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Abstract
Objectives  Earthquakes are a distressing natural 
phenomenon that can disrupt normal health-related 
behaviours. The aim of this study was to investigate 
changes in alcohol consumption behaviours in the 
immediate aftermath of mild to moderate earthquakes.
Setting  This retrospective cohort study was conducted at 
a large academic hospital in Tokyo, Japan from April 2004 
to March 2017.
Participants  We included all adult patients presenting 
with acute alcohol intoxication in the emergency room.
Primary and secondary outcome measures  Our 
outcome was the number of such patients per 24 hours 
period comparing days with and without earthquake 
activity. We mainly focused on mild to moderate 
earthquakes (Shindo scale of less than 3). We conducted 
a simple generalised autoregressive conditional 
heteroscedasticity (GARCH) analysis, followed by a 
multivariate GARCH, including year-fixed effects and 
secular changes in alcohol taxation. Subanalyses were 
conducted by gender and age group.
Results  During the study period, 706 earthquakes 
were observed with a median Shindo scale of 2 (IQR: 
1). During this period, 6395 patients were admitted 
with acute ethanol intoxication; the mean age was 
42.6 (SD: 16.9) years and 4592 (71.8%) patients were 
male. In univariate analyses, the occurrence of daytime 
earthquakes was marginally inversely related to the 
number of acutely intoxicated patients (β coefficient: 
−0.19, 95% CI −0.40 to 0.01). This finding remained 
similar in multivariate analyses after adjustment for 
covariates. In analyses stratified by gender, the inverse 
association between daytime earthquakes and alcohol 
intoxication was only observed among men (p<0.03 
for males and p=0.99 for females). In subanalyses by 
age, older people were less likely to be admitted to the 
hospital due to acute alcohol intoxication on days with 
daytime earthquakes (p=0.11), but this was not the case 
for younger people (p=0.36).
Conclusion  On days when a mild to moderate daytime 
earthquake occurred, the number of patients with acute 
alcohol intoxication was lower compared with days 
without earthquakes. Even milder forms of potentially 
catastrophic events appear to influence social behaviour; 
mild to moderate earthquake activity is associated with the 
avoidance of excessive alcohol consumption.

Introduction 
Catastrophic earthquake activity has been 
reported to exert a variety of effects on both 
physical and mental health.1 A previous 
study reported that approximately 42.6% of 
victims exhibited moderate to serious mental 
health problems after the Great East Japan 
earthquake, which occurred in March 2011.1 
Acute health effects associated with earth-
quake activity include acute stress disorders,2 
delirium3 and acute and transient psychotic 
disorders. Long-term effects on victims’ well-
being have also been reported, including 
post-traumatic stress disorder and exacerba-
tion of bipolar disorder.4–6 Although most 
previous research has been limited to the 
health impacts of rare catastrophic earth-
quakes, very few studies have focused on the 
health effects associated with substantially 
more common mild to moderate earthquakes.

Substance abuse is a common disorder 
reported in the setting of catastrophic 
disasters.7 8 Several studies have explored 
this relationship with regard to alcohol 
use behaviours,9 10 with several previous 
studies reporting an increased prevalence of 
alcohol abuse after major earthquakes.11 12 
However, in the larger context of catastrophic 
phenomena, this association remains unclear, 
with one report showing only a 2% increase 

Strengths and limitations of this study

►► This unique study is the first to evaluate alcohol con-
sumption behaviour in the immediate aftermath of 
earthquakes.

►► Robust analyses, by sensitivity analyses with three 
methods in addition to the main analysis by multi-
variate generalised autoregressive conditional het-
eroscedasticity approach, supported the findings in 
this study.

►► The limitation of this study was its analysis of a sin-
gle centre with a single ethnicity.
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in prevalence after a major hurricane13 and other studies 
reporting a slight decrease in alcohol abuse after instances 
of terrorism.9 14 Moreover, some suggested that disasters 
have rarely increased the prevalence of substance use 
disorders. Instead, increased alcohol abuse after disaster 
can often reflect an exacerbation of existing abuse rather 
than new-onset disorders.15 As such, the effect of disasters 
on alcohol abuse remains controversial. Previous studies 
have suggested that gender, age, education and even 
cultural background modify these associations.16 17

Japan is a tectonically active country where earthquakes 
are observed frequently. The Japan Meteorological 
Agency observed 2025 earthquakes in 2017, and more 
than 6500 earthquakes were observed in 2016 in Japan.18 
Among the 76 earthquakes in 2017 and 123 events in 
2016, 3.8% and 1.9%, respectively, were greater than a 
magnitude of 5. In addition to the incidence of earth-
quakes, the Japan Meteorological Agency recorded the 
date, time, magnitude, location and seismic intensity.19 
Thus, the aim of this study was to evaluate the same-day 
association between mild to moderate earthquakes and 
unhealthy alcohol use behaviour in Japan.

