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Background and Purpose: The correlation between meteorological parameters and intra-
cerebral hemorrhage (ICH) occurrence is controversial. Our research explored the effect of 
daily meteorological parameters on ICH risk in a subtropical monsoon basin climate.
Methods: We retrospectively analyzed patients with ICH in a teaching hospital. Daily 
meteorological parameters including temperature (TEM), atmospheric pressure (PRE), rela-
tive humidity (RHU), and sunshine duration (SSD) were collected, with the diurnal variation 
(daily maximum minus minimum) and day-to-day variation (average of the day minus the 
previous day) calculated to represent their fluctuation. We adopted a time-stratified case- 
crossover approach and selected conditional logistic regression to explore the effect of 
meteorological parameters on ICH risk. The influence of monthly mean temperature pro-
ceeded via stratified analysis. Air pollutants were gathered as covariates.
Results: Our study included 1052 eligible cases with ICH. In a single-factor model, the risk 
of ICH decreased by 5.9% (P<0.001) for each 1°C higher of the daily mean TEM, and the 
risk increased by 2.4% (P=0.002) for each 1hPa higher of the daily mean PRE. Prolongation 
of daily SSD inhibited the risk of ICH, and OR was 0.959 (P=0.007). The risk was raised by 
7.5% (P=0.0496) with a 1°C increment of day-to-day variation of TEM. In a two-factor 
model, the effect of daily mean TEM or daily SSD on ICH risk was still statistically 
significant after adjusting another factor. The influence of meteorological parameters on 
ICH risk continued in cold months but disappeared in warm months after stratified analysis.
Conclusion: This research indicates daily TEM and SSD had an inverse correlation to ICH 
risk in a subtropical monsoon basin climate. They were independent when adjusted by 
another factor. Daily PRE and day-to-day TEM variation were positively related to ICH 
risk. The correlation of daily meteorological factors on ICH risk was affected by the monthly 
thermal background.
Keywords: intracerebral hemorrhage, temperature, atmospheric pressure, relative humidity, 
sunshine duration

Introduction
Intracerebral hemorrhage (ICH) is a hemorrhagic subtype of stroke, which has a higher 
incidence in the Asian population when compared with the European population.1 

Although accounting for only 10–20% of all strokes, it brings worse clinical prognosis 
and more global burden than ischemic stroke.2,3 The patients who suffer from the 
disease usually have a sudden onset and deteriorating clinical conditions, accompanied 
by excessive hospital stays and high medical costs. The proportion of death or disability 
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can reach 37.7–40.4% in ICH cases,4,5 and 12-39% of patients 
can recover their self-care ability at six months or later.4 

Therefore, analyzing the risk factors of this disease and taking 
appropriate preventive measures to reduce the disease inci-
dence is a high priority.

In addition to the traditional risk factors such as hyperten-
sion and smoking, recent studies reveal that meteorological 
parameters and air pollutants are the environmental risk 
factors of ICH.6,7 Many researchers indicate that changes in 
meteorological parameters, including temperature (TEM), 
atmospheric pressure (PRE), and relative humidity (RHU), 
are significantly related to the risk of ICH.8–10 However, 
some scholars have opposite opinions on these views.11–13 

Moreover, the influence type of meteorological parameters 
on ICH occurrence is controversial. For instance, some stu-
dies believe that high PRE increases the risk of ICH,14,15 but 
others suggest that low PRE precipitates ICH risk.16,17 One 
of the reasons for this inconsistency is that these studies 
proceeded under different climatic conditions.

