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Abstract

Purpose
Our study aims to retrospectively investigate injury-related specialized health care utilization and costs
among primary health care patients participating in a multifactorial falls prevention programme (MFFP)
compared with sex-, age-, and residence-matched population-based controls.

Methods
This is a Finnish single-centre observational, retrospective, register-based controlled cohort study
including 527 community-dwelling primary health care MFFP patients and their 3:1 age-, sex-, and
residence-matched population-based controls (n = 1581), who had not participated in the MFFP. Patients’
injury-related specialized health care utilization was followed from their first MFFP visit until death or the
end of December 2019.

Results
MFFP patients had more injury-related outpatient visits [IRR 1.76 (95% CI 1.63 to 1.91)] and
hospitalizations [IRR 1.88 (95% CI 1.76 to 2.01)] than the controls. Among those with injury-related
specialized health care utilization, the costs per person-year were not significantly higher than in controls
for outpatient visits [mean ratio 1.06 (95% CI 0.71 to 1.58)], hospitalizations [mean ratio 1.03 (95% CI
0.68 to 1.56)], or total costs [mean ratio 1.11 (95% CI 0.74 to 1.67)]. MFFP patients did not accumulate
higher total specialized health care costs than their controls.

Conclusion
MFFP patients had more injury-related specialized health care utilization than matched controls, but the
total injury-related costs were similar between groups.

Key summary points
Aim:

To investigate injury-related specialized health care utilization and costs among primary health care
patients participating in a multifactorial falls prevention programme compared with age-, sex-, and
residence-matched population-based controls.

Findings:
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Participants in the multifactorial falls prevention programme had higher injury-related specialized health
care utilization than matched controls, reflecting their higher baseline risk. Despite this, total injury-
related specialized health care costs were similar between the groups over long-term follow-up.

Message:

Among older adults at elevated fall risk, multifactorial falls prevention programmes may help contain
specialized health care costs over time while addressing injury-related needs in a high‑risk population.

Background
Globally, more than 700 to 900 million injuries occur annually, resulting in a substantial burden on
individuals, health care systems, and national economies (1, 2). These injuries arise mainly from traffic
injuries, unintentional injuries – including falls, drowning, and burns – as well as self-harm and
interpersonal violence (1, 2). Among these, falls constitute the leading cause of injury-related
hospitalizations worldwide, placing substantial pressure on health care systems through emergency
department visits and hospitalizations (3–5). Most falls occur during leisure time and in home
environments (3–5).

Older adults fall more frequently than younger individuals, and both the incidence and severity of fall-
related injuries increase with age (3–6). It is estimated that 28–35% of individuals aged 65 years and
older experience at least one fall each year worldwide (4). Fall risk in older adults arises from the
interaction of multiple non-modifiable factors – such as increasing age, previous falls, and chronic
diseases – and modifiable factors including polypharmacy, malnutrition, frailty, and lifestyle-related
factors, many of which cluster in later life (7). Consequently, older adults often present with
multimorbidity and functional decline that substantially elevate their risk of falls and fall-related injuries
(2, 3).

In Finland, falls constitute a major cause of injury-related health care utilization. In 2018, they resulted in
62 648 hospitalizations, accounting for 60% of all injury-related admissions (5). Among Finnish adults
aged 65 years or older, fall-related hospitalizations remained consistently high, averaging 24 189
annually between 2021 and 2023 (8). The overall burden of injuries is also considerable: in 2017, injury-
related outpatient visits reached 470 000 nationwide, generating an estimated total cost of €160 million
(5). International comparisons further highlight the scale of the issue, with average cost of fall-related
injury hospitalizations among older adults ranging from USD 6646 in Ireland to USD 17 483 in the United
States (4). Specialized health care accounts for the most severe and costly consequences of falls and
constitutes the largest share of fall-related economic burden in most health care systems (6, 9).
Previous research has also shown that injury- and fall-related health care costs are highly concentrated,
with a relatively small proportion of individuals accounting for a large share of total expenditures (10–
12).
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A tailored, guided, and progressive multifactorial falls prevention programme (MFFP) has been
previously shown to reduce the incidence of falls and fall-related injuries in several settings (13, 14).
Conventional falls prevention programmes have also demonstrated cost-effectiveness, particularly
among community-dwelling older adults (15). However, evidence supporting the cost-effectiveness of
MFFPs remains limited and inconsistent (16, 17). Benefits appear to be the greatest among relatively
healthier patients with sufficient functional reserve, whereas in frail and multimorbid populations,
reductions in fall incidence may not necessarily translate into reduced utilization or costs of specialized
health care (16, 17).

