or impul-
sivity may further increase the risk of falls [5].

Home hazard reduction reduced the rate of falls and the risk
of falling if targeted at older people with a history of falls and
mobility limitations [3]. The effectiveness may depend on the
provision of concomitant training for improving transfer abil-
ities and other strategies for effecting behavioral change [5].

Because falls carry a risk of injury, an intervention which
reduces the number of times a person falls, has clinical, public
health, and economic relevance. The home environment has
been implicated in more than one third of all falls or injurious
fall events in older persons [6]. Thus, a modification of the
home environment can specifically be used for reducing the
fall risk of elderly people. Several economic studies have
evaluated the cost-effectiveness of fall prevention in nursing
home settings, whilst only few studies addressed preventive
measures for elderly in the home environment. The aim of this
modeling study was to evaluate the cost-effectiveness of a
home safety assessment and modification program (HSM) in
German elderly people prescribed for outpatient long-term
care compared to no intervention.

Methods

In order to reflect the clinical and monetary consequences of
hip fractures for non-institutionalized elderly people aged ≥
80, a Markov model with a time horizon of 20 years and a
cycle length of 6 months was developed in TreeAge Pro©
(TreeAge Software, Williamstown, Massachusetts). In accor-
dance with many clinical studies which have evaluated the
efficacy of HSM, the model starts at the age of 80. It stops
at the age of 100 because for Germany there are no survival
data beyond that age. The health benefit was estimated in
terms of quality-adjusted life-years (QALYs). We performed
different literature searches in the PubMed database aimed at
data on efficacy, costs of care, event rates, and utilities (which
should be based either on the time trade off or the standard

gamble method). If more than one source was available, data
reflecting the German context more appropriate was preferred.
Before inclusion into the model, clinical experts were asked
for the suitability of data. As the risk of hip fractures of non-
institutionalized elderly people is increased in the subgroup of
patients receiving outpatient care (compared to non-
institutionalized elderly people without care), the analysis
was targeted to this subgroup [7]. To assess the cost-
effectiveness of an HSM, incremental cost-effectiveness ratios
(ICERs) were calculated from the combined perspective of the
statutory health insurance (SHI) and long-term care insurance
(LCI).

Model design

A Markov model with 6 health states was developed. In the
model, a cohort of non-institutionalized men and women
recently assigned to outpatient long-term care starts in the
state Bhealthy.^ Patients either remain in this state or suffer
a Bhip fracture.^Other fractures were not taken into account
because the treatment of hip fractures is more costly and the
reduction in health-related quality of life (HRQoL) due to
hip fractures more severe compared to other fractures [8]. In
addition, for non-hip-fractures, there is a lack of data in this
subgroup. After a hip fracture, patients move to a Bpost-
fracture^ state (due to a persistent reduction in HRQoL),
the Bnursing home^ state, or they remain in this state as a
result of a re-fracture. For Germany, data on nursing home
admissions due to hip fractures was available only for a
period of 6 months after fracture [9]. Therefore, rates of
delayed nursing home admissions more than 6 months after
fracture were assumed to be equal between the intervention
and control group and, a transition from the state Bpost-
fracture^ to the state Bnursing home^ not modeled. A tran-
sition from the state Bhealthy^ to Bnursing home^ was not
modeled because for this analysis only hip-fracture-related
nursing home admissions are relevant. In addition, there is
no evidence for a reduction of admissions as a result of
HSM without suffering a fracture. Patients admitted to a
nursing home were assumed to stay there with or without
subsequent fractures until they die. To take into account the
costs and reduced HRQoL for patients who suffered a re-
fracture within their nursing home stay, an own fracture
state Bre-fracture in nursing home^ was modeled (Fig. 1).

Intervention

For the avoidance of falls in a non-institutional environment
several preventive options are available. HSM was chosen
because it was found to reduce the rate of falls and risk of
falling and, can be easily offered to immobile patients without
incurring stressful efforts and costs of transport. HSM was
assumed to include a home visit—provided by a
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multidisciplinary team immediately after non-institutionalized
long-term care was prescribed—and 2 follow-up visits.

The multidisciplinary team initially assesses the environ-
ment of the patient with respect to potential environmental
hazards and prescribes technical aids according to the patient’s
need. In two further home visits, patients are informed about
the possible fall risk in their home, they are given advice on
possible changes of the home environment, any necessary
home modifications are facilitated and, participants are
instructed in the use of technical and mobility aids.

