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Abstract

Background: Out-of-hospital-cardiac arrest (OHCA) is frequently linked to environmental exposures. Climate change
and global warming phenomenon have been found related to cardiovascular morbidity, however there is no
agreement on their impact on OHCA occurrence. In this nationwide analysis, we aimed to assess the incidence of
the OHCA events attended by emergency medical services (EMS), in relation to meteorological conditions:
temperature, humidity, heat index and solar radiation.

Methods: We analyzed all adult cases of OHCA in Israel attended by EMS during 2016–2017. In the case-crossover
design, we compared ambient exposure within 72 h prior to the OHCA event with exposure prior to the four
control times using conditional logistic regression in a lag-distributed non-linear model.

Results: There were 12,401 OHCA cases (68.3% were pronounced dead-on-scene). The patients were on average
75.5 ± 16.2 years old and 55.8% of them were males.
Exposure to 90th and 10th percentile of temperature adjusted to humidity were positively associated with the
OHCA with borderline significance (Odds Ratio (OR) =1.20, 95%CI 0.97; 1.49 and OR 1.16, 95%CI 0.95; 1.41,
respectively). Relative humidity below the 10th percentile was a risk factor for OHCA, independent of temperature,
with borderline significance (OR = 1.16, 95%CI 0.96; 1.38). Analysis stratified by seasons revealed an adverse effect of
exposure to 90th percentile of temperature when estimated in summer (OR = 3.34, 95%CI 1.90; 3.5.86) and exposure
to temperatures below 10th percentile in winter (OR = 1.75, 95%CI 1.23; 2.49). Low temperatures during a warm
season and high temperatures during a cold season had a protective effect on OHCA. The heat index followed a
similar pattern, where an adverse effect was demonstrated for extreme levels of exposure.

Conclusions: Evolving climate conditions characterized by excessive heat and low humidity represent risk factors
for OHCA. As these conditions are easily avoided, by air conditioning and behavioral restrictions, necessary
prevention measures are warranted.
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Background
Out-of-Hospital Cardiac Arrest (OHCA) is defined as an
absence of cardiac mechanical activity that occurs out-
side of a hospital setting. In 70–85% of cases the events
have a cardiac etiology, e.g. myocardial infarction, con-
gestive heart disease and heart rhythm change [1–3].
There are significant geographical variations in the inci-
dence of and survival from OHCA. In a large systematic
review, Asia was found to have the lowest incidence rate
(52.5/100,000 person years), as compared to almost dou-
bled incidence in North America (98.1/100,000 person
years), Europe (81.6/ 100,000 person years), and
Australia (112.5/100,000 person years) [4]. Approxi-
mately 382,800 adults in the U.S. experience an OHCA
each year, over 90% of whom do not survive to hospital
discharge [5–8]. Among those who survive to the Emer-
gency Department, the long-term survival rates range
between 3.0–16.3% [9–11].
Multiple studies have investigated the adverse effect of

meteorological factors on health outcomes [1, 12–17]. In
a recent Australian study, heatwaves were associated
with significant increase in OHCA incidence. At a
threshold of 95th percentile of yearly temperature,
OHCA risk increased 1.25 times (95% CI 1.04; 1.50).
When the heat threshold increased to 99th percentile,
the relative risk increased to 1.48 (95% CI 1.11; 1.96)
[17]. In a prospective study in Germany, Hensel et al. re-
ported an increased likelihood of OHCA events for tem-
peratures above 25 °C (17% increase) and below 5 °C
(11% increase). Likewise, OHCA incidence increased by
33% below a threshold-value of 75% humidity compared
to values above this cut-off [1]. The world’s heat-related
excess deaths attributable to climate change are expected
to be more than 90,000 deaths in 2030 and 255,000
deaths in 2050 [18].
In the past decade, the Middle East region has been

subjected to heat waves, a prominent attribute of climate
change phenomena, with an increasing incidence and se-
verity [19]. Ground temperature in the area is expected
to rise by 1 °C by the year 2050, and by up to 4 °C by the
end of the current century [20] Similar trends have been
registered in the Mediterranean basin [21].
The current investigation was performed in Israel lo-

cated within the subtropical dryland zone (between 34.2
and 35.9°E and 29.5–33.4°N). Winter rains occur mainly
during November through March, and the summer sea-
son is dry and hot. Despite its small size, Israel experi-
ences sharp climatic and geographic gradients, both in
the north-south and the east-west directions, covering
three climate regions: a Mediterranean climate, a hot
desert climate, and a narrow transitional strip of semi-
arid climate [22].
The worsening climate conditions together with highly

developed medical facilities and availability of the health

data, make Israel a natural laboratory to study the effect
of global warming on human health.
In this nationwide study, we aimed to investigate the

association between the rate of out of hospital cardiac
arrest and extreme meteorological conditions.

Methods
We analyzed all the OHCA events treated by Magen Da-
vid Adom (MDA) in Israel during 2016–2017. MDA is
the national and largest Israeli Emergency Medicine Ser-
vices (EMS) provider [23]. MDA responds to over 1000
emergency calls daily, whereas calls for OHCA account
for 4 to 7% of all calls [23]. Nearly all cases of OHCA in
Israel are treated by MDA staff [9]. MDA services are
provided in twelve regional districts, each having a sep-
arate control center, which responds to the emergency
calls, and directs the launch of ambulances [24].
The events were defined as OHCA by on-scene para-

medics. Of note, the OHCA diagnosis in Israel made by
EMS teams is not based on the Utstein templates. We
excluded (i) cases of traumatic event causing OHCA, i.e.
firearm wounds, stabbing, or motor vehicle accidents
and (ii) OHCA cases in patients younger than 18 years.
The information of the OHCA patients included the
exact time and place of the event, survival to ED, age
and gender. The time of the OHCA onset used in the
study relied on the exact time the EMS team reported
seeing the patient developing the condition or the time
the emergency call was made to a dispatch center, if oc-
curred prior to the EMS arrival.

