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is increasing as older people visit EDs more frequently than 
the younger population [1–6]. Generally, in Europe, about 
20–25% of patients visiting specialized medical care EDs 
are at least 75 years old [2, 7–9]. The demographic change 
also affects the prehospital emergency medical services 
(EMS). In Sweden, the proportion of EMS assignments 
involving older patients, and the overall number of EMS 
assignments have already been reported to be growing [10, 
11] and similar developments can be expected to occur in 
other countries as well. Older patients have higher hospital-
ization rates, and they are at increased risk of adverse out-
comes, such as ED readmissions and mortality [1–4, 8, 9, 
12]. They also require more resources [1, 2, 6] and stay lon-
ger in EDs [4, 6], increasing pressure on already crowded 
EDs.

Falls, malnutrition, and impaired cognition are common, 
yet often unrecognized, underlying causes for older patient 
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Abstract
Background  Malnutrition, falls, and cognitive impairment are common in older patients visiting the emergency department 
(ED). Early recognition of these conditions could trigger interventions to improve outcomes following ED visits.
Aim  To analyze whether a simple risk screening protocol in the emergency medical services (EMS) identifies older patients 
at risk of ED readmission.
Methods  The EMS screened the falls risk, nutritional risk, and cognition of 472 patients (age ≥ 70 years) transported to the 
ED of a Finnish secondary care hospital between November 2018 and July 2019. Data on the risk screening, comorbidities, 
and ED readmissions were collected from electronic patient records. Data were analyzed using negative binomial regression, 
and the results are presented as incidence rate ratios (IRRs).
Results  Altogether 312 patients (66%) experienced 880 ED readmissions during the 12-month follow-up. Nutritional risk 
was associated with an increased ED readmission rate across all time categories (< 1, 1–3, 3–6, and ≥ 6 months; IRRs 
1.36–1.62, p-values < 0.05). Falls risk was associated with ED readmissions from one month after the index ED visit (IRRs 
1.41–1.57, p-values < 0.05). Impaired cognition had no effect on readmissions (IRRs 1.14–1.26, p-values > 0.1).
Conclusions  Patients with nutritional risk or falls risk, identified by the EMS, had a higher ED readmission rate independent 
of comorbidity. EMS risk screening could supplement the assessment in the ED to better identify older patients who might 
benefit from more detailed assessment of their health status and interventions to prevent ED readmission.
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ED visits [3, 4, 6, 8, 12–14]. These geriatric syndromes are 
also associated with a higher risk of adverse outcomes, such 
as ED readmission [4, 15–18]. In order to reduce the bur-
den to EDs, there is a need to find ways to decrease the 
number of ED visits [19]. It is widely acknowledged that 
those patients at high risk of adverse outcomes should be 
recognized, thus enabling possible interventions to prevent 
adverse outcomes and to decrease readmission and hospi-
talization rates [4, 20]. The general purpose of any screen-
ing is to identify high-risk patients who need more careful 
examination. In contrast, assessment is a more detailed pro-
cess in which a high-risk patient is diagnosed with a cer-
tain problem, and suitable tailored interventions to enhance 
the situation are recommended [21–23]. Since June 2018, 
screening older patients for falls risk, nutritional risk, and 
impaired cognition has been determined as a routine proce-
dure in the EMS in Espoo region, Finland. The EMS aims 
to identify patients at risk and pass the information to the 
EDs for more comprehensive assessment. Most screening 
tools targeted for ED use are quite general and aimed for 
identifying patient in need for more comprehensive assess-
ment, whereas here the aim was to identify risks that the 
ED and hospital staff could directly act on. The EMS had 
not performed such risk screening before. Our prior study 
showed that the prevalence of high-risk patients in the EMS 
risk screening corresponded to risk screening results in ED 
settings [24]. 

The aim of this study was to observe whether screening 
of falls risk, nutritional risk, and impaired cognition by the 
EMS could help to identify older patients at high risk of ED 
readmission.

