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Background and Purpose: The influence of a weather front passage is rarely evaluated
on stroke events. We hypothesized that a weather front passage on the stroke onset
day or during the previous days may play an important role in the incidence of
stroke. Methods: A multicenter retrospective study was conducted to evaluate the
frequency of stroke events and their interaction with weather front passages. Conse-
cutive acute stroke patients (n = 3935, 73.5 § 12.4 years, 1610 females) who were
admitted to 7 stroke hospitals in 3 cities from January 2012 to December 2013 were
enrolled in this study. Multivariate Poisson regression models involving time lag
variables were used to compare the daily rates of stroke events with the day of a
weather front passage and the previous 6 days, adjusting for considerable influen-
ces of ambient temperature and atmospheric pressure. Results: There were a total of
33 cold fronts and 13 warm fronts that passed over the 3 cities during the study
period. The frequency of ischemic stroke significantly increased when a warm front
passed on the previous day (risk ratio 1.34, 95% confidence interval 1.07-1.69,
P= .016). Conclusions: This study indicated that a weather front passage on the pre-
vious days may be associated with the occurrence of stroke.
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Introduction

The effects of weather conditions on the human organ-
ism have been examined, especially in cardiovascular or
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respiratory diseases, by various studies.1,2 Cardiovascular
events have been considered to be at high risk on a cold
day.3,4 Presently, we cannot predict when strokes occur. If
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we can identify high-risk days for the occurrence of
stroke, we may be able to take preventive measures.
Thermo-hydrological index (THI) is an established

appropriate measure for the evaluation of the effect of air
temperature on health outcomes because it takes into
account mean air temperature after controlling for the
effect of relative humidity.5 We have reported that ische-
mic stroke significantly increases with variation in the
THI by .99°C or more.6 Intracerebral hemorrhage fre-
quency significantly increased when the THI cooled by
.99°C or more over the 5 to 4 days prior to the event. The
THI on the day of the event did not influence ischemic
stroke events but did influence intracerebral hemorrhage
events. When the THI was 23.8°C or higher, the risk of
intracerebral hemorrhage was low.
On the other hand, there are other weather conditions,

for example, weather front passages, that should be con-
sidered. A weather front is a boundary between 2 air
masses whose properties are contrasting. At the bound-
ary, there are differences in temperature, wind shift,
humidity, and atmospheric pressure. The conceptual
model of a cold front is the leading edge of a colder air.
Cooler air tilts forward under the prefrontal warmer air,
and the passage of the surface cold front is indicated by a
sharp temperature decrease and an atmospheric pressure
increase.7 A warm front belongs to the zone of low atmo-
spheric pressure, which also contains a cold front. The
conceptual model is a warm front tilting forward over the
prefrontal cold air and extending from the surface to the
midtroposphere, and the passage of the surface warm
front is indicated by a coincident temperature increase, a
cyclonic wind shift, and a decrease in surface pressure.8

Warm fronts are generally weaker and have less dramatic
weather changes than cold fronts. An occluded front is
formed when a cold front catches a preceding warm front.
When an occluded front passes, weather change can be
a wide variety because of combination of a warm front
and a cold front. The influence of weather front pas-
sages on stroke events is rarely evaluated. In the pres-
ent study, we evaluated the association between
weather front passages and the frequency of stroke
events in Japanese patients.

Methods

Patients

This study was performed as a part of the Hiroshima
‘Emergency andWeather’ Study—stroke 6. The study pro-
tocol was approved by the Institutional Review Board of
Hiroshima University. Then, the local ethical committee
in each participating institute approved the protocol. All
clinical investigations were conducted according to the
principles expressed in the Declaration of Helsinki. No
informed consent was given because the data were ana-
lyzed anonymously. Consecutive acute stroke patients
who were admitted to 1 of 7 emergency hospitals within
7 days of stroke onset in the Hiroshima prefecture, which
included the cities of Hiroshima (4 hospitals), Kure (2 hos-
pitals), and Fukuyama (1 hospital), from January 2012 to
December 2013 were retrospectively enrolled. These 3 cit-
ies contained the official meteorological observatories that
were used as the source of meteorological data. The onset
date and subtype of acute strokes were recorded for each
patient. Ischemic stroke subtypes were classified using
the Trial of Org 10172 in Acute Stroke Treatment criteria.9

Hemorrhagic infarction and trauma-induced hemor-
rhage were excluded from intracerebral hemorrhage. The
primary diseases of nonhypertensive intracerebral hemor-
rhage included tumor, arteriovenous malformation,
moyamoya disease, and cerebral amyloid angiopathy.
Stroke subtype diagnoses were determined before dis-
charge using brain computed tomography or magnetic
resonance imaging. Expert neurologists assigned the diag-
noses for all patients.