Exposure assessment
We used the climate data provided by the Ministry of En-
vironmental Protection, based on monitored levels of
temperature (°C), relative humidity (RH) (%) and solar ra-
diation (SR) (W/m2) monitored on the half-hourly basis.
These data have been validated by the Technion Center of
Excellence in Exposure Science and Environmental Health
(TCEEH) [25]. During the study period, there were overall
132 stations spread all over the entire Israel.
Additionally, we defined the heat index (HI) as a meas-

ure combining a simultaneous impact of heat and humid-
ity on human health. The HI formula used in Israel [26,
27] is based on an arithmetical average between the dry
bulb and the wet bulb temperature, resulting in a number
known as “discomfort score”. To compute the wet-bulb
temperature the following the formula was used:

TW ¼ Tatan 0:151977 RH%þ 8:313659ð Þ1
�
2

� �
þ atan T þ RH%ð Þ

− atan RH% − 1:676331ð Þ þ 0:00391838 RH%ð Þ3
�
2atan 0:023101RH%ð Þ − 4:686035

where: T− dry temperature, Tw− wet temperature and
RH− relative humidity.
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We further computed the Discomfort score using the
two types of temperatures, specifically, as Discomfort
score = [dry bulb temperature (°C) + wet bulb
temperature (°C)] / 2. The discomfort score, also known
as the HI, is then grouped into groups of: < 22: no heat
load, 22–23.9: mild heat load, 24–25.9: moderate heat
load, 26–27.9: high heat load, 28–29.9: severe heat load,
30 and above: extreme heat load.
We used the seasonality division fitted for the eastern

Mediterranean region, suggested by Alpert et al.: sum-
mer comprise the period of May 31st – September 22nd,
autumn - September 23rd – December 6th, winter - De-
cember 6th – March 30th and spring - March 31st –
May 30th [28].
Geocoding of the locations of the OHCA cases was

performed using EZGeocode (ez34.net inc.) add-on for
Google Sheets (Google Inc., USA). To add the elevation
levels assessed for every OHCA location, we created a
spatial joint between the XY locations of OHCA cases
and elevation assessment using satellite-based Digital
Elevation Model. The exposure assessment database was
merged with the EMS records using the geocoded XY
coordinates of the monitoring stations and OHCA loca-
tions. The exposure values were limited by the radius of
20 km and were based on the 5 monitoring stations that
were the closest to the event. All environmental mea-
surements were reported every 30 min and further aver-
aged over 1 h.
To characterize a personal exposure in each OHCA

case, we calculated a weighted average of exposure as
measured by 5 monitors using an inverse of the squared
distance from the case location to the monitor, i.e. Eu-
clidian distance weighting assigning higher weight to
closer monitors described by Hwang and Jaakkola [29].
The weights (w) of the ambient values were expressed
by a function decreasing with distance to the monitoring

station from the event location, specifically, w ¼ 1
.
dp ,

with p = 2, as most commonly used in this field, and d –
representing the distance. When no measurements from
monitoring stations were available within the 20 km ra-
dius of the OHCA event, those observations were ex-
cluded from the analysis.
We inspected all exposure variables for the possible

exposure window associated with the outcome up to 72
h prior to the event. This exposure window is based on
previous research by others reporting an effect seen for
a lag of not more than 7 days prior to an event [30] and
our preliminary findings of time-series analysis of the
same data.

Statistical analysis
We used a case-crossover approach, which inherently
adjusts to all possible individual confounders.

Specifically, the exposure within 72 h prior to the event
(representing a case) was compared to exposure of the
same subject 1 and 2 weeks before and 1 and 2 weeks
after the event (representing a control), while the timing
of the event at the control periods was identical to the
exposure of the case period. We used exposure data also
after the event, to avoid biased and/or confounded esti-
mates resulting from a one directional case-crossover
model [31, 32].
Continuous variables were expressed as mean ± stand-

ard deviation (SD), medians and ranges. Categorical vari-
ables were described by frequencies. Comparison of
continuous variables was performed by t-test for nor-
mally distributed and Mann-Whitney test for variables
for which normal distribution assumptions were not
met; dichotomous variables were compared between
study groups using Chi-Square or Fisher’s exact tests.
The exposure variables were presented by the 2-h

moving average. The association between exposure and
events was analyzed using conditional logistic regression
in a lag-distributed non-linear model [33]. The lag
matrix was defined by polynomial transformations with
3 degrees of freedom and exposure variables, i.e.
temperature, humidity heat index and solar radiation, as
piecewise-cubic splines with 3 knots evenly spread over
the range. The choice of regression parameters was
made based on the Akaike information criteria. The ap-
plication of this methodology to the case-crossover setup
is fairly recent [34] and reports on this particular usage
have not been published so far. Odds ratio (OR) repre-
sented the main measure of an effect.
We explored the incremental and cumulative effects of

temperature humidity and heat index by comparing the ex-
posure to ≤10th and ≥ 90th percentile over the period of 72
h prior to the event or a reference period to the median
value of the respective factor (Figs. 1, 2, and 3). As opposed
to the U-shape relationship assumed for heat and humidity,
only the excessive levels of exposure to solar radiation were
explored (Fig. 4). The analyses were summarized by an
exposure-outcome curve at a selected exposure window
suggested by the findings from the previous steps.
We explored the possibility of mutual confounding be-

tween the meteorological factors by investigating the dif-
ference between crude and adjusted point estimates of an
association. A deviation of 10% between the two indicated
a possibility of confounding, in which case the adjustment
was performed throughout the entire analysis in attempt
of presenting an independent contribution of each factor.
We performed a subgroup analyses by gender, age

(within a group of 70+), dead-on-scene or alive status of
the subjects, day of a week and daytime vs. night. In the
later analysis, we considered 7 am-7 pm as a day time
and the 7 pm-7 am to be a night time. To address the di-
verse climate in Israel we chose to explore three
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different metropolis areas, featured by relatively high
number of events, i.e. Tel-Aviv city and its neighbor-
hood, Jerusalem and Haifa.
The data were analyzed using SAS9.4 and R statistical

software (package “dlnm”), version 4.0.2. Statistical sig-
nificance was set at p-value< 0.05.

