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Abstract. – OBJECTIVE: The aim was to use 
a novel statistical test to predict the trend of 
subarachnoid hemorrhage (SAH) incidence in 
response to temperature change and demon-
strate its delayed effect in a short hazard pe-
riod.

PATIENTS AND METHODS: In a retrospec-
tive study, data collected between January 
2005 and September 2019 were analyzed and 
1682 consecutive SAH patients from one hos-
pital were enrolled. Meteorological data in this 
period including temperature, atmospheric 
pressure, and humidity were obtained from the 
China Surface Meteorological Station. Using a 
case-crossover analysis and distributed lag lin-
ear model (DLM) with 4 days lag period to as-
sess the association of temperature change 
from the previous day (TCP) and risk of SAH. 
Results were presented as overall cumulative 
odds ratios (ORs) and 95% CI. 

RESULTS: Temperature decline was associat-
ed with increased risks of SAH: overall cumula-
tive OR was 1.14 (95% CI: 1.05-1.23) for -1.1°C; 2.11 
(95% CI: 1.37-3.25) for -6.2°C, as compared with a 
reference TCP of 0°C. Temperature decline on the 
day of SAH onset was significantly associated 
with SAH incidence days, ORs 1.34 (95% CI: 1.19-
1.52). In addition, December, ORs 1.49 (95% CI: 
1.17-1.90) in winter was the ictus peak in Rizhao 
throughout the year.

CONCLUSIONS: Temperature decline from the 
previous day is a trigger for the occurrence of 
SAH. Its effect was most apparent on the day of 
exposure.
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Abbreviations

SAH: subarachnoid hemorrhage; TCP: temperature 
change from the previous day; CI: Confidence interval; 
ORs: odds ratios; DLM: distributed lag linear model; 
DLNM: distributed lag non-linear model; AIC: akaike 
information criterion.

Introduction

Subarachnoid hemorrhage is a major global 
health issue which affects approximately 9 per 
100 000 of the global population every year1. It 
accounts for 0.8%-7% of cerebral strokes2. Despite 
its relative rarity, SAH has a large impact because 
of the relatively young age of onset and poor 
outcome3. The risk factors of smoking, hyper-
tension, excessive alcohol intake, female sex and 
familial preponderance of  SAH are supported by 
strong evidence4-6. Possible associations between 
meteorological variables and their changes and the 
incidences and characteristics of SAH have been 
largely investigated. The most studied variable 
groups were: atmospheric pressure7-9, ambient air 
temperature7-11, seasons12-14, meteorological vari-
ations15-20 and duration of sunshine21. Although 
several environmental factors have been reported 
to be correlated with the incidence of SAH, some 
researchers have not reported such association22-26 
and the controversy is persistent27,28. These in-
consistencies may be due to the small number 
of included patients. Beseoglu et al23 only retro-
spectively examined 183 patients, resulting in low 
precision. Moreover, many studies that compared 
the meteorological variables with the SAH inci-
dence in univariate and multivariate models with-
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out taking delayed effect into consideration, which 
may have been subject to statistic defects24,26. In 
addition, failure to show any seasonal or meteoro-
logical associations may be due to the characteris-
tics of regional differences in a SAH occurrence 
or climate22,25. Therefore, it is more accurate and 
practical to analyze meteorological factors that 
trigger SAH in different areas and climates. To the 
best of our knowledge, no publication researching 
varying risks of subarachnoid hemorrhage in re-
sponse to temperature change in the continental 
monsoon climate zone and further, no studies have 
used a case-crossover design to examine linear and 
distributed lag effects of meteorological variables 
on ictus of SAH. 