The MFFP (18) implemented in the primary health care of Lahti, the capital city of the Päijät-Häme region
in Finland, was based on a successful Finnish MFFP previously shown to prevent falls and fall-related
injuries in the cities of Lappeenranta and Tampere (13). Participation in the the Lahti MFFP has also
been associated with reduced all-cause mortality compared with their age-, sex-, and residence-matched
controls (19).

This study aims to retrospectively investigate injury-related specialized health care utilization and costs
among primary health care patients participating in a MFFP compared with their sex-, age-, and
residence-matched population-based controls.

Materials and methods
This was a single-centre, observational retrospective, register-based controlled cohort study conducted
in the city of Lahti, Finland. Lahti is a city in Southern Finland with approximately 121 000 inhabitants. A
total of 527 primary health care MFFP patients included in this study represent all individuals who
completed the MFFP in Lahti between January 2010 and December 2016. Patients that discontinued the
MFFP were excluded from the analyses. All participants in the MFFP received an individualized exercise
plan and medication review as part of the MFFP. Adherence to the individual exercise plans could not be
assessed or quantified, as the medical records used for this study did not contain information whether or
to what extent MFFP patients followed prescribed exercises. The MFFP has been described in detail in
previous studies (18, 19). Follow-up extended from each patient’s first MFFP visit (index date) until death
or 31 December 2019, whichever occurred first. The same follow-up rules were applied to matched
controls. This study was reported in accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines (20).

During the MFFP, patients at increased risk of osteoporosis, falling, and fall-related injuries were
identified and treated within the local primary health care system in Lahti. Standard falls prevention and
osteoporosis care in Lahti were coordinated by specially trained nurses at local primary health care
centres. Referrals to the MFFP were made by primary and specialized health care nurses and physicians
based on clinical judgment. Patients were referred to the MFFP if they had multimorbidity and functional
impairments that compromised their ability to live independently (18). Notable multimorbidity included,
for example, indeterminate cognitive impairment, Alzheimer’s disease, Parkinson’s disease, diabetes, and
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cerebrovascular disorder (18). Relevant functional impairments included a history of falls, poor physical
fitness, perceived frailty, height loss, kyphosis, balance disorders, and observable limitations in activities
of daily living (18). There was no automatic screening or population-level referral pathway (18). This
study focuses exclusively on injury-related specialized health care utilization and costs to ensure a
precise and clinically relevant evaluation of the MFFP’s impact. Specialized care reflects the most severe
and costly consequences of falls and provides consistent registry data (21).

A trained study assistant extracted manually individual-level information for MFFP patients – such as
multimorbidity, functional status and referral criteria from the MFFP patient documentations in the
primary health care electronic medical records. The background variables (Table 1) were selected
because they were consistently available and systematically recorded for all MFFP patients in the
electronic medical records. Smoking was noted if the patient was smoking at the time of the MFFP.
Previous history of smoking was not acknowledged. Alcohol consumption was categorized into two
levels: none or use. The records did not contain systematic documentation of adherence to the exercise
plans or injury mechanisms, which therefore could not be collected.
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Table 1
Characteristics of the multifactorial falls prevention programme patients (N = 527) from the city of

Lahti, Finland.
Characteristic Women

n = 473

Men

n = 54

All

N = 527 [n]*

Age, years, mean (SD) 76 (8) 78 (9) 77 (8) [527]

Body mass index, kg/m2, mean (SD) 26.7 (5.0) 26.8 (4.6) 26.7 (4.9) [494]

Smokers, n (%) 32 (7) 6 (13) 38 (8) [493]

Alcohol use, n (%) ** 179 (41) 23 (48) 207 (42) [484]

Diabetes, n (%) 53 (11) 12 (22) 65 (12) [527]