Results
During the study period of 2016–2017 the EMS ser-
vices in Israel received 12,401 calls related to OHCA.
The average age of the study population was 75.5
years, majority of them being males (55.8%), and only
one third of them survived to the arrival of the EMS

Fig. 1 An association of temperature with OHCA events, adjusted to relative humidity. Figures in the upper row represent the incremental effect
of exposure to temperature below the 10th percentile (11.5 °C) and above the 90th percentile (28.7 °C) as compared to the median value of 21 °C
over the course of 72 h prior to the event onset. The figures in the second row show the cumulative effect of the respective exposures. The
bottom figure represents an incremental effect of exposure to temperature at 12 h prior to the onset
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teams (Table 1). The OHCA weekly incidence rate
was evenly spread over the seasons, as well as over
the week, with 28.7% occurring during the two days
of the weekend. Over 60% of OHCA calls were made
during the daylight hours.

Table 2 shows the ambient values measured during
the time of the 12,401 cases and 49,604 control periods.
The average hourly temperatures ranged from 0 °C to
43 °C, with median at 21.0 °C, and 10th and 90th per-
centile at 11.5 °C and 28.7 °C. Relative humidity mea-
sured in the study ranged between 3.0–99.0%, with 10%

Fig. 2 An association of relative humidity with OHCA events, adjusted to ambient temperature. Figures in the upper row represent the
incremental effect of exposure to relative below the 10th percentile (33.9%) and above the 90th percentile (82.5%) as compared to the median
value of 62.4% over the course of 72 h prior to the event onset. The figures in the second row show the cumulative effect of the respective
exposures. The bottom figure represents an incremental effect of exposure to humidity at 2 h prior to the onset
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of the observations below 33.9 and 90% above 82.5%.
The records of solar radiation were available in 40,
445 cases, and ranged between 0 and 99.0 W/m2.
Temperature and solar radiation were strongly and
positively correlated between each other (Spearman
rho = 0.43, p-value< 0.001) and negatively correlated

with the relative humidity (Spearman rho = − 0.32, p-
value< 0.001).
We explored the possibility of confounding between

the factors (supplementary materials, Table 1). Based on
the analysis, to segregate the possible independent con-
tribution of relative humidity to OHCA events, it should

Fig. 3 An association of heat index with OHCA events. Figures in the upper row represent the incremental effect of exposure to heat index
below the 10th percentile (10) and above the 90th percentile (25.8) as compared to the median value of 18.4 over the course of 72 h prior to the
event onset. The figures in the second row show the cumulative effect of the respective exposures. The bottom figure represents an incremental
effect of exposure to heat index at 6 h prior to the onset
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Fig. 4 (See legend on next page.)
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be adjusted to either temperature or solar radiation
(temperature was chosen). Likewise, to estimate an inde-
pendent effect of temperature and solar radiation, both
have to be adjusted to relative humidity. Since heat
index is a function of relative humidity and temperature,
this factor could be analyzed as crude. These findings
justified the set of adjustment covariates used through-
out the analysis.
The exposure to excessive outdoor average daily

temperature (>90th percentile) adjusted to relative hu-
midity was adversely associated with OHCA during the
10–20 h prior to the event as compared to the median
temperature of 21 °C. Furthermore, the cumulative im-
pact of exposure to 90th percentile of temperature over
the 3 days prior to the event expressed in OR was equal
1.2 although with borderline significance, 95%CI 0.97;

1.49 (Fig. 5). Exposure to excessively high temperatures
30.0–40.0 °C measured at 12 h prior to an event was
positively associated with OHCA. For instance, an ex-
posure to 35 °C was associated with an OR 1.02 (95%CI
1.00; 1.05) as compared to the median 21 °C. Exposure
to weather colder than median was relevant just few
hours prior to an OHCA event and its cumulative effect
over the 72 h was associated with an OR = 1.16 and bor-
derline significance, 95%CI 0.95; 1.41 (Fig. 5).
Exposure to humidity at 90th percentile independent

of temperature was not associated with an increase in
OHCA, whereas exposure to extremely dry conditions
(relative humidity ≤10th percentile, 34%) measured
within 10 h prior was positively associated with the event
(Fig. 2). The cumulative exposure to humidity below
10th percentile over the period of 72 h prior to an event,
independent of ambient temperature, were adversely as-
sociated with OHCA although with a borderline signifi-
cance (OR 1.16, 95%CI 0.96; 1.38). The close inspection
of the association between humidity measured 2 h prior
to an event indicated that values below 40% were the
most detrimental to the risk of OHCA events (with OR
in the range 1.01–1.04 for humidity values 0–40% as
compared to the median 62.4%) (Fig. 2).
Heat index above 90th percentile, reflecting the dis-

comfort burden based on the temperature and humidity,
was associated with the OHCA occurrence at a border-
line level of significance (OR = 1.21, 95%CI 0.94; 1.55)
when compared to its median. This exposure reached
the statistical significance when accumulated over the
20 h prior to the event (Fig. 3).
Exposure to the ≥90th percentile of solar radiation did

not increase the risk (Figs. 4 and 5). Elevation did not
alter risk estimates of other exposures.
The subgroup analysis showed heterogeneity in effects

especially in temporal and geographical subgroups (Fig.
5). An estimate of an association between OHCA and
exposure to extremely high temperatures independent of
humidity levels was not dramatically different between
sexes and age. However, a cumulative exposure to tem-
peratures above the 90th percentile were associated with
OHCA if experienced in summer (OR = 3.24, 95%CI
1.90; 5.86) and if measured in Haifa area (OR = 2.28,
95%CI 1.10; 4.72). Exposure to temperatures below the
10th percentile produced an adverse association with
OHCA within subjects found alive (OR = 1.54, 95%CI
1.07; 2.23) as compared to subjects dead on-scene (OR =
4.02; 0.80; 1.30), if measured in winter (OR = 1.75,