Data

Clinical input data

Incidence of hip fractures was based on a large retrospective
routine data set of German elderly assigned to non-
institutionalized home care [10]. Fracture rates included the
ICD-code S72 (about 90% hip fractures) and were adjusted for
age, sex, and fractures unrelated to falls [11]. According to a
Danish registry study, in the model, the risk of a re-fracture was

increased almost 12-fold in the month following the first hip
fracture and gradually decreaseswithin 20 years [12]. In addition,
for re-fractures, the model reflects the increased likelihood of a
re-fracture for patients in nursing homes compared to those still
receiving non-institutionalized home care. Both risk increases
were included by applying corresponding rate ratios.

The rates of hip fracture-related nursing home admissions
(ICD-code S72) were obtained from a retrospective routine
data set of community-dwelling elderly Germans who suf-
fered a femoral fracture [9].

According to German routine data on mortality of care-
dependent people, the model considered the difference in mor-
tality in case of outpatient or inpatient long-term care [13]. It
was assumed that excess mortality due to a hip fracture does not
differ between patients with homecare and nursing home resi-
dents [14] (Table 1).

Based on a meta-analysis of 3 randomized controlled trials
(RCTs) HSM-approaches—which were homogeneous in
terms of content and personnel—have shown to be effective
in reducing rate of falls [Rate ratio (RaR) = 0.62, 95% CI
0.50–0.77] of non-institutionalized elderly who were at higher

Healthy
(non-inst.)

Hip fracture
(non-inst.)

Post-fracture (non-
inst.)

All states Death

Nursing home

Re-fracture a�er 
admission to NH

Fig. 1 Model description. Non-
inst. = non-institutionalized;
NH= nursing home
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risk of falling [3]. The studies included in the meta-
analysis evaluated HSM-elements provided by a physio-
therapist and public health worker/occupational therapist.
The meta-analysis was based on 851 patients and showed
no heterogeneity. Applying this RaR to the rate of hip
fractures we assumed that reducing the rate of falls results
in a reduction of fall-related hip fractures to the same
degree. The full intervention effect was assumed to last
for 6 months. Beyond this period, we assumed a linear
decrease of the risk reduction over 2.5 years (5 cycles). In
addition, the effect was not applied in case of a nursing
home admission as the intervention referred to the non-
institutionalized setting.

Health-related quality of life

In order to reflect the HRQoL of patients receiving outpatient
care, we used the mean utility value of Swiss non-
institutionalized individuals with moderate or severe problems
in the 5 dimensions of the EQ-5D [15]. The utility values of
nursing home residents refer to a German study based on the
EQ-5D [16], while the decreased utility due to a hip fracture
was obtained from a systematic review [17]. In order to com-
bine utilities, reference case multipliers based on EQ-5D
pooled data were used.

Costs

In accordance with the intervention profile used for the
German randomized-controlled Home Intervention Team
(HIT)-trial [18]—which was included in the meta-analysis—
home visits were assumed to be made jointly by a physiother-
apist and an occupational therapist. The costs of these home
visits were based on the reimbursement agreement between
the associations of health care insurers and health care pro-
viders [19]. The resource use of technical aids was also calcu-
lated in accordance with the German RCT [18].
Corresponding prices were mainly obtained from German da-
tabases. Adherence was considered in the cost calculation by
taking into account the percentage of technical aids being
implemented after the recommendation. The costs of a geriat-
ric assessment were not calculated because they had already
been included in the preliminary assessment for non-
institutionalized long-term care. In contrast, additional costs
of administration were included.

The treatment costs of a hip fracture include hospital costs,
outpatient costs, and rehabilitation costs. In order to calculate
the reimbursement for hospital treatment, the webgrouper of
the DRG Research Group was used [20]. Surgical procedures
were extracted by using OPS codes from a retrospective anal-
ysis of SHI data (S72.0–S.72.2) [21]. The cost of rehabilita-
tion relied on the overall days spent in an inpatient follow-up

Table 1 Clinical input data

Age Hip-fracture Re-fracture Re-fracture Admission to nursing home
(years) (%, non-inst., w/m) [10–12] (%, non-inst., w/m) [10–12] (%, inst., w/m) [10–12] (%, non-inst. w/m) [9]

Months 1–6 after hip fracture Months 1–6 after hip fracture Months–6 after hip fracture

