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In 2020, Coronavirus disease 2019 (COVID-19) pandemic has brought a huge impact in daily life and has
prompted people to take preventive measures. In the summertime, however, the Japanese government has cau-
tioned that some COVID-19 pandemic conditions may affect the risk to heatstroke. This study investigated how
the COVID-19 pandemic setting affected heatstroke-related ambulance dispatches (HSAD). Daily HSAD data and
relevantweather parameters from June to September from2016 to 2020 of 47prefectures in Japanwere obtained
from the Fire and Disaster Management Agency (FDMA) database. A binary variable representing COVID-19 im-
pact was created, whereby years 2016 to 2019were coded as 0, while 2020 as 1.We employed a two-stage anal-
ysis in elucidating the impact of COVID-19 pandemic on HSAD. Firstly, we regressed HSAD with the COVID-19
binary variable after adjusting for relevant covariates to obtain prefecture-specific effect estimates. Prefecture-
specific estimateswere subsequently pooled via random effectsmeta-analysis in generating the pooled estimate.
Pooled Relative Risk (RR) of HSAD during the COVID-19 pandemic was 0.78 (95% Confidential Interval [CI],
0.75–0.82). We found an overall statistically significant decrease in HSAD risk during the COVID-19 pandemic
in Japan. Specifically, the decrease in the risk of HSAD may be linked to the COVID-19 precautionary measures
such as stay-home request and availability of alternative consultation services, whichmay have decreased the di-
rect exposure of the population to extreme heat.

© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

Globally, a devastating and prolonged pandemic of coronavirus dis-
ease 2019 (COVID-19) has brought a huge impact in daily life, leaving
many cases of incidence and mortality (Lai et al., 2020). In Japan, the
number of COVID-19 newly-confirmed cases peaked in the first week
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of August 2020 and has been a decreasing trend across the country
(NIID, 2020). As of October 11, 2020, the total number of confirmed
COVID-19 cases and deaths are at 88.2 thousand and 1.6 thousand, re-
spectively (MHLW, 2020c). In response to COVID-19, the Japanese gov-
ernment has made several policy adaptation and requests, such as
telework, temporary closure of schools, cancellation of large-scale
events (Shaw et al., 2020). The Ministry of Health, Labour and Welfare
(MHLW) enacted a recommendation on specific preventive measures
for individuals, such as social distance, wearing masks and ventilating
indoor space as part of the pandemic response (MHLW, 2020a).

While facing COVID-19 pandemic, heat-related illnesses have been a
serious public health concern under a changing climate (Sanderson
et al., 2017). Annual temperature in the country has increased by
1.19 °C in the last 100 years (MOEJ, 2018). As temperatures increase,
several heat-sensitive health outcomes are at risk of increasing, such is
the case for heat-stroke ambulance dispatch (HSAD), which has been
increasing since 2010 with record-breaking number of cases at 95,137
in 2018 (MIC, 2019; MOEJ, 2018). Additionally, the number of deaths
due to heatstroke has also been increasing reaching 1581 deaths in
2018 (MHLW, 2019). Several previous studies have reported that
older people are more vulnerable to heat exposure (Ito et al., 2018;
Kuzuya, 2013; Yokota and Miyake, 2016). Based on recent nationally-
representative data, people aged more than 65 years old account for
52% of HSAD cases in 2019 and 81.5% of death due to heatstroke in
2018 (MHLW, 2019; MIC, 2019). As a country which has entered the
super-aged society, heatstroke is recognized as a serious public health
concern and has led to an increase in heat awareness in recent years
(Martinez et al., 2011).

In response to the current situation, MHLW has made public warn-
ings particularly for the possibility in the increase of heatstroke cases
during summertime under the new lifestyle in the COVID-19 period.
Prior to summer, an MHLW-led technical working group has cautioned
that several preventive measures under the COVID-19 setting, such as
open room ventilation, in the absence of air conditioning, as well as
wearing snug-fit masks when outdoors, may possibly contribute to
the predisposition of heat-related illnesses, such as heatstroke
(MHLW, 2020).