(See figure on previous page.)
Fig. 4 An association of solar radiation with OHCA events. Upper figure represents the incremental effect of exposure to solar radiation above
the 90th percentile (73.2) as compared to the median value of 29.7 over the course of 72 h prior to the event onset. The figure in the middle
shows the cumulative effect of the respective exposure. The bottom figure represents an incremental effect of exposure to solar radiation at 24 h
prior to the onset

Table 1 Demographical characteristics of the OHCA patients in
Israel and geographical and temporal features of events, Israel
2016–2017

N = 12,401 patients

Age, years

Mean ± SD (n) 75.5 ± 16.2 (12,401)

Median 79.1

Min; Max 18.1; 112.3

Age grouped, % (n/N)

18–45 5.4 (674/12401)

45–65 17.7 (2190/12401)

65–85 42.1 (5223/12401)

85+ 34.8 (4314/12401)

Male gender, % (n/N) 55.8 (6919/12401)

Dead on scene, % (n/N) 68.3 (8470/12401)

Elevation, meters

Mean ± SD (n) 165.2 ± 238.42 (12,401)

Median 54.0

Min; Max −382.0; 1153.0

Season, % (n/N)

Summer (May 31 – Sep 22) 29.1 (3609/12401)

Fall (Sep 23 – Dec 6) 21.7 (2687/12401)

Winter (Dec 7 –Mar 30) 33.5 (4152/12401)

Spring (Mar 31 – May 30) 15.7 (1953/12401)

Weekend, % (n/N) 28.7 (3562/12,401)

Day shift (7 am-7 pm), % (n/N) 61.6 (7639/12,401)
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95%CI 1.23; 2.49) and / or if occurred in Tel-Aviv area
(OR = 1.39, 95%CI 1.01; 1.91). The exposure to extreme
hot and cold temperatures also had a protective effect.
Specifically, the ORs for temperatures above 90th per-
centiles were 0.48 (0.29; 0.80) and 0.31 (95% 0.08; 1.12)
for fall and winter, respectively. The ORs for tempera-
tures below 10th percentile were 0.35 (95%CI 0.21; 0.56)
and 0.44 (0.19; 0.99) for fall and spring, respectively. No
temperatures below the 10th percentile were recorded in
summer. The pattern of adverse effect for excessive
values in summer and low values in winter, as well as
the protective effect for opposing conditions, was re-
peated for the heat index (Fig. 5).

Dry conditions (relative humidity ≤10th percentile) in-
dependent of temperature levels did not vary by demo-
graphic characteristics of the patients. An adverse
association of low humidity with OHCA was recorded
for the cases in fall (OR = 2.21 95%CI 1.52; 3.19).
The subgroup analysis of solar radiation adjusted to

temperature did not indicate any variation of an effect
between the sub-groups.

Discussion
The current study assessed Out-Of-Hospital-Cardiac-
Arrest events on a national level over a period of two
years. Our analysis provides an evidence of an adverse
association between harsh meteorological conditions and
OHCA events. Specifically, we found that extremely high
temperature and dry conditions were likely to occur
within 72 h prior to an OHCA event.
The results of the current analysis can be projected

onto future meteorological conditions in the Middle East
and used to model the implications of the climate
change on public health in the region. The 90th percent-
ile set in our study to 29 °C is an actual value that is far
from being extreme in many European cities in summer.
High temperature has been repeatedly shown to be as-

sociated with mortality [12, 35], and particularly with
OHCA [1, 36–40]. Our findings support the connection,
stressing the importance of the 12–20 h interval prior to
the event and temperatures above 30 °C as compared to
the local median of 21 °C. The effect of heat on OHCA
is widely believed to be driven by dehydration [41, 42].
Some suggest that heat is associated with a vasodilation
of peripheral blood vessels, resulting in reduced coron-
ary blood flow, leading to arrhythmias and heart failure
[36].
Relatively cold temperatures, have been shown to

present a risk factor for mortality [43] and specifically
for OHCA [1, 37, 44]. This is consistent with our find-
ings, pointing at the few hours prior to the event as the
most vulnerable with respect to extremely cold tempera-
tures as compared to the local median of 21 °C.
Of note, the extreme temperatures both low and high,

had an adverse effect if experienced during the respect-
ive cold or hot season. Consequently, low temperatures
during warm season and high temperatures during cold
season had a protective effect. In other words, the ex-
tremity of exposure in both directions of the range in re-
lation to the background temperatures was shown to be
most relevant for OHCA occurrence, rather than their
absolute change.
We recorded a negative association with humidity, in-

dependent of temperature levels, although with border-
line significance (95%CI (OR) 0.96; 1.38). This is
opposed to previously reported positive association,

Table 2 Environmental Exposures, on the day of the event or
the control period (N = 62,005 days)

Meteorological conditions

Temperature, 0C

Mean ± SD (n) 20.5 ± 6.5 (50064)