Methods
Study design and cohort description
We conducted a retrospective daily time series study 
using medical record data from St. Luke’s International 
Hospital in Tokyo, Japan from April 2004 to March 2017. 
We included all patients who were 20 years or older and 
presented to the hospital emergency room (ER)  with 
acute alcohol intoxication. We excluded all patients who 
signed opt-out agreements for their anonymised data 
to be used in research. In addition, patients presenting 
with an altered mental status of uncertain origin were 
excluded. Our outcome was a patient volume of acutely 
intoxicated patients per 24 hours period. Outcomes were 
compared between days with and without earthquakes, as 
observed by the Japan Meteorological Agency.

Patient and public involvement
There was no involvement of patients other than this data 
and the public.

Acute alcohol intoxication
Emergency physicians at the hospital clinically diagnosed 
with acute alcohol intoxication based on testimonies by 
patients or their companions. A blood ethanol level of 
100 mg/dL or higher was used to support the diagnosis for 
those whose testimonies could not be elicited directly.20

Earthquake
All earthquake data were obtained from the Japan 
Meteorological Agency.18 The recorded data contain 
the time and date of occurrence, the Richter magni-
tude, the depth of epicentre and Shindo scale data for 
any earthquake detected. With a range of 0–7, Shindo is 
the unique measurement scale used in Japan for seismic 

intensities in a specific area.19 Unlike the Richter scale, 
which represents the size of the earthquake itself and is 
unique for each earthquake, Shindo scaling reflects the 
intensity of the observed shaking in a given area and is 
based on the distance from the epicentre at which the 
seismic activity was observed. Generally speaking, the 
further the observed area is from the epicentre, the lower 
the Shindo measurement is for that area. A Shindo score 
of 1 is comparable to mild shaking observed only when 
sitting quietly in a structure, while a Shindo score of 4 is 
defined as observable shaking that is intense enough to 
startle, awaken people from sleep and can be detected 
while walking. A Shindo score of 7 equates to severe 
shaking in which it is impossible to remain standing or 
move without crawling. In terms of the severity of the 
earthquake, we defined earthquakes with a Shindo score 
of 1–3 as mild to moderate earthquakes and those with 
a Shindo score of 4 or more as severe earthquakes. We 
defined a daytime earthquake as one observed between 
09:00 and 17:00, while a night-time earthquake was 
defined as occurring between 17:00 and mid-night. The 
reason why we divided earthquakes as above is that a 
daytime earthquake was believed to affect the subse-
quent drinking behaviour on the same night. In contrast, 
a night-time earthquake that may have occurred while 
drinking alcohol was believed to have a different effect 
on drinking behaviour. The remaining time period, from 
00:00 to 09:00, was considered as having little effect on 
alcohol behaviour.

Study site
St. Luke’s International Hospital is located in Chuo-
ku, Tokyo, Japan. The hospital, a 520-bed tertiary-level 
community teaching hospital, accepts more than 10 000 
ambulance admissions per year. Located close to Ginza, 
a major entertainment district popular for bars and 
restaurants serving alcohol, St. Luke's receives the largest 
number of ambulances per year, including approximately 
50% of ambulances dispatched from the Ginza area. We 
included only earthquakes that were observed in this 
metropolitan Tokyo area in the analyses.

Category of the day in relation to work week and seasonality
Because the incidence of acute alcohol intoxication is 
considered to vary substantially by the day of the week, 
we divided the days into three categories: weekdays, days 
prior to a non-working day and non-working days (gener-
ally understood in Japan to be Saturday, Sunday and 
designated national holidays). For days overlapping cate-
gories, we considered days prior to a non-working day the 
most dominant. For instance, because December 31st, 
January 1st, 2nd and 3rd are designated national holidays 
in Japan, we categorised December 31st, January 1st and 
2nd as ‘days prior to a non-working day’, and 3rd as a 
‘non-working day’.

As the incidence of acute alcohol intoxication is also 
considered to be related to seasonality, we categorised 
March, April and May as spring; June, July and August 
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as summer; September, October and November as fall; 
December, January and February as winter.