Alzheimer’s disease, n (%) 23 (5) 3 (6) 26 (5) [527]

Cerebrovascular disease, n (%) 48 (10) 11 (20) 59 (11) [527]

Self-reported health, n (%)     [490]

Good/Excellent 91 (21) 9 (18) 100 (20)

Moderate 264 (60) 29 (59) 293 (60)

Poor 86 (20) 11 (22) 97 (20)

History of falling, n (%) 337 (76) 39 (80) 376 (76) [494]

Self-reported balance disorder, n (%) 316 (71) 46 (90) 362 (73) [494]

History of fractures, n (%) 323 (73) 28 (57) 351 (71) [493]

Unable to walk or difficulty in walking 500 m, n (%) 185 (42) 30 (60) 215 (44) [491]

Five times sit to stand test, s, mean (SD) 19.5 (11.4) 20.1 (11.1) 19.5 (11.3) [489]

*Number of those of whose information was available

For each MFFP patient, three (3:1) population-based controls (n = 1581) were identified, based on age,
sex, and place of residence (Lahti). The controls were identified using the registers of the Digital and
Population Data Services Agency (DVV). The controls were assigned the same index date as the
patient’s first MFFP visit. Thus, follow-up for controls began on the corresponding case patient’s MFFP
visit date and continued until death or the end of December 2019, whichever came first. The controls
were drawn from the same population but had not participated in the MFFP. Both groups belonged to the
same health care system and received services from the same health care provider.

All injury-related specialized health care data (outpatient visits, hospitalizations and their ICD-10
diagnoses) were obtained electronically using a bulk extraction query from the medical records used in
the regional specialized health care services of Päijät-Häme. These records included information on
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injury-related specialized health care utilization for both MFFP patients and controls. Injury-related
outpatient visits and hospitalizations were tracked from the date of each patient’s first MFFP visit until
the end of 2019 or death, whichever occurred first. In the regional specialized health care medical
electronic medical records used in this study, all emergency department encounters and other
specialized outpatient visits are recorded under the same outpatient visit category. The cases and
controls were linked to their injury-related outpatient visit and hospitalization records, classified
according to the International Classification of Diseases and Related Health Problems, 10th Revision
(ICD-10: S00-S99, T00-T14) (22). Although external cause codes (W00-W19) were available in the registry
data, they were recorded for only a small proportion of injury-related outpatient visits. Therefore, injury
mechanisms could not be reliably classified, and analyses were based on injury-related diagnoses (S00-
T14) rather than fall-specific encounters. This limitation applied equally to both groups and therefore
primarily affects specificity rather than internal validity. Diagnosis-specific information for outpatient
visits was available and is presented in Table 2. For hospitalizations, the registry data included reliable
information on the presence and frequency of injury-related admissions and hospital days. The Finnish
Hospital Discharge Register gathers patient information and has been found to be reliable according to
the completeness and accuracy of the register (21). This high overall accuracy of Finnish specialized
health care coding applies to the data system used in Päijät-Häme. The costs associated with diagnosis-
based outpatient visits and hospitalizations were derived from the regional specialized health care
provider’s financial administration, using actual patient-level average diagnosis-specific cost weights
(not national DRG tariffs). All costs were adjusted to the 2023 price level.
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Table 2
Injury-related specialized health care utilization among multifactorial falls prevention programme

patients compared with age-, sex-, and residence-matched population-based controls.

  Controls

N = 1581

Incidence,
(SE)*

Patients

N = 527

Incidence,
(SE)*

IRR (95%
CI) **

Fall-related causes

W00-W19

      Controls

N = 
1581

N (%***)

Patients

N = 527

N
(%***)

Outpatient visit diagnoses (ICD-
10)

         

Injuries to the head (S00-09) 31.2 (2.0) 70.8 (4.9) 2.27 (1.89
to 2.73)

37 (15) 23 (11)

Injuries to the neck (S10-19) 1.6 (0.4) 9.9 (1.8) 6.22 (3.23
to 11.97)

1 (8) 1 (3)

Injuries to the thorax (S20-29) 6.0 (0.9) 17.4 (2.4) 2.90 (1.96
to 4.30)