Median 21.0

Min; Max 0.0; 43.0

IQR 10.5

10th; 90th percentile 11.5; 28.7

Relative Humidity, %

Mean ± SD (n) 60.1 ± 18.4 (56547)

Median 62.4

Min; Max 3.0; 99.0

IQR 23.9

10th; 90th percentile 33.9; 82.5

Heat Index, discomfort units

Mean ± SD (n) 18.4 ± 5.9 (50064)

Median 18.4

Min; Max −3.5; 37.5

IQR 9.8

10th; 90th percentile 10.0; 25.8

Solar Radiation, W/m2

Mean ± SD (n) 33.1 ± 26.7 (40445)

Median 29.7

Min; Max 0.0; 99.0

IQR 45.1

10th; 90th percentile 1.5; 73.2

Wind Speed, m/s

Mean ± SD (n) 1.8 ± 1.3 (57483)

Median 1.5

Min; Max 0.0; 17.4

IQR 1.6

10th; 90th percentile 0.5; 3.5
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Fig. 5 A cumulative effect of exposure to various meteorological conditions as compared to median value. Subgroup analyses by demographical,
clinical, temporal and geographical factors
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whereas OHCA cases were more likely to be exposed to
higher humidity conditions [45]. On the contrary, our
findings point at the possibility that extreme dry condi-
tions might present a considerable risk factor for OHCA
event. Similar findings have been reported in Burkina
Faso, whereas particularly hot and dry season (March–
May) was featured by elevated cardiovascular mortality
rates [46]. A panel study of 16 subjects recorded the
physiological and subjective responses to different levels
of humidity. Although, low humidity had no effect on
blood pressure or heart rate, relative humidity levels
below 10% were associated with dryness of the nasal
mucous membrane, eyes and skin [47]. Researchers in
another panel study of 14 males hypothesized that
physiological parameters, like body temperature or heat
rate, vary under hot and dry conditions and this vari-
ation is modified by age; however, no substantial differ-
ences were found [48]. Thus, the pathological
mechanism of low humidity on cardiovascular events is
not well established. In general, panel studies analyzing
an impact of heat and humidity in elderly are scarce and
underpowered. This warrants a more extensive research
of an aging population, especially under the threat of the
global warming.
Our study was underpowered to detect effect modifi-

cation by demographic factors when adjustments to
other meteorological factor were performed.
The analysis benefited from the nationwide format of

the exposure and events databases that ensures minimal
selection bias in our conclusions. Specifically, the expos-
ure assessment was provided by the net of monitoring
stations spread all over the country and events – re-
corded by the national EMS services. Moreover, records
in both databases were reported at a minimal resolution
of 30 min. This enabled a valid time-specific analysis of
exposure-event link, critical for causal interpretation of
the findings.
Our study has a number of limitations. There is a pos-

sibility of misclassification bias, since EMS data included
only a location where an event occurred, whereas, the
residence address was not available to the researchers
and the patient may have not been at the event location
for the entire exposure window studied. On the other
hand, we believe this issue may have caused bias towards
the null hypothesis.
Furthermore, the subjects with an event in remote

areas might have sparse or no monitoring stations at all
within 20 km of their event location. This could poten-
tially result in an exposure estimation based on fewer
monitoring stations (misclassification bias) when former
occurred or selection bias – when latter.
Additionally, the background morbidity of the patients

was not available from the database. However, the case-
crossover design helped to control for all prior medical

conditions, since each case served a control for him or
herself. Furthermore, there is a chance of non-cardiac
deaths mistakenly included in the analysis, although their
portion might be negligible given that all apparent cases of
a non-cardiac death have been excluded from the analysis.

Conclusions
The evolving climate conditions characterized by the ex-
cessive heat and low humidity represent risk factors for
OHCA. As these conditions are easily avoided, by air
conditioning and behavioral restrictions, necessary pre-
vention measures are warranted within the vulnerable
subjects.

Abbreviations
EMS: Emergency Medical Services; HI: Heat Index; MDA: Magen David Adom;
OHCA: Out-of-hospital-cardiac arrest; OR: Odds Ratio; RH: Relative Humidity;
SR: Solar Radiation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12940-021-00722-1.

Additional file 1: Table 1. Exploration of associations between the
meteorological factors.

Acknowledgments
We are grateful to Simcha Levental, a Geospatial Analyst, and Amos Porat,
the head of climate department, Israeli meteorological service, who assisted
us in calculations related to geographical and meteorological exposures
used in the study.
We appreciate the support of the Negev Environmental Health Research
Institute in Soroka University Medical Center and the Environmental
Epidemiology Research Center in Ben-Gurion University.

Authors’ contributions
HK prepared the data for the analysis and took a major part in the initial
data analysis. VN initiated the study and provided his clinical expertise in
data analysis and interpretation. AS assisted in exposure assessment and
provided a major input in reading the spatial databases. LN and RS analyzed
the data. LN and HK prepared the initial draft of the manuscript. All authors
read and approved the final manuscript.

Funding
The study did not receive any external funding.

Availability of data and materials
The data that support the findings of this study are available from the
Clinical Research Center of the Soroka University Medical Center (Beer-Sheva,
Israel), but restrictions apply to the availability of these data, which were
used under IRB approval for the current study, and so are not publicly
available. Data are however available from the authors upon reasonable
request and with permission of the IRB committee of the Soroka University
Medical Center.

Declarations

Ethics approval and consent to participate
The study was approved by the local IRB committee of the Soroka University
Medical Center. Approval number 0312–18.

Consent for publication
Not applicable.