Previous studies have documented the association of HSAD andme-
teorological parameters, such as maximum and average temperature,
during the summer season in Japan (Fuse et al., 2014; Murakami et al.,
2012; Ng et al., 2014). However, to the best of our knowledge, no
study has been done to examine whether the current COVID-19 period
conditions have affected the risk of HSAD.

2. Methods

2.1. Data source

Daily HSAD data in June to September from 2016 to 2020 of the 47
prefectures in Japan were obtained from the Fire and Disaster Manage-
ment Agency (FDMA) database (FDMA, 2020b). All HSAD datawere ob-
tained as aggregateddaily counts from the FMDA,which are reported by
the prefectural governments. Heat stroke-related diagnoses are coded
using the International Classification of Diseases (ICD) 10. Specifically,
the following diagnoses are reported and aggregated as heat stroke:
“heatstroke and sun stroke” (T67.0), “heat syncope” (T67.1), “heat
cramp” (T67.2), “heat exhaustion, anhidrotic” (T67.3), “heat fatigue,
unspecified” (T67.5), “heat fatigue, transient” (T67.6), “heat edema”
(T67.7), and “other effects of heat and light” (T67.8) (FDMA, 2020c;
JAAM, 2015). Whereas, relevant meteorological parameters such
as (average/minimum/maximum) temperature (in degrees Celsius; °C)
and relative humidity (in %) in the study periodwere obtained from the
Atmospheric Environment Regional Observation System (AEROS)
(AEROS, 2020). We utilized a binary variable to collectively represent
the impact of COVID-19 period/conditions, whereby 2016 to 2019
were coded with 0 and 2020 was 1.
2

2.2. Data management and analysis

Health outcome and exposure data were compiled and managed in
Microsoft Excel.We employed a two-stage analysis to assess the impact
of COVID-19 conditions on HSAD. In the first-stage analysis, we exam-
ined the prefecture-specific associations by utilizing a generalized linear
model with a quasi-Poisson distribution accounting for overdispersion.
Prefecture-specific HSAD was regressed with the COVID-19 indicator
variable after adjusting for the relevant covariates. In this study, maxi-
mum temperature and relative humidity were treated as a priori con-
founders (Murakami et al., 2012; Ng et al., 2014), together with the
day of the week (DOW), holiday, month and date (for the day of the
year); as shown in Eq. (1).

Yt ¼ Quasipoissont ð1Þ

Yt ¼ α þ β1 COVID19þ β2 MaxTempthr þ β3 Humidityþ β4 DOW
þ β5Holidayþ β6 Monthþ β7 Dateþ ε

Whereby, Yt is the daily HSAD;α is the intercept; COVID19 is a binary
variable;MaxTempthr is themaximum temperature with threshold; Hu-
midity is relative humidity; DOW is a categorical variable of day of the
week; Holiday is a binary variable of national holiday in Japan; Month
is a categorical variable representing the months of June to September;
Date is the temporal variable representing continuous time; ε is the
error term; all beta coefficients of the relevant independent variables
are represented as (β1, β2, β3, β4, β5, β6, and β7). In the second-stage
analysis, we performed a random effects meta-analysis to pool the
prefecture-specific effects estimates. Temperature was assumed with a
threshold due to the discernable increasing pattern after a possible
change point, as shown in Fig. S1. We examined the possible change
point temperature whereby we observe a sharp increase in the number
of HSAD cases. Prefecture-specific absolute temperatures were trans-
formed to relative temperatures using an empirical cumulative distribu-
tion function which is inherent to the “base” package of R statistical
programming (R Core Team, 2020). Prefecture-specific relative temper-
atures were utilized for a change point detection via a segmented re-
gression implemented through the “segmented” package (Muggeo,
2003). These change point temperatures were then treated as the
prefecture-specific thresholds of the relative temperature (Table S1).
We then plotted the distribution of the prefecture-specific thresholds
(Fig. S2). After observing an apparent skewed distribution of the thresh-
olds, we took the median value of this distribution, which was at the
80th temperature percentile. We implemented the prefecture-specific
threshold specification for the absolute temperature using prefecture-
specific 80th temperature percentile as an upper threshold point,
which was parameterized through the onebasis function in the “dlnm”
package (Gasparrini, 2011). In brief, the association of HSAD and abso-
lute maximum temperature below 80th temperature percentile is as-
sumed to be null, whereas beyond the threshold is assumed to follow
linear functional shapes.