Chengdu, the biggest city in the Sichuan Basin, has 
a subtropical monsoon climate and four distinct seasons, 
with characteristics of low wind speed, high humidity, and 
less sunshine all year round. The permanent resident popu-
lation was 20.9 million as of November 1, 2020. (http://tjj. 
sc.gov.cn) A study conducted in the city shows that sea-
sonal variation influences the incidence of ICH. This 
impact is independent of traditional risk factors.18 

However, the correlation between daily meteorological 
parameters and the risk of ICH occurrence is unclear in 
this subtropical monsoon basin climate. The role of back-
ground meteorological conditions, such as monthly mean 
TEM, is also unknown. The present research aimed to 
discuss the correlation between daily meteorological para-
meters and ICH onset risk in the basin climate, using 
a time-stratified case-crossover approach. Further strati-
fied analysis proceeded to explore the influence of monthly 
mean TEM on this correlation. We included TEM, PRE, 
RHU, sunshine duration (SSD) as explanatory variables 
and selected air pollutants as covariates.

Materials and Methods
Clinical Data
We retrospectively analyzed patients with ICH in a teaching 
hospital from January 1, 2014, to December 31, 2019. The 
hospital, located in the west of the city, is the nearest large 
medical center to the national benchmark climate station 
(east longitude 103.52° and north latitude 30.45°) in 

Chengdu. The straight-line distance between the hospital 
and the climate station is 6.4km. Participants were patients 
with I61 coding (ICD-10). Cases were excluded if they had 
macro-cerebrovascular diseases, attacks outside Chengdu, 
unclear onset time, or a lack of clinical data. We collected 
patients’ clinical information (gender, age, admission time, 
and symptom onset time) via an electronic medical record 
system. The study protocol was approved by the institutional 
ethics committee (ref. no. 2019–085).

Meteorological Parameters and Air 
Pollutants
Daily meteorological parameters during the study period 
were collected, including daily TEM (mean, maximum and 
minimum), daily PRE (mean, maximum and minimum), 
daily mean RHU, and daily SSD. The meteorological para-
meters fluctuation referred to the diurnal variation (the max-
imum of the day minus the minimum) and the day-to-day 
variation (the absolute value of the mean in the day minus the 
one in the previous day). We divided the research period into 
cold months and warm months. The cold months were 
defined as that the monthly mean TEM was less than 20°C, 
and the warm months were defined as the monthly mean 
TEM was equal to or greater than 20°C. The meteorological 
data were from the Chinese Meteorological Data Center 
(http://data.cma.cn/).

The main types of air pollutants in Chengdu are PM2.5, 
NO2, and O3. These three pollutants were included as cov-
ariates, considering the impact of air pollutants on ICH onset. 
The pollutants data were from the Chengdu Ecological and 
Environment Bureau (http://sthj.chengdu.gov.cn/).

Study Design
We adopted a time-stratified case-crossover approach in this 
research. This method investigates the risk factors’ exposure 
degree at the time of the target event occurrence compared 
with the exposure degree before or after, using patients 
themselves as control. It can determine whether the risk 
factors are related to the event and judge the degree of 
relevance. The confounding factors related to individual 
characteristics (such as age, gender, genetic factors) mini-
mize satisfactorily.19 In our study, the case days were the 
days of symptom onset (lag0). The control days were the 
other corresponding days in the same month with seven days 
as the interval. We took symptom onset as the target event to 
eliminate the misjudgment of the time of disease occurrence. 
We also included the data of 2 days before the symptom 

https://doi.org/10.2147/RMHP.S331314                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2021:14 4834

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

http://tjj.sc.gov.cn
http://tjj.sc.gov.cn
http://data.cma.cn/
http://sthj.chengdu.gov.cn/
https://www.dovepress.com
https://www.dovepress.com


onset to know whether a lag effect occurred. Lag1 referred 
to the day before lag0, and lag2 referred to the day before 
lag1. The choice of lag1 and lag2 in the control days was 
consistent with that in the case days.

Statistical Analysis
Numerical variables were expressed as mean (±SD) or med-
ian (25–75%), and categorical variables were represented as 
frequency and percentage. Spearman correlation analysis 
was used to detect the correlation between meteorological 
parameters and air pollutants. We adopted conditional logis-
tic regression analysis to explore the effect of daily meteor-
ological parameters and their fluctuations on ICH 
occurrence. The influence of monthly mean TEM was also 
studied in cold and warm months, separately. Results were 
reported as odds ratios (OR) and 95% confidence intervals 
(CI). We applied R software (4.0.3) and GraphPad (9.0.0) 
for statistical analysis and drawing, and the difference was 
statistically significant when P<0.05.