Kranc et al. Environmental Health           (2021) 20:38 Page 11 of 13

https://doi.org/10.1186/s12940-021-00722-1
https://doi.org/10.1186/s12940-021-00722-1


Competing interests
The authors declare that they have no competing interests

Author details
1Department of Public Health, Faculty of Health Sciences, School of
Medicine, Ben-Gurion University of the Negev, Beer Sheva, Israel. 2Clinical
Research Center, Soroka University Medical Center, Beer Sheva, Israel.
3Department of Internal Medicine, Soroka University Medical Center, Beer
Sheva, Israel. 4Department of Geography and Environmental Development,
Faculty of Humanities and Social Sciences, Ben-Gurion University of the
Negev, Beer Sheva, Israel. 5Endicott College, Beverly, MA, USA. 6Negev
Environmental Health Research Institute, Soroka University Medical Center,
84101 Beer Sheva, Israel. 7Faculty of Health Sciences, Ben-Gurion University of
the Negev, Beer Sheva, Israel.

Received: 7 September 2020 Accepted: 17 March 2021

References
1. Hensel M, Geppert D, Kersten JF, Stuhr M, Lorenz J, Wirtz S, et al.

Association between weather-related factors and cardiac arrest of presumed
cardiac etiology: a prospective observational study based on out-of-hospital
care data. Prehosp Emerg Care. 2018;22(3):345–52. https://doi.org/10.1080/1
0903127.2017.1381790.

2. Rhee BY, Kim B, Lee YH. Effects of Prehospital Factors on Survival of Out-Of-
Hospital Cardiac Arrest Patients: Age-Dependent Patterns. Int J Environ Res
Public Health. 2020;17(15):5481. https://doi.org/10.3390/ijerph17155481.

3. Hess EP, Campbell RL, White RD. Epidemiology, trends, and outcome of
out-of-hospital cardiac arrest of non-cardiac origin. Resuscitation. 2007;72(2):
200–6. https://doi.org/10.1016/j.resuscitation.2006.06.040.

4. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of out-of-
hospital cardiac arrest and survival rates: systematic review of 67
prospective studies. Resuscitation. 2010;81(11):1479–87. https://doi.org/10.1
016/j.resuscitation.2010.08.006.

5. Winther-Jensen M, Christiansen MN, Hassager C, Køber L, Torp-Pedersen C,
Hansen SM, et al. Age-specific trends in incidence and survival of out-of-
hospital cardiac arrest from presumed cardiac cause in Denmark 2002-2014.
Resuscitation. 2020;152:77–85. https://doi.org/10.1016/j.resuscitation.2020.05.
005.

6. Ensor KB, Raun LH, Persse D. A case-crossover analysis of out-of-hospital
cardiac arrest and air pollution. Circulation. 2013;127(11):1192–9. https://doi.
org/10.1161/CIRCULATIONAHA.113.000027.

7. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP,
et al. Subcommittee, A. H. A. C. o. E. a. P. S. C. a. S. S., Heart Disease and
Stroke Statistics-2019 Update: A Report From the American Heart
Association. Circulation. 2019;139(10):e56–e528.

8. Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen EF,
et al. Association of national initiatives to improve cardiac arrest
management with rates of bystander intervention and patient survival after
out-of-hospital cardiac arrest. JAMA. 2013;310(13):1377–84. https://doi.org/1
0.1001/jama.2013.278483.

9. Eisenberg MS, Hadas E, Nuri I, Applebaum D, Roth A, Litwin PE, et al.
Sudden cardiac arrest in Israel: factors associated with successful
resuscitation. Am J Emerg Med. 1988;6(4):319–23. https://doi.org/10.1016/
0735-6757(88)90146-5.

10. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP,
et al. Regional variation in out-of-hospital cardiac arrest incidence and
outcome. JAMA. 2008;300(12):1423–31. https://doi.org/10.1001/jama.3
00.12.1423.

11. Pachys G, Kaufman N, Bdolah-Abram T, Kark JD, Einav S. Predictors of long-
term survival after out-of-hospital cardiac arrest: the impact of activities of
daily living and cerebral performance category scores. Resuscitation. 2014;
85(8):1052–8. https://doi.org/10.1016/j.resuscitation.2014.03.312.

12. Kim H, Ha JS, Park J. High temperature, heat index, and mortality in 6 major
cities in South Korea. Arch Environ Occup Health. 2006;61(6):265–70. https://
doi.org/10.3200/AEOH.61.6.265-270.

13. Shashar S, Kloog I, Erez O, Shtein A, Yitshak-Sade M, Sarov B, et al.
Temperature and preeclampsia: epidemiological evidence that perturbation
in maternal heat homeostasis affects pregnancy outcome. PLoS One. 2020;
15(5):e0232877. https://doi.org/10.1371/journal.pone.0232877.

14. Yarza S, Vodonos A, Hassan L, Shalev H, Novack V, Novack L. Suicide
behavior and meteorological characteristics in hot and arid climate. Environ
Res. 2020;184:109314. https://doi.org/10.1016/j.envres.2020.109314.

15. Kloog I, Novack L, Erez O, Just AC, Raz R. Associations between ambient air
temperature, low birth weight and small for gestational age in term
neonates in southern Israel. Environ Health. 2018;17(1):76. https://doi.org/1
0.1186/s12940-018-0420-z.

16. Spolter F, Kloog I, Dorman M, Novack L, Erez O, Raz R. Prenatal exposure to
ambient air temperature and risk of early delivery. Environ Int. 2020;142:
105824. https://doi.org/10.1016/j.envint.2020.105824.

17. Doan TN, W. D, Rashford S, Bosley E. Ambient temperatures, heatwaves and
out-of-hospital cardiac arrest in Brisbane, Australia. Occupational and
Environmental Med. 2021:oemed-2020-107018. https://doi.org/10.1136/
oemed-2020-107018. Epub ahead of print.