Study Area

Japan is located in a temperature climate zone that has 4
distinct seasons: spring, summer, autumn, and winter.
The Hiroshima prefecture is located in the western part of
Japan (north latitude 34-35° and east longitude 132-133°)
in a Cfa zone (warm temperature, moist, hot summer),
based on the K€oppen-Geiger climate classification.10

Meteorological Date

The day of passage of the weather front (such as a cold
front or a warm front) was obtained based on the local
meteorological observatories (Japan Meteorological
Agency, Ministry of Land, Infrastructure, Transport and
Tourism). The meteorological data used in this study
included the daily mean ambient temperature (Ta,°C), the
daily mean atmospheric pressure (hPa), and the daily
mean relative humidity (RH, %) of the 24-hour calendar
day period (0:00 AM-11:59 PM). The THI (°C) was calcu-
lated using the formula THI = Ta¡ .55£ (1 ¡ .01 £ RH) £
(Ta ¡ 14.5), as reported previously.5,11 The distance from
each hospital to the local meteorological observatory
ranged from .2 km to 12.8 km (average distance = 5.3 km).
All meteorological data were obtained from the website
of each local meteorological observatory.

Statistical Analysis

The data are expressed as the mean § standard devia-
tion for continuous variables and as frequencies and per-
centages for discrete variables. We first investigated basic
trends of the changes in THI and atmospheric pressure on
the day of each front passage from 6 days before to 6 days
after its passage day.
We then used a multivariable Poisson regression model

involving time lag variables instead of a common multiple
regression model to analyze the incidence of stroke
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because the response variables were count data or non-
negative integers.6,12 The risk ratio and the 95% confi-
dence interval of stroke in accordance with each front pas-
sage for the previous 6 days were adjusted for ambient
temperature, atmospheric pressure, and their changes,
which we had previously reported as a potent influence
factors on the risk of stroke events (P< .20) in addition to
the location of the hospitals, using the Poisson regression
model.6 For ischemic stroke, the selected factors were
ambient temperature and atmospheric pressure on the
day of interest and the changes in ambient temperature
from the previous day to the day of interest and from
2 days prior to the previous day. For intracerebral hemor-
rhage, the selected factors were ambient temperature and
atmospheric pressure on the day of interest and the
changes in ambient temperature from 2 days prior to the
previous day, from 5 days prior to 4 days prior, and from
7 days prior to 6 days prior, and the changes in atmo-
spheric pressure from 6 days prior to 5 days prior to the
day of interest.
Statistical analysis was performed using the SPSS soft-

ware package (IBM SPSS Statistics for Windows, version
22.0, IBM Corp., Armonk, New York). A 2-tailed Pvalue
<.05 was regarded as statistically significant.
Results

The baseline characteristics of the study population and
meteorological conditions of the evaluated days were pre-
sented in the previous report.6 Briefly, during the 2-year
observation period (731 days in 3 cities) of this study, a
total of 3935 patients (1610 females and 2325 males) with
stroke were enrolled. The mean age of the study partici-
pants was 73.5 § 12.4 years (median 75 years; range 11-
101 years). The subjects consisted of 3197 ischemic stroke
patients and 738 intracerebral hemorrhage patients. The
average annual THI of the 3 cities was 16.0 § 7.3°C.
The average annual atmospheric pressure in the study
area was 1012.6 § 7.1 hPa. The annual THI and atmo-
spheric pressure were not significantly different among
the 3 cities.
Table 1 shows the number of passages of each type of

front during the 2-year observation period (731 days) of
this study. There were a total of 33 cold fronts and 13
warm fronts that passed over the 3 cities on the same day.
The THI was 15.2 § 4.1°C on the days of a warm front

passage and 13.8 § 4.8°C on the days of a cold front pas-
sage. The mean atmospheric pressure was 1006.6 § 4.4
Table 1. Total number of days of weather front passages

731 days for 3 cities

Weather front passage

Warm front, n (%) 13 (1.8)

Cold front, n (%) 33 (4.5)
hPa on the days of a warm front passage and 1009.1 § 5.3
hPa on the days of a cold front passage. Changes in the
mean THI and the mean atmospheric pressure are pre-
sented for the previous 6 days before each front passage
and the following 6 days after each front passage in
Figures 1 and 2.
For ischemic stroke, a warm front passage on the previ-

ous day was significantly associated with a high fre-
quency of events using the multivariate Poisson
regression models involving time lag variables (risk ratio
1.34, 95% confidence interval 1.07-1.69, P= .01; Fig 3). No
significant association was detected for the frequency of
ischemic stroke with cold front passages.
No significant association was detected with cold or

warm front passages (Fig 4).
Discussion

This study revealed that a warm front passage on the
previous day was significantly associated with an increase
in ischemic stroke events.
Currently, the influence of the temperature on the day

of a stroke event on the human physical condition
becomes difficult to detect with the prevalence of indoor
air conditioning. The fluctuations in temperature and
atmospheric pressure may also influence the human phys-
ical condition. Previously, we have reported that changes
in ambient temperature from the previous day to the day
of interest increases the occurrence of ischemic stroke
events. In addition, the decrease in ambient temperature
from 5 to 4 days prior increases the occurrence of intrace-
rebral hemorrhage events.6