Results
From January 1, 2014, to December 31, 2019, 1052 cases 
met the inclusion and exclusion criteria were included in this 

study. The patients were 693 males and 359 females, ranging 
in age from 20 to 93 years. 58.7% of the patients were ≥60 
years old. We included 72 months of meteorological para-
meters and pollutants data for analysis (Table 1). Based on 
the monthly mean TEM, our study period had 43 cold 
months and 29 warm months. Spearman correlation analysis 
revealed that the coefficient between daily mean TEM and 
maximum TEM, and the coefficient between daily mean 
TEM and minimum TEM, were greater than 0.9. The coeffi-
cient between daily mean PRE and maximum PRE, the 
coefficient between daily mean PRE and minimum PRE, 
and the coefficient between daily maximum PRE and mini-
mum PRE, also exceeded 0.9 (Figure 1 and Table S1).

Three daily meteorological parameters (TEM, PRE, 
and SSD) produced a meaningful effect on the risk of 
ICH onset in a single-factor model (Figure 2A). The 
increase of daily TEM (mean, maximum and minimum) 
reduced the risk of ICH. For instance, the risk of ICH 
decreased by 5.9% (P<0.001) when the daily mean TEM 
increased by 1 °C. On the contrary, the increase of PRE 
(mean, maximum and minimum) promoted ICH occur-
rence. For example, the risk of ICH increased by 2.4% 
(P=0.002) when the daily mean PRE increased by 1hPa. 

Table 1 Statistical Descriptions of Meteorological Parameters and Air Pollutants Between December 30, 2013, and December 31, 
2019, in Chengdu

Variables Units Min P25 P50 P75 Max IQR

Daily meteorological parameters

Daily mean TEM °C −1.9 9.8 17.3 22.9 29.8 13.1

Daily max TEM °C 3.1 14.3 22.0 28.0 36.7 13.7
Daily min TEM °C −6.5 7.3 14.2 19.7 25.9 12.4

Daily mean PRE hPa 932.5 944.9 950.9 956.9 977.0 12.0
Daily max PRE hPa 936.3 946.9 953.6 959.5 980.4 12.6

Daily min PRE hPa 928.7 942.2 948.2 953.8 973.3 11.6

Daily mean RHU % 42.0 77.0 83.0 89.0 99.0 12.0
Daily SSD h 0.0 0.0 1.1 5.4 12.6 5.4

Meteorological parameters fluctuation
Diurnal variation of TEM °C 0.7 4.8 7.6 10.9 20.0 6.1

Diurnal variation of PRE hPa 1.7 3.9 4.9 6.2 16.7 2.3

Day-to-day variation of TEM °C 0.0 0.4 0.9 1.7 5.6 1.3
Day-to-day variation of PRE hPa 0.0 0.8 1.8 3.2 16.0 2.4

Day-to-day variation of RHU % 0.0 2.0 5.0 9.0 43.0 7.0

Day-to-day variation of SSD h 0.0 0.1 1.8 4.4 12.6 4.3

Air Pollutants

PM2.5 μg/m3 4.0 30.0 46.0 73.0 396.0 43.0
NO2 μg/m3 12.0 38.0 48.0 59.0 121.0 21.0

O3 μg/m3 4.0 49.0 78.0 124.0 300.0 75.0

Abbreviations: TEM, temperature; PRE, atmospheric pressure; RHU, relative humidity; SSD, sunshine duration; PM2.5, particulate matter with aerodynamic diameter 
≤2.5μm; NO2, nitrogen dioxide; O3, ozone; IQR, interquartile range.
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We also found that prolongation of daily SSD in lag2 
reduced the risk of ICH (OR=0.959, P=0.007). In addition, 
two consecutive days of TEM variation significantly accel-
erated the risk of ICH occurrence. The risk increased by 
7.5% (P=0.0496) with a 1°C increase of day-to-day varia-
tion of TEM in lag0.