Methods

Setting and participants

The EMS performed a risk screening of community-dwell-
ing patients who were at least 70 years old and non-urgently 
transported with an ambulance to the ED of a large second-
ary care hospital in Espoo (population ca. 300,000), Finland, 
between 10 November 2018 and 30 July 2019. Patients liv-
ing in nursing homes, patients with an acute health condi-
tion requiring treatment by the EMS, and patients whose 
general condition hindered them from answering the risk 
screening questions were not screened. All other patients 
meeting the criteria were eligible for screening, regardless 
of their illnesses or comorbidities. The detailed data collec-
tion has been reported previously [24].

Risk screening in the EMS

In Finland, the role of the EMS is to assess the need for treat-
ment, recognize patients with acute illnesses, provide urgent 
treatment, and to transport patients to EDs [25, 26]. At the 
time of the study, the EMS in the Espoo area also performed 
risk screening on older patients [24]. The risk screening of 
older patients in the EMS setting consisted of three parts: 
screening of nutritional risk, falls risk, and impaired cogni-
tion (Fig. 1). The EMS used selected pre-existing screening 
tools that had been pre-validated to in-hospital use but not 
for EMS setting. The ED where the EMS transported the 
patients to, did not routinely use any risk screening protocol 
or instruments. The Nutritional Risk Screening 2002 (NRS-
2002) tool is a widely used, rapidly administrated tool for 
screening the risk of malnutrition [27, 28]. Falls risk was 
screened by the ED falls risk screening tool [29] that was 

Fig. 1  Risk screening tool in the 
EMS. EMS = Emergency medical 
services, NRS-2002 = Nutri-
tional Risk Screening 2002, 
BMI = Body mass index, 
FRAT = Falls Risk Assessment 
Tool, ED = Emergency depart-
ment, 4AT = the 4 ‘A’s Test, 
AMT4 = Abbreviated Mental Test
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supplemented by selected parts of the Falls Risk Assessment 
Tool (FRAT) [30]. The 4 ‘A’s test (4AT) was used in screen-
ing of impaired cognition [31]. Scoring ≥ 3 points in any of 
the risk screenings (nutritional risk, falls risk, or impaired 
cognition) was considered a positive screening result, i.e., 
the patient was categorized as a risk patient of that specific 
matter. The risk screening tools were accessible to the EMS 
in the real-time electrical reporting and management pro-
gram (Merlot-Medi®, CGI Suomi Oy, Helsinki, Finland) 
routinely used during all EMS calls.

ED readmissions

Data on ED readmissions to any of the eight adult ED 
units of Helsinki University Hospital within 12 months 
of the initial ED admission were manually obtained from 
the electronic patient reports. The data included second-
ary- and tertiary-care-level ED readmissions. Contacts to 
primary care were not included. ED readmissions during 
the 12-month period were recorded in four categories based 
on readmission time: less than one month, one month up to 
under three months, three months up to under six months, 
and six to twelve months from the initial ED visit. The ED 
readmission reasons were divided into four categories: read-
missions due to falls, decreased general condition, confu-
sion, or other reasons.

EMS risk screening data were supplemented by diverse 
information collected from patient records. Reasons for ED 
admissions were listed based on the first reason reported 
as the patient entered the ED. Patients’ comorbidities were 
recorded following the list of comorbidities included in the 
Charlson Comorbidity Index (CCI) [32]. Any mentions of 
home care services, need for assistance in daily activities, 
and need for mobility aid were observed but because of 
high proportion of missing or inaccurate data this informa-
tion could not be used in the analyses. Furthermore, EMS 
re-encounters with the same patients and mortality during 
the 12-month period were recorded. All data on initial ED 
admissions, readmissions, mortality, and EMS re-encoun-
ters were collected manually from the electronic patient 
reports (Uranus®, CGI Suomi Oy, Helsinki, Finland, and 
Apotti®, Oy Apotti Ab, Helsinki, Finland).