We also considered the additional control for PM2.5 in the model,
however, due to the unavailability of the 2019 data, we did not include
it in the final model. The non-inclusion of the PM2.5 into the final model
is also supported by the sensitivity analysis in Table S2. In brief, since
current publicly available PM2.5 data is only available from 2016 to
2018 and 2020, we shortened the period to 2016–2018 for the
non-pandemic setting, instead of the 2016–2019. There is no significant
difference among the prefecture-specific estimates and the pooled esti-
mate, even after adjusting for PM2.5 (in Table S2).We assumed that this
non-significant difference after PM2.5 adjustment would also be the
same in context of the 2016–2019 period. A more detailed description
can be found in the accompanying text of Table S2. In this study, p-
value of 0.05 was considered as statistically significant. All analyses
were performed using R statistical programming (R Core Team, 2020).



Table 1
Annual summary statistics of daily HSAD and meteorological parameters during summer
(June to September) in 47 prefectures.a

Pre-COVID-19 COVID-19

Year 2016 2017 2018 2019 Total
(2016–2019)

2020

HSAD
(cases/day)

8.31 8.65 16.2 11.7 11.2 11.3
(±12.9) (±14.1) (±34.4) (±25.5) (±23.7) (±22.8)

Maximum
temp (°C)

29.5 29.2 29.8 29.3 29.4 29.6
(±3.99) (±3.95) (±4.69) (±3.95) (±4.16) (±4.02)

Humidity (%) 75.7 73.8 75.1 76.7 75.3 77.4
(±10.4) (±10.8) (±10.7) (±9.82) (±10.5) (±10.3)

a Mean (±standard deviation); degrees Celsius (°C); percentage (%); HSAD ≣ heat
stroke ambulance dispatch.

Fig. 1. Forest plot of prefecture-specific relative risk estimates. Prefecture-specific estimates are
estimates are set at RR = 1. The lowermost diamond-shaped symbol represents the pooled
pandemic and the risk of HSAD, except for Kumamoto, whereby risks were found to be positiv
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3. Results

Summary statistics for HSAD and meteorological parameters of the
47 prefectures are provided in Table 1. While overall mean daily HSAD
cases of the 47 prefectures in pre-pandemic and pandemic periods are
nearly similar (mean = 11.2 and mean = 11.3, respectively), pre-
pandemic (2016–2019) variations in daily HSAD were slightly higher
than during the pandemic (standard deviation= 23.7 and standard de-
viation = 22.8, respectively). Highest maximum temperature was ob-
served in 2018 with 29.8 °C, while the lowest one was in 2017 with
29.2 °C. On the other hand, relative humidity was lowest in 2017 with
73.8%, with the highest record of the study period in 2019 at 76.7%.
reflected by the horizontal error bars. The dotted black line crossing the prefecture-specific
effects estimate. Majority of the prefectures indicate a negative association of COVID-19
ely and statistically significant.
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Amore detailed summary statistic for all study prefectures are listed
in Table S3 of the Supplementary Materials. Majority of the prefecture-
level estimates, in Fig. 1, indicated potential protective effect for HSAD,
with lowest relative risk (RR) recorded in Chiba (RR = 0.57, 95% CI:
0.44–0.74). Kumamoto, on the other hand, recorded a statistically sig-
nificant highest RR of 1.01 (95% CI: 1.26–1.57). Pooled effects estimate
from the random effects meta-analysis indicated an overall protective
effect with an RR of 0.78 (95% CI: 0.75–0.82), with significant moderate
heterogeneity (I2 = 48.74%).

