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Aim: Emergency department overcrowding is problematic. Some emergency departments have established a triage system to prevent
overcrowding; however, effective management of a triage system requires knowledge of factors that influence emergency department
attendance. Therefore, we investigated the effect of ambient temperature on emergency department attendance, as well as the types
of patients that may have been affected.

Methods: Data on emergency department attendance at Shiga University of Medical Science Hospital (Otsu, Japan) were retrospec-
tively collected from 1 April, 2007 to 31 March, 2010. Attendance was classified into eight categories based on a combination of
symptoms (trauma or non-trauma), transport (by ambulance or walk-in), and severity (serious or non-serious).

Results: A total of 7,755 patients (4,120 [53.1%] men and 3,635 [46.9%] women) attended the emergency department during the study
period. Statistically significant seasonal differences were observed in emergency department attendance in walk-in and non-serious
groups of both trauma and non-trauma patients (P < 0.01), with the smallest differences occurring during winter. In a linear regression
model, the mean ambient temperature had a positive correlation with emergency department attendance only in the walk-in and
non-serious group of non-trauma patients during the summer (y = 0.092 × [mean ambient temperature] − 0.565).

Conclusion: In the walk-in and non-serious group of non-trauma patients, emergency department attendance significantly increased
with the increase in mean ambient temperature during summer. In emergency department triage systems, it may be more effective to
evaluate non-trauma and walk-in patients during summer, especially on hot days.
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INTRODUCTION

IN MANY COUNTRIES, the number of people attending
the emergency department (ED) has been increasing.1–3 In

Japan, approximately 4 million patients were transported to
EDs by ambulance in 2000, and this number increased to
nearly 5 million in 2010.4 Emergency department over-
crowding causes a number of problems, including prolonged
waiting times, increased patient suffering, unpleasant thera-
peutic environments, and, in some cases, can result in poor

clinical outcomes.5 Solutions to alleviate ED overcrowding
are complex, expensive, and currently being debated.6

The universal healthcare system in Japan is a free-access
system without gatekeepers that allows people to be exam-
ined and treated at the medical institutions of their choice at
any time, regardless of their symptoms. Moreover, anyone
can use an ambulance free of charge simply by making a call.
Therefore, patients without a severe illness or injury are able
to attend the ED whenever they want to see a doctor.

A triage system is vital for the effective management of
the ED. A large number of patients attending an ED believe
they have an emergency or urgent condition, but nearly half
of them have non-urgent conditions based on triage classi-
fications.7 For efficient operation of the triage system, it is
important to both determine what factors influence ED
attendance and predict demand for ED services. Previous
studies have focused on the effects of weather on human
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health, suggesting a relationship between the ambient
temperature and mortality,8–12 myocardial infarction,13,14

stroke,15–17 and trauma.18,19 The effects of ambient tempera-
ture on ED attendance were also investigated, but the
results were inconsistent.20–22

Therefore, we investigated the correlation between the
ambient temperature and ED crowding, as well as which
types of patients attending the ED were influenced by the
ambient temperature.

METHODS

DATA ON ED attendance at Shiga University of Medical
Science Hospital (Otsu, Japan) were retrospectively

collected from 1 April, 2007 to 31 March, 2010. The Shiga
University of Medical Science Hospital ED receives surgical
and psychiatric emergencies, as well as those in internal
medicine involving patients aged 16 years or over (pediatri-
cians consult with internal medicine patients younger than
16 years of age). The ED also provides 24-h ambulance
emergency services and out-of-hours services for walk-ins,
Monday to Friday from 5:00 pm to 8:30 am, as well as on
weekends and holidays.

Data collection and processing
All patient data were obtained from records in our hospital.
Emergency department attendance was classified into eight
categories based on a combination of symptoms (trauma or
non-trauma), transport (by ambulance or walk-in), and
severity (serious or non-serious).

For transport, patients who were transferred from another
hospital or who happened to have been injured in our hos-
pital were classified as “other visit type”. For severity, the
patients who were admitted, who died, or who were trans-
ferred to another hospital were classified as serious cases.
Patients who were discharged from the ED were classified as
non-serious cases. Only 35 patients attended the ED by
“other visit type” during the study period; these patients
were excluded from analysis because they were far fewer in
number than patients who attended by ambulance or walk-in.