80 0.0129/0.0078 0.0681/0.0346 – 0.2495/0.1940

81–84 0.0130/0.0083 0.0688/0.0388 0.0787/0.0500 0.2518/0.2148

85–89 0.0150/0.0096 0.0796/0.0448 0.0902/0.0642 0.3542/0.2780

90–94 0.0166/0.0122 0.0847/0.0527 0.0845/0.0386 0.4444/0.3402

95+ 0.0195/0.0161 0.0991/0.0692 0.0825/0.0449 0.5572/0.5081

Months 7+ after hip fracture Months 7+ after hip fracture

80 – –

81–84 0.0167/0.0106 0.0195/0.0144

85–89 0.0194/0.0123 0.0225/0.0186

90–94 0.0214/0.0158 0.0217/0.0165

95+ 0.0252/0.0208 0.0212/0.0193

Age Mortality Hip-fracture mortality Mortality Hip-fracture mortality

(years) (%, non-inst., w/m) [13] (%, non-inst., w/m) [13, 14] (%, inst., w/m)
[13]

(%, inst., w/m) [13, 14]

Months 1–6 after hip fracture Months 1–6 after hip fracture

80 0.1208/0.1984 0.1606/0.3238 – –

80–89 0.1151/0.1642 0.1532/0.2720 0.1435/0.1900 0.1899/0.3114

90+ 0.1705/0.2081 0.2245/0.3383 0.1904/0.3154 0.2497/0.4887

Standard errors from the literature were used for sensitivity analyses except for mortality (variation coefficient of 0.2)

Non-inst., non-institutionalized; inst., institutionalized; w, women; m, men
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rehabilitation [22]. It was assumed that 45% of hip fracture
patients received rehabilitation with 27 days length of stay on
average [23, 24].

Costs of additional long-term care due to a hip fracture
were calculated according to the level of care (I–III) in the
population of non-institutionalized elderly who receive out-
patient long-term care [25]. All costs were calculated with
respect to the occurrence of dementia, and whether they re-
ceive benefits in cash or in kind. The costs for nursing home
residents refer to costs of full inpatient care. To incorporate
the additional amount of long-term care due to a hip fracture,
we assumed that after a hip fracture the share of long-term
care recipients in care level I is reduced by 36% while the
shares in levels II and III are increased by 14% and 22% [21]
(Table 2).

All co-payments by the patients were extracted due to the
SHI perspective. To reflect the continuous timing of transi-
tions between the health states, a half-cycle correction was
conducted. Costs and benefits were discounted by 3% annu-
ally [35]. If costs referred to past years, they were inflated
according to the German Consumer Price Index [36]. (For
further details on costs’ calculation, see supplemental
Tables A1-A4).

Sensitivity analysis and model validation

In order to test the robustness of the results, deterministic and
probabilistic sensitivity analyses were performed for the fol-
lowing parameters: incidence of hip and re-fractures, hospital
admission rate, mortality, effectiveness, costs of HSM (e.g.,
decreasing costs by individual contracts with physiotherapists
and occupational therapist), utilities, discount rate and, the
inclusion of costs of added life years. In addition, the inter-
vention effect was assumed to decline more or less rapidly.
Where standard errors were not available from the literature a
coefficient of variation of 0.4 (costs and utilities) or 0.2
(mortality) was used to vary parameters for deterministic sen-
sitivity analysis [34].

To assess how a simultaneous variation of parameters af-
fects the results, we carried out a Monte Carlo simulation
with 10,000 iterations. Transition probabilities and utilities
were assumed to follow a beta distribution while costs were
assumed to be gamma distributed. Effectiveness was varied
using a normal distribution obtained from the logarithm of
the RaR. We transformed cost-effectiveness ratios in net
monetary benefits and cost-effectiveness acceptability
curves for different values (€0–€100,000) of a willingness
to pay (WTP).

In addition, we performed three structural sensitivity anal-
yses: including (i) admissions to nursing home unrelated to
hip fracture [37] (see supplemental Table A5 and Figure A1),
(ii) two additional health states for reflecting the clinical and
economic consequences of vertebral fractures [2, 38] (see

supplemental Table A6 and Figure A2), and (iii) a different
modeling of excess mortality after hip fracture by taking into
account that this excess mortality is only partly due to the
fracture itself and, therefore excluding the share attributable
to co-morbidity [39] (see supplemental Table A7).

To validate the model, technical accuracy was checked
regarding medical plausibility, data entry and potential
programming errors (internal validation). For external val-
idation, we assessed the extent to which other models for
HSM to prevent falls came to different conclusions (cross
validation).

Budget impact analysis

A budget impact analysis was conducted in order to assess
the expected annual cost burden on SHI and LCI related to
HSM. The incremental costs of a patient who is offered the
program were multiplied by the number of elderly
community-dwellers between 80 and 85 years of age
assigned to a care level [25].