Statistics

All categorical data are represented as counts with percent-
ages in parentheses (%) and all continuous variables with 
medians and interquartile ranges (IQRs). Negative bino-
mial regression was used to model variables associated 
with ED readmissions, and to take into account accumula-
tion of ED visits during the follow-up. The models were 
also adjusted for age, sex, comorbidities, and the risks (falls 

risk, nutritional risk, impaired cognition). The results are 
reported as incidence rate ratios (IRR) with 95% confidence 
intervals. The Mann-Whitney U test was used for pairwise 
comparison of variables. All p-values below 0.05 were con-
sidered significant. Analyses were done with SPSS version 
28 and R software version 4.3.2 using package MASS for 
fitting negative binomial regression models.

Results

Description of the study sample

During the data collection, 11/2018-07/2019, the EMS 
transported 5792 patients aged ≥ 70 years non-urgently 
to the ED. The EMS performed the risk screening on 472 
patients (8%). The mean age of the patients was 82.8 years 
(IQR 77.5–87.9, range 70.2–103.7). Most of them were 
female (n = 293, 62%) and were receiving home care ser-
vices (n = 336, 71%). Out of the patients, 154 (33%) had 
one, 159 (34%) had two, 54 (11%) had three, 29 (6%) had 
four, and 7 patients (1%) had five comorbidities. Sixty-
nine patients (15%) did not have any recorded comorbidity. 
The most common causes for initial ED visits were falls 
(n = 139, 29%), decreased general condition (n = 103, 22%), 
and chest pain (n = 41, 9%). One third of patients (n = 155, 
33%) were discharged home from the ED, and 311 patients 
(66%) were transferred to hospital wards for further treat-
ment. Seven patients (1%) were transferred to hospices for 
palliative care. None of the patients died during the initial 
visit to the ED, but the mortality during the 12-month fol-
low-up was 21% (n = 97). The EMS identified falls risk in 
209 (43%), nutritional risk in 81 (17%), and impaired cog-
nition in 134 (28%) patients. Of all patients screened, 187 
(40%) had no risks at all, 173 (37%) had one identified risk, 
92 (20%) had two risks, and 20 patients (4%) had all three 
risks simultaneously.

Readmissions

Within 12 months of the initial ED visit, 312 patients (66%) 
had a combined total of 880 ED readmissions (Fig.  2). 
There were 81 patients (17%) with four or more ED read-
missions. The highest number of ED readmissions, seen in 
two patients, was 12. Readmission rates were 23% at one 
month, 42% at three months, 54% at six months, and 66% at 
12 months. Falls and decreased general condition accounted 
for 21% (n = 182) and 24% (n = 272) of ED readmissions, 
respectively (Fig. 2). During the 12-month follow-up period, 
the EMS encountered the same patients 1043 times. In 761 
of these events (73%), the patient was readmitted to the ED.
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associated with ED readmissions due to decreased general 
condition after six months (IRR 1.65, 95% CI 1.08–2.52, 
p-value 0.021). Identified risks were not associated with ED 
readmissions where the reason was categorized as “other”, 
but number of comorbidities was after one month (IRRs 
1.24–1.30, p-values < 0.001–0.0087). Comorbidities were 
also associated with ED readmissions due to decreased gen-
eral condition (IRRs 1.28–1.56, p-values < 0.05) throughout 
the follow-up period. Finally, male sex was associated with 
a higher risk of fall-related ED readmission (IRRs 1.57–
2.95 p-values < 0.05). Most of these differences remained 
statistically significant after adjustments but IRRs could not 
be calculated for all time periods due to insufficient number 
of cases. Age had no effect in any of the adjusted analyses.

Altogether, 81 of the patients experienced ≥ 4 ED read-
missions during the follow-up. Compared to patients with 
< 4 readmissions, they had more chronic diseases and they 
were more often at falls risk (57% vs. 40%, p = 0.01) but 
there were no differences in age, sex or other risks.

