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Background—Both meteorological factors and morphological factors are important factors to predict intracranial aneurysm
rupture. This study investigated the relationship between meteorological factors and aneurysmal subarachnoid hemorrhage
(aSAH). Additionally, the morphological differences between ruptured and unruptured aneurysms under these high-risk
meteorological conditions were assessed.

Methods and Results—The records of 1751 patients with aSAH with 2124 intracranial aneurysms were retrospectively analyzed.
Spearman rank correlation analysis was used to assess the risks of incident aSAH on the basis of daily meteorological data.
Morphological parameters were analyzed using 1-way ANOVA tests, and significant parameters (P<0.05) were further examined
using a multivariable logistic regression analysis. Daily aSAH incidence had significant negative correlations with daily mean,
maximum, and minimum temperature (P<0.001) and a significant positive correlation with daily mean atmospheric pressure
(P<0.001). Additionally, 58 patients with multiple aneurysms were assessed to determine morphological differences. There were
significant differences in the mean values for aneurysm size, neck width, length, height, width, parent artery diameter, shape of the
aneurysm, aspect ratio, size ratio, and bottleneck factor (P<0.05). The multivariable logistic regression analysis showed that aspect
ratio (B=1.277, odds ratio=3.585, 95% Cl, 1.588-8.090; P=0.002) was an independent risk factor for aneurysm rupture. Receiver
operating characteristic curve analysis indicated that the ruptured aneurysm threshold of size was 3.45 mm and aspect ratio was
1.05.

Conclusions—Lower daily mean, maximum, and minimum temperatures and a higher daily mean atmospheric pressure were
associated with an increased rate of aSAH. Additionally, under these meteorological conditions, the aneurysm size and aspect ratio
thresholds for predicting rupture of an aneurysm may be lower. (/ Am Heart Assoc. 2019;8:e012205. DOI: 10.1161/JAHA.119.
012205.)
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associated with aneurysms.”® Morbidity and mortality of

W ith a prevalence of 1% to 5% in the general population,
aneurysmal subarachnoid hemorrhage (aSAH) remain high.

intracranial aneurysms (IAs) are relatively common.’

The annual incidence of subarachnoid hemorrhages (SAHSs) is
~91/100 000 and 85% of SAH cases are caused by rupture
of an IA, which is one of the most serious complications
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Therefore, it is critical to understand the risk factors
associated with this disease.

The mechanisms underlying |A development and the
factors associated with IA rupture are not yet fully under-
stood. Previous studies have identified several risk factors for
aSAH, including high blood pressure, smoking, female sex,
and a family history of IA.*® Recently, it was suggested that
an additional possible risk factor of aSAH is weather
conditions. Although several studies have reported potential
correlations between meteorological factors and the inci-
dence of aSAH, the results vary according to geography,
climate, and study design. Some studies found that meteo-
rological changes (eg, temperature or pressure) were associ-
ated with an increased incidence of aSAH,(”*21 whereas others
reported no such association.??7%7 Therefore, evidence
regarding the impact of meteorological factors on the
incidence of aSAH remains limited and controversial. Still
other studies have investigated morphological differences
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Clinical Perspective

What Is New?

 This study shows the effect of the combination of meteor-
ological factors and aneurysm morphology on the prediction
of aneurysm rupture.

What Are the Clinical Implications?

* Under some meteorological conditions, the aneurysm size
and aspect ratio thresholds for predicting rupture of an
aneurysm may be lower, which may provide some reference
for clinical management of intracranial aneurysms.

between ruptured and unruptured aneurysms in terms of
the size, shape, and the neck, height, length, and width of
the 1A body.?®73° However, the effect of the combination
of meteorological factors and aneurysm morphology on
the prediction of aneurysm rupture has not been accu-
rately evaluated.

This study investigated the association between meteoro-
logical factors and aSAH. Additionally, the morphological
differences between ruptured and unruptured aneurysms under
these high-risk meteorological conditions were assessed.

Materials and Methods

We will make the data, methods used in the analysis, and
materials used to conduct the research available to any
researcher for purposes of reproducing the results or replicating
the procedure.