Results

In the base-case, HSM provided to non-institutionalized men
aged ≥ 80 years resulted in an ICER of €57,589 per QALY. In
women at the same age, the ICER was €9580 per QALY
(Table 3).

In the univariate deterministic sensitivity analyses
(supplement, Figures A3 and A4), a change of the vari-
ables for clinical efficacy, costs of HSM and utilities had
the largest effect on the result. Compared to no interven-
tion, assuming a higher efficacy of HSM or, a decrease of
the costs of HSM by 40% resulted in a dominance of
HSM in women. In men, HSM being less costly was the
only variation resulting in an ICER of below €30,000 per
QALY.

Including the costs of treatment for additional life years, the
ICER would increase by 60% in women and by 10% in men.
For a linear decrease of the risk reduction over 1 year (base-
case 3), in women, the ICER would increase to €38,523 per
QALY (men: €110,214), while a slower effect decrease over
5 years would result in an ICER of €330 per QALY (men:
€41,378).

Based on the probabilistic sensitivity analysis, in wom-
en, the probability of cost-effectiveness is higher than 54%
at a WTP of €0 and almost 95% at a WTP of €20,000. In
contrast, the probability of cost-effectiveness in men is 38%
at a WTP of €20,000 and reaches 90% at a WTP of €50,000
(Fig. 2).

If admissions to nursing homes unrelated to hip frac-
tures were considered [structural sensitivity analysis (i)],
the ICER increases by about €4000 for women (men:
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€5000). In contrast, including vertebral fractures [structur-
al sensitivity analysis (ii)] would make HSM more cost-
effective and even dominant in women (compared to no
HSM). The alternative modeling of excess mortality
[structural sensitivity analysis (iii)] results in an ICER of
about €7500 in women and €64,000 in men (supplement,
Table A8).

The budget impact analysis indicated that the adoption of
HSM for care-dependent community-dwellers aged ≥ 80 years
would cost €7.7 million for the SHI/LCI.

By applying different methods for validation, which result-
ed in minor changes of the model assumptions, the final model
was considered to be valid.

Discussion

This modeling study is the first analysis which evaluated
the cost-effectiveness of a community-based HSM for el-
derly people receiving long-term care in Germany. From the
SHI/LCI-perspective, in women aged ≥ 80 years invest-
ments in the improvement of home safety results in costs
of almost €9600 per QALY compared to no intervention,
while in men the cost-effectiveness ratio was six times
higher. Because in Germany the majority of long-term care
recipients are women, overall, the implementation of HSM
targeting all care dependent community-dwellers aged ≥
80 years may result in annual costs of €7.7 million.

Table 2 Input data on utilities, treatment effect, and costs

Utilities Value (range) Reference

Healthy 0.3141 (0.1885–0.4397) [15, 17]

Hip fracture 0.2199 (0.1319–0.3078)

Post-fracture

Months 1–6 0.2199 (0.1319–0.3078)

Months 7–12 0.2513 (0.1508–0.3518)

Nursing home

Months 1–6 0.1843 (0.1106–0.2580) [16, 17]

Months 7–12 0.2106 (0.1264–0.2949)

Re-fracture after admission
to nursing home

0.1843 (0.1106–0.2580)

Treatment effect Value (range) Rate ratio (95% CI)) Reference

Rate of falls 0.62 [0.50–0.77] [3]

Costs of intervention Value (range) €/person Reference

3 Home visits:

Physiotherapist 60 [19]

Occupational therapist 92 [26]

Technical aids 240 [27, 28]

Administration** 60

Total 452 (271–633)

Costs of treatment of hip fractures Value (range) €/fracture

Hospital care 6545 [20, 21]

Rehabilitation*** 1746 [23, 24]

Outpatient care*** 929 [19, 29–31]

9220

Revision (6.7%) 618 [23]

Total 9838 (5903–13,773)

Costs of long-term care Value (range) €/6 months

Non-inst. (no hip fracture)*** 3150 (1890–4410) [21, 25, 32, 33]

Non-inst. (after hip fracture) 4.484 (2690–6278)

Nursing home*** 7715 (4629–10,801) [25]

Non-inst., non-institutionalized

*Standard errors were not available from the literature, a coefficient of variation of 0.4 was used to estimate the standard error [34]

**Obtained from the Union of Social Security

***Costs were obtained by combining the listed references with corresponding documents addressing long-term care and prevention which were
published by the German Federal Ministry of Health
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Assuming a societal perspective, we would expect similar
results, mainly due to the patients increased age which
makes aspects of productivity losses negligible. However,
the inclusion of costs and effects of family care givers by
applying a societal perspective could further improve the
cost-effectiveness of HSM.