Rizhao is on the East coast of China, latitude 
35°04′-36°04′N and longitude 118°25′-119°39′E. Its 
climate is typical continental monsoon climate 
characterized by hot and rainy summers, cold 
and dry winters. During the fall, winter, and 
spring, the cold currents of air from Siberia can 
bring temperature variability from high to low, 
which generally occurs in the nighttime or early 
in the morning. Among meteorological factors, 
daily temperature changes may disrupt and violate 
homeostasis and predispose to SAH15,20,29,30. We 
observed noticeable clusters of patients with SAH 
in hospital after daily temperature change from the 
previous day. Thus, we hypothesized that tempera-
ture change from the previous day to the event day, 
may trigger SAH. We performed a case-crossover 
study with distributed lag model to investigate 
changes in the incidence of SAH during a brief 
hazard period after exposure to decrements or 
increments in ambient temperature.

Patients and Methods

Compliance With Ethical Standards
The study protocol was approved by the Bio-

medical Research Ethics Committee of Qingdao 
University.

Patient Population
Medical Data collected between January 2005 

and September 2019 were analyzed and 1682 con-
secutive SAH patients were enrolled. The Clinic 
of Neurosurgery, Clinical Centre of Rizhao, is a 
referral center for patients with SAH. Members 
of it attend to patients from the Rizhao city area 
and the surrounding area within a radius of ap-
proximately 50 km for about 1.9 million people. 
Due to its vicinity, the remaining population of 

1.1 million people from Western Rizhao goes 
to Linyi city. Admission electronic medical re-
cord database was used to gather SAH patients 
admitted to our hospital. All SAH admissions 
(International Classification of Diseases, 10th re-
vision, I60.0- I60.7 codes) records were collected. 
Patients with SAH due to trauma were excluded. 
SAH was diagnosed using clinical symptoms, 
cerebral angiography, a head CT scan, and lum-
bar puncture was performed when the head CT 
scan was negative. For all records meeting these 
inclusion and exclusion criteria, patients’ age, 
gender, timing of SAH onset, Modified Fisher 
Scale, Hunt and Hess Scale were extracted from 
electronic medical record database. These data 
were gathered and verified by one individual. 
1682 patients were categorized as having SAH. 

Meteorological Data Collection
Meteorological data, including daily mean 

ambient temperature (°C), temperature change 
from the previous day (mean temperature of to-
day-mean temperature of previous day, °C), daily 
mean barometric pressure (Pa), daily mean hu-
midity (%) were obtained from the Rizhao Sur-
face Meteorological Station (Station code: 54945, 
Latitude: 35°26′N and longitude 119°32′E, eleva-
tion 369m) and the China Meteorological Data 
Sharing Service System (http://www.escience.
gov.cn). The temperature data obtained at the 
Rizhao Surface Meteorological Station was rep-
resentative, since Rizhao is relatively small in 
latitude and the meteorological conditions are 
homogeneous throughout the region. In addition, 
approximately 86% of Rizhao residents, except 
residents from the Western part of Rizhao (dark 
areas without red points), live within a 50-kilome-
ters radius from Rizhao weather station (Figure 
1). The year was divided into seasons based on 
similarities in the group months (spring: March to 
May; summer: June to August; autumn: Septem-
ber to November; winter: December to February) 
in accordance with other researches9,19. 

Statistical Analysis
Continuous variables are presented as mean ± 

standard deviation or median value and interquar-
tile range as appropriate. Categorical variables 
are shown as number or percentages. Student’s 
t-tests were used to examine patient differences 
in continuous variables, and χ2-tests were used to 
compare patient differences in dichotomous vari-
ables. The Lagrange Multiplier Test was applied 
to test overdispersion of the data31. Univariate 
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Poisson regression was used to calculate ORs 
with corresponding 95% confidence interval (CI) 
to compare the frequency of a SAH between the 
months and seasons of the year. Meanwhile, cor-
relation analysis was conducted to assess the as-
sociations between meteorological variables and 
SAH cases. Generally, variables with correlation 
coefficient over 0.8 were not included in the anal-
ysis simultaneously to avoid multicollinearity in 
multivariate analysis.