6 (12) 1 (2)

Injuries to the abdomen, lower
back, lumbar spine, and pelvis
(S30-39)

9.9 (1.1) 14.4 (2.2) 1.45 (1.00
to 2.10)

6 (7) 5 (12)

Injuries to the shoulder and
upper arm (S40-49)

20.2 (1.6) 41.4 (3.8) 2.05 (1.62
to 2.59)

20 (12) 8 (7)

Injuries to the elbow and
forearm (S50-59)

26.5 (1.8) 43.8 (3.9) 1.65 (1.33
to 2.06)

16 (7) 1 (1)

Injuries to the wrist and hand
(S60-69)

7.6 (1.0) 25.0 (2.9) 3.28 (2.34
to 4.61)

3 (5) 3 (4)

Injuries to the hip and thigh
(S70-79)

50.9 (2.5) 59.9 (4.5) 1.18 (0.99
to 1.40)

36 (9) 25 (14)

Injuries to the knee and lower
leg (S80-89)

28.8 (1.9) 49.3 (4.1) 1.71 (1.39
to 2.10)

11 (5) 7 (5)

* Average number with standard error (SE) of Injury-related specialized health care per 1000 patient-
years.

** Incidence rate ratio between patients and controls.

***Percentage of all visits in the diagnostic group with recorded fall-related external cause code
(W00-W19).
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  Controls

N = 1581

Incidence,
(SE)*

Patients

N = 527

Incidence,
(SE)*

IRR (95%
CI) **

Fall-related causes

W00-W19

      Controls

N = 
1581

N (%***)

Patients

N = 527

N
(%***)

Injuries to the ankle and foot
(S90-99)

8.3 (1.0) 8.2 (1.7) 0.98 (0.62
to 1.57)

2 (3) 4 (17)

Injuries involving multiple or
unspecified body regions (T00-
14)

1.7 (0.5) 1.7 (0.8) 1.00 (0.36
to 2.77)

2 (9) 0 (0)

Total 193.9 (4.9) 342.1
(10.8)

1.76 (1.63
to 1.91)

140 (9) 78 (8)

Hospitalizations 263.5 (5.7) 495.0
(13.0)

1.88 (1.76
to 2.01)

.. ..

* Average number with standard error (SE) of Injury-related specialized health care per 1000 patient-
years.

** Incidence rate ratio between patients and controls.

***Percentage of all visits in the diagnostic group with recorded fall-related external cause code
(W00-W19).

The study was approved by the patient register holder of the Päijät-Häme Central Hospital District,
Finland. The study adhered to the national Data Protection Act (1050/2018) [41] and the EU General Data
Protection Regulation (GDPR) (23). Ethics committee approval was not required, as this was a register-
based study and no patients were contacted.

Statistical analyses

We present continuous variables using mean and standard deviation (SD) and categorical variables
using frequency and percentage. We calculated the incidence of injury-related specialized health care
utilization estimates (per 1000 person-years) and the corresponding incidence rate ratios (IRR) using
Poisson regression or logistic models, depending on which method was most appropriate. Poisson
models goodness-of-fit was assessed using deviance and Pearson chi-squared tests, showing a good fit
in all models. The cost data will be modelled using generalized gamma regression, which is a
generalized linear model (GLM) with a log link and a gamma family. Gamma regression is a popular
statistical model for skewed distributions, such as hospital cost data, or for data that can only take on
positive values. The choice of Gamma distribution and log link was confirmed by the modified Park’s
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test. Because of the strongly right-skewed distribution of the costs with an excess of zeros, a hurdle
model was applied to evaluate the expected cost. Hurdle-count models are 2-component models with a
truncated count component for positive counts. The logit component was used to predict zero costs,
and the second component was obtained by applying a GLM, and this was used to estimate the
conditional expectation. A possible non-linear relationship between injury-related outpatient visits and
age was assessed by using a 3-knot-restricted cubic spline Poisson regression model; knot locations are
based on Harrell’s recommended percentiles. Stata 17.0 (StataCorp LP; College Station, TX, USA)
statistical package was used for the analysis.

