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Abstract

Background Falls among older individuals contribute significantly to the rise in ambulance transport use. To
recognize the importance of future countermeasures, we estimated the projected number and percentage of fall-
related emergency medical service (EMS) calls.

Methods \We examined the sex, age group, and location of falls among patients aged > 65 years who contacted
emergency services in Sapporo City from 2013 to 2021. Annual fall-related calls per population subgroup were
calculated, and trends were analyzed. Four models were used to estimate the future number of fall-related calls

from the 2025-2060 projected population: (1) based on the 2022 data, estimates from the 2013-2022 data using (2)
Poisson progression, (3) neural network, (4) estimates from the 2013-2019 data using neural network. The number of
all EMS calls was also determined using the same method to obtain the ratio of all EMS calls.

Results During 2013-2022, 70,262 fall-related calls were made for those aged > 65 years. The rate was higher indoors
among females and outdoor among males in most age groups and generally increased with age. After adjusting for
age, the rate increased by year. Future estimates of the number of fall calls are approximately double the number in
2022 in 2040 and three times in 2060, with falls accounting for approximately 11% and 13% of all EMS calls in 2040
and 2060, respectively.

Conclusion The number of fall-related EMS calls among older people is expected to increase in the future, and the
percentage of EMS calls will also increase; therefore, countermeasures are urgently needed.
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Introduction

In Japan, the extended arrival time of ambulances at the
scene due to increased emergency calls has become a
social problem. Over the past 10 years, the average arrival
time of an ambulance in Japan has increased by 2 min,
which may delay the initiation of treatment for patients
requiring urgent emergency medical service (EMS) care,
such as cardiopulmonary arrest, hypoxia, and shock [1].
Older people aged =65 years account for 62.1% of all EMS
transports, which means that approximately one out of
every 10 older people is transported. Most of the increase
in the number of EMS transports over the past 10 years
has been due to the increase in EMS transports of older
people [1]. The rise in the number of older people requir-
ing ambulance transport is predominantly due to acute
illness; however, the number of individuals in this age
group requiring ambulance transport due to injuries has
also increased by 1.5-fold [1]. As Japan’s population con-
tinues to age, it is anticipated that injuries among older
individuals will also increase, potentially placing a bur-
den on the emergency medical care system.

Falls among older individuals (falls in this study refer
only to those not involving falling from a height) have
become a global issue, with data from the United States
of America for 2014 indicating that over one-fourth of
older individuals experience a fall annually [2]. These falls
result in increased morbidity, mortality, and healthcare
costs [2—6]. In several countries, EMSs are working to
prevent future falls through proactive interventions [7,
8]. In some regions of Japan, falls are reported to be the
most common reason for ambulance transport for peo-
ple aged 285 years and remain a significant challenge for
ambulance transportation [9].

However, in Japan, EMSs do not consistently inter-
vene to prevent falls, and limited measures are in place to
reduce the number of cases requiring emergency trans-
port for falls. It is unclear how many older individuals
requiring ambulance transport due to falls will increase
in the future.

This study aimed to calculate the projected number
and percentage of future calls related to falls among older
people to provide material to highlight the need for mea-
sures in pre-hospital care.

Methods

This was a 10-year retrospective study using prehospi-
tal data from the Sapporo City Fire Bureau. This study
was conducted in accordance with the principles of the
Declaration of Helsinki and was approved by the Eth-
ics Committee of Sapporo Medical University (approval
number: 3-1-84) on April 27, 2022. The need for obtain-
ing informed consent was waived due to the retrospec-
tive design of this study.
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Study setting

Sapporo is Japan’s fourth most highly populated city, with
an area of 1,121.26 km [2] and a population of 1,938,331
in 2013 and 1,973,011 in 2022. The aging rate, based on
people aged>65 years, in Sapporo City was 28.1% in
2022, which was roughly the same as the national average
of 28.7%.[10]

In Japan, all emergency calls to the uniform emergency
number 119 are handled by the dispatch center of the
municipal fire department. Japan does not use a call tri-
age system; hence, ambulances are dispatched to all calls,
and all call dispatches are made with lights and sirens.
Furthermore, since Japan does not have a non-transport
protocol, all patients who do not decline will be trans-
ported to emergency medical institutions by ambulance.