We applied a time-stratified, case-crossover 
analysis to investigate the association between 
exposure to TCP and SAH risk32-34. TCP was cal-
culated by subtracting the mean temperature of 
the day from the previous day. A negative value 
signals temperature decline from the previous 
warmer day to the subsequent cooler day and 
a positive one indicates temperature increase. 
Since several studies4,7,9,29,30,35,36 consistently 
demonstrate that the frequencies of stroke exhibit 
high risk ratio when temperature, barometric 
pressure change in 0-4 days prior to the onset. 
We examined the lag effect from day 0 to day 4 
to seek the day TCP had a great impact on the 
incidence of SAH in a short hazard period. The 

day of the SAH onset and preceding 3d period 
time were selected as the case period for each 
SAH event. Control periods were chosen such 
that exposures during the case period were com-
pared with exposures occurring on other days of 
the same month falling on the same day of the 
week37-40. Because environmental factors were 
compared within each individual case, time-in-
variant confounders including patients’ age, sex, 
and habitus were intrinsically controlled and thus 
were not included in the model32,41. 

Distributed lag linear model (DLM) is a 
time-series modelling framework. This method-
ology rests on the definition of a cross-basis, a 
bi-dimensional space of functions describing the 
dependency along the space of the predictor and 
along lags. It has been widely used to examine 
the relationships and delayed effects of meteoro-
logical variables on human health42. We used a 
univariate conditional Poisson regression model 
that allows for overdispersion to combine a DLM 
with the case-crossover design43. The general 
model is shown below: 

g[E(yt)] = α + ßTCPt,l+ γStratat+ ηDOWt 

Figure 1. Locations of Rizhao city and Rizhao Local Meteorological Observatory (RLMO). The Rizhao area is showed in 
the right part of the picture and RLMO is indicated by a triangle. Red dots in the Rizhao city show population included in our 
referral network. The population dot data are obtained from Rizhao Bureau of Statistics.
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Where yt represents the number of daily SAH 
cases on day t (t =1,2,3,4, …, 5386) and E(yt) is 
the expected number on a corresponding day; α 
is the model intercept; TCPt,l is the cross-basis 
function of the TCP and SAH cases over the 
current day to lag l days to model linear and 
lag effects and β is the coefficient. Stratat is a 
categorical parameter to control seasonality and 
long-term trends; the day of week (DOWt) was 
used to adjust weekly confounding in the model. 
As described, several studies have reported a 
delayed relationship between temperature, baro-
metric pressure changes and an increased risk of 
SAH 0 to 4 days after exposure. We assumed a 
lag 4 days between the TCP and SAH in order to 
completely capture their association. We used the 
mean of TCP as the reference to report overall cu-
mulative ORs and 95% confidence intervals (CI) 
that were computed by the sum of the lag-specific 
risk contributions for a given value of TCP expo-
sures during the 4 days lag period. 

To check the robustness of the study results, 
several sensitivity analyses were performed: using 
a Poisson univariate conditional regression model 
which combines a DLM with the case-crossover 
design to female, age≤65, aneurismal subarach-

noid hemorrhage patients (aSAH); building mul-
tivariable conditional Poisson regression models 
to control confounding environmental factors of 
daily mean temperature, barometric pressure, and 
humidity and extending the maximum lag length 
from 4 to 6 d. The goodness of fit for multivari-
able models was estimated with the Akaike in-
formation criterion (AIC). At last, distributed lag 
non-linear models (DLNM) further detailed the 
nonlinear relationships between TCP and SAH. 
All statistical tests were two-sided, and values of 
p < 0.05 were considered statistically significant. 
All statistical analyses were performed by using 
R software (version 3.6.1) with the ‘dlnm’ pack-
age to fit the models.

Results

Demographics and Meteorological 
Characteristics

Table I shows baseline characteristics of the 
patients. There were 655 males (38.9%) and 
1027 females (61.1%) in our cohort of 1682 
patients with SAH. In the hospital-based se-
ries, the mean ages of patients were 56.9 years 

Table I. Demographics and Meteorological Characteristics  (2005-2019).