Results
Table 1 shows the characteristics of the MFFP patients (n = 527). The mean age of MFFP patients was
77 years (SD 8), ranging from 45 to 96 years. Of the patients, 10% were men, 8% were smokers, and 42%
reported alcohol use. A minority had the following chronic diseases: 12% had diabetes, 5% had
Alzheimer’s disease, and 11% had a history of stroke. Self-reported health was reported as excellent by
20% of patients, moderate by 60%, and poor by 20%. A history of previous falls was reported by 76% of
patients, and 71% had experienced fractures. Self-reported balance difficulties were common (73%), and
44% of patients were either unable to walk or had difficulty walking 500 metres.

Table 2 compares injury-related specialized health care utilization between MFFP patients and controls,
expressed per 1000 patient-years. MFFP patients had more outpatient visits [IRR 1.76 (95% CI 1.63 to
1.91)] and hospitalizations [IRR 1.88 (95% CI 1.76 to 2.01)] than controls. However, MFFP patients did
not have a higher risk of outpatient visits due to injuries involving the hip and thigh, ankle and foot, or
multiple body regions. External cause codes indicating falls (W00-W19) were recorded for a small
minority of injury-related outpatient visits, comprising 9% of such visits among controls and 8% among
MFFP patients. The low and similar proportion of fall-coded visits in both groups precluded reliable fall-
specific analyses.

Mean injury-related specialized health care costs for MFFP patients were €2189 per person-year (95% CI
1499 to 2880), compared with €1175 per person-year (95% CI 837 to 1513) for controls, yielding a mean
cost ratio of 1.86 (95% CI 0.92 to 2.65).

Table 3 shows injury-related specialized health care utilization and costs per patient-year for MFFP
patients and controls. Of all participants, 52% of MFFP patients and 31% of controls had at least on
injury-related outpatient visit, and 25% of MFFP patients and 14% of controls experienced at least one
injury-related hospitalization. Similarly, 53% of MFFP patients and 32% of controls generated any injury-
related specialized health care costs (Table 3.).
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Table 3
Injury-related specialized health care utilization and costs among multifactorial falls prevention

programme patients compared with age-, sex-, and residence-matched population-based controls using
a hurdle methodology.

  Logit Portion1   GLM Portion2 (per patient-years)

N (%) OR (95% CI) P-
value

  Mean (95%
CI) €*

Mean Ratio
(95% CI)

P-
value

Outpatient
visits

  2.41 (1.97
to 2.94)

< 
0.001

    1.06 (0.71 to
1.58)

0.76

Patients 276
(52)

      274 (182 to
365)

   

Controls 496
(31)

      257 (201 to
313)

   

Hospitalizations   2.10 (1.65
to 2.67)

< 
0.001

    1.03 (0.68 to
1.56)

0.88

Patients 134
(25)

      3742 (2590
to 4894)

   

Controls 221
(14)

      3625 (2628
to 4623)

   

Total   2.46 (2.01
to 3.00)

< 
0.001

    1.11 (0.74 to
1.67)

0.61

Patients 281
(53)

      2053 (1436
to 2670)

   

Controls 502
(32)

      1850 (1341
to 2360)

   

1Logit portion: considers the factor’s relationship with the incidence of costs (i.e. cost > €0), shown
with OR.

2 GLM portion: considers the factor’s relationship with costs (when the cost > €0)

* Per patient-years

MFFP patients had a significantly higher risk of accumulating more injury-related specialized health care
utilization: outpatient visits [OR 2.41 (95% CI 1.97 to 2.94)], hospitalizations [OR 2.10 (95% CI 1.65 to
2.67)], and total utilization [OR 2.46 (95% CI 2.01 to 3.00)].

Among those who utilized injury-related specialized health care services, the person-year costs were not
significantly higher for MFFP patients than for controls, for outpatient visits [mean ratio 1.06 (95% CI
0.71 to 1.58)], hospitalizations [mean ratio 1.03 (95% CI 0.68 to 1.56)], or total costs [mean ratio 1.11
(95% CI 0.74 to 1.67)].