Target Area

JiangXi Province in central China is located within the Tropic
of Cancer (N 24°2914" to 30°04'41", E 113°34'36" to
118°28’58"). It has a subtropical humid climate, and its
topography consists primarily of basins. This province has
~46.2 million inhabitants and covers an area of 166 900
square kilometers.

Patient Selection

This study was a multicenter (3 hospitals) retrospective
investigation of patients hospitalized for IAs. Patients from
northern JiangXi Province were recruited mainly from the First
Affiliated Hospital of Nanchang University in Nanchang City,
while those from southern JiangXi Province were recruited
mainly from Ganzhou People’s Hospital and Ganzhou Central
Hospital in Ganzhou City. The medical records of all patients
presenting with aSAH at these 3 hospitals were identified and
those with a radiologically confirmed diagnosis of aSAH, on

computed tomographic angiography, magnetic resonance
angiography, or digital subtraction angiography (DSA),
between January 1, 2015, and December 31, 2017, were
included in the study analyses. Cases of trauma and/or any
other cause of secondary SAH were excluded during the chart
review. Additionally, patients for whom the day and time of
symptom onset (not the admission day) were unknown, and
those who were transferred in from outside the local area
were excluded from the analyses.

Meteorological Data

Climate data were obtained from the JiangXi Meteorologic
Bureau (http://weather.org.cn/), which includes 94 weather
stations located across the province. The location and time of
onset for each patient were recorded, and then the meteo-
rological data from the local weather stations were assessed.
The following meteorological parameters, on the day of and
the day before aSAH onset, were recorded: daily maximum,
minimum, and mean ambient temperatures (°C), daily mean
relative humidity (%), daily mean atmospheric pressure (hPa),
24-hour precipitation (mm), and daily sunshine duration
(hours). Changes in these meteorological parameters were
calculated as differences between the day of and day before
the onset of aSAH. All data were checked for accuracy using 2
different sources.

Morphological Parameters of the 1As

In patients with multiple IAs, the morphological characteris-
tics were assessed using the aneurysm measurement method
described by Skodvin et al®*® (Figure 1A). The 1-dimensional
parameters of the aneurysms included: size, which was
defined as maximum aneurysm diameter; neck width (Wn),
which was the largest diameter of the neck plane; length,
which was the maximum distance between any point on the
aneurysm dome and the neck plane center; height, which was
the maximum vertical distance between the neck plane center
and the aneurysm dome; width, which was the maximum
distance perpendicular to the length; parent artery diameter
(D), which was based on Dhar’s®” definitions of aneurysm
morphology research (for sidewall aneurysms, D was the
average between D, [artery diameter near the neck] and D,
[artery diameter that had a distance of 1.5xD; near the
neck], Figure 1B; for bifurcation aneurysms, D was the
average between the D and the diameters of the blood vessel
branches; Figure 1C); and shape of the aneurysm (regular
shape was defined as a simple saccular aneurysm, and
irregular shape was defined with additional blebs). The 2-
dimensional parameters included aspect ratio (AR), which was
the ratio between height and Wn; size ratio (SR), which was
the ratio between length and D; the height-to-width ratio; and
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Figure 1. Definitions of 1-dimensional morphology parameters and method of measurement. A, definitions of aneurysm size (S), neck width
(Wn), length (L), height (H), width (W); B and C, definitions of parent artery diameter (D).

the bottleneck factor (BN), which was the ratio between width
and Wn.383°

Study Design and Statistical Analysis

First, the seasons were defined based on local climatology, as
follows: winter (December to February), spring (March to
May), summer (June to August), and autumn (September to
November). Additionally, the circadian rhythm was analyzed
according to the time of aSAH onset on the basis of six 4-hour
periods: morning (04:00-07:59), forenoon (08:00-11:59),
midday (12:00-15:59), afternoon (16:00-19:59), evening
(20:00-23:59), and night (00:00-03:59). A chi-square good-
ness-of-fit test was used to analyze these differences.