	 Patient Population	 SAH

Number of cases, n	 1682
Age (years),mean (SD)	 56.90 (13.53)
Age ≤ 65, n	 1232 (73.2%)
Age > 65, n	 450 (26.8%)
Sex, n	
Male	 655 (38.9%)
Female	 1027 (61.1%)
Hunt-Hess Scale, n	
Grade 1	  198 (11.8%)
Grade 2	 497 (29.5%)
Grade 3	 647 (38.5%)
Grade 4	 282 (16.8%)
Grade 5	 58 (3.4%)
Modified Fisher Scale, n	
1	 91 (5.4%)
2	 292 (17.4%)
3	 1235 (73.4%)
4	 64 (3.8%)

	 Meteorologic	 Mean 	 Median 
	 data	 (SD)	 (interquartile range) 	 Minimum 	 Maximum

Temperature (°C)	 13.99 (9.53) 	 15.20	 -11.4	 33.1
Change in tem-perature (°C)	 0 (2.18) 	   0.20	 -13.8	   9.5
Pressure (Pa)	 10116 (94.94) 	 10116	 9796	 10396
Humidity (%)	 68.04 (19.26) 	 71	 15	 100

SD, standard deviation; SAH, subarachnoid hemorrhage; Change in temperature, temperature of today-temperature of previous day.
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with most patients being younger than 65 years 
(73.2%). In 251 (14.9%) patients, no aneurysm 
was found on angiography (non-aneurysmal 
SAH), and in 81 (4.8%) patients, angiogra-
phy was not performed due to poor clinical 
condition. The annual mean temperature was 
13.99°C, atmospheric pressure was 10116 Pa, 
and humidity was 68.04%, respectively. The 
mean TCP was 0°C and the extreme was 
-13.8°C for the highest temperature decline, 
9.5°C for the highest increase in temperature.

Month and Season
The average number of SAH in each month 

from 2005 to 2019 was shown in Figure 2A. In 
univariate Poisson regression analysis, December 
(ORs 1.49, 95% CI 1.17-1.90) was the ictus peak of 
SAH, whereas August was the trough throughout 
the year (Figure 2B). The seasonal difference of 
SAH onset was non-significant (p>0.05). Com-
pared with fall, SAH occurrence in summer (ORs 
0.87, 95% CI 0.76-1.01) was relatively low but the 
result was non-significant (p=0.06). The time 

series of admissions shows a weak and rather 
unregular series of peaks and troughs, with no 
apparent annual or seasonal patterns (Figure 3).  

Meteorological Factors and SAH
The relationships between SAH incidence and 

meteorological parameters for each month of the 
year is shown in Figure 4. The Figure shows that, 
with marked temperature drop from previous day 
(TDP), the incidence of SAH increased signifi-
cantly (Figure 4A); ictus was high in cold months 
and low in hot months (Figure 4B). In contrast, 
there was a trough in low-pressure months, such 
as August in summer (Figure 4C). There was no 
evident trend in the relationship between humidi-
ty and SAH in Rizhao from 2005 to 2017 (Figure 
4D). Table II shows interrelation among meteoro-
logical parameters themselves and their correc-
tion with SAH frequency. All the meteorological 
Factors except TCP (r=0.06, p<0.001) were not 
associated with SAH frequency. 

Case-Crossover With Distributed Lag 
Model Study of TCP and SAH Occurrence 

Dispersion was tested for in the Poisson model, 
and no significant dispersion (Lagrange Multi-
plier Test: χ2 = 19.722, df = 12, p = 0.07) was de-
tected. The main results of our study were shown 
in Figure 5, which reflected the relationship be-
tween TCP exposure and SAH risk. The overall 
cumulative ORs for SAH progressively increased 
(Figure 5A). With the reference at 0°C, the overall 
cumulative ORs at extreme high (the 99th percen-
tiles of TCP, 5.1°C) was 0.53 (95% CI: 0.37-0.76), 
25th percentiles of TCP (-1.1°C) was 1.14 (95% 
CI: 1.05-1.23), extreme low (the first percentiles 
of TCP) (-6.2°C) was 2.11 (95% CI: 1.37-3.25). 