Discussion

This study investigated whether a simple risk screening pro-
tocol in the EMS can identify older patients at high risk of 
ED readmission over a 12-month follow-up period. Indeed, 
patients with identified nutritional risk had an increased 
rate of ED readmission for all recorded reasons throughout 

Association of identified risks with readmissions

Based on the negative binomial regression (Table 1), nutri-
tional risk was associated with an increased rate of ED 
readmission in all time categories (IRRs 1.36–1.62, p-val-
ues < 0.05) and falls risk after one month (IRRs 1.41–1.57, 
p-values < 0.02). Furthermore, comorbidities increased 
ED readmissions after one month (IRRs 1.17–1.22, p-val-
ues < 0.001–0.0096). Neither impaired cognition, age, 
nor sex were related to ED readmissions. In multivariable 
analysis adjusted for age, sex, number of comorbidities, 
and identified risks, nutritional risk and falls risk remained 
statistically significant throughout almost the entire follow-
up period. Patients with comorbidities also more likely 
had an ED readmission after one month (IRRs 1.18–1.24, 
p-values < 0.01).

Supplementary figures describe the associations between 
age, sex, number of comorbidities, and identified risks with 
ED readmissions due to different reasons. After one month, 
falls risk was associated with ED readmission due to falls 
(IRRs 2.74–3.82, p-values < 0.001) and decreased gen-
eral condition (IRRs 1.75–2.00, p-values < 0.001–0.015). 
Falls risk was associated with confusion-related ED read-
missions after six months (IRR 2.19, 95% CI 1.02–4.88, 
p-value < 0.05). Nutritional risk increased fall-related ED 
readmission rates in all time categories (IRRs 1.83–6.44, 
p-values < 0.001–0.013), particularly during the first month 
(IRR 6.44, 95% CI 2.55–16.92, p-value < 0.001). It was also 

Fig. 2  The numbers and causes of 
ED readmissions (n = 880) during 
different phases of the 12-month 
observation period
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(10.3–37.6% and 16–58%, respectively) [33]. A 12-month 
readmission rate is not often reported, but in a single ear-
lier study [7] it was lower (42%) than in our study (66%), 
probably because our data covered readmissions to other 
units in the area too and included also persons discharged 
home from the initial ED visit. Therefore, the data included 
readmissions to EDs with certain specialties, such as trauma 
care. During the follow-up period, the EMS re-encountered 
the patients for over 1000 times. Although the patient was 
usually also readmitted to an ED, in about a quarter of cases, 
the patients stayed on site after the EMS had assessed the 
need for ED care. For those patients, the EMS remained the 
only acute health care contact at that time. Altogether, the 
present results demonstrate the burden of accumulation of 
ED visits and an even greater burden to the EMS.

The univariate analysis showed that the ED readmission 
rate was higher among those patients the EMS had recog-
nized as being at nutritional or falls risk during screening. 
In adjusted multivariable analysis, some of the differences 
between variables were marginally non-significant. The 
IRRs, however, remained constant, suggesting that the 
non-significant results may be due to low statistical power 
rather than true non-significance. The results are in line with 
prior studies stating that falls [34] and malnutrition [12] are 

the 12-month follow-up period. Furthermore, falls risk was 
associated with ED readmission after one month. Both falls 
risk and nutritional risk also increased fall-related ED read-
mission and falls risk also increased readmission related to 
decreased general condition. On the other hand, ED read-
missions occurring due to decreased general condition or 
other reasons than falls were more evidently associated with 
comorbidities. Therefore, the results show that the EMS risk 
screening tool is able to not only identify patients with ED 
readmission risk, but also distinguish patient groups based 
on predictable reasons for ED readmission. Overall, the 
risks were common in screened patients as more than half 
of the patients (60%) had at least one identified risk, and 
almost one fourth of the patients (24%) had several risks 
simultaneously.