18. Honda Yasushi DO. Heat-related mortality/morbidity in East Asia. Extreme
Weather Events and Human Health. 2020:131–44. https://doi.org/10.1007/
978-3-030-23773-8_10.

19. Lelieveld J, Proestos Y, Hadjinicolaou P, Tanarhte M, Tyrlis E, Zittis G.
Strongly increasing heat extremes in the Middle East and North Africa
(MENA) in the 21st century. Clim Chang. 2016;137(1):245–60. https://doi.
org/10.1007/s10584-016-1665-6.

20. Yosef Y, Baharad A, Uzan L, Osetinsky-Tzidaki I, Carmona I, Halfon N, et al.
Climate change in Israel – historical trends and future predictions of
temperature and precipitation: Israel Meteorological Service; 2019. https://
ims.gov.il/sites/default/files/inline-files/climate_change_2019_0.pdf.

21. Linares C, Díaz J, Negev M, Martínez GS, Debono R, Paz S. Impacts of
climate change on the public health of the Mediterranean Basin population
- current situation, projections, preparedness and adaptation. Environ Res.
2020;182:109107. https://doi.org/10.1016/j.envres.2019.109107.

22. Y., G. Climate Regions and Seasons in Israel. In: The Climate of Israel. Boston,
MA: Springer; 2003.

23. Ellis DY, Sorene E. Magen David Adom--the EMS in Israel. Resuscitation.
2008;76(1):5–10. https://doi.org/10.1016/j.resuscitation.2007.07.014.

24. Peleg K, Pliskin JS. A geographic information system simulation model of
EMS: reducing ambulance response time. Am J Emerg Med. 2004;22(3):164–
70. https://doi.org/10.1016/j.ajem.2004.02.003.

25. The Technion Center of Excellence in Exposure Science and Environmental
Health. http://tceeh.technion.ac.il/ (accessed June 11).

26. World Health Organization, R. O. f. t. E. M. Technical discussions. Solar
radiation and its related heat effect on the human organism, research on
various aspects.; 1962.

27. Zohar E, A. R.; Tennenbaum J, K. M, Intake and urinary excretion of sodium
chloride under varying conditions of effort and environment heat. 1982.

28. P, A.; I, O.; B, Z.; H, S. A new seasons definition based on classified daily
synoptic systems: an example for the eastern Mediterranean. Int J Climatol.
2004;24(8):1013–21.

29. Hwang BF, Jaakkola JJ. Ozone and other air pollutants and the risk of oral
clefts. Environ Health Perspect. 2008;116(10):1411–5. https://doi.org/10.1289/
ehp.11311.

30. Dennekamp M, Akram M, Abramson MJ, Tonkin A, Sim MR, Fridman M, et al.
Outdoor air pollution as a trigger for out-of-hospital cardiac arrests. Epidemiology.
2010;21(4):494–500. https://doi.org/10.1097/EDE.0b013e3181e093db.

31. Lee JT, Kim H, Schwartz J. Bidirectional case-crossover studies of air
pollution: bias from skewed and incomplete waves. Environ Health
Perspect. 2000;108(12):1107–11. https://doi.org/10.1289/ehp.001081107.

32. Bateson TF, Schwartz J. Selection bias and confounding in case-crossover
analyses of environmental time-series data. Epidemiology. 2001;12(6):654–
61. https://doi.org/10.1097/00001648-200111000-00013.

33. Gasparrini A. Modeling exposure-lag-response associations with distributed
lag non-linear models. Stat Med. 2014;33(5):881–99. https://doi.org/10.1002/
sim.5963.

34. Antonio, G., Extensions of the dlnm package. dlnm version 2.4.2. 2020.
https://cran.r-project.org/web/packages/dlnm/vignettes/dlnmExtended.pdf.

35. A, V.; J, M.; P, S.; S, S. Heat-Related Deaths - United States, 2004-2018. MMWR
Morb Mortal Wkly Rep. 2020;69(24):729–34.

36. Kang SH, Oh IY, Heo J, Lee H, Kim J, Lim WH, et al. Heat, heat waves, and
out-of-hospital cardiac arrest. Int J Cardiol. 2016;221:232–7. https://doi.org/1
0.1016/j.ijcard.2016.07.071.

37. Onozuka D, Hagihara A. Spatiotemporal variation in heat-related out-of-
hospital cardiac arrest during the summer in Japan. Sci Total Environ. 2017;
583:401–7. https://doi.org/10.1016/j.scitotenv.2017.01.081.