Weather data
Our hospital is located in Shiga Prefecture, which is in
central Japan. Most regions in the country have a temperate
climate with four distinct seasons: spring (March–May),
summer (June–August), autumn (September–November),
and winter (December–February). Each of these seasons
has distinct characteristics and was therefore examined
separately.

The mean ambient temperatures for the period from 1
April, 2007 to 31 March, 2010 were obtained from the Japan
Meteorological Agency, which reported observations made
at the meteorological station nearest to the hospital.

Data exclusion
Temperature data from 21 January, 2010 to 28 January, 2010
were excluded because the device for collecting meteoro-
logical data was being upgraded and was therefore inoper-
able during this period.

Data analysis
The χ2-test was used to compare proportions between the
groups in seasonal distribution of ED attendance. Linear
regression analysis was used to evaluate the associations
between the mean ambient temperature and the daily ED
attendance in each group. Regression coefficients and 95%
confidence intervals were estimated for mean ambient
temperature-associated differences in daily ED attendance.
Statistical analysis was carried out with IBM SPSS Statistics
20.0 for Windows (IBM Japan, Tokyo, Japan). All tests were
two-tailed, and P-values < 0.05 were considered statistically
significant.

RESULTS

DURING THE 1,088-DAY study period, a total of 7,755
patients (4,120 [53%] men and 3,635 [47%] women)

attended the ED. The mean ages (± standard deviation) for
the men and women were 45.0 ± 23.7 years and 47.0 ± 23.8
years, respectively. The number of days, the mean ambient
temperature, and the number of patients attending the ED are
summarized in Table 1.

Number of patients attending the ED
Figure 1 shows the seasonal differences in the number of
patients in each group that attended the ED. In the walk-in
and non-serious groups of both trauma and non-trauma
patients, statistically significant seasonal differences were
apparent in ED attendance (χ2 = 16.9, 17.6, Df = 3;
P < 0.01). The smallest differences were seen during winter.
No statistically significant seasonal differences were found
in ED attendance for the walk-in and serious groups
(χ2 = 5.06, 1.31, Df = 3; P = 0.168, 0.726), for the ambu-
lance and non-serious groups (χ2 = 3.72, 5.49, Df = 3;
P = 0.293, 0.139), or for the ambulance and serious groups
(χ2 = 1.77, 3.99, Df = 3; P = 0.621, 0.263).

Effect of mean ambient temperature
To study the effect of the mean ambient temperature in each
group, the daily ED attendance was used as the dependent
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variable in the linear regression model. Table 2 shows the
coefficients and the corresponding 95% confidence intervals
of each group in every season. The mean ambient tempera-
ture had a significant positive correlation with the daily ED
attendance only for the walk-in and non-serious group of
non-trauma patients during the summer (Table 2). The fol-
lowing formula was established:

y mean ambient temperature= × ( ) − =( )0 092 0 565 0 002. . .P

Figure 2 shows the mean daily ED attendance for the
walk-in and non-serious group of non-trauma patients
according to the mean ambient temperature in intervals of
3°C during summer.

Exposure to higher ambient temperatures during summer
increases the likelihood of heat-related illnesses. In our
study, the number of patients suffering from heat-related
illnesses in the walk-in and non-serious group of non-trauma
patients during summer was only 5 (1.0% [5/483]). To clarify

whether heat-related illnesses influenced ED attendance or
not, we further analyzed the number of patients excluded
from the patients suffering from heat-related illnesses in the
walk-in and non-serious group of non-trauma patients during
the summer. The resulting formula was:

y mean ambient temperature= × ( ) − =( )0 088 0 470 0 003. . .P

This result suggested that heat-related illnesses had no
influence on ED attendance in the walk-in and non-serious
group of non-trauma patients during the summer.

No statistically significant correlations were observed in
other groups or seasons (Table 2).

DISCUSSION

INAPPROPRIATE USE OF ED services is a common
problem in many countries, with prevalence varying from

20% to 40%.23,24 Those inappropriately using the ED were

Table 1. Number of days, mean ambient temperature, and number of patients attending the emergency department of Shiga
University of Medical Science Hospital (Otsu, Japan) by season, 1 April, 2007 to 31 March, 2010

All seasons Spring Summer Autumn Winter

Number of days 1,088 276 276 273 263
Temperature (°C) 15.4 ± 8.3 13.2 ± 4.8 25.1 ± 3.0 17.5 ± 5.6 5.4 ± 2.7
Number of patients 7,755 1,922 2,048 1,993 1,792

Temperature data are expressed as mean ± standard deviation. Autumn, September–November; Spring, March–May; Summer, June–August;
Winter, December–February.

