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Abstract Introduction Previous studies have suggested relationships between the rupture of
intracranial aneurysms and meteorological variables such as season, barometric
pressure, and temperature. Our objective was to examine the relationship between
the incidence of hospital admissions secondary to aneurysmal subarachnoid hemor-
rhage (aSAH) and meteorological variables in central New Jersey.
Methods The study population consisted of 312 patients who presented to University
Hospital in Newark, New Jersey, between January 1, 2003, and December 31, 2008, with
aSAH. Days in the 6-year period were classified as nonbleed days (no aSAH), bleed days
(one or more aSAHs within 1 calendar day), cluster days (two or more aSAHs within 2
calendar days), and multiple-bleed days (two or more aSAHs within 1 calendar day).
Results The only significant meteorological risk factor for the occurrence of multiple-
bleed days was high barometric pressure (1018.5 versus 1016.5 millibars [mbars];
p < 0.04), but an increase in barometric pressure (þ 2.8 mbars) over the 2 days prior
to the multiple-bleed day, although not statistically significant, may be a risk factor
(p < 0.09). Barometric pressure was also noted to be increased on bleed days (1017.2
versus 1016.5 mbars) and cluster days (1017.7 versus 1016.5 mbars), but this relationship
was not significant (p < 0.1 and p < 0.1, respectively). Although aSAH days demonstrated
consistently lower temperatures than non-aSAH days and dropping temperatures were
consistently found in the days preceding the aSAH, these relationships were not significant.
Conclusion Among meteorological factors, high barometric pressure and low tem-
perature may be risk factors for the onset of aSAH.
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Introduction

The incidence of aneurysm rupture, the clustering of such events,
and the relationship to seasonal or meteorological variability
continues to beheavily debated. Although a considerable number
of studies have concluded there is seasonal variation to aneurysm
rupture,1–9 others have refuted those claims.10–13 When studies
have examined individual meteorological variables, cold temper-
atures and changes in atmospheric pressure are the factors most
often associated with an increasing incidence of rupture, but the
results vary markedly between studies.1,4,5,14–21 Atmospheric
pressure is a factor of considerable debate because certain studies
implicate an increase change in atmospheric pressure, others
implicate a decrease change, and still others implicate an absolute
change.Moreover, both high and lowatmospheric pressures have
been identified in separate studies as significantly associated
factors to rupture. Regarding temperature, elevated temperatures
have never been correlated with aneurysm rupture, yet low
temperatureshavebeen inconsistentlycorrelated.Cowperthwaite
and Burnett, in a large national multicenter study, demonstrated
no correlation between nontraumatic subarachnoid hemorrhage
(SAH) and seasonal andvariableweather factors, the 24-hour-day
changes in atmospheric conditions, and the data from the day
prior to hospital admission.22

Although this study presents a significant amount of data
and uses annual and moving-window standardization, days
withmultiple SAHand consecutive SAH occurrenceswere not
analyzed. This limits the ability of this study to comment on
the influence of atmospheric conditions on SAH clustering.
The present studywas designed to determine the relationship
between the incidence of hospital admissions secondary to
ruptured aneurysms and seasonal and meteorological varia-
bles in central New Jersey. It is distinct from prior studies of
aneurysmal subarachnoid hemorrhage (aSAH) and weather
variables in that it assesses differing strengths of association
between certain meteorological variables and increasing
temporal clustering of aSAHs, according to a method derived
from that of Setzer et al.20

Methods

Patient Population
This population-based study included all patients admitted to
University Hospital (UH) with SAH secondary to a ruptured
intracranial aneurysm within the study period, as docu-
mented in the comprehensive neurologic database. Each
case was individually chart-reviewed to verify the inclusion
criteria: evidence of SAH on computed tomography imaging,
angiographic evidence of an aneurysm as the source of the
bleed, date of bleed (defined as day of acute symptom onset)
between January 1, 2003, and December 31, 2008, and
acute symptom onset occurring within 50 miles of Newark,
New Jersey. Exclusion criteria included age < 18 years, prior
intracranial bleeds, prior intracranial procedures, and
unknown date of acute symptom onset. Of the 354 patients
in the database who met the inclusion criteria, 42 were
excluded due to the exclusion criteria. A total of 312 subjects
were thus included in the study.