Outcomes

The primary outcome was the projected number of fall-
related calls among older people. The secondary outcome
was the proportion of falls among older people to the
projected future number of emergency calls.

Data collection

We reviewed all patient data for emergency calls in Sap-
poro City during the 10-year period from January 1,
2013, to December 31, 2022, using the Sapporo City Fire
Department patient registry. Patients aged>65 years
who were referred for ambulance transport due to a fall
were eligible, except for those whose sex and age were
unknown. We analyzed the number of emergency calls
for each year by sex, age (in 5-year age groups), and
whether the fall occurred indoors or outdoors. Indoor
falls were defined as falls in roofed areas, such as the
home, workplace, older adult care facility, or public
facility. Outdoor falls were defined as falls outside or on
the premises of a building but without a roof and were
checked at the discretion of each EMT.

The sex and age (in 5-year age groups) of Sapporo
City’s population are based on the figures from the Basic
Resident Register of the Sapporo City Hall Database as of
July 1 of each year [11]. We used future population pro-
jections of Sapporo City between 2025 and 2060, as esti-
mated by Sapporo City Hall, to estimate the number of
fall-related calls in the future [12]. (Supplementary Table
1). The cohort factor method was used with the popula-
tion by sex in the 5-year age group from the Ministry of
Internal Affairs and Communications Statistics Bureau
“Population Census” as the reference population. The
annual changes that occur with aging in the age-specific
population utilized factors such as fertility rate, sex ratio
at birth, survival rate, and net migration rate.
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Data analysis

The annual fall-related call rate by age group (5-year age
groups) in those>65 years old was calculated by sex by
dividing the number of fall-related calls by the popu-
lation of each age and sex subgroup. The same calcula-
tions were performed separately for indoor and outdoor
occurrences. The difference in rates of fall-related calls
between males and females was tested using Student’s
t-test.

Age standardization was performed by the direct
method using the average age distribution of 5-year-old
male and female groups in Sapporo City from 2013 to
2022 as the reference population. At age>65 years, lin-
ear regression analysis was performed on the bivariate
relationship between the number of fall-related calls per
100,000 population and annual trends by sex. To consider
the influence of the COVID-19 pandemic, we divided
the analysis into two periods, 2013-2019 and 2013-2022
[13].

Four calculation methods were used to obtain future
estimates from 2025 to 2060. The first is the call rates
by sex and age group in 2022, which were multiplied by
the respective estimated future population and summed.
The second used trends identified from 2013 to 2022 to
make projections for the future. Poisson regression mod-
els, including sex, age group, and calendar year, were
used [13]. Using the maximum likelihood method, the
Akaike Information Criterion (AIC) was used as a mea-
sure of the predictive ability. The third method employed
machine learning using the neural network model. Neu-
ral networks can model non-linear relationships in data,
making them particularly useful for complex forecast-
ing tasks. Specifically, we used the 2013-2022 data, with
sex, age group, and calendar year as explanatory vari-
ables. Nested cross-validation was performed to prevent
machine learning overfitting as much as possible. For
cross-validation, the data were divided into four nested
groups. The fourth group was used as the test set, and
the remaining data were further divided into five equal
groups. One subgroup of the internal folds was treated
as the validation set, and the model was trained on the
remaining data. In total, 4x5 models were fitted (K=4,
L=5). The fourth was done the same way as the third
but with a model using the years 2013-2019, which is
unaffected by the COVID-19 pandemic. The number
of emergency calls for each year was obtained by fitting
the predictive models to the predicted population in
age group, by sex, from 2025 to 2060 and summing the
results. Each future estimate was calculated for falls-
related calls and all emergency calls, respectively, as well
as for the percentage of falls-related calls in all EMS calls.
Falls-related calls were calculated separately for indoor
and outdoor calls.
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Analyses were performed using JMP software (JMP Pro
16 for Windows, SAS Institute, Cary, NC, USA).