Figure 2. Month and season frequency. A, Monthly 
frequency of subarachnoid hemorrhage (SAH) in Rizhao 
(2005-2019). B, Seasonal frequency of SAH in Rizhao 
(2005-2019).

Figure 3. Time series of monthly admissions due to SAH 
in Rizhao (2005-2019). 
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The delayed effects plotted in Figure 5B indicat-
ed a decreasing risk of SAH in association with 
exposure to ambient temperature decline (TCP=-
6.2°C) between lag 0 to lag 4. The ORs decreased 
gradually from 1.34 (95% CI: 1.19-1.52) for day 0 
TCP (TCP on the day of SAH onset) to 1.00 (95% 
CI: 0.88-1.13) for day 4 of TCP. The lowest value 
of TCP was associated with much largest ORs, 
showed the strong and immediate effect. While, 
high TCP had a negative connection with SAH.

Analyses 
Results of sensitivity analyses including all 

patients with female, age ≤65, aneurismal sub-
arachnoid hemorrhage patients and extending the 
maximum lag length from 4 to 6d all produced 

similar results (Table III). A multivariable con-
ditional Poisson regression model was built, and 
TDP remained a significant trigger of SAH after 
adjustment for daily mean temperature, baro-
metric pressure, and humidity (Table IV). Daily 
mean temperature and barometric pressure were 
not included in the analysis simultaneously to 
avoid multicollinearity in multivariate analysis.

In DLNM, the plots (Figure 6) showed the es-
timated effects of TCP on SAH were non-linear. 
For TCP, an immediate and strong effect was 
observed with the lowest value of TCP at a lag of 
0 days and then declined sharply as the lag days 
increased. DLNM showed that temperature in-
crease was not significantly correlated with SAH 
onset as DLM did.

Figure 4. The relationships between meteorological parameters and subarachnoid hemorrhage (SAH) in Rizhao (2005-2019). 
A, Relationship between monthly mean temperature decline from the previous day (TDP) and SAH. B, Relationship between 
monthly mean temperature and SAH. C, Relationship between monthly mean atmospheric pressure and SAH. D, Relationship 
between monthly mean humidity and SAH.

Table II. Spearman’s correlation coefficients between meteorological factors and daily SAH cases.

			   Change in			   Daily number
	 Variables	 Temperature	 temperature	 Pressure	 Humidity	 of SAH

Temperature	 1				  
Change in temperature	 0.07*	 1			 
Pressure	 -0.84*	 -0.07*	 1		
Humidity	 0.47*	 -0.07*	 0.52*	 1	
Daily number of SAH	 -0.02	 -0.05*	 0.01	 -0.007	 1

*p < 0.05.
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Discussion

To our knowledge, this is the first study to 
have investigated increased risk of subarach-
noid hemorrhage (SAH) in response to tem-

perature decline under zone of the continental 
monsoon climate and further, no studies have 
used a case-crossover design to examine linear 
and distributed lag effects of meteorological vari-
ables on ictus of SAH. We observed noticeable 
clusters of in hospitalized patients with SAH 
after sudden decreases in temperature during 
cold seasons such as fall, winter, and spring. The 
sudden temperature decline which happens after 

Figure 5. The linear relationship of TCP on subarachnoid 
hemorrhage (SAH). A, The overall cumulative odds ratios 
(ORs) of SAH by temperature change from the previous day 
(TCP) for total cases. The ORs are shown as a blue line and 
the 95% confidence interval is shown in the gray regions. 
The mean value of TCP (0°C) is as a reference level. B, 
The estimated effect at the first percentiles of TCP (-6°C) 
at different lag days on SAH cases. The mean value of TCP 
(0°C) is as a reference level. The red line is the odds ratios 
(ORs) and the gray region is 95% CI.