Targeting HSM to impaired elderly patients with re-
duced quality of life would result in only marginal
gains in QALYs. According to the data used for the
model, a hip fracture can be avoided in 1.4% of women
and 0.8% of men, whereas admissions to nursing homes
can be avoided in less than 0.5% of both men and
women.

Strengths of the analysis

The model which was focused on hip fractures as the
most fatal and costly consequence of a fall has several
strengths. Except for the proportion of fall-related hip
fractures (including re-fractures) and, a fracture-related
reduction of quality of life, the evidence used for the
analysis can be considered as representative for the
German health care system. Admissions to German nurs-
ing homes due to hip fractures were considered and, tran-
sition probabilities were based on large samples of both
institutionalized and non-institutionalized German pa-
tients in need of long-term care [9, 10, 13].

Table 3 Results (base case)

Proportion of persons with
hip fractures (re-fractures)

Proportion of persons with
admissions to nursing home

Costs (SE)* € Utility (SE) QALYs ICER €/QALY

Women

HSM 0.0879 (0.0173) 0.0304 24,636 (20) 2.1626 (0.0018)

- Intervention: 452
- Hip fracture treatment: 903
- Long-term care: 23,281

No HSM 0.1021 (0.0208) 0.0347 24,530 (20) 2.1515 (0.0018)

- Hip fracture treatment: 1071
- Long term care: 23,460

Increment (total) 0.0142 0.0043 106 0.0111

9580

Men

HSM 0.0370 (0.0033) 0.0092 16,181 (17) 1.4867 (0,0015)

- Intervention: 452
- Hip fracture treatment: 358
- Long-term care: 16,181

No HSM 0.0453 (0.0043) 0.0111 15,874 (16) 1.4814 (0,0015)

- Hip fracture treatment: 446
- Long-term care: 15,874

Increment (total) 0.0083 0.0019 307 0.0053

57,589

*Hip fracture treatment costs refer to the proportions provided in Table 1.
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Fig. 2 Cost-effectiveness
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community. WTP =willingness
to pay

Arch Osteoporos (2018) 13: 122 Page 7 of 10 122



Furthermore, the majority of data on costs was ob-
tained from a German real-world setting with a high
level of detail. Moreover, estimates of the intervention
costs were based on a German RCT [18] with specific
information about the prescribed technical aids and the
related compliance. Because in Germany the prices of
technical aids are hardly regulated and differed widely
(e.g., the costs of a shower seat vary between €67 and
€2608), we calculated medians based on the German
Technical Aids Register of the health insurance compa-
nies [28].

In addition to different deterministic and probabilistic
sensitivity analyses, three structural sensitivity analyses
were performed for scrutinizing basic assumptions of our
model conceptualization. In these analyses, the inclusion
of vertebral fractures, a more precise consideration of ex-
cess mortality and, an additional model transition for ad-
missions to nursing home unrelated to hip fracture was
assessed.

Limitations

Our analysis has several limitations which might have influ-
enced the results. First, in balancing the results of our analysis
decision makers may express concerns due to the lack of
strong clinical evidence for HSM. RCTs were underpowered
to detect a change in injuries, particularly hip fractures that
occurred specifically as a result of an environmental hazard in
the home [3]. Therefore, we used the rate of falls as a proxy to
calculate the number of fractures which might attract a con-
siderable amount of criticism because of the potential overes-
timation of cost-effectiveness. Increasing the relative risk of
falls (either to reflect a lower reduction of the number of falls
by providing HSM or to question the assumption of equal rate
ratios for falls and fractures), more than triples the cost-
effectiveness ratio in women and almost doubles it in men.

In order to ensure sufficient statistical power, clinical trials
which evaluated interventions for preventing falls often chose
the number of fallers or the rate of falls as a surrogate for fall-
related fractures. A surrogate endpoint is considered useful if
it meets important standards for accuracy, precision and reli-
ability [40]. In order to predict fractures in the frail elderly,
several epidemiological studies have shown plausibility and a
significant association between falls and fractures [41–44]. A
further prerequisite for the quality of a surrogate endpoint is its
response to treatment when compared to the patient-relevant
outcome. For the rate of falls, clinical trials have demonstrated
that the number of falls and injuries (including moderate inju-
ries such as cuts or abrasions) changes consistently in re-
sponse to fall-prevention, which may explain a substantial
proportion of the anti-fracture efficacy [45].