Data Collection
Using the comprehensive neurosurgery department prospec-
tively maintained database and the subjects’ hospital charts,
subject datawere collected including age, hometown, diagnosis,
neurologic status of patient on discharge, date of admission, the
time of arrival at thehospital, date and time (if available) of acute
symptom onset, and location of symptom onset. Weather data
recorded at the Newark International Airport climate station
between January 1, 2003, and December 31, 2008, was down-
loaded from the National Weather Service’s National Climate
Database online. Hourly, daily, and monthly measures and
averages of temperature, maximum and minimum temper-
atures, dew point, atmospheric pressure, wind speed and direc-
tion, and precipitationwere collected. Newark is located in Essex
County in central New Jersey. Elevation varies from sea level to
660 feet above sea level. The average temperature ranges from
39°F in January to 86°F in July.Monthly precipitation totals range
from � 3 inches in February to � 4.7 inches in July.

Statistical Analysis
All 2,190 days within the 6-year study period were classified
as nonbleed days (no aSAHoccurred), bleed days (one ormore
aSAHs occurred within 1 calendar day), cluster days (two or
more aSAHs occurred within 2 calendar days) or multiple-
bleed days (two or more aSAHs occurred within 1 calendar
day). Using Minitab software (Penn State University, State
College, Pennsylvania, United States), two-sample t testswere
conducted for each meteorological variable on bleed days
versus nonbleed days, cluster days versus noncluster days,
and multiple-bleed days versus non–multiple-bleed days.
Additionally, data for 1 and 2 days prior to aneurysmal
rupture were also collected. The difference between the
weather variables on event versus lag days was also calculat-
ed and analyzed. Univariate regression analysis was utilized.
Significancewas defined as a p value� 0.05. Finally, the bleed,
cluster, and multiple-bleed days were plotted by month to
examine the data for monthly or seasonal variation.

Results

Patient Characteristics
The 312 subjects in the study had a mean age of 53 years
(range: 20–88). Overall, 67% (209) of the subjects were
female, which is consistent with the established 2:1 ratio of
females to males presenting with aSAH. A total of 26% of
patients (82) were direct admissions to UH; the rest were
transfers from outside New Jersey or New York hospitals
located within 50 miles of Newark. Overall, 25% of patients
(78) had home addresses in Newark.

The neurologic status of the patients upon discharge was
recorded for all but one of the 312 subjects. Fifty (16.1%) were
completely neurologically intact upon discharge, and 132
(42.4%) returned to their previous activities with a minor
neurologic deficit, whereas 70 (22.5%) had a significant
neurologic deficit. Of these, 18 (5.8%) could perform activities
of daily living (ADLs) independently, 46 (14.8%) were depen-
dent on others to perform ADLs, and 6 (1.9%) were moribund.
Fifty-nine (18.7%) died in the hospital.
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Temporal Distribution of Aneurysmal Subarachnoid
Hemorrhage
The 312 aSAHs included in the study occurred over 277 days
within the 2,190-day (6-year) study period (►Fig. 1). In this
study, the 277 days during which one or more patients
presented to UH with aSAHs were classified as bleed days,
constituting 12.6% of the study period. Of the 277 bleed days,
103 days (4.7%)were also classified as cluster days, and 32 days
(1.5%)were classified asmultiple-bleeddays. Therewere 1,913
nonbleed days (87.4%) within the study period during which
no patient with an aSAH ultimately presented to UH.

The incidence of aSAHs in this 6-year study was greater in
the months of September through February, and lesser in the
months of March through June (►Fig. 2). The peak number of
bleed days per month was 33 in September and December,
and the fewest number of bleed dayswas 20 in April andMay.
The number of cluster days permonth peaked at 15 inOctober
and dropped to a nadir of 4 in April. The peak number of
multiple-bleed days was 6 in December, and there were zero
multiple-bleed days in March.