Next, the correlations between the meteorological param-
eters and the occurrence of aSAH were analyzed. The daily
weather data and number of aSAH cases were first standard-
ized using an annual standardization approach?® to facilitate
comparisons among the weather stations. For the annual
standardization, the means and SDs were calculated for each
year at each weather station, and daily values were
transformed to a standard scale by subtracting the mean
and then dividing by the SD. All statistical tests were
performed using the standardized data. Spearman rank
correlation analyses were conducted to assess the signifi-
cance of the associations between meteorological parameters
and the incidence of aSAH.

Ultimately, it was hypothesized that 1 or more indices or
abrupt daily changes in the meteorological parameter(s)
would be related to the onset of aSAH. Under the high-risk
environments, patients with multiple aneurysms were
selected to analyze morphological differences between rup-
tured and unruptured aneurysms. Chi-square and 1-way
ANOVA tests were used to compare morphological differ-
ences between the 2 groups and a receiver operating

characteristic (ROC) curve analysis of each morphological
parameter was conducted. A multivariable logistic regression
(backward elimination) was performed to evaluate the value
of each morphological parameter for predicting aneurysm
rupture.

All statistical analyses were performed with SPSS software
(version 24.0; IBM Corp., Armonk, NY). For the demographic
and morphological data, a P<0.05 was considered to indicate
statistical significance. When assessing interactions between
the meteorological data and the number of aSAH cases,
Bonferroni-corrected statistical thresholds were used to
adjust for multiple tests. The study was approved by the
Jiangxi Medical Ethics Committee, which decided the study to
be exempt from patient consent.

Results

Study Population

Between January 1, 2015, and December 31, 2017, a total of
1751 patients (1062 females and 689 males) were included in
the present analysis. The characteristics of these aSAH
patients are summarized in Table. The mean age (£SD) of all
patients was 57.34+10.9 years; the highest incidence of
aneurysms was in the posterior communicating artery (553/
1751, P<0.001).

Influences of Season, Month, and Circadian
Rhythms on aSAH

The total aSAH incidence according to time of onset is shown
in Table S1. The peak incidence of aSAH was in the morning
(04:00-07:59; 394/1751), followed by the afternoon (16:00—
19:59; 357 /1751), whereas the trough was at night (00:00—
03:59; 135/1751; P<0.001). The monthly and seasonal
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Table. Characteristics of the Patients With aSAH in This
Analysis

Summary Statistic No. of Patients (%) P Value
Total no. of patients 1751 (100)
Sex

Female 1062 (60.7) <0.001*

Male 689 (39.3)
Age (mean=+SD) 57.3+10.9

Female 59.1+10.8 <0.001%

Male 54.6+10.3
Hypertension 925 (52.8) 0.018*
Diabetes mellitus 80 (4.6) <0.001*
Smoking history 388 (22.2) <0.001*
Alcohol history 278 (15.9) <0.001*
Location of ruptured 1A <0.001*

ICA 131 (7.5)

MCA 335 (19.1)

ACA 60 (3.4)

PCA 16 (0.9)

ACoA 539 (30.8)

PCoA 553 (31.6)

VBA 61 (3.5)

Others 56 (3.2)

ACA indicates anterior cerebral artery; ACoA, anterior communicating artery; aSAH,
aneurysmal subarachnoid hemorrhage; IA, intracranial aneurysm; ICA, internal carotid
artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; PCoA, posterior
communicating artery; VBA, vertebrobasilar artery.

*Chi-square goodness-of-fit test.

TStudent ¢ test.

i{Nonparametric chi-square test.

incidence rates are shown in Figures 2 and 3. The peak
monthly incidence was in January (173/1751) and February
(170/1751), and the trough monthly incidence was in July
(110/1751, P=0.001). The seasonal incidence peaked in
winter (December to February, 507/1751) and exhibited a
trough in summer (June to August, 364/1751; P<0.001).

Correlations Between Meteorological Parameters
and the Occurrence of aSAH

Figure S1 depicts the approximate relationship between the
standardized number of aSAH and the mean standardized
meteorological data. Table S2 shows the results of
Spearman rank correlation analysis. The daily mean
temperature (R=—0.043, P<0.001), daily maximum tempera-
ture (R=—0.041, P<0.001), and daily minimum temperature
(R=—0.042, P<0.001) had significant negative correlations with
daily aSAH incidence, whereas the daily mean atmospheric

pressure had a significant positive correlation with daily aSAH
incidence (R=0.043, P<0.001). However, 24-hour precipitation,
daily sunshine duration, and daily mean relative humidity were
not significantly correlated with aSAH incidence.