Second, our analysis was targeted to German non-
institutionalized elderly people receiving outpatient care, a

population assumed to have an increased risk of fracture
[7]. However, the subjects of the clinical studies applied
for the model were previous fallers, people with poor vi-
sion, or elderly who were short-term admitted to a geriatric
clinic for different reasons [3]. Because the representative-
ness of these study samples with the model cohort is uncer-
tain (e.g., bedridden patients do not benefit from HSM), the
intervention might be less effective. Moreover, as the trials
of the meta-analysis specifically excluded older people who
were cognitively impaired, had Parkinson’s disease or al-
ready suffered a stroke, the results of our analysis may not
be applicable to these groups of people at risk.

Third, due to a lack of valid data, the model could not
incorporate potential increases in HRQoL due to a patient’s
improved sense of security. Additionally, the avoidance of
fractures other than hip or, injuries without a fracture resulting
from environmental changes was not modeled. Assuming the
availability of appropriate data, the consideration of these as-
pects would have further decreased the cost-effectiveness ratio
(as indicated by a structural sensitivity analysis including ver-
tebral fractures).

Fourth, it was assumed that the treatment effect linearly
diminishes after 6 months due to increasing frailty and demen-
tia of the target population. However, a longer lasting treat-
ment effect might also be possible or evenmore realistic as the
technical aids can be used beyond the study period without
further regular guidance.

Fifth, the model did not include a transition for admis-
sions to nursing homes unrelated to hip fractures. This
assumption neglects the impact of the patient’s co-
morbidity on the overall results. Compared to non-frail
individuals, even in the absence of fracture frail individ-
uals may have an increased probability of being admitted
to a nursing home, which would lead to an overestimation
of cost-effectiveness in our analysis [46]. An additional
structural sensitivity analysis including admissions to
nursing homes unrelated to hip fractures showed a tenden-
cy for a less favorite cost-effectiveness ratio.

Sixth, for the analysis, we applied the full amount of
excess mortality in the first 6 months after hip fracture [14].
However, to some extent, excess mortality after hip fracture
might result from a patient’s co-morbidity and not from the
fracture itself [39]. A structural sensitivity analysis assuming
lower excess mortality after hip fracture revealed a lower
ICER for women and a higher ICER for men. This effect
might be attributable to different risk profiles of women and
men. In both women and men, a lower excess mortality after
hip fracture results in higher costs of long-term care and an
increased number of re-fractures. However, because of a
higher probability of survival after the first fracture, in women,
a higher number of re-fractures could be avoided by the inter-
vention which—in contrast to men—made HSM more cost-
effective.
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Finally, in case of a hip fracture, we assumed a con-
siderable number of patients being prescribed to a more
cost and resource-consuming level of care. However, the
older a patient at the time of fracture is, the less might
be the savings from preventing a fracture (because pre-
vious to a fracture he might already receive a higher
level of care as a result of his co-morbidities). In addi-
tion, the relatively low intervention costs used for the
model were based on a German study which might not
be representative for the resource use in other countries.
Hence, the cost-saving potential should be considered
with caution.

Comparison with previous studies

In addition to several trial-based cost-effectiveness analyses,
there are three previousMarkov-model-based cost utility stud-
ies, two from Australia and one from New Zealand which
have evaluated the cost-effectiveness of an HSM [47–49].
Compared to our analysis, these studies differed in various
methodological aspects. These differences included the pre-
ferred model structure, the definitions used for a high-risk
population, the inclusion of cost of added life years, the selec-
tion of the discount rate, or the assumed effect duration.
However, the cost-effectiveness ratios of these analyses are
similar to our results. While two of these modeling studies
used the rate of falls as clinical outcome, one study was based
on the surrogate parameter Brate of injurious falls^which were
assumed to be reduced to the same degree as the rate of
(injurious or not-injurious) falls [47].

Conclusion

To summarize, the high-risk group of non-institutionalized
elderly women at long-term care might benefit most from
HSM. Future clinical studies evaluating HSM for long-term
care patients should rather be based on fractures than on a
surrogate parameter Brate of falls.^ Although the Brate of
falls^ is well correlated with fractures resulting from falls,
the assumption of equal reduction rates for fractures and falls
remains open to question. Potential additional benefits such as
a reduction of injurious falls suffered by relatives could be
addressed in order to present a more comprehensive picture
about the costs and benefits of HSM.
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