Univariate Analysis of Atmospheric Pressure
The study demonstrated a statistically significant association
between mean atmospheric pressure and the incidence of
multiple-bleed days (►Table 1). Multiple-bleed days had a
mean atmospheric pressure of 1,018.51 millibars (mbars),
and non–multiple-bleed days had a mean atmospheric pres-

sure of 1,016.53 mbars (p < 0.04). A strong trend of higher
atmospheric pressure on bleed days versus nonbleed days
(1,017.2 versus 1,016.5; p < 0.1) and cluster days versus
noncluster days (1,017.7 versus 1,016.5; p < 0.1) also existed,
but these relationships were not significant.

Time-series analysis of atmospheric pressure, although not
statistically significant, suggested a change in mean atmo-
spheric pressure in the 2 days preceding multiple-bleed days
(►Table 2). Mean atmospheric pressure increased 2.8 mbars
over the 2 days preceding multiple-bleed days, yet before
non–multiple-bleed days, pressure decreased to 0.1 mbars
(p < 0.09). A consistent increase in pressure was noted over
the 2 days preceding bleed days (þ 0.6 versus � 0.1; p < 0.3)
and cluster days (þ 0.7 versus � 0.0; p < 0.5), but these
relationships were not significant.

Univariate Analysis of Temperature
There was no statistically significant relationship between
mean temperature and incidence of bleed, cluster, or multi-
ple-bleed days; however, the mean temperature was consis-
tently decreased on aSAH days (►Tables 1 and 3). Bleed days
had a mean temperature of 54.36°F; nonbleed days had a
mean temperature of 55.33°F (p < 0.4). Cluster days had a
mean temperature of 53.1°F versus noncluster days with
55.3°F (p < 0.3). Multiple-bleed days had a mean tempera-
ture of 53.6°F versus noncluster days with 55.2°F (p < 0.6).

Similarly, there was no statistically significant change in
mean temperature in the 2 days preceding aSAH days, yet
there was a consistent decrease in temperature (►Table 3).
This relationship in the 2 days preceding multiple-bleed days
was as follows: � 2.1 versus þ 0.0 (p < 0.08). On bleed days
(� 0.5 versus 0.1; p < 0.3) and cluster days (� 0.2 versus 0.0;
p < 0.8), the relationship was weak.

Of note, temperature range was significantly decreased on
bleed days and cluster days, but not on multiple-bleed days
(►Tables 1 and 4). The temperature range was 19.3°F versus
20.1°F on bleed days versus nonbleed days (p < 0.05) and
18.7°F versus 20.0°F on cluster days versus noncluster days
(p < 0.03). On multiple-bleed days versus non–multiple-
bleed days, temperature range was 18.5°F versus 19.9°F
(p < 0.2). In the 2 days preceding aSAH days, the range
consistently decreased but was not statistically significant.

Univariate Analysis of Other Meteorological Variables
The study also examined the relationship of dew-point
temperature, wind speed, minimum and maximum temper-
atures, and total precipitation to the incidence of bleed days,
cluster days, and multiple-bleed days (►Table 1). There was
no statistically significant association between any of these
variables and aSAH days, or for the change in the variables in
the 2 days preceding aSAH days.

Correlation between Temperature and Pressure
A cross-correlation was conducted to examine the degree to
which temperature and pressure are correlated in the study data
(►Fig. 3). It demonstrated an inverse relationship between
temperature and pressure in the data: for every 1mbar increase
in pressure, the temperature tended to decrease by � 0.2°F.Fig. 2 Aneurysmal subarachnoid hemorrhage events by month.