ORs, overall cumulative odds ratios; CI, 95% confidence 
intervals. *The overall cumulative odds ratios (ORs) at 25th 

percentiles of TCP (-1.1°C).

Table III. Univariate conditional Poisson regression analy-
ses of TCP that trigger SAH onset.

	 Variable 	 ORs (95% CI)*

Lag 4 days	
All SAH	 1.14 (1.05-1.23)
Aneurysmal SAH	 1.16 (1.06-1.26)
Female	 1.13 (1.02-1.25)
Age ≤ 65	 1.13 (1.04-1.24)
Lag 6 days	
All SAH	 1.12 (1.02-1.24)
Aneurysmal SAH	 1.15 (1.03-1.28)
Female	 1.12 (0.99-1.28)
Age < 65	 1.13 (1.00-1.26)

ORs, overall cumulative odds ratios; CI, 95% confidence 
intervals. *Multivariable conditional Poisson regression 
analyses was used to adjust other environmental factors. †The 
overall cumulative odds ratios (ORs) at 25th percentiles of 
TCP (-1.1°C).

Table IV. Association between TDP and SAH onset, after 
adjustment for other environmental factors*.

	 Covariates	 ORs (95% CI)†

Daily mean temperature,	 1.11 (1.00-1.23)
  adjusted
Daily mean temperature +	 1.11 (1.00-1.23)
  humidity, adjusted
Daily barometric pressure, adjusted	 1.14 (1.05-1.24)
Daily mean temperature + 	 1.14 (1.05-1.24)
  barometric pressure + 
  humidity, adjusted

Figure 6. The non-linear relationship TCP on subarachnoid 
hemorrhage (SAH). A smooth red line and 95% CI shown 
in the gray region demonstrated the non-linear relationship 
between temperature change from the previous day (TCP) 
and SAH. A, The overall cumulative odds ratios (ORs) of 
SAH by TCP. B, The estimated effect at the first percentiles 
of TCP (-6.20°C) at different lag days on SAH cases.
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a change in temperature from seasonably cold 
weather to unseasonably warm weather is com-
mon in the Rizhao area and appears to be much 
more dramatic associated with an increase in a 
SAH incidence. Lejeune et al7 found that aneurys-
mal bleeding was associated with humidity and 
atmospheric pressure. We found that humidity 
(r=-0.007, p>0.05), atmospheric pressure (r=0.01, 
p>0.05) were not associated with SAH frequen-
cy, as correlation analysis showed in Table II. 
The failure to show any associations may due to 
the characteristics of population and climates. 
However, the relation between temperature de-
cline and SAH (r=0.06, p<0.001) is found in our 
research and temperature may be risk factor for 
SAH in our area. A higher incidence rate of SAH 
during the winter, spring months has been re-
ported2,13, whereas our research found an increase 
in the incidence rate of SAH during the autumn 
month. This inconsistency may be due to drastic 
temperature changes in our area.

Several studies7-11,15,20,30 reported potential 
correlations between low ambient temperature 
and SAH onset. Conversely, such an association 
was not found to be significant in studies from 
the US24,26. These reports compared the ambient 
temperature with the SAH prevalence in univar-
iate and multivariate models without taking de-
layed effect into consideration, which may have 
been subject to statistic defects. Associations be-
tween the SAH incidence and trends of specific 
meteorological variables thus far investigated in 
existing studies have lacked controls, adequate-
ly adjusting  for  potential  confounder such as 
seasonality, long-term trend, weekly confound-
ing, different environmental factors9,15,16,18,20,44. 
Our case-crossover design with within-subject 
controls combining a DLM enabled the study 
of the relationships and delayed effects of me-
teorological variables on the risk of an acute 
event, such as SAH45-48. Using distributed lag 
linear model fitted to a case-crossover model 
involving 1682 SAH patients, we found that the 
incidence of SAH increased when temperature 
declined from the previous day to the event 
day. In our cohort of patients with SAH, we 
noted a statistically significant increase in SAH 
within the day of exposure. Lee et al11 observed 
that low temperature over periods of 2-3 days 
before onset is a risk factor for SAH. Mukai et 
al29 found intracerebral hemorrhage increased 
when temperature got extremely cooler in 4 
days prior. Because triggers of SAH onset are 
multifactorial, human behavior and psycholo-