Fig. 1. Seasonal differences in attendance at the emergency department (ED) of Shiga University of Medical Science Hospital (Otsu,
Japan) from 1 April, 2007 to 31 March, 2010, according to patient group. †Statistically significant seasonal differences were observed in
walk-in and non-serious groups of both trauma and non-trauma patients (χ2 = 16.9, 17.6, Df = 3; P < 0.01).
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reported to have better health, to be less likely to arrive by
ambulance, and to be less often admitted to hospital from the
ED than those appropriately using the ED.25

In our study, no seasonal differences were seen in the
number of patients attending the ED in either the walk-in and
serious groups, the ambulance and non-serious groups or the

ambulance and serious groups, whereas the number of
patients attending the ED in the walk-in and non-serious
groups of both non-trauma and trauma patients was the
smallest during winter (Fig. 1). Daily physical activity was
reported to increase with the maximal temperature up to
84°F (28.9°C) in Tennessee, USA, which has a temperate

Table 2. Effects of mean ambient temperature on attendance of each patient group at the emergency department of Shiga Univer-
sity of Medical Science Hospital (Otsu, Japan) by season, 1 April, 2007 to 31 March, 2010

Trauma patients

Group Total number Coefficient 95% CI P-value

Spring Walk-in Non-serious 217 0.010 −0.013 to 0.032 0.393
Serious 6 0.001 −0.003 to 0.004 0.675

Ambulance Non-serious 310 0.019 −0.010 to 0.049 0.194
Serious 95 0.000 −0.140 to 0.014 0.980

Summer Walk-in Non-serious 227 −0.003 −0.045 to 0.038 0.883
Serious 6 −0.005 −0.011 to 0.001 0.095

Ambulance Non-serious 346 0.016 −0.034 to 0.066 0.535
Serious 114 −0.006 −0.031 to 0.020 0.664

Autumn Walk-in Non-serious 216 −0.006 −0.028 to 0.016 0.598
Serious 14 −0.001 −0.005 to 0.004 0.830

Ambulance Non-serious 328 −0.017 −0.042 to 0.008 0.180
Serious 106 −0.005 −0.019 to 0.009 0.449

Winter Walk-in Non-serious 153 −0.027 −0.063 to 0.009 0.146
Serious 8 0.002 −0.006 to 0.010 0.591

Ambulance Non-serious 301 0.006 −0.047 to 0.059 0.826
Serious 103 0.012 −0.021 to 0.044 0.473

Non-trauma patients

Group Total number Coefficient 95% CI P-value

Spring Walk-in Non-serious 470 0.007 −0.032 to 0.046 0.732
Serious 41 −0.003 −0.012 to 0.007 0.539

Ambulance Non-serious 486 −0.004 −0.039 to 0.030 0.800
Serious 289 −0.011 −0.037 to 0.015 0.405

Summer Walk-in Non-serious 483 0.092 0.034 to 0.151 0.002*
Serious 50 0.004 −0.013 to 0.022 0.616

Ambulance Non-serious 542 0.030 −0.024 to 0.084 0.270
Serious 275 0.034 −0.006 to 0.073 0.092

Autumn Walk-in Non-serious 472 −0.027 −0.059 to 0.005 0.096
Serious 50 0.009 0.000 to 0.018 0.058

Ambulance Non-serious 517 0.005 −0.027 to 0.036 0.776
Serious 283 −0.019 −0.043 to 0.004 0.108

Winter Walk-in Non-serious 373 0.023 −0.039 to 0.085 0.470
Serious 44 0.013 −0.007 to 0.032 0.195

Ambulance Non-serious 475 −0.008 −0.074 to 0.058 0.814
Serious 320 −0.031 −0.084 to 0.021 0.243