Results

Incidence rates

During 2013-2022, 70,262 fall-related calls were made
for people aged=65 years, with an annual average of
7,026. Overall, 63% of patients were female, and 64% of
falls occurred indoors. The number of fall-related calls
per 100,000 population aged>65 years was 1,391(95%
confidence interval [CI] 1,305-1,478) (Fig. 1, Supplement
Table 1).

Figure 2a shows a plot of fall-related call rates for each
year by age and sex. The age-specific incidence rates in
both males and females increased with increasing age
subgroups. The fall-related call rate was significantly
higher in the male subgroups of 65-69 (p<0.0001) and
70-74 years (p<0.0001) and in the female subgroups
of 80-84 (»p=0.0009) and 85-89 (p=0.0210) than in
the other sexes. Figure 2b shows the rate of indoor fall-
related calls, which was significantly higher in the female
subgroups of 75-79, 80—84, 85-89, and 90 and above (all
»<0.0001) than for males and increased exponentially
with age. Figure 2c shows the rate of outdoor fall-related
calls. The rate was higher in males of all age groups (all
»<0.0001) than in females and increased up to the age 85
subgroup but then showed a decreasing trend in the age
group of 290 years. By subgroup, the highest value was
4,087 per 100,000 (95% CI 3782-4393) calls for indoor
falls for females aged>90 years, while the lowest rate
was 216 per 100,000 (95% CI 198-235) for outdoor falls
among females aged 65-70. The highest and lowest call
rates had an approximate 20-fold difference.

Time trends

From 2013 to 2019, which were unaffected by the
COVID-19 pandemic, annual trends in fall-related
call rates correlated well with an R-squared of 0.87 for
females and 0.84 for males and increased significantly
for both females and males even after age adjustment
(Table 2). As the trend became smaller when age adjust-
ment was performed, age had a greater influence on fall-
related call rates than did the year. In the analysis of the
2013-2022 data, there was a linearity in age-adjusted val-
ues for females but not for males, which was considered
to be related to the influence of the COVID-19 pandemic.

Predicted number of fall-related calls

Figure 3a shows the projected number of future fall-
related calls from 2025 to 2060 based on the above four
forecast models. The goodness of fit of the Poisson
regression model was AIC=2375 indoors and AIC=4459
outdoors. Neural network model correlations using the
2013-2022 data had R-square and root mean square
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Fig. 1 Study subject selection flow chart using the Sapporo City Fire Department patient registry

Table 1 Estimated number of future fall-related calls obtained using the four models for 2025-2060 and their ratio to the actual

number in 2022

2025 2030 2035 2040 2045 2050 2055 2060
Estimated using the 2022 data 10,378 11,589 12,871 13,804 14,154 14,447 14,731 15,280
Compared with 2022 1.1 12 14 15 15 16 16 16
Estimated using Poisson progression 10,343 12,518 15,082 17,737 19,887 22,084 24,466 27,584
95% confidence intervals 10,164~ 12,199- 14,566— 16,973- 18,854— 20,742- 22,768- 25436-

10,525 12,847 15617 18,537 20,979 23,516 26,296 29,920
Compared with 2022 1.1 13 1.6 19 2.1 24 26 3.0
Estimated using neural boost based on the 10,323 12,732 15,548 18,250 20,375 22,309 23,827 25,263
data through 2019
Compared with 2022 1.1 14 17 20 2.2 24 26 2.7
Estimated using neural boos 11,181 17,465 22,854 26,246 28,680 31,019 32,648 34,043
Compared with 2022 12 19 25 2.8 3.1 33 35 3.7