Statistical analyses
Because the occurrence of earthquakes on a certain day 
was considered to be autocorrelated and have an autore-
gressive conditional heteroscedasticity effect (figure  1), 
we applied a multivariate generalised autoregressive 
conditional heteroscedasticity (GARCH) approach with 
dynamic conditional correlation to investigate the associ-
ation between patients’ presentation in the ER and acute 
alcohol intoxication and occurrence of earthquakes.21–23 
In terms of the primary outcome, we first applied a simple 
GARCH model with each variable examining the rela-
tionship between hospital admission for acute alcohol 
intoxication and earthquake activity, the category of 
day and seasonality. This was followed by a multivariate 
GARCH(1,1) model with variables found to have a p value 
of 0.2 or lower in the simple GARCH model, as well as a 
year-fixed effect and changes in alcohol taxation. Alcohol 
taxation had changed five times during study periods, and 
it is included the model as a categorical variable. Because 
the taxation rates were similar during the study periods 
(eg, 45.1%–46.6% for beer, 16.2%–18.1% for sake), the 
impact of alcohol taxation change on the results was 
considered to be limited. The β coefficient and 95% CIs 
were calculated. In addition, we stratified the analyses by 
both gender and age (50 years or older vs less than 50 
years). Moreover, we separately analysed data before the 
Great East Japan earthquake on 11 March 2011 and after 
the earthquake. We also conducted sensitivity analyses to 
check robustness with the following three methods: using 
the Richter scale magnitude as a covariate to evaluate 
whether the results differ according to the magnitude of 
the earthquake; introducing different lag times between 
the earthquake and hospital visits (eg, 1, 3 or 7 days after 
the earthquakes), excluding days in which severe earth-
quakes (Shindo scale ≥4) occurred and having the data 
stratified by day of the week. All analyses were performed 
using Stata V.14.0 (Stata Corp, TX, USA).

Results
During the study period, earthquakes were observed 
706 times with a median Shindo score in the catchment 
area of 2 (IQR: 1). During the 4747 days in the study 
period, earthquakes were observed on 500 days. During 
this period, 6571 patients were extracted from the elec-
tronic medical record. Among them, 99 were excluded 
because they were younger than 20 years old, and 77 were 
excluded based on the blood alcohol level. Finally, 6395 
patients with a mean age of 42.6 (SD: 16.9) were treated 
for acute ethanol intoxication; 4592 (71.8%) were male 
(table 1).

Table  2 shows the results for the number of patients 
with acute ethanol intoxication from the simple and 
multivariate GRACH models. In univariate analyses, the 
daytime earthquake figure was marginally and inversely 
related to the number of acutely intoxicated patients (β 
coefficient: −0.19, 95% CI −0.40  to  0.01). The number 
of days prior to a non-working day (β coefficient: 0.26, 
95% CI 0.15 to 0.37) was significantly related and the 
number of non-working days (β coefficient: 0.08, 95% CI 
−0.01 to 0.14) was marginally significantly related to acute 
intoxication. These findings remained similar in multi-
variate analyses after adjusting for both occurrences of a 
daytime earthquake, the category of day, seasonality, year-
fixed effect and change in alcohol taxation. In a sensitivity 
analysis, including Richter scale magnitude as a covariate 
to evaluate whether the results differ according to the 
magnitude of the earthquake, the daytime earthquake 
number was still marginally related to decreased patient 
volume (β coefficient: −0.23, 95% CI −0.47  to  0.01). 
However, the magnitude of the earthquake itself had 

Figure 1  The number of earthquakes per day.

Table 1  Patients’ characteristics

Patients (n=6395)

Age, year, mean (SD) 42.6 (16.9)

Male, n (%) 4592 (71.8)

Blood alcohol level, mg/dL, mean (SD) 225.4 (87.2)

Type of day when the patient visited the hospital

 � Weekdays, n (%) 3125 (48.9)

 � Days prior to day off, n (%) 1220 (19.1)

 � Day off, n (%) 2050 (32.1)

Season in which the patient visited the 
hospital

 � Spring, n (%) 1562 (24.4)

 � Summer, n (%) 1558 (24.4)

 � Fall, n (%) 1617 (25.3)

 � Winter, n (%) 1658 (25.9)

The occurrence of earthquake when the 
patient visited the hospital

 � A whole day, n (%) 657 (10.3)

 � Daytime earthquake, n (%) 197 (3.1)