We established a two-factor model to understand which 
factors may affect ICH onset independently of other fac-
tors. To avoid collinearity and model distortion, we did not 
simultaneously include two variables were if their correla-
tion coefficient exceeded 0.9.20 In this model, two meteor-
ological parameters persistently affected the risk of ICH 
after adjusting other factors (Table 2). The effect of daily 
mean TEM on ICH risk in lag0 was statistically significant 
when daily mean PRE, RHU, or SSD was adjusted. The 
effect of daily SSD on ICH risk in lag2 was also statisti-
cally significant when including daily mean TEM, PRE, or 
RHU as adjustment parameters. However, the day-to-day 
variation of TEM insignificantly related to ICH risk after 
adjusting the day-to-day variation of PRE or RHU 
(Table 3). The diurnal variation of TEM and PRE had 
meaningless relation to the risk of ICH occurrence regard-
less of another factor was adjusted (data not shown).

Further stratified analysis based on the monthly mean 
TEM in the single-factor model was conducted (Figure 2B 
and C). In cold months, many meteorological parameters 
affected ICH onset meaningfully. The daily TEM and PRE 

had a significant impact on the risk of ICH occurrence. 
The risk decreased by 5.7% (P=0.001) with a 1°C incre-
ment of daily mean TEM, and the risk increased by 2.4% 
(P=0.002) when the daily mean PRE increased by 1hPa. 
The diurnal variation of TEM, diurnal or day-to-day var-
iation of PRE, also accelerated the risk of ICH signifi-
cantly. The risk increased by 4.1% (P=0.014) with a 1°C 
elevation of diurnal variation of TEM. And the risk was 
raised by 5.9% (P=0.006) and 4.2% (P=0.032) when the 
diurnal variation of PRE and day-to-day variation of PRE 
increased by 1hPa, respectively. By contrast, daily meteor-
ological parameters and their fluctuation did not correlate 
with the risk of ICH in warm months except the daily 
max TEM.

Figure 3 summarizes the relationship between daily 
meteorological parameters and the risk of ICH onset in 
this study.

Discussion
Our research explored the effect of daily meteorological 
parameters on the risk of ICH occurrence in a subtropical 
monsoon basin climate. The main findings are 1) daily 
TEM, PRE, SSD, and day-to-day variation of TEM were 
related to the risk of ICH. The maximum OR occurred on 
the day of symptom onset except for SSD. 2) In the two- 
factor model, the correlation of daily mean TEM and SSD 
on ICH risk was not affected by other meteorological 
factors. 3) The influence of meteorological factors on 
ICH risk continued in cold months but decreased in 
warm months.

TEM is a noticed meteorological parameter affecting 
ICH occurrence. Most studies from different climate types 
show that TEM negatively correlates with ICH 
risk,8,9,14,16,21–25 although a few studies suggest that 
TEM is not a risk factor.11–13 In the present research, we 
found daily mean TEM and day-to-day variation of TEM 
influenced the risk of ICH meaningfully in the single- 
factor model. And the daily mean TEM in lag0 still influ-
enced ICH risk after adjusting other factors in the two- 
factor model. However, the correlation between the day-to 
-day variation of TEM and ICH risk disappeared when 
taking the day-to-day variation of PRE or RHU as adjust-
ment parameters, respectively. This result suggested that 
the daily mean TEM was an independent factor affecting 
the risk of ICH. In addition, we conducted a stratified 
analysis according to the monthly mean TEM to study 
the effect of the thermal background. The outcome 
revealed that daily mean TEM influenced the ICH 