Next, the daily fluctuations in temperature (daily maximum
temperature minus daily minimum temperature) and fluctua-
tions on the day of and the day before onset were analyzed
(Table S3), there were no significant relationships between
the incidence of aSAH and daily fluctuations in all factors.

The delayed effects of meteorological fluctuations on the
number of hospital admissions for aSAH within 48 and
72 hours were also considered using Spearman rank corre-
lation analysis (Table S4). There were no significant correla-
tions between them.

Morphological Differences Between Ruptured and
Unruptured Aneurysms

ROC curve analysis was performed using daily average
temperature and daily average pressure in Nanchang City
(Figure S2). Of the 1097 days during the study period, 299
had a daily average temperature lower than 12.5°C or a daily
average pressure higher than 1016.65 hPa. On these days,
137 patients suffered an aSAH, and 58 of these patients had
multiple aneurysms (58 ruptured aneurysms and 83 unrup-
tured aneurysms). The location, morphological parameters of
the aneurysms, and the statistical results are shown in
Table S5.

The most common rupture location was in the anterior
communicating artery (20/58, 34.5%), followed by the middle
cerebral artery (MCA, 14/58, 24.1%), these differences were
statistically significant (x>=16.419, P=0.019). The rupture
rates for aneurysm sizes <3, 3 to 7, and >7 mm were 19.4%
(12/62), 56.3% (27/48), and 61.3% (19/31), respectively,
which indicates that larger aneurysms were more likely to
rupture (x?=21.876, P<0.001). For aneurysm shape, the rate
of aneurysms with 1 or more bleb(s) among the 58 ruptured
aneurysms was 58.6% (34/58) and the rate of aneurysms
with 1 or more bleb(s) among the 83 unruptured aneurysms
was 38.6% (32/83, x?*=5.522, P=0.019). The ANOVA and
ROC curve analyses revealed that the size, Wn, height, length,
width, AR, SR, and BN values of the 2 groups were
significantly different (P<0.05; Table S5). To determine the
morphological parameters that are independently correlated
with aneurysm rupture, the parameters of Wn, height, length,
width, AR, SR, and BN with statistically significant in ANOVA
were used for the multivariable logistic regression analysis
with stepwise elimination. After 6 steps, length, SR, BN, width,
and height were excluded successively, and finally Wn and AR
were retained; however, for Wn, there was no statistical
significance with P=0.57, and only AR was independently
associated with aneurysm rupture ($=1.277, odds
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Figure 2. Monthly incidence of aSAH from 2015 to 2017 (chi-square goodness-of-fit contingency
table: %%=32.10, P=0.001). aSAH indicates aneurysmal subarachnoid hemorrhage.

ratio=3.585, 95% Cl, 1.588-8.090; P=0.002), which indicates
that for every additional unit in AR value, the risk of aneurysm
rupture was 3.585 times higher.

600

500+

400

incidence

300

200

100+

T T T T
autumn spring summer winter

season

Figure 3. Seasonal incidence of aSAH from 2015 to 2017
(chi-square goodness-of-fit contingency table: y?=25.23,
P<0.001). aSAH indicates aneurysmal subarachnoid hemor-
rhage.

We make a relative weight analysis of all factors (Table S6).
The results show that size, height, length, width, AR, SR, and
BN have high relative weights, while for the location of
aneurysms, the relative weight is negative, but the value is
small. We may think that the location of aneurysms has little
effect on the rupture of aneurysms, but the results of
statistics should be combined with clinical practice; we only
found more ruptured anterior communicating aneurysms in 58
patients with multiple aneurysms, which may be related to the
size of our samples.