 � Night-time earthquake, n (%) 188 (2.94)
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no relationship with patient volume (β coefficient: 0.01, 
95% CI −0.02  to  0.04). When we introduced different 
lag times between the earthquake and hospital visits, 
the number of daytime earthquakes was also margin-
ally significantly related to decreased patient volume (β 
coefficient: −0.18, 95% CI −0.38 to 0.01 for 1 day after an 
earthquake; β coefficient: −0.18, 95% CI −0.38  to  0.02 
for 3 days after an earthquake; and β coefficient: −0.18, 
95% CI −0.38  to  0.02 for 7 days after an earthquake), 
while different lag times themselves were not associated 
with patient volume. When we excluded days in which 
severe earthquakes (Shindo scale ≥4) occurred, the find-
ings were similar [daytime earthquake (β coefficient: 
−0.18, 95% CI −0.38 to 0.02)]. In the analyses by stratifi-
cation of day of the week, the number of daytime earth-
quakes was not related to patient volume on weekdays 
(β coefficient: 0.01, 95% CI −0.28 to 0.30) but tend to be 
negatively related to patient volume on days off (β coeffi-
cient: −0.15, 95% CI −0.49 to 0.19). The analysis was not 
concaved in the days prior to days off.

Table  3 shows the result of the number of patients 
with alcohol intoxication from univariate and multivar-
iate analyses stratified by gender. The inverse association 
between daytime earthquake and alcohol intoxication 

seen in a pooled analysis was only observed among men 
(p<0.03 for males and p=0.99 for females). Although a 
positive association between the day before non-working 
days and acute alcohol intoxication were observed in 
both males (p<0.01) and females (p<0.01), higher rates 
of intoxication on non-working days were only observed 
in women (p=0.02 for females and p=0.35 for males). 
Among male patients, the number of patients with acute 
alcohol intoxication rose in the winter compared with 
spring (p=0.01), but not among females (p=0.42).

Table  4 shows the result for the number of patients 
with alcohol intoxication from univariate and multi-
variate analyses stratified by age group. Older people 
were less likely to be admitted to the ER due to acute 
alcohol intoxication on days when daytime earthquakes 
occurred (p=0.11), but the same pattern was not seen 
among younger people (p=0.36). Both older and 
younger patients with acute alcohol intoxication were 
more likely to be admitted on days before non-working 
days as well as on non-working days compared with week-
days. However, in terms of seasonality, older people were 
significantly more likely to be admitted to the ER with 
acute alcohol intoxication in the winter (p<0.01), but not 
younger people (p=0.83). In terms of stratification by the 

Table 2  β coefficients for the number of patients with acute ethanol intoxication from the univariate and multivariate GARCH 
model

Variable

Univariate GARCH* model Multivariate GARCH* model

β coefficient 95% CI P value β coefficient 95% CI P value

Earthquake factors

 � Incidence of earthquake 0.00 (−0.12 to 0.12) 0.95

 � Number of earthquakes a day, 
times

−0.02 (−0.06 to 0.03) 0.46

 � The depth of the epicentre, km 0.00 (−0.01 to 0.01) 0.85

 � The highest magnitude in a day 0.00 (−0.02 to 0.02) 0.98

 � The highest Shindo in a day 0.00 (−0.08 to 0.07) 0.92

 � Daytime earthquake† −0.19 (−0.40 to 0.01) 0.06 −0.18 (−0.38 to 0.02) 0.07

 � Night-time earthquake‡ 0.12 (−0.12 to 0.35) 0.34

Date

 � Categories of day

 � �  Weekday Reference Reference

 � �  The day before non-working day 0.26 (0.15 to 0.37) <0.01 0.25 (0.15 to 0.36) <0.01

 � �  Non-working day 0.08 (−0.01 to 0.17) 0.05 0.08 (−0.01 to 0.16) 0.08

 � Season

 � �  Spring Reference Reference

 � �  Summer 0.02 (−0.09 to 0.13) 0.73 0.02 (−0.09 to 0.12) 0.78

 � �  Fall 0.05 (−0.06 to 0.17) 0.35 0.03 (−0.76 to 0.14) 0.55

 � �  Winter 0.10 (−0.01 to 0.22) 0.07 0.12 (0.02 to 0.23) 0.02

Numbers in bold indicate that the p value is less than 0.05.
*GARCH, generalised autoregressive conditional heteroscedasticity. The multivariate GARCH model was adjusted for variables found to have 
a p value of 0.2 or less in a simple GARCH model as well as year-fixed effect and changes in alcohol taxation.
†Daytime earthquake means that an earthquake was observed between 09:00 and 17:00.
‡Night-time earthquake means that earthquake was observed between 17:00 and mid-night.
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date of the Great East Japan earthquake, the number of 
daytime earthquakes was inversely related to the number 
of acutely intoxicated patients after the Great East Japan 
earthquake (β coefficient: −0.28, 95% CI −0.55 to −0.02), 
while the number of daytime earthquakes was not related 
to the number before the Great East Japan earthquake (β 
coefficient: −0.02, 95% CI −0.32 to 0.29).