During the 12-month follow-up, which was further 
divided to four time categories based on prior studies [2, 
5–7, 9, 12, 15, 18, 33–39], most of the screened patients 
(66%) experienced at least one ED readmission, and many 
experienced several ED visits, emphasizing the importance 
of considering the accumulation of ED visits instead of just 
focusing on first readmissions. The observed ED readmis-
sion rates after one month (23%) and three months (42%) 
are within the range reported in a prior systematic review 

Table 1  Association of identified risks with all ED readmissions during different phases of the 12-month follow-up period
< 1 month 1–3 months 3–6 months 6–12 months

Univariate 
analysis

IRR 
(95% CI)

p-value IRR 
(95% CI)

p-value IRR 
(95% CI)

p-value IRR 
(95% CI)

p-value

Falls 
risk

1.32 
(0.90 − 1.93)

0.15 1.41 
(1.07–1.88)

0.016 1.48 
(1.16–1.89)

0.0016 1.57 
(1.26–1.95)

< 0.001

Nutritional 
risk

1.62 
(1.03–2.54)

0.035 1.56 
(1.10–2.22)

0.012 1.38 
(1.01–1.89)

0.044 1.36 
(1.03–1.80)

0.033

Impaired cognition 1.19 
(0.78–1.78)

0.42 1.26 
(0.93–1.71)

0.14 1.17 
(0.89–1.53)

0.26 1.14 
(0.90–1.45)

0.29

Age 1.00
(0.97–1.03)

0.98 1.02
(1.00–1.04)

0.12 1.01
(0.99–1.03)

0.31 1.01
(0.99–1.02)

0.41

Sex 1.23
(0.83–1.80)

0.30 1.16
(0.87–1.54)

0.33 1.23
(0.96–1.59)

0.10 1.14
(0.91–1.43)

0.26

Number of comorbidities 1.16
(0.99–1.37)

0.064 1.17
(1.04–1.33)

0.0096 1.19
(1.07–1.33)

0.0012 1.22
(1.12–1.34)

< 0.001

Multivariable 
analysis*
Falls 
risk

1.26 
(0.85–1.85)

0.24 1.31 
(0.99–1.75)

0.060 1.44 
(1.13–1.85)

0.0035 1.58 
(1.27–1.96)

< 0.001

Nutritional 
risk

1.55 
(0.97–2.44)

0.061 1.50 
(1.06–2.13)

0.023 1.31 
(0.96–1.80)

0.085 1.29 
(0.98–1.70)

0.071

Impaired cognition 1.07 
(0.70–1.62)

0.75 1.15 
(0.84–1.57)

0.38 1.04 
(0.79–1.36)

0.79 0.99 
(0.78–1.25)

0.90

Age 1.00
(0.97–1.03)

0.87 1.02
(1.00–1.04)

0.092 1.01
(0.99–1.03)

0.26 1.01
(0.99–1.02)

0.43

Sex 1.14
(0.77–1.68)

0.52 1.10
(0.83–1.47)

0.52 1.17
(0.91–1.50)

0.23 1.07
(0.85–1.33)

0.57

Number of comorbidities 1.16
(0.99–1.38)

0.065 1.18
(1.05–1.34)

0.0062 1.20
(1.08–1.34)

< 0.001 1.24
(1.13–1.36)

< 0.001

*Variables adjusted by age, sex, comorbidities, and identified risks. IRR = incident risk ratio, CI = confidence interval
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with negative changes in comorbidities. Remarkably, the 
number of comorbidities and fall-related ED readmissions 
were not associated. This finding suggests that the EMS risk 
screening was able to identify patients at higher risk of fall-
related ED readmission, independent of comorbidities.

Almost one fifth of patients had four or more ED read-
missions within the one-year period, thus being generally 
considered as frequent users. Frequent users have been 
addressed [45] as one factor leading to a common phenom-
enon, ED crowding. Repeat readmissions could possibly be 
reduced if patients at increased readmission risk were iden-
tified [45]. In our study, more than half of the frequent users 
were at falls risk. On the other hand, chronic diseases were 
more common in frequent users, suggesting that repeat use 
may also be related to chronic diseases.