error (RMSE) values of 0.98 and 157 for indoor falls and
0.91 and 0.96 for outdoor falls, respectively. Neural net-
work model correlations using the 2013-2019 data had
R-square and RMSE values of 0.99 and 124 for indoor
falls and 0.90 and 97 for outdoor falls, respectively. The
population of Sapporo City aged>65 years will peak in
2045, by reaching 1.24 times the population in 2022. Con-
versely, the predicted number of fall-related calls from
people aged>65 years will not peak in any model equa-
tion, ranging from 11,589 to 17,465 in 2030, 13,804 to
26,245 in 2040, and 15,280 to 34,043 in 2060. Compared
with the actual number of 9,277 in 2022, these predicted
values are 1.2-1.9 in 2030, 1.5-2.8 in 2040, and 1.6-3.7
times higher in 2060, respectively (Table 1). Figure 3b
shows the projected number of future calls for the above
four forecast models. The goodness of fit of the Poisson
regression model was AIC=522,692. Neural network

model correlations using data from 2013 to 2022 had
R-square and Root mean square error (RMSE) values of
0.97 and 1093. Neural network model correlations using
the 2013-2019 data had R-square and RMSE values of
0.98 and 949. The result for the number of all emergency
calls estimated based on 2022 data was the smallest of the
four estimates, peaking in 2040 and declining thereafter.
The percentage of fall-related calls among all EMS calls
exceeded 10% in 2035 and increased to 11.9% in 2060.
Poisson analysis and neural network estimates through
2019 were similar and larger than those estimated based
on the 2022 data. Neural network estimates for data
through 2022 showed the greatest increase, with the
number of fall-related calls increasing initially and then
smoothing out, whereas the number of total EMS calls
increased linearly. Hence, the percentage increased sig-
nificantly through 2040 and then decreased. As a result,
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Fig. 2 Fall-related calls (rate/100,000 person-years) in Sapporo, by age and sex. (a) Rates for all falls, (b) rates for indoor falls, (c) rates for outdoor falls.
Asterisk marks (¥) indicate significantly higher rates in males than in females. Cross marks (+) indicate significantly higher rates in females than in males
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Table 2 Linear regression analysis of the bivariate relationship between the number of fall-related calls per 100,000 population
aged > 65 years and annual trends by sex, with and without age adjustment, performed for the 2013-2019 and 2013-2022 data

Intercept B Trend p value R square

2013-2019 Unadjusted Female -77466.2 39.1434 0.0018 0.87906
Male -41751.9 21.3087 0.0034 0.84502

Age-adjusted Female -51,714 26.3795 0.0073 0.79142

Male -27357.7 14.1758 0.0289 0.64828

2013-2022 Unadjusted Female -86587.9 43,6063 0.0006 0.79446
Male -385954 19.7385 0.0440 041621

Age-adjusted Female -47747.0 244135 0.0076 0.61056

Male -13800.9 7.4489 0.3736 0.09991

the percentage of fall-related call estimates for older peo-
ple in all calls estimates ranged from 8.8 to 13.9% in 2030,
10.7 to 16.2% in 2040, and 11.9 to 14% in 2060.

Discussion

This is an important study for considering the future EMS
system for an aging society, which estimates the future
increase in the number of fall-related EMS calls due to
the aging population. This study found that, although the
number of fall-related calls for the population increases
with increasing age, the trend and the proportion of calls
per age group made for males and females differ based on
whether the fall occurred indoors or outdoors and that
the number of fall-related calls tends to increase with
each year after adjustment for age. We used four models.
The first model is based on the 2022 data, applied only
the variables of age and sex and does not consider the
actual increase in population that may occur each year.
It is considered to be a minimum figure. Conversely, neu-
ral networks are algorithms that can be used to perform
nonlinear statistical modeling, providing a new alterna-
tive to regression analysis [14]. However, the explosive
increase in the number of fall-related calls in the neural
network using data through 2022 is due to the COVID-
19 pandemic, where the number of cases was low in 2020
and 2021 and returned to normal in 2022; however, the
slope possibly was considered directly into the calcula-
tion. Estimates from Poisson regression have been used
in previous studies to estimate future hip fractures [13].
Neural networks using data through 2019, which were
similar to those of the results of the poisson regres-
sion, can be trusted because they are based on reliable
and stable data from 2013 to 2019. Based on the above,
if no measures are taken, the fall-related call rate will
be approximately two times higher in 2040 and three
times higher in 2060, with falls accounting for approxi-
mately 11% and 13% of all EMS calls in 2040 and 2060;
we believe this is reasonable. Fall-related EMS calls were
expected to continue to grow at least through 2060,
although the population of older people will peak in
2045. This was thought to be because a large number of
indoor falls occur in super-aged people.