Page 11/21



MFFP patients had more specialized health care outpatient visits at younger ages than controls (Fig. 1).
They also had more hospitalizations, and the incidence rate ratio differed across age groups with a
significantly higher incidence rate that was age-dependent (Fig. 2). However, MFFP patients did not
accumulate higher total injury-related specialized health care costs than controls. In both groups, the
inflection points for total costs occurred at the 80th percentile (Fig. 3).

Discussion

Main findings and interpretation
The present study showed that injury-related specialized health care utilization was higher among MFFP
patients than among matched population-based controls, whereas total injury-related specialized health
care costs were broadly similar between the two groups. MFFP patients experienced more outpatient
visits at younger ages and more hospitalizations, with utilization patterns varying by age. Importantly, in
both groups, a relatively small proportion of individuals accounted for the majority of total injury-related
specialized health care costs.

Comparison with previous evidence
The higher level of injury-related specialized health care utilization observed among MFFP patients is
consistent with prior literature emphasizing that injuries and falls disproportionately affect individuals
with multiple interacting risk factors (7). Older adults often accumulate both non-modifiable risk factors
– such as advanced age, chronic neurological and cardiovascular conditions, and previous falls – and
modifiable factors including polypharmacy, frailty, malnutrition, depression, and alcohol use (2,7). The
MFFP patients in the present study represented a clinically selected, high-risk population in whom many
of these risk factors co-occurred, providing a plausible explanation for their higher utilization of injury-
related specialized health care services.

Health care expenditure is known to be highly concentrated, with a small proportion of individuals
generating a disproportionately large share of overall costs (12). This pattern has also been
demonstrated specifically for injury- and fall-related health care costs (10,11). Our findings align closely
with this evidence: although injury-related utilization was more frequent among MFFP patients, most
costs in both groups were generated by a limited subset of individuals. Moreover, among those who
used specialized health care services, costs per person-year were not significantly higher in the MFFP
group, suggesting that increased utilization did not translate into disproportionate economic burden at
the individual level.

Accumulating evidence indicates that MFFP can reduce falls and fall-related injuries in some
populations (13,14,24). However, results regarding their impact on hospital admissions, injuries requiring
medical attention, and health care costs have been inconsistent (14,25). Additionally, recent studies
suggest that single-component exercise-based interventions may be equally effective, or even superior,
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to MFFPs in reducing falls (26), while multifactorial approaches have not consistently demonstrated
additional benefits in terms of costs, quality of life, or injury prevention (27).

Cost-effectiveness analyses further suggest that MFFPs may offer the greatest economic benefit among
healthier adults with adequate functional reserve (17). In contrast, evidence remains limited among frail
and multimorbid populations, in whom prevention of falls does not necessarily lead to reduced use of
specialized health care services (16,17). Within this context, the present findings are not unexpected.
The MFFP was implemented among individuals already identified as having elevated baseline risk, and it
benefits may have manifested in a way not directly captured by injury-related specialized health care
utilization or costs.

Notably, injuries to the hip, thigh, ankle, and foot – commonly associated with falls and osteoporosis –
did not result in higher outpatient visit rates among MFFP patients compared with controls. One
plausible explanation is that the MFFP may have reduced the severity of such injuries or facilitated
earlier detection and management. Alternatively, similar injury patterns may have occurred in both
groups despite differences in baseline risk, or injury-related utilization among MFFP patients may have
been even higher in the absence of the intervention.

Injury-related health care utilization and costs increase with age, largely driven by falls and other
unintentional injuries (3–6). Over long follow-up periods, injury-related events are likely to occur in most
older adults (2,3,5). Consequently, comparable cumulative costs between MFFP patients and controls
may reflect the long-term accumulation of injury events rather than short-term effects of preventive
interventions. From a health system perspective, these findings suggest that expectations of immediate
reductions in specialized health care cost from MFFPs targeted at frail and multimorbid populations may
be unrealistic. Instead, the value of such programmes may lie in outcomes such as preserved functional
independence, safer living at home, and delayed institutionalization, which have been associated with
MFFP or exercise-based fall prevention interventions in previous studies (15,24). Reduced mortality has
also been observed among participants in the Lahti MFFP (19). These are benefits that extend beyond
direct cost savings.