Figure 1 Spearman correlation analysis of meteorological parameters and air 
pollutants. The correlation coefficient of two variables marked as “×” is greater 
than 0.9. 
Abbreviations: TEM, temperature; PRE, atmospheric pressure; RHU, relative 
humidity; SSD, sunshine duration; PM2.5, particulate matter with aerodynamic dia-
meter ≤2.5μm; NO2, nitrogen dioxide; O3, ozone; Corr, correlation coefficient.
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Figure 2 The forest diagram shows the effect of daily meteorological parameters on intracerebral hemorrhage (ICH) occurrence risk in the single-factor model. The red 
line represents daily meteorological parameters, and the blue line represents meteorological parameters fluctuation. (A) Odds ratios of ICH onset risk in all study months. 
(B) Odds ratios of ICH onset risk in cold months. (C) Odds ratios of ICH onset risk in warm months. *P<0.05; **P<0.01. 
Abbreviations: TEM, temperature; PRE, atmospheric pressure; RHU, relative humidity; SSD, sunshine duration.
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occurrence markedly in cold months but failed in warm 
months, which indicated that the correlation between TEM 
and ICH risk was affected by monthly background TEM.

The fluctuation of TEM in the present study may 
represent a cold wave (usually in cold months) or 
a heatwave (usually in warm months). We found that the 

effect of daily TEM fluctuation on ICH risk only occurred 
in cold months but disappeared in warm months after 
stratified analysis. These results suggest that cold wave, 
mainly occurring in cold months, is the main factor caus-
ing ICH. This result is consistent with the previous 
researches from Italy and Taiwan.21,26 As for heatwave, 

Table 2 The Effect of Daily Meteorological Parameters on the ICH Onset Risk for All Study Months in the Two-Factor Model (or, 95% CI)

Variables Adjusted for Daily Mean 
TEM

Adjusted for Daily Mean 
PRE

Adjusted for Daily Mean 
RHU

Adjusted for Daily 
SSD

Lag0

Daily mean TEM — 0.953 (0.916, 0.991) * 0.941 (0.911, 0.971) ** 0.942 (0.912, 0.973) **

Daily mean PRE 1.010 (0.991, 1.030) — 1.025 (1.009, 1.041) ** 1.023 (1.008, 1.040) **
Daily mean RHU 0.998 (0.987, 1.009) 1.001 (0.990, 1.012) — 0.999 (0.988, 1.010)

Daily SSD 1.007 (0.976, 1.038) 1.009 (0.979, 1.041) 1.017 (0.986, 1.048) —

Lag1

Daily mean TEM — 0.978 (0.940, 1.018) 0.963 (0.933, 0.995) * 0.957 (0.926, 0.989) **
Daily mean PRE 1.013 (0.994, 1.032) — 1.018 (1.002, 1.035) * 1.022 (1.006, 1.038) **

Daily mean RHU 0.995 (0.984, 1.005) 0.997 (0.986, 1.008) — 0.993 (0.982, 1.004)

Daily SSD 0.967 (0.938, 0.998) * 0.967 (0.938, 0.998) * 0.971 (0.942, 1.002) —

Lag2

Daily mean TEM — 0.990 (0.951, 1.029) 0.982 (0.951, 1.015) 0.976 (0.944, 1.009)
Daily mean PRE 1.006 (0.987, 1.026) — 1.009 (0.993, 1.025) 1.014 (0.997, 1.030)

Daily mean RHU 0.997 (0.986, 1.008) 0.998 (0.987, 1.009) — 0.994 (0.983, 1.005)

Daily SSD 0.956 (0.926, 0.986) ** 0.954 (0.925, 0.985) ** 0.956 (0.927, 0.986) ** —

Notes: *P<0.05; **P<0.01. 
Abbreviations: TEM, temperature; PRE, atmospheric pressure; RHU, relative humidity; SSD, sunshine duration; OR, odds ratio; CI, confidence interval.