gy may result in the difference. Mechanisms 
underlying the increased SAH risk in colder 
climate have not been resolved but exposure to 
low daily mean temperature has been shown to 
influence the incidence of SAH through systemic 
blood pressure elevation49-51. Yet, because daily 
mean temperature fluctuates according to the 
season, it is associated with chronic changes in 
systemic blood pressure and allows physiological 
adaptation52. And thus, this may not be drastic 
enough to trigger SAH51,53. Seasonal variability 
in SAH is considered to be multifactorial and 
the risk factors of hypertension, genetic, malfor-
mations unhealthy  living  habits are supported 
by evidence4-6. But meteorological factors could 
also play an important role. Associations between 
meteorological variables and their changes and 
the occurrences and characteristics of SAH have 
been largely investigated. This has been strongly 
supported by evidence of pooled data12 analysis. 
It suggests that in a population at high risk for 
SAH, variation in certain lifestyle and meteo-
rological factors could act as a synchronizer to 
SAH. In addition several of the factors including 
caffeine intake, straining for defecation, sexual 
intercourse, vigorous to extreme physical exer-
cise known to cause a short-lasting and sudden 
increase in blood pressure have been reported 
to trigger SAH54,55. Likewise, meteorological 
variation in the shorter hazard period would 
be able to trigger SAH. Thus, decreasing TCP 
which signals temperature decline from the pre-
vious day could be a trigger of SAH. Previous 
articles11,20 showed that one-day maximum tem-
peratures changes and changes of temperature 
over thresholds in mild climate regions were 
associated with changes in SAH incidences, 
suggesting that SAH ictus is correlated with 
vigorous temperature variation. 

In our study, temperature decline showed the 
strong and immediate effect towards increas-
ing risk of SAH, and previously, Fukuda et al30 

indicated decrease of temperature on the day 
of SAH onset was significantly associated with 
SAH incidence days while no significantly as-
sociation was found 1 to 4 days after exposure. 
Other researches56,57 have showed a temperature 
effect for up to 14 days for the occurrence of 
myocardial infarction. The differences in these 
risk time periods may be attributable to the dis-
tinctions in pathological mechanisms of onset for 
myocardial infarction (being plaque rupture from 
atherothrombosis) and SAH (being mainly due to 
the rupture of intracerebral vessels).
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This hospital-based study has several lim-
itations. First, given that some patients died 
of cardiopulmonary arrest due to SAH before 
admission, this may cause selection bias. There-
fore, community-based studies on a general 
SAH population are necessary to validate our 
findings. Second, we could not include indi-
vidual information regarding true environmen-
tal status (indoor and outdoor), socioeconomic 
background at onset. Finally, with events record-
ed on only 23.8% of days the DLNM (Figure 5) 
showed unreliability at both the lower and the 
upper extremes of the TCP range with wide con-
fidence intervals, reflecting the limited number 
of events, which occurred on these extreme TCP 
days. The AICs of DLNM and DLM are 8634 
and 8628 respectively, therefore, we used DLM 
to analyze our cohort of SAH. Besides, DLNM 
showed that temperature increase was not sig-
nificantly correlated with SAH onset as DLM 
did. It is mainly because of sample shortage 
so we could not give conclusion that high TCP 
had a protective effect towards SAH. Further 
multi-center investigation including the large 
sample of a wide range of patients would be war-
ranted to demonstrate the non-liner association 
between TCP and SAH prevalence.

Conclusions

Taken together these data indicate that the 
temperature decline from the previous day was 
correlated with the prevalence of SAH. It showed 
the strong and immediate effect on the day of 
exposure.
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