Discussion
Our study found several predictors of the number of 
intoxicated patients presenting in the ER of a major 
urban hospital in Japan. Notably, there was an inverse 
relationship between the number of intoxicated patients 
and daytime earthquakes observed in older patients and 
men.

Although previous studies that evaluated drinking 
behaviour after catastrophic earthquakes reported both 
positive and negative effects, we found that non-cat-
astrophic earthquakes may exert a dampening (ie, a 
health-favourable) effect on excess alcohol consumption. 
This finding was considered to be a type of stress-related 
growth, which is the theory that people develop from 
negative events.24 We speculate that people may avoid 
risky behaviours, such as going out with companions 
after work, to indulge in excessive amounts of drinking 
immediately after an earthquake. When people experi-
ence earthquakes, many may suspect additional tectonic 
activity; multiple earthquakes in a single day are common 
and were observed on 83 (16.7%) days in our study. As a 
result, we suspect that many people choose to go home 
rather than go out, as has been documented in reports 
about catastrophic earthquakes.25 People may avoid 
social activities, such as after-work gatherings, on days 
in which even mild but nevertheless frightening natural 
phenomena have occurred, thereby reducing the oppor-
tunities for excessive drinking and other risky social 
behaviours. Lower blood alcohol levels noted on earth-
quake days also suggest that even imbibers may limit the 
amount of alcohol consumed on such days. Similar social 
behaviours have been observed after the Great East Japan 
earthquake in 2011, although whether these behavioural 
changes are conscious or unconscious remains unclear.26

We found both age and gender differences in the rela-
tionship between daytime earthquakes and acute alcohol 
intoxication. There were statistically fewer male patients 
with acute alcohol intoxication on days when a daytime 
earthquake occurred compared with days without seismic 
activity. Interestingly, this relationship was not found for 
female patients. A previous systematic review reported 
that differing patterns of alcohol use between men and 
women are driven by both biological and psycho-socio-cul-
tural factors.27 As a result, men are more likely to seek 
sensations, including hazardous drinking, than women 
in ordinary settings.28 29 However, it is possible that mild 
earthquakes may affect these psycho-socio-cultural factors 
more for men than women. Social capital may play an 
important role in this.30 Because most Japanese male 

workers drink with colleagues after work,31 some may 
suggest that others not go out to drink after work on days 
with earthquakes.

In terms of age, fewer older patients with acute alcohol 
intoxication were observed on days with earthquakes, 
despite an unchanged number of younger patients 
presenting with acute alcohol intoxication on these days. 
A previous survey about alcohol use reported that younger 
people tended to indulge in more binge drinking and 
heavy episodic drinking in Japan32 and other countries.33 
Psychologically disturbing natural phenomena, however 
mild, may also exert specific inhibitory psycho-socio-cul-
tural effects on risky behaviours of younger people. 
Further research is needed to evaluate the potential 
mechanisms for these differences.

Significantly fewer patients with acute alcohol intoxi-
cation were observed on days with daytime earthquakes 
compared with those on days without daytime earth-
quakes after the Great East Japan earthquake, while the 
finding was not observed before the Great East Japan 
earthquake. This suggests that people still have cata-
strophic earthquakes in mind and avoid sensation seeking 
from stress-related growth.

Our study has some limitations. First, not all potential 
patients with acute alcohol intoxication were transferred 
to our hospital, resulting in a measure of selection bias. 
However, because our hospital has the largest number 
and highest rate of ambulance acceptances in Tokyo, 
with more than 50% of ambulances dispatched to the 
local entertainment area were transferred to us, and 
we assume that this bias is neither large nor differen-
tial. In addition, the findings may not be applicable to 
other countries because ethnicity and cultural diversity 
could exist.34 Second, because we were unable to accu-
rately record information about when patients started 
to consume alcohol, precise knowledge of the temporal 
relationship between alcohol consumption, intoxica-
tion and earthquakes are difficult to assess. Similarly, 
because qualitative data concerning patients' physical 
and emotional perception of seismic activity is not avail-
able, further studies are warranted in this area. In addi-
tion, evaluation for acute stress disorder may be useful to 
explain the gender and age difference of findings. Finally, 
an earthquake itself may somewhat impact hospital oper-
ations. However, the emergency department of hospitals 
had operated as usual on and after the Great East Japan 
earthquake. Therefore, the impact is considered to be 
limited.

Conclusion
On days when mild to moderate daytime earthquakes 
occurred, our hospital had fewer patients with acute 
alcohol intoxication presenting in the ER. This pattern was 
also seen for men and elderly patients. Even mild natural 
phenomena may lead to changes in social behaviour that 
result in avoidance of excessive alcohol use.
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