Table 3 The Effect of Day-to-Day Variation of Meteorological Parameters on the ICH Onset Risk for All Study Cases in the Two- 
Factor Model (or, 95% CI)

Variables Adjusted for Day-to- 
Day Variation of TEM

Adjusted for Day-to- 
Day Variation of PRE

Adjusted for Day-to- 
Day Variation of RHU

Adjusted for Day-to- 
Day Variation of SSD

Lag0
Day-to-day variation of TEM — 1.064 (0.989, 1.146) 1.073 (0.997, 1.156) 1.076 (1.000, 1.157) *

Day-to-day variation of PRE 1.028 (0.993, 1.064) — 1.032 (0.998, 1.068) 1.033 (0.999, 1.069)

Day-to-day variation of RHU 1.002 (0.988, 1.016) 1.003 (0.990, 1.017) — 1.005 (0.991, 1.018)
Day-to-day variation of SSD 0.998 (0.971, 1.025) 1.001 (0.975, 1.028) 0.999 (0.972, 1.026) —

Lag1
Day-to-day variation of TEM — 1.014 (0.944, 1.089) 1.042 (0.970, 1.120) 1.026 (0.955, 1.101)

Day-to-day variation of PRE 1.032 (0.996, 1.068) — 1.036 (1.001, 1.072) * 1.033 (0.998, 1.069)

Day-to-day variation of RHU 0.987 (0.973, 1.001) 0.988 (0.974, 1.001) — 0.988 (0.974, 1.002)
Day-to-day variation of SSD 1.001 (0.975, 1.028) 1.004 (0.978, 1.030) 1.008 (0.982, 1.036) —

Lag2
Day-to-day variation of TEM — 0.977 (0.906, 1.053) 0.974 (0.903, 1.051) 0.975 (0.905, 1.050)

Day-to-day variation of PRE 1.009 (0.975, 1.044) — 1.006 (0.973, 1.041) 1.008 (0.974, 1.042)

Day-to-day variation of RHU 1.005 (0.991, 1.019) 1.004 (0.990, 1.017) — 1.002 (0.988, 1.016)
Day-to-day variation of SSD 1.022 (0.996, 1.050) 1.021 (0.995, 1.049) 1.021 (0.994, 1.048) —

Note: *P<0.05. 
Abbreviations: TEM, temperature; PRE, atmospheric pressure; RHU, relative humidity; SSD, sunshine duration; OR, odds ratio; CI, confidence interval.
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it is an environmental risk factor of cerebral infarction 
reported in a recent study from Beijing.25 The possible 
mechanism of low ambient TEM on ICH pathogenesis is 
that the drop in ambient TEM can prompt blood pressure 
to increase, which is a crucial inducement of ICH.7 The 
decrease of TEM can cause sympathetic excitation, 
increase the secretion of adrenocortical and thyroid hor-
mones, and activate the renin–angiotensin system simulta-
neously. The above physiological changes constrict 
peripheral blood vessels and increase blood flow resis-
tance, leading individual blood pressure to increase 
consequently.7,27

PRE is another risk factor impacting ICH occurrence. 
Some studies find that PRE positively correlates to the 
ICH attack,14,15 but other scholars observe that the effect 
of PRE on ICH onset is negative16,17 or irrelevant.12,13 Our 
study found that high daily PRE had a significant impact 
on the ICH risk, and the variation of PRE also significantly 
promoted the risk in cold months. The inconsistency of the 
above researches may be related to the number of study 
cases, experimental design, statistical methods, and the 
climate characteristics of the study area. In the two-factor 
model, the influence of daily mean PRE on the risk of ICH 
was affected by daily mean TEM. This result indicated 
that PRE was not primarily associated with ICH risk in 
a subtropical monsoon basin climate. Our study also found 
that the effect of PRE on ICH risk disappeared in warm 

months, suggesting that this effect was influenced by 
monthly mean TEM. It may be due to the different PRE 
levels in warm months and cold months. In our study, the 
daily mean PRE was low (945.06hPa) in warm months but 
high (955.34hPa) in cold months (data not shown). 
Although some studies found a correlation between PRE 
and blood pressure,28,29 the specific biological mechanism 
of PRE on ICH occurrence remains to be clarified.15