Fig. 1 Breakdown of study days.
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Table 2 Time-series data of atmospheric pressure

Same day 1 day prior 2 days prior Diff 1 day Diff 2 days

Bleed day 1,017.2 1,016.79 1,016.61 0.39 0.58

Nonbleed day 1,016.5 1,016.52 1,016.56 � 0.06 � 0.09

p value 0.132 0.537 0.910 0.279 0.291

Cluster day 1,017.66 1,017.53 1,016.97 0.14 0.69

Noncluster day 1,016.50 1,016.51 1,016.54 � 0.01 � 0.04

p value 0.105 0.123 0.533 0.830 0.464

Multiple day 1,018.51 1,017.53 1,015.67 0.98 2.84

Nonmultiple 1,016.53 1,016.54 1,016.58 � 0.02 � 0.05

p value 0.044 0.331 0.499 0.353 0.088

Table 3 Time-series data of mean temperature

Same day 1 day prior 2 days prior Diff 1 day Diff 2 days

Bleed day 54.36 54.8 54.8 � 0.42 �0.46

Nonbleed day 55.33 55.3 55.3 0.05 0.06

p Value 0.403 0.671 0.688 0.200 0.320

Cluster day 53.1 53.5 53.3 � 0.37 � 0.15

Noncluster day 55.3 55.3 55.3 0.01 0.00

p value 0.254 0.362 0.283 0.516 0.841

Multiple day 53.6 54.9 55.7 � 1.31 � 2.14

Nonmultiple 55.2 55.2 55.2 0.01 0.03

p value 0.621 0.923 0.884 0.252 0.084

Table 1 Weather variables on bleed days versus nonbleed days, cluster days versus noncluster days, and multiple-bleed versus non–
multiple-bleed days

Weather variable Bleed
day
mean

Nonbleed
mean

t test
p value

Cluster
day
mean

Noncluster
mean

t test
p value

Multi-
bleed
mean

Non–multi-
bleed mean

t test
p value

Mean pressure,
mbars

1,017.2 1,016.5 0.132 1,017.66 1,016.50 0.105 1,018.51 1,016.53 0.044

Mean
temperature, F

54.36 55.33 0.403 53.1 55.3 0.254 53.6 55.2 0.621

Mean dew-point
temperature, F

40.01 41.15 0.362 39.0 41.1 0.307 38.8 41.0 0.551

Wind speed, mph 8.58 8.51 0.717 8.55 8.52 0.904 9.09 8.51 0.268

Minimum
temperature, F

45.3 45.9 0.633 44.4 45.9 0.410 45.1 45.8 0.818

Maximum
temperature, F

64.6 65.9 0.279 63.0 65.9 0.152 63.6 65.8 0.522

Temperature
range, F

19.27 20.06 0.05 18.67 20.03 0.033 18.49 19.9 0.175

Total
precipitation,
inches

0.480 0.405 0.844 0.161 0.430 0.034 0.182 0.42 0.075
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Discussion

The results of the study suggest that high atmospheric pressure
may be a risk factor for aSAH. There is a statistically significant
association between mean atmospheric pressure and the inci-
dence of multiple-bleed days (p < 0.04), as well as a trend
observed for the change in mean atmospheric pressure over
the 2 days preceding a multiple-bleed day. Moreover, there is a
consistent and increasingly strong relationship between high
atmospheric pressure and increasing temporal clustering of
aSAHs, as demonstrated by the decreasing p values from bleed
days (p < 0.1) to cluster days (p < 0.1) to multiple-bleed days
(p < 0.04). The conclusion that high atmospheric pressure may
be a risk factor for aSAH is in agreement with several studies but
at oddswith others. Indeed, several studies implicate a change in
atmospheric pressure as a risk factor but not a directional
change.

The results of this study also suggest that low temperatures
may be associated with increased incidence of aSAH. Although
the relationship between temperature and aSAH was not
significant, the data demonstrated a consistent trend linking
decreased temperatures and increased incidence of aSAH. The
link between decreased temperatures and aSAH has been
significant in several prior studies, but not significant in

many others. The statistically significant relationship between
decreased temperature range and bleed and cluster days was
unexpected and not noted elsewhere in the literature.