A 2017 study using a U.S. Nationwide Emergency
Department Sample data examined the incidence of
falls in patients aged>65 years relative to the popula-
tion by age group, divided into indoor and outdoor, and
found, similar to this study, that the incidence increased
with increasing age, with indoor incidence being higher
than outdoor incidence [15]. Comparing the incidence
rate per 100,000 population, the number of emergency
department visits in the U.S. was 12,176, and the num-
ber of EMS calls in Japan was 1,681, with a difference
of 7.2 times. This may be because the U.S. data includes
patients who went directly to the emergency department
without an ambulance. Data using EMS data in Tokyo in
2005 reported that the rate was 3,850/100,000 popula-
tion, which was 3.55 times higher than the 1,140/100,000
population rate among 65-84-year-olds, similar to our
results [9]. Many older individuals who attend commu-
nity classes, such as fall prevention classes, are relatively
young. Therefore, a more aggressive preventive approach
should be considered for super-aged people.

Furthermore, this study found that, excluding the
impact of COVID-19, the annual rate of fall-related calls
tended to increase, even after adjusting for age. This indi-
cates the need for further fall prevention measures to
reduce the fall-related call rate. In the United Kingdom,
EMSs have adopted a system in which fall patients who
call for an ambulance are evaluated and referred to a
fall service, which has successfully reduced the number
of fall-related calls [16]. In the United States, commu-
nity paramedics visited homes to assess the risk of falls,
including for individuals and the home environment, for
preventive intervention, and have reportedly reduced the
rate of fall-related calls [8]. Conversely, in Japan, EMSs
have not yet intervened to prevent falls, but there is a
need to consider such interventions.

Japan may also need to consider introducing a non-
transport protocol to deal with the exponentially increas-
ing number of fall-related calls. A quarter of older
individuals who have experienced falls are not taken to
the emergency department after being evaluated and are
treated by paramedics [17, 18]. Several countries have
introduced non-transport protocols, including for falls
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Fig. 3 The solid line represents the actual data from 2013 to 2022. The dashed line shows the estimated future number of fall-related calls from the pro-
jected population for 2025-2060 obtained using four models. The blue dashed line is an estimate based on the 2022 data, the purple dashed line is an
estimate from the 2013-2022 data obtained using the Poisson progression method, the green dashed line is estimate from the 2013-2022 data obtained
using neural networks, and the red dashed line is from the 2013-2019 data obtained using neural networks. (@) Number of fall-related calls, (b) number
of all EMS calls, and (c) percentage of fall-related calls to total calls
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among older individuals, and their safety has been veri-
fied [19, 20]. To introduce a non-transport protocol in
Japan, public consensus and education of paramedics will
be necessary.

Our study had some limitations. First, we added only
four factors to our future estimates: age, sex, calendar
year, and indoor or outdoor location of occurrence of
falls, and did not consider the relationships among the
other factors. Second, nested cross-validation was per-
formed to prevent machine learning overfitting as much
as possible, but accuracy is limited. Third, the figures
for 2020 and 2021 were affected by the COVID-19 pan-
demic. Fourth, the current emergency system may not
be financially viable due to changes in Japan’s socioeco-
nomic circumstances.

Conclusion

In conclusion, if the current situation continues, the
number of the fall-related call for older people in Sapporo
will be 1.9 to 2.0 times higher in 2040 and 2.7 to 3.0 times
higher in 2060, and the future estimates show that the
ratio of falls to EMS calls will increase to 10.7 to 11.4% in
2040 and 12.4 to 13.8% in 2060. Fall-related EMS calls are
expected to continue to grow at least through 2060, even
though the population growth of older people will peak
in 2045. Hence, preventive measures should be consid-
ered for these data in particular. It may also be necessary
to consider repeating these studies in other cities to get
a more general idea of the interventions needed in Japa-
nese cities.
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