Geriatric syndromes, such as malnutrition, falls, and 
cognitive impairment, are common in older patients. Yet, 
they are often underlying problems, while patients attend 
EDs for various reasons. Unfortunately, the geriatric syn-
dromes often remain unrecognized, and patients are left 
without suitable interventions [1, 17, 46]. In this study, 
43% of patients were at risk of fall, 17% at nutritional risk, 
and 28% had impaired cognition. Depression, sarcopenia, 
or frailty, often also present among older ED patients [8, 
44, 47], were not screened. Failure to recognize geriatric 
syndromes potentially leads to high ED readmission risk. 
However, practice has shown that due to lack of time and 
staff resources, patients are often discharged from the ED 
without any risk assessment. On the other hand, comprehen-
sive health assessment of an older patient can be rather com-
plex, and few EDs are staffed with persons with geriatric 
expertise. Hence, EDs might not even be the best places to 
routinely perform detailed assessment [4]. EMS risk screen-
ing appears to be a feasible way to recognize risk patients 
[24] and estimate the risk of possible negative outcomes.

The EMS screened older patients for nutritional risk, 
falls risk, and impaired cognition by using selected screen-
ing tools that had been pre-validated in ED setting. The 
EMS risk screening protocol could be compared also to 
other rapidly administered screening tools commonly used 
in EDs, such as Identification of Seniors At Risk (ISAR) 
[48] or the Triage Risk Screening Tool (TRST) [49]. ISAR 
and TRST were created to early detect patients, who could 
potentially benefit from more comprehensive assessment of 
health problems to prevent adverse outcomes. In contrast, 
the screening protocol in our study consists of specific tests, 
which identify the patients at a certain risk, enabling imme-
diate treatment plans and interventions to those health prob-
lems. Moreover, the EMS risk screening provides valuable 
information that can potentially impact patients’ treatment 
plans without any need for further assessments. This is espe-
cially valuable in EDs with no geriatric services and when 

associated with poor outcomes, such as readmission, after 
an ED visit.

It is acknowledged that cognitive impairment predisposes 
a patient to ED readmission [7, 15, 16, 35]. However, in our 
study, impaired cognition did not show an association with 
ED readmission. Reasons for this can only be speculated. 
Firstly, in our study, scoring at least three points on the 4AT 
was considered impaired cognition. Generally, scoring three 
points would be considered potential cognitive impairment 
(without delirium) with a more detailed assessment sug-
gested [36]. As no further assessment was performed to the 
study population, the prevalence of actual cognitive impair-
ment among patients remained unclear. Moreover, a fair 
proportion of delirium cases develop later during the course 
of the acute disease and could not therefore have been iden-
tified by the EMS. Secondly, it could be that recognizing 
mildly to moderately impaired cognition was difficult for 
the EMS.

Falls and decreased general condition are known to be 
common health problems in older ED patients [17, 37]. 
Altogether, falls and decreased general condition were 
major causes of ED admission and readmission. It is known 
that malnutrition exposes patients to falls [4], and that a 
history of falls predicts future falls [37, 38]. In this study, 
nutritional risk also predisposed patients to fall-related ED 
readmissions, especially early readmissions. Malnutrition 
may lead to sarcopenia, which again is associated with falls 
[39, 40]. Possible sarcopenia was not assessed, but it might 
partly explain at least some of the falls and fall-related ED 
readmissions. In order to prevent adverse effects of malnu-
trition and falls, it is important to identify patients at risk 
of such problems and to initiate suitable interventions (e.g., 
appointment with geriatrician, physical therapist or dieti-
cian; engaging walking aids) [37, 38, 41].

In this study, comorbidities were observed based on the 
list of illnesses included in the CCI [32]. Underlying comor-
bidities are important factors both causing and predicting 
ED readmissions. For example, organ failure and cancer 
increase the need for ED care [42]. Many chronic conditions 
are also risk factors for malnutrition [14]. Furthermore, 
polypharmacy [43], functional impairment, and increased 
morbidity, for example, are known to predispose patients 
to falls [44]. In this study, comorbidities were associated 
with higher ED readmission rates. Most clearly, they were 
associated with ED readmissions due to decreased gen-
eral condition. This finding was not surprising, as it can be 
presumed that negative changes in comorbidities decrease 
overall functional ability, forcing patients to go to EDs with 
non-specific complaints, the admission reason thus being 
reported as decreased general condition. The number of 
comorbidities was also associated with ED readmissions 
due to “other reasons”, which is most likely also connected 
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participants, there is reason to think that some of the non-
significant results presented could be explained by lower 
statistical power rather than true non-significance.