Our research did not find any correlation between RHU 
and the risk of ICH. This outcome is consistent with most 
previous studies.11–13,21–24 However, an investigation from 
Chongqing, a southwest city in China, reveals that RHU is 
negatively correlated with the risk of ICH when RHU is 
greater than 75%.8 But the author did not analyze the 
underlying causes of this phenomenon. Interestingly, our 
study found that daily SSD in lag2 had a positive influence 
on the risk of ICH onset. The risk decreased when daily 
SSD in lag2 was prolonged. The possible reason may be 
that extension of daily SSD can cause the increase of daily 
TEM. Nevertheless, the extension of daily SSD still 
reduced ICH risk after adjusting daily mean TEM in the 
two-factor model. This result suggested that there may be 
other biological mechanisms to explain the effect of SSD 
on ICH pathogenesis.

The present study used the time of symptoms onset 
rather than the time of admission or emergency room visit. 
This method helps to avoid the wrong estimation of the 
time of disease attack. Moreover, Chengdu is a megacity 
in southern China and has no large-scale central heating 
system. The indoor TEM in the city is closer to the out-
door TEM, and the correlation between outdoor TEM and 
ICH onset matches more directly in our study. However, 
our research did not construct a multivariable logistic 
regression model, although this model is closer to the 
patient’s exposure in the real world. This is because we 
found that only daily TEM and SSD were associated with 
ICH risk in this study, which was independent of other 
factors. Considering the complex correlation between 
meteorological factors (SSD can lead to the rise of TEM) 
and the sensitivity of logistic regression to the collinearity 
of variables in the model, we did not further establish 
a multivariable equation.

Some limitations need to be noticed in this study. 
Firstly, we studied the correlation between daily meteor-
ological parameters and ICH occurrence in a subtropical 
monsoon basin climate. The results of this study may be 
inapplicable to other climate types. Secondly, the meteor-
ological parameters and air pollutant data used in this 

Figure 3 Summary of the relationship between daily meteorological parameters 
and intracerebral hemorrhage (ICH) onset risk in a subtropical monsoon basin 
climate. The blue solid line indicates that the parameter negatively correlated with 
the ICH occurrence, and the red solid line represents a positive correlation 
between the parameter and ICH onset. The black solid circle means the parameter 
is an independent risk factor, and the black dotted circle shows the parameter is 
a non-independent risk factor. 
Abbreviations: TEM, temperature; PRE, atmospheric pressure; SSD, sunshine 
duration.
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study were from fixed outdoor stations. The data may not 
fully represent the patient’s indoor exposure, causing inac-
curate estimates of individual exposure. Finally, some 
other environmental risk factors related to blood pressure, 
such as low noise and high altitude,30 were not included in 
this study, which may confound our results.

In future research, there are some potential research 
directions. One is to verify whether there is a correlation 
between the risk of ICH and the ratio between night and day 
temperature in the day preceding ICH. This temperature 
variability in the day-night cycle is reported to be associated 
with further intracranial pressure in subarachnoid hemor-
rhage patients treated with hypothermia.31 Another is to 
explore the correlation between geomagnetic fields and 
ICH risk. This magnetic field can act on human crypto-
chrome, a molecule involved in circadian rhythms and 
inflammation.32 It has been found in clinical research that 
two days after geomagnetic storms, the risk of myocardial 
infarction with ST-elevation was over 1.5 times increased in 
some patients.33

Conclusions
We first studied the effects of daily meteorological factors 
on ICH onset risk in a subtropical monsoon base climate. 
The results indicated that both daily TEM and SSD had an 
inverse function on the risk of ICH. These two factors 
were independent when adjusted by another factor in the 
two-factor model. On the contrary, daily PRE and day-to- 
day TEM variation positively correlated with the ICH risk, 
but they were non-independent factors. The correlation of 
daily meteorological factors on ICH risk was affected by 
the monthly thermal background. The finding of our study 
may help healthcare authorities and the public take neces-
sary prevention measures to cope with the adverse biolo-
gical effects of climate, with a purpose to lower ICH onset 
risk.
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