The dependent variable was the daily number of patients attending the emergency department, and the independent variable was the mean
ambient temperature. All P-values were two-sided. *P < 0.05 determined statistical significance. Autumn, September–November; Spring,
March–May; Summer, June–August; Winter, December–February. CI, confidence interval.
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climate.26 Regarding trauma patients, low physical activity
seemed to decrease the number of non-serious patients
during the winter. This may be one reason why ED atten-
dance at our hospital by the walk-in and non-serious group of
trauma patients was the lowest during winter. On the con-
trary, regarding non-trauma patients, low physical activity
was thought to be the reason why non-serious patients were
less likely to visit the hospital. This might explain the
decrease in the number of walk-ins and non-serious, non-
trauma patients that attended the ED at our hospital during
the winter. Regarding non-trauma patients, we found that the
mean ambient temperature had no correlation with ED atten-
dance in either the walk-in and serious group, the ambulance
and non-serious group, or the ambulance and serious group
(Table 2). These results suggest that the mean ambient tem-
perature had no correlation with disease prevalence in our
hospital. However, the mean ambient temperature did have a
positive correlation with the daily number of patients attend-
ing the ED in the walk-in and non-serious group of non-
trauma patients only during the summer (Fig. 2). Tai et al.
found that, in Taiwan, which is located in a subtropical
region, more patients with less severe illnesses or injuries
attended the ED on warm days.20 Taken together, these find-
ings suggest that walk-in, non-serious, non-trauma patients
might use the ED inappropriately.

Because of ED overcrowding, prioritizing patients based
on acuity and risk has become increasingly important.27

Consequently, some EDs have established a triage system to
assign relatively scarce resources to unlimited medical
needs.28 Our study showed that ED attendance in the walk-in
and non-serious group of non-trauma patients increased
with increases in the mean ambient temperature during
summer. We suggest the following methods as effective
ways of utilizing scarce human resources in the ED: adjust-
ing the work schedules of medical staff; requesting support
from staff in other departments (e.g., general internists suit-
able for consulting with internal medicine for walk-in
patients); expanding the waiting area for walk-in patients
and/or establishing a triage system to evaluate walk-in and
non-trauma patients during the summer, especially on hot
days. These methods will allow the staff in the ED to con-
centrate their attention on serious patients, and could result
in good clinical outcomes. Further research in different
geographic areas and hospitals is recommended as the char-
acteristics of ED attendance vary between hospitals. Infor-
mation specific to each hospital would be useful in planning
the allocation of human resources and in reviewing work
plans, thereby alleviating ED overcrowding.

Limitations
Our study had several limitations. First, we chose the mean
ambient temperature as the tested weather variable. Other
weather variables not included in this study, such as
typhoons or the rainy season, might have confounded our
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Fig. 2. Daily number of walk-in and
non-serious non-trauma patients
attending the emergency department
(ED) of Shiga University of Medical
Science Hospital (Otsu, Japan) from 1
April, 2007 to 31 March, 2010, accord-
ing to daily mean ambient temperature
during summer. The ranges of the
mean ambient temperatures were
≤22°C, 22–25°C, 25–28°C, and >28°C,
and the numbers of days at these tem-
peratures during summer were 45, 84,
92, and 55 days, respectively. Bars rep-
resent 95% confidence intervals.



results. Second, the daily numbers of patients in each group
were small. In our study, the average daily number of
patients in the walk-in and non-serious group of non-
trauma patients during the summer was 1.75. Furthermore,
a 1°C change in the mean ambient temperature was asso-
ciated with 0.092 additional patient visits. Thus, ED atten-
dance in this group increased 5.3% with each 1°C increase
in ambient temperature. To transcend this limitation,
further research is recommended in our hospital during a
longer period, or in another hospital where its daily number
of patients attending the ED is much larger. Third, our ED
did not accept all patients arriving by ambulance; during
the study period, the number of refusals was 75 (6.0% [75/
1255]) in spring, 98 (7.1% [98/1375] in summer, 72 (5.5%
[72/1306]) in autumn, and 78 (6.1% [78/1277]) in winter.
Finally, we did not classify patients by disease type because
this study aimed to investigate the correlation between a
weather factor and ED crowding.

CONCLUSIONS

WE FOUND THAT, among non-trauma cases, ED
attendance by walk-in and non-serious patients sig-

nificantly increased with increases in the mean ambient tem-
perature during the summer. In ED triage systems, it may be
more effective to evaluate non-trauma and walk-in patients
during the summer, especially on hot days. This may facili-
tate more effective distribution of scarce medical resources.
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