In this study, we have evaluated the influence of
weather front passages on ischemic stroke and intracere-
bral hemorrhage events adjusted for those factors, which
may show considerable influences.6 A warm front pas-
sage on the previous day was significantly associated
with an increase in the occurrence of ischemic stroke
events. This phenomenon might be caused by the differ-
ence in the properties of the front. A warm front proceeds
a cold front, thus most cold fronts also pass over a city on
the same day as a warm front passage (12/13 days in 3 cit-
ies in this study). In addition, the length of a warm front is
generally shorter than that of a cold front. Therefore, a
zone of low atmospheric pressure may be closer to cities
during a warm front passage than on the days of only a
cold front passage. Zaninovic has reported that after a
cold front passage, the coagulability of blood tended to
increase in stroke patients.13

The association of weather fronts and cardiovascular
disease has been reported. Frequencies of acute myocar-
dial infarction events increase during the 7-12 hours
after a warm front passage.14 Cardiovascular disease-
related mortality including stroke increase on the day
of warm front passage and 1 day after warm front pas-
sage.15 These results suggest the considerable impact of



Figure 1. Changes in THI with weather front passages. The difference in THI during the previous 6 days and the following 6 days of cold front passages (A) and
warm front passages (B) in comparison to the day of each weather front passage are presented. Abbreviations: F, the day of the weather front passage; THI,
thermo-hydrological index.
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a warm front for our physical condition arise a day
after the front passage supporting our results. How-
ever, actual definition of influences of warm front pas-
sage on frequencies of cerebro- and cardiovascular
diseases has not been made. Generally, as shown in
our results, ambient temperature gradually increases
for several days until warm front passage. In our pre-
vious study, we have reported that when ambient tem-
perature varied from a previous day, the frequency of
ischemic stroke increases.6 Therefore, influences of
warm front passage on frequencies of ischemic stroke
may depend on changes of ambient temperature,
although changes of ambient temperature from a pre-
vious day were also included as a factor of
Figure 2. Changes in atmospheric pressure with weather front passages. The differ
6 days of cold front passages (A) and warm front passages (B) in comparison to the
the weather front passage.
multivariate analysis in this study. Our present study
suggested that the occurrence of stroke events was
increased after warm front passages, indicating that front
passage may influence the human physical condition.
The influence was largest on 1 day after warm front

passages.
This study has several limitations. First, this is a retro-

spective study of 3 cities in the Hiroshima prefecture in
Japan. However, this study and prior epidemiological
studies are similar with respect to patient demographics,16

such as stroke subtype and age; as a result, our findings
may be applicable to other cities. Second, this study is
based on patients admitted to hospitals. We cannot
exclude the possibility that patients experiencing the onset
ences in atmospheric pressure during the previous 6 days and the following
day of each weather front passage are presented. Abbreviation: F, the day of



Figure 3. Relative risks of ischemic stroke and the interaction of weather
front passages. (A) Cold front and (B) warm front. Abbreviation: D, the day
of interest.
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of mild stroke are not hospitalized. This limitation may
also exist in population-based studies. However, in Japan,
when a mild stroke patient visits a hospital for acute diag-
nosis, he or she is essentially admitted and can receive
treatment. Therefore, the possibility that mild stroke
patients were excluded from this study may be limited.
Figure 4. Relative risks of intracerebral hemorrhage and the interaction of
weather front passages. (A) Cold front and (B) warm front. Abbreviation: D,
the day of interest.
Third, it was impossible to include individual information
on the true environmental conditions (indoor and out-
door), socioeconomic background, or dietary habits at
stroke onset. Fourth, this study was conducted in Japan,
and most of the inpatients were Japanese. Asians suffer
more hemorrhagic events than Caucasians,16 and ethnic
differences exist in a person’s tolerance to environmental
change. For example, Hispanics are more likely to be
affected by temperature.17 Further investigations should
be undertaken to identify ethnic differences in response to
environmental changes.

Conclusions

This study indicated that the passage of a warm front
increased ischemic stroke events when adjusted for con-
siderable influences of ambient temperature and atmo-
spheric pressure.
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