Kranc et al. Environmental Health           (2021) 20:38 Page 12 of 13

https://doi.org/10.1080/10903127.2017.1381790
https://doi.org/10.1080/10903127.2017.1381790
https://doi.org/10.3390/ijerph17155481
https://doi.org/10.1016/j.resuscitation.2006.06.040
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2020.05.005
https://doi.org/10.1016/j.resuscitation.2020.05.005
https://doi.org/10.1161/CIRCULATIONAHA.113.000027
https://doi.org/10.1161/CIRCULATIONAHA.113.000027
https://doi.org/10.1001/jama.2013.278483
https://doi.org/10.1001/jama.2013.278483
https://doi.org/10.1016/0735-6757(88)90146-5
https://doi.org/10.1016/0735-6757(88)90146-5
https://doi.org/10.1001/jama.300.12.1423
https://doi.org/10.1001/jama.300.12.1423
https://doi.org/10.1016/j.resuscitation.2014.03.312
https://doi.org/10.3200/AEOH.61.6.265-270
https://doi.org/10.3200/AEOH.61.6.265-270
https://doi.org/10.1371/journal.pone.0232877
https://doi.org/10.1016/j.envres.2020.109314
https://doi.org/10.1186/s12940-018-0420-z
https://doi.org/10.1186/s12940-018-0420-z
https://doi.org/10.1016/j.envint.2020.105824
https://doi.org/10.1136/oemed-2020-107018
https://doi.org/10.1136/oemed-2020-107018
https://doi.org/10.1007/978-3-030-23773-8_10
https://doi.org/10.1007/978-3-030-23773-8_10
https://doi.org/10.1007/s10584-016-1665-6
https://doi.org/10.1007/s10584-016-1665-6
https://ims.gov.il/sites/default/files/inline-files/climate_change_2019_0.pdf
https://ims.gov.il/sites/default/files/inline-files/climate_change_2019_0.pdf
https://doi.org/10.1016/j.envres.2019.109107
https://doi.org/10.1016/j.resuscitation.2007.07.014
https://doi.org/10.1016/j.ajem.2004.02.003
http://tceeh.technion.ac.il/
https://doi.org/10.1289/ehp.11311
https://doi.org/10.1289/ehp.11311
https://doi.org/10.1097/EDE.0b013e3181e093db
https://doi.org/10.1289/ehp.001081107
https://doi.org/10.1097/00001648-200111000-00013
https://doi.org/10.1002/sim.5963
https://doi.org/10.1002/sim.5963
https://cran.r-project.org/web/packages/dlnm/vignettes/dlnmExtended.pdf
https://doi.org/10.1016/j.ijcard.2016.07.071
https://doi.org/10.1016/j.ijcard.2016.07.071
https://doi.org/10.1016/j.scitotenv.2017.01.081


38. Empana JP, Sauval P, Ducimetiere P, Tafflet M, Carli P, Jouven X. Increase in
out-of-hospital cardiac arrest attended by the medical mobile intensive care
units, but not myocardial infarction, during the 2003 heat wave in Paris,
France. Crit Care Med. 2009;37(12):3079–84. https://doi.org/10.1097/CCM.
0b013e3181b0868f.

39. Yamazaki S, Michikawa T. Association between high and low ambient
temperature and out-of-hospital cardiac arrest with cardiac etiology in
Japan: a case-crossover study. Environ Health Prev Med. 2017;22(1):60.
https://doi.org/10.1186/s12199-017-0669-9.

40. Cho EJ, Shin SD, Jeong S, Kwak YH, Suh GJ. The effect of atmosphere
temperature on out-of-hospital cardiac arrest outcomes. Resuscitation. 2016;
109:64–70. https://doi.org/10.1016/j.resuscitation.2016.10.004.

41. Lim YH, Park MS, Kim Y, Kim H, Hong YC. Effects of cold and hot
temperature on dehydration: a mechanism of cardiovascular burden. Int J
Biometeorol. 2015;59(8):1035–43. https://doi.org/10.1007/s00484-014-0917-2.

42. Liu C, Yavar Z, Sun Q. Cardiovascular response to thermoregulatory
challenges. Am J Physiol Heart Circ Physiol. 2015;309(11):H1793–812. https://
doi.org/10.1152/ajpheart.00199.2015.

43. Lian T, Fu Y, Sun M, Yin M, Zhang Y, Huang L, et al. Effect of temperature
on accidental human mortality: a time-series analysis in Shenzhen,
Guangdong Province in China. Sci Rep. 2020;10(1):8410. https://doi.org/10.1
038/s41598-020-65344-y.

44. Yoshinaga T, Shiba N, Kunitomo R, Hasegawa N, Suzuki M, Sekiguchi C, et al.
Risk of out-of-hospital cardiac arrest in aged individuals in relation to cold
ambient temperature - a report from North Tochigi experience. Circ J. 2019;
84(1):69–75. https://doi.org/10.1253/circj.CJ-19-0552.

45. Kim JH, Hong J, Jung J, Im JS. Effect of meteorological factors and air
pollutants on out-of-hospital cardiac arrests: a time series analysis. Heart.
2020;106(16):1218–27. https://doi.org/10.1136/heartjnl-2019-316452.

46. Kynast-Wolf G, Preuß M, Sié A, Kouyaté B, Becher H. Seasonal patterns of
cardiovascular disease mortality of adults in Burkina Faso, West Africa. Trop
Med Int Health. 2010;15(9):1082–9. https://doi.org/10.1111/j.1365-3156.2010.
02586.x.

47. Sunwoo Y, Chou C, Takeshita J, Murakami M, Tochihara Y. Physiological and
subjective responses to low relative humidity. J Physiol Anthropol. 2006;
25(1):7–14. https://doi.org/10.2114/jpa2.25.7.

48. Wright HE, Larose J, McLellan TM, Hardcastle SG, Boulay P, Kenny GP.
Moderate-intensity intermittent work in the heat results in similar low-level
dehydration in young and older males. J Occup Environ Hyg. 2014;11(3):
144–53. https://doi.org/10.1080/15459624.2013.817676.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kranc et al. Environmental Health           (2021) 20:38 Page 13 of 13

https://doi.org/10.1097/CCM.0b013e3181b0868f
https://doi.org/10.1097/CCM.0b013e3181b0868f
https://doi.org/10.1186/s12199-017-0669-9
https://doi.org/10.1016/j.resuscitation.2016.10.004
https://doi.org/10.1007/s00484-014-0917-2
https://doi.org/10.1152/ajpheart.00199.2015
https://doi.org/10.1152/ajpheart.00199.2015
https://doi.org/10.1038/s41598-020-65344-y
https://doi.org/10.1038/s41598-020-65344-y
https://doi.org/10.1253/circj.CJ-19-0552
https://doi.org/10.1136/heartjnl-2019-316452
https://doi.org/10.1111/j.1365-3156.2010.02586.x
https://doi.org/10.1111/j.1365-3156.2010.02586.x
https://doi.org/10.2114/jpa2.25.7
https://doi.org/10.1080/15459624.2013.817676

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Exposure assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