Discussion

The influences of seasonal and meteorological changes on IA
rupture remain a matter of debate because of the inconsistent
findings of studies evaluating the relationship between
different weather conditions and aSAH. In our study, the
incidence of aSAH was the highest in winter (January and
February); lowest in summer (July); and significantly higher in
2 periods, from 04:00 to 07:59 and 16:00 to 19:59, than at
other times of day. Additionally, lower daily mean, maximum,
and minimum temperatures and higher atmospheric pressure
were associated with lower rates of hospital admission for
ruptured |As.
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Some previous studies have reported that low temperature
or changes in temperature might increase the risk of
aSAH.% 1013151872140 pivera-lara et al”® and Gill et al'®
suggested that peripheral vasoconstriction during cold weather
could lead to increased blood and pulse pressure, which would
increase pressure on |A walls, especially under conditions with
abrupt temperature changes. Unstable blood pressure may also
occur because of decompensation and thus contribute to 1A
rupture. Furthermore, cold weather typically results in behav-
ioral changes such as smoking indoors, increased heavy
drinking, and strenuous exercise by those resistant to cold,
which are all risk factors for IA rupture. Previous findings
regarding the correlation between atmospheric pressure and
the incidence of aSAH remain controversial. A study conducted
in Nantes, France, found that the incidence of aSAH signif-
icantly increased when the atmospheric pressure was
>10 hPa.'® Changes in atmospheric pressure may also affect
blood pressure and indirectly influence IA rupture. Herbowski*'
found a positive correlation between intracranial pressure and
atmospheric pressure, which may increase stress on IA walls
and thus also the risk of rupture.

Previous studies have shown that hemodynamic changes
play acrucialrole inthe occurrence, development, and rupture of
aneurysms, which in turn may cause morphological changes in
aneurysms and the parent arteries.** *° Backes et al*? sug-
gested that an AR >1.3 and an irregular shape are associated
with rupture of aneurysm. Bhogal et al®® reported that complex
aneurysm morphology was the strongest risk factor for rupture
(odds ratio=29.27, 95% Cl, 14.33-59.78; P<0.001) in aneur-
ysms with asize<7 mm (oddsratio=17.74,95%Cl, 4.07—77.35;
P<0.001). However, the effect of the combination of meteoro-
logical factors and aneurysm morphology on the prediction of
aneurysm rupture has not been accurately evaluated. Thus, this
study analyzed the morphological differences between ruptured
and unruptured aneurysms in patients with multiple aneurysms
living in high-risk climate conditions.

Aneurysm sizeis thought to be an important risk factor for the
prediction of aneurysm rupture.?-3*#¢47 |nvestigators from the
International Study of Unruptured Intracranial Aneurysms
reported that aneurysms with a size <10 mm have a low risk of
rupture (annual rate of rupture=0.05%), whereas aneurysms with
asize>10 mm have a 1% annual rate of rupture.*® International
Study of Unruptured Intracranial Aneurysms Il investigators
recommended 7 mm as the size threshold for predicting
aneurysm rupture.47 However, a recent study found that the
size of a ruptured aneurysm can be <7 mm.** Our study found
that rupture occurred more often in small aneurysms (aneurysm
size <5 mm) in high-risk weather conditions, and ROC curve
analysis showed that the optimal threshold was 3.45 mm. Thus,
aneurysms with a size >3.45 mm have a higher risk of rupture.

In our study, multivariable logistic regression analysis
revealed that AR was an independent risk factor for predicting

rupture. AR is defined as the ratio of height to Wn and is
currently a widely used index for the analysis of aneurysm
ruptures. It is possible that an aneurysm with a small neck but
a high AR may decrease blood flow to the aneurysm body and
cause reconstruction of the aneurysm wall, which would then
increase the risk of rupture.®”*® It is also possible that a high-
AR aneurysm is associated with low wall shear stress and
larger areas of low wall shear stress within an aneurysm.*’
Ujiie®® performed an ROC curve analysis and found that an AR
>1.6 was the optimal threshold for predicting aneurysm
rupture; Dhar et al®” reported that aneurysms with an AR
>1.2 ruptured more easily. However, the present ROC analysis
showed that the optimal threshold for AR was 1.05, which
implies that some aneurysms with relatively wide necks
rupture in high-risk weather conditions.