4. Discussion

We found an overall statistically significant decrease in HSAD risk
during the COVID-19 pandemic in Japan. Under the COVID-19 pan-
demic, non-binding self-restriction requests were issued by the
Japanese government because the legislation in Japan does not allow
its government to apply an enforcement of a forced lockdown (Shaw
et al., 2020). However, some studies conducted in Japan actually have
observed some behavioral changes, such as hand hygiene, social dis-
tancing, and even going-out self-restriction under certain contexts
(Machida et al., 2020; Parady et al., 2020). Along with preventive strat-
egies for heatstroke and COVID-19, it is possible that behavioral changes
followed by a raised awareness of staying healthymay have been a pro-
tective influence on HSAD, either apparent reduction of HSAD or possi-
ble reduction of heatstroke itself, during the COVID-19 pandemic
setting. The potential factors behind the overall reductionmay be linked
to the precautionary measures in response to COVID-19, namely: stay-
home request and availability of alternative consultation services.

4.1. Stay-home request

The frequency of HSAD in outdoor settings, which mostly occur in
roads (15.6%) and general outdoor public areas (12.5%), may have sim-
ply decreased by staying indoors longer (MIC, 2019).Whereas for HSAD
occurring in indoor settings, some studies reported inconsistent results
on self-perceptions of risks for heat impacts and changes in their pre-
ventive practices (Bassil and Cole, 2010). A few studies found preven-
tive measures, such as staying in an air-conditioned space, were
practiced among vulnerable people who recognized their risk to heat
(Kosatsky et al., 2009). It is plausible that the stay-home request with
increased public warnings for heatstroke may have led to a reduced
risk in HSAD both in outdoor and indoor settings.

4.2. Alternative consultation services

Based on previous studies conducted in Japan and the United States,
the number of patients transported by ambulance or visited emergency
departments have decreased due to increasing concerns about the risk
of contracting COVID-19 (Boserup et al., 2020; Katayama et al., 2020;
Lange et al., 2020). In Japan, call centers and consultation centers for
COVID-19 have been established as alternative consultation service to
triage suspected cases properly (MHLW, 2020b).

4.3. Potential increase in HSAD risk: case of Kumamoto

While several prefectures indicated a decrease in the risk of HSAD
during the COVID-19 pandemic, it is interesting to note that Kumamoto
prefecture exhibited a statistically significant increase (RR = 1.01; 95%
CI: 1.26–1.57). The increase in the risk may possibly be related to the
record-breaking rainfall which occurred in the Kyushu region due to
seasonal rain front, causing thousands of houses damaged completely
or partially and prolonged power outage notably in some areas of
Kumamoto prefecture (FDMA, 2020a; JMA, 2020; Kyushu Electric
Power Co., 2020). Hundreds to thousands of households in the areas
could not use air-conditioners, and even to operate shelters in this
year, preventive measures to prevent both COVID-19 and heatstroke
4

were required (Kumamoto Prefectural Government, 2020; Kyushu
Electric Power Co., 2020), which may have further increased the HSAD
risk. While this is an isolated case, the potential for a natural hazard to
amplify temperature-related health risks should be explored in future
studies which present similar scenarios.

This study has several limitations. First, the finer scale geographical
data was not available, the addition of these data, whenever possible,
is warranted due to the possible disproportionate effect of heat across
a geographical domain. Second, given the ecological nature of the
study, several personal-level characteristics were not considered. The
apparent statistically significant low-to-moderate heterogeneity (I2 =
48.74%) (Higgins et al., 2003) may be related to several unaccounted
factors varying between prefectures, which, however, is beyond the
scope of this study. Future studiesmay potentially examine this through
further analyses with suitable meta-regressors.

Amidst these limitations, the study has several strengths. To the best
of our knowledge, this is the first study to examine the impact of the
COVID-19 pandemic setting on HSAD. Likewise, the multi-location set-
ting allows for a more robust estimate with increased precision. We be-
lieve that the study results provide insightful observations on the
impact of the COVID-19 pandemic setting on HSAD and its implication
with the currently best available data. Also, results from this study
would provide a platform to further understand the individual-level
characteristics which could explain such protective effect.

5. Conclusion

COVID-19 pandemic setting resulted to a decrease in HSAD in Japan.
The decrease in HSADmay possibly be attributed to several precaution-
ary measures targeting to COVID-19.
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