Strengths and limitations
This study has several important strengths. It was conducted in a real-world primary health care setting
and included individuals at elevated risk of falls, representing the population most commonly targeted by
MFFPs. The use of sex-, age-, and residence-matched population-based controls from the same area
strengthens internal validity by reducing bias related to regional health care organization and access to
services.

A major strength is the use of comprehensive, region-wide registry data on injury-related specialized
health care utilization and costs. These data are known to be highly reliable in Finland (21) and allowed
complete, long-term follow-up from the index date until death or the end of 2019. The extended follow-up
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period supports robust estimation of cumulative injury-related outcomes and reduces the influence of
short-term variation.

This study focused specifically on injury-related specialized health care utilization and costs, which
reflect most severe and resource-intensive consequences of injuries. Outcomes were captured using
standardized ICD-10 diagnosis codes covering the entire region, minimizing under-reporting. Cost
estimates were based on actual patient-level, diagnosis-specific cost weights from the regional
specialized health care provider and adjusted to a common price level, enhancing the accuracy and
relevancy of the economic evaluation.

Several limitations should be considered when interpreting the findings. First, the retrospective
observational design does not allow causal inference. MFFP patients constituted a clinically selected,
high-risk group referred based on professional judgement, and residual confounding related to baseline
health status, multimorbidity, and functional capacity could not be fully addressed. Frailty, an important
determinant of both falls and health care utilization, was not systematically assessed or recorded and
therefore could not be included in the analyses, which may have biased estimates toward higher
utilization in the MFFP group.

Second, although external cause codes are in principle available in Finnish health care registers, they
were recorded for only a small proportion of injury-related outpatient visits in this study’s data. As shown
in Table 2, fall-related external cause codes accounted for less than 10% of injury-related visits in both
groups, limiting the feasibility of fall-specific analyses. This limitation applied equally to MFFP patients
and controls and is therefore unlikely to have affected the internal validity of between-group
comparisons.

Third, injuries treated exclusively in primary care settings and post-acute rehabilitation provided in
primary care wards were not captured. Therefore, the results should be interpreted as estimates of
injury-related specialized health care burden rather than total health system burden. Additionally, registry
data for the control group lacked information on morbidity, functional status, lifestyle factors, and frailty,
limiting further risk adjustment. Adherence to the intervention could not be assessed, as information on
compliance with prescribed exercise was not systematically documented.

Finally, the relatively small proportion of men among MFFP patients may limit the generalizability of the
findings, particularly to older male populations. Injury-related specialized health care utilization occurring
outside the regional specialized health care system or abroad was also no captured, although this
limitation applied to both groups.

Future research
Future studies should address these limitations using prospective designs with standardized
assessments of frailty, functional status, and fall risk at baseline. Comparison strategies that include
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control groups with similar risk profiles, such as older primary health care patients with elevated fall risk
from non-participating communities, would allow more refined estimates of MFFP effects. Pre- and post-
intervention analyses and evaluation on injury-related utilization as proportion of total health care use
may further clarify the contribution of falls prevention programmes to health care burden. Randomized
controlled trials are ultimately needed to evaluate the effectiveness of MFFPs in reducing injury-related
specialized health care utilization and costs, particularly among frail and multimorbid populations.

Conclusions
Although injury-related specialized health care utilization was higher among the primary health care
MFFP patients than among controls, total costs were similar in both groups. MFFP patients had more
specialized health care outpatient visits at younger ages and experienced more age-dependent
hospitalizations than their controls. In both groups, most costs were generated by a small portion of
individuals.
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Figure 1

Injury-related outpatient visits among multifactorial falls prevention programme patients compared with
age-, sex-, and residence-matched population-based controls. The curve was derived from a 3-knot
restricted cubic spline Poisson regression model. Shaded area represents 95% confidence interval. Pyrs
denotes follow-up person-years.
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Figure 2

Injury-related hospitalizations among multifactorial falls prevention programme patients compared with
age-, sex-, and residence-matched population-based controls. The curve was derived from a 3-knot
restricted cubic spline Poisson regression model. Shaded area represents 95% confidence interval. Pyrs
denotes follow-up person-years.
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Figure 3

Injury-related costs among multifactorial falls prevention programme patients compared with age-, sex-,
and residence-matched population-based controls.
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