The other morphological parameters (Wn, height, length,
width, D, SR, height-to-width ratio, and BN) assessed in the
present study were not independent risk factors of rupture;
however, future studies from our research group will include
more patients to analyze these effects. The present results
indicate that some aneurysms that were not considered likely
to rupture may rupture more easily in high-risk meteorological
environments.

Limitations

This study had several limitations that should be considered.
First, this was a retrospective study with inherent limitations.
Second, the meteorological data assessed in this study were
also limited. For meteorological factors other than tempera-
ture, only daily average values could be obtained, and this
may have weakened assessments of the complexity of
weather changes. Future studies with large samples and
abundant meteorological data will be necessary to overcome
these limitations. Finally, it is extremely difficult to avoid
mistakes when measuring the morphological parameters of
aneurysms, particularly when making judgments about rup-
tures in patients with multiple aneurysms. Thus, clinicians and
radiologists with abundant experience are necessary.

Conclusions

Lower daily mean, maximum, and minimum temperatures and a
higher daily mean atmospheric pressure were associated with
an increased rate of aSAH. Additionally, under these meteoro-
logical conditions, the aneurysm size and aspect ratio thresh-
olds for predicting rupture of an aneurysm may be lower.
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Supplemental Material



Table S1. Number of patients with aSAH with reference to the six time periods.

Time period No. (%) of patients

Totle (00:00-23:59) 1751(100%)
Morning (04:00-07:59) 394(22.5%)
Forenoon (08:00-11:59) 310(17.7%)
Midday (12:00-15:59) 263(15.0%)
Afternoon (16:00-19:59) 357(20.4%)
Evening (20:00-23:59) 292(16.7%)
Night (00:00-03:59) 135(7.7%)

Chi-square goodness of fit test was used to compare the differences between groups
(x?*=138.58, p<0.001)




Table S2. Results of Spearman rank correlation analysis of aSAH admission and
meteorological variables.

Spearman
rank daily daily daily daily mean daily
correlation incidence | daily mean | maximum | minimum | 24 hours of sunshine relative mean air
analysis variables of aSAH | temperature | temperature | temperature | precipitation |  duration humidity | pressure
incidence of | R | 1.000 -.043™ -.041™ -.042™ -.020 .016 .007 043
aSAH
P <.001 <.001 <.001 .076 161 .558 <.001
daily mean | R 1.000 975" 976" -.035 .300™ -.128™ -.884™
temperature
P <.001 <.001 .002 <.001 <.001 <.001
dailymax | R 1.000 913" -.101™ 405" -274™ -.849™
temperature
P <.001 <.001 <.001 <.001 <.001
daily min | R 1.000 .048™ 181" 037" -.879™
temperature
P <.001 <.001 .001 <.001
24 hoursof | R 1.000 -.333™ 524" -.088"™
precipitation
P <.001 <.001 <.001
daily R 1.000 -.607 -.184™
sunshine
duration | P <.001 <.001
daily mean | R 1.000 -.016
relative
humidity | © 168
daily mean | R 1.000
air pressure
P

**_At level a* = 0.0018, the correlation was significant.




Table S3. Results of Spearman rank correlation analysis of aSAH admission and
meteorological fluctuation variables.

Fluctuation variables correlation coefficient(R) P-value

daily fluctuations in temperature -.016 169
Change in mean temperaturex -006 592
Change in max temperaturex -001 957
Change in min temperaturex -001 921
Change in 24 hours of precipitation -013 241
Change in sunshine durationx -003 7190
Change in mean relative humiditys -002 .860
Change in mean air pressurex 010 370

x change in meteorological data means the value on the day of onset minus the value

on the day before.




Table S4. Results of Spearman rank correlation analysis of aSAH admission and
delayed meteorological fluctuation variables.