This retrospective hospital-based study has several limita-
tions. The first limitation is the low number of cases at 312
subjects. Despite the low number, the association between
atmospheric pressure andmultiple-bleed dayswas significant;
yet with more cases and greater power, the strong consistent
trends that linked atmospheric pressure and bleed or cluster
days, as well as low temperatures and aSAH days, would likely
have become significant. Given that many patients with aSAH
do not survive to reach the hospital, hospital-based studies are
not inclusive of all patients presenting with aSAH in their
catchment area. In addition, the geographic catchment area of
hospitals is not rigid, and ambulancesmight transport patients
to one of several different hospitals. Furthermore, three quar-
ters of the patients in this study were transfers from outside
hospitals. Transfers introduce significant bias into the study
because these patients most often come from outside the
geographic catchment area, and patterns of transfer often
depend on transferring physician preference, hospital bed
availability, accepting physician availability, and so on. As a
retrospective study that required extensive chart review to
determine dates, times, circumstances, and locations of bleeds,
precise identification of these factors are more conducive to
error. Finally, given the low case numbers and inability to
gather certain comprehensive data retrospectively, adequate
subgroup analysis andmultivariate analysis were not possible.

Most of the literature on weather and SAH has several
shortcomings. Most studies involve only region or popula-
tion. Also, previous studies have included low numbers of
subjects, usually falling in the 60 to 600 case range, with two
exceptions: 1,729 and 7,758.14,22 Authors have also omitted
to note hourly changes in the data. Only one study examined
hourly meteorological data and conducted a time-series
analysis using autoregressive integrated moving average
(ARIMA) modeling.14 Also, factors that have been implicated
in causing aneurysmal rupture, including Valsalva maneuver
and straining, have not been controlled for and may serve as
significant confounders. A large-scale prospective regionally
based study is needed to best examine the relationship

Table 4 Time-series data of temperature range

Same day 1 day prior 2 days prior Diff 1 day Diff 2 days

Bleed day 19.27 19.72 19.81 �0.45 � 0.53

Nonbleed day 20.06 20.00 19.99 0.06 0.07

p value 0.05 0.517 0.654 0.265 0.256

Cluster day 18.67 19.91 20.08 � 1.24 � 1.41

Noncluster day 20.03 19.97 19.96 0.06 0.07

p value 0.033 0.926 0.855 0.058 0.100

Multiple day 18.49 20.55 18.96 � 2.06 � 0.47

Nonmultiple 19.9 19.96 19.98 0.03 0.00

p value 0.175 0.571 0.369 0.062 0.766

Fig. 3 Correlation of temperature and pressure.
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between aSAH and meteorological variables. Given the dis-
parate results of studies conducted in different locations
around the world, it is likely that inherent weather differ-
ences complicate the issue and prevent fair comparisons from
being made, necessitating a multicenter study design.

In addition to collecting standard demographic data and
evaluating for established aneurysmal risk factors, three
critical questions must be addressed for each case included
in the study: date and time (within an hour, ideally) of acute
symptom onset, circumstances preceding symptom onset
(e.g., Valsalva maneuver, uncontrolled blood pressure, etc.),
and exact location of acute symptom onset. Cowperthwaite
et al established a large-scale retrospective precedent for
elucidating the relationship of atmospheric variables with
SAH.22 Because of the potential public health repercus-
sions, a prospective study of similar size and scope is
necessary. For example, if increased atmospheric pressures
were demonstrated to increase risk of rupture, it might lead
investigators to examine models of aneurysm rupture at
different external pressures to study the vasculature’s
response to such stress. Perhaps certain inflammatory
mediators are upregulated under increased atmospheric
pressure, triggering a cascade of events that increase
incidence of rupture. Indeed, several studies have demon-
strated that decreased ambient temperatures predispose
patients to increased blood pressure, hypothetically lead-
ing to an increased incidence of vascular events.23–27

Conversely, if we identify certain meteorological factors
as risk factors of rupture, hospitals could increase their
readiness for vascular events on certain days or medical
industry retailers could better prepare their inventory.

Conclusion

Based on the results of the study, high barometric pressure
may be a risk factor for aSAH. Although the relationship
between temperature and aSAH incidence was not statisti-
cally significant, there existed a consistent trend in the data
suggesting low temperature may also be a risk factor for
aSAH. Large-scale prospective regionally based studies are
necessary to further elucidate the relationship between
meteorological variables, season, and aSAH incidence. The
mechanisms underlying any associations between meteoro-
logical variables and aneurysmal rupture have yet to be
established.
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