The retrospective nature of the study set some limitations 
to data collection. Unfortunately, identifying frailty among 
participants was not possible, as the EMS risk screening 
tool did not include any frailty screening tool. Yet, frailty 
is widely present in older ED patients [8, 46] and is also 
associated with adverse outcomes after ED admission 
[12]. Furthermore, patients’ functional ability could not be 
determined. The original plan was to report the usage of, 
for example, walking aids and need for assistance in ADL 
or IADL functions. However, it became evident that those 
factors were poorly reported in patient records, making the 
potential results highly unreliable. Therefore, we had to 
exclude functional ability from the final data.

Conclusions

Patients at risk of fall or nutritional risk identified by the EMS 
had higher rates of ED readmission compared to patients 
without such risks. The risk screening – together with data 
about comorbidities – helped to stratify the patients accord-
ing to the reasons for future ED admissions. The EMS risk-
screening results and other valuable information provided 
by the EMS could be used to supplement assessment in the 
ED to identify those older patients who might benefit from 
a more detailed assessment of their health status, referrals 
to specialists or other interventions, to enhance their health 
and coping at home, or prevent adverse outcomes.
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there is a lack of time and resources to perform detailed 
assessments beyond management the acute condition.

The results presented here suggest that establishing a 
care pathway for older patients, in which EMS risk screen-
ing could be one link to intervene and improve the overall 
health of older patients, might be worth considering. The 
EMS could provide crucial information to other profession-
als, and the patients could be referred to suitable appoint-
ments, for example in primary care. Prior studies have 
stated that patients often consent to being contacted at home 
to discuss their health-related service needs [14] or prefer a 
primary care appointment over an ED admission [50]. With 
a proper care pathway, EMS risk screening could potentially 
be used to link patients to suitable authorities.

To our knowledge, this was the first time the EMS has 
performed such risk screening to older patients. In our prior 
study [24] we have reported that the EMS risk screening is 
feasible. Now, in this study, our findings confirm that risk 
screening can identify patients at risk of ED readmissions. 
Further research is needed on the validity of the EMS risk 
screening. The EMS risk screening results should be com-
pared to results of similar screening performed in the ED by 
a geriatric team. Furthermore, research is needed to detect 
the most efficient interventions for identified risk patients.

Strengths and limitations

This study has some particular strengths and limitations. 
The study was conducted in one region only, possibly limit-
ing the generalizability of results. The screening tools are 
designed for in-hospital use, and they were not pre-vali-
dated for EMS use. The patient population appeared to be 
heterogeneous e.g., in terms of age and reasons for ED vis-
its. The data covered all readmissions to any secondary and 
tertiary care EDs in the area. Therefore, this study was able 
to detect all possible ED readmissions, independent of read-
mission reasons. The risk screening was a new task for the 
EMS, so it is possible that the EMS personnel were not fully 
accustomed to performing the risk screening, which might 
have led to underdetection of underlying geriatric syn-
dromes. However, the proportions of patients with identified 
risks corresponded to prior studies [24]. Therefore, the data 
were likely a quite reliable representation of the population. 
Unfortunately, the number of patients who met the differ-
ent exclusion criteria from the total number of the patients 
transported by the EMS during the observation period could 
not be explicitly detected. This is because of limitations of 
the EMS task records and dispatch codes. The codes are the 
same for community-dwelling patients and patients living in 
nursing homes. Furthermore, the coding does reveal neither 
patients’ general condition nor possible actions of treatment 
during the transportation. Due to the rather low number of 
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