Fluctuation variables Within 48 hours Within 72 hours
cc;::;friiliztr:?(r;z) P-valuex c:gfriiliztr:?(r;z) P-valuex
Change in mean temperature -.010 .364 -.008 489
Change in max temperature -.007 .565 -.004 745
Change in min temperature -.012 275 -.009 452
Change in 24 hours of precipitation 0.009 441 0.002 .887
Change in sunshine duration -.001 .897 -.016 162
Change in mean relative humidity .000 .966 .002 .889
Change in mean air pressure .009 411 .013 245




Table S5. The location, morphological parameters of aneurysms and the

statistical analysis results.

parameters Ruptured Unruptured P-value 95%Cl AUC | Optimal thresholds
AS (n=58) | 1As (n=83) (sensitivity, specificity)

Location (n, %)

MCA 14 (24.1%) | 26 (31.3%) | 0.019°% (x?=16.419)

ACA 0 (0%) 1 (1.2%)

PCA 0 (0%) 1(1.2%)

ICAC4 1 (1.7%) 3 (3.6%)

ICAC5 7 (12.1%) | 16 (19.3%)

ICAC6 2 (3.4%) 6 (7.2%)

ACoA 20 (34.5%) | 7 (8.4%)

PCoA 12 (20.7%) | 21 (25.3%)

VB 2 (3.4%) 2 (2.4%)
S (n, %)

<3mm 12 (20.7%) | 50 (60.2%) | <0.0012 (5x2=21.876)

3-7mm 27 (46.6%) | 21 (25.3%)

>7mm 19 (32.7%) | 12 (14.5%)
S (M£SD) 5.81+2.69 |4.18+2.84 |0.001 (0.46,2.8) |0.72 | 3.45 (77.6%, 62.7%)
Wn (M+SD)  [3.16+1.43 |2.64+1.50 | 0.038" (-0.1,1.14) | 0.64 | 2.25 (74.1%, 49.5%)
H (M£SD) 4.00+£2.11 |2.87+2.41 | 0.005 (0.26,2.2) |0.70 |2.15 (77.6%, 63.9%)
L (MxSD) 4.89+234 |3.65+2.69 | 0.006 (0.15, 2.33) | 0.69 | 2.55 (79.3%, 60.2%)
W (M=£SD) 3.49+1.90 |2.46-+2.03 | 0.003" (0.2,1.86) |0.68 |2.00 (74.1%, 67.5%)
D (M*SD) 2.93+0.73 |2.91+0.84 | 0.854° (-0.32,0.36) | 0.58 | 2.65 (67.2 %, 39.8%)
AR (M+SD) | 1.27+0.46 |1.02+0.43 | 0.001 (0.07,0.82) | 0.66 | 1.05 (79.3%, 57.8%)




SR(M+SD) | 1.74+0.93 |1.34+1.04 | 0.020° (-0.02,0.82) | 0.67 | 1.05 (67.2 %, 60.2%)
HWR (M+SD) |1.1840.15 |1.18+0.24 | 0.962° (-0.08, 0.08) | 0.51 | 1.15 (50.0%, 48.2%)
BN (M+SD) |1.10+0.41 |0.89+0.35 |0.001° (0.05,0.37) | 0.66 | 0.95 (72.4%, 61.4%)
Shape (n,%)

regular 24 (41.4%) | 51 (61.4%) | 0.019%(%?=5.522)

bleb(s) 34 (58.6%)

32 (38.6%)

a, Chi-square test was used; b, one-way analysis of variance was used.




Table S6. Results of relative weight analysis of all factors.

factors weight coefficient
S 0.143
Wn 0.088
H 0.144
L 0.144
W 0.143
Dv -0.05
AR 0.111
SR 0.149
HWR -0.029
BN 0.116
Location -0.001
Bleb(s) 0.043




Figure S1. A line trend which we can roughly observed the relationship between

standardized numbers of aSAH and mean standardized meteorological data.

mean standardized dat
T 3

standardized incidence of aSAH

Daily aSAH incidence was negatively correlated with the daily mean, maximum, and
minimum temperatures but positively correlated with the daily mean atmospheric

pressure.



Figure S2. The results of receiver operating characteristic (ROC) curve analysis

with the daily average temperature and the daily average pressure in Nanchang
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The AUC values were 54.2% and 53.3%,P<0.05),respectively, and the optimal
thresholds were 12.5°C (sensitivity:73.2%,specificity:34.6%) and

1,016.65hPa(sensitivity:55.4%, specificity: 54%),respectively.



