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Abstract 
There is increasing evidence of association between particulate matter air 
pollution and cardiovascular mortality and morbidity. However, the associa-
tion with the out-of-hospital cardiac arrest (OHCA) event is less clear. We 
investigated the effects of short-term particulate matter exposure on OHCA 
especially among specific subgroups. The study included OHCA that occurred 
in the Nord-Pas-de-Calais region, France, in 2015. A time-stratified case- 
crossover study design coupled with a conditional logistic regression was used 
to evaluate the association between OHCA and particle levels of 10 or 2.5 mi-
crometers or less (PM10 or PM2.5 respectively) measured within the hour of 
the arrest up to 5 days before. Susceptible subgroups by sex, age, diabetes sta-
tus among OHCA that occurred during non-holiday periods were investi-
gated. In all, 1039 cases were included. Significant associations were found 
between OHCA during non-holiday periods and PM2.5 and PM10 exposure 
four days before the arrest and on the day of the arrest. The largest OR were 
found for the cumulative average twelve hours before the arrest of PM2.5 (OR 
= 1.17, p = 0.016) and PM10 (OR = 1.33, p < 0.001). With PM2.5, larger OR 
with smaller p-values were generally obtained within the subgroups of men, 
age 50 to 75 years old and cases with diabetes. The findings show a significant 
link between short-term exposure to particulate matter and OHCA during 
non-holiday periods, with susceptible subgroups to PM2.5 (men, age 50 to 75 
years old and diabetics). 
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1. Introduction 

Cardiac arrest is an important public issue. Overall survival rates remain low in 
most countries but vary widely across the world where it is expected to range 
from 2% to 20% [1]. In the general population, the incidence of sudden cardiac 
death (SCD) would be in the range of 4 - 5 million cases per year [2]. In France, 
it is estimated at 50,000 cases per year, more than 85% of which occurring out-
side of a hospital setting [3]. Although the incidence of SCD increases with age, 
the proportion of deaths that are sudden is larger in the younger age groups in 
which the socioeconomic impact of SCD is greater [4]. 

Air pollution is the fourth highest-ranking risk factor for death globally and 
was estimated to cause 5.5 million deaths worldwide per year in 2013 [5]. Short- 
term exposure to air pollution especially with regard to fine particulate matter is 
increasingly associated in the literature with cardiovascular morbidity and mor-
tality [6] [7] [8] [9] [10]. A positive association can be found between fine parti-
culate matter with an aerodynamic diameter under 2.5 μm (PM2.5) and out-of- 
hospital cardiac arrest (OHCA) in several studies [11] [12] [13], though the as-
sociation is insignificant in others [14] [15]. With respect to PM smaller than 10 
µm (PM10), carbon monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide 
(NO2) and ozone (O3), the evaluation of risk of OHCA leads to inconsistent re-
sults [13] [16] [17] [18]. 

The aim of our study is to investigate the effect of exposure, at hourly and 
daily scales, to particulate matter (PM2.5 and PM10) on the incidence of OHCA 
in Nord-Pas-de-Calais (NPdC), France. Additional objectives were to investi-
gate, among OHCA occurring over non-holiday periods (as pollution levels are 
different between holiday and non-holiday periods), the effect in specific sub-
groups by sex, age and diabetes status so as to reveal potentially vulnerable sub-
groups that would incite public authorities to review air quality standards. 

2. Materials and Methods 
2.1. Out-of-Hospital Cardiac Arrest Data 

From January 1 to December 31 2015, OHCA data that were recorded by ten 
mobile emergency and resuscitation services were collected from the French 
cardiac arrest registry “Registre électronique des Arrêts Cardiaques” (RéAC) for 
a population representing 71.45% of the 4.2 million inhabitants of the NPdC re-
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gion. The RéAC is an electronic, web-based data management system that in-
cludes patients of any age who have had an OHCA with a mobile medical team 
involved [1]. The RéAC form is structured according to the Utstein universal 
style which has been the recommended guideline for uniform data reporting of 
OHCA [19]. The form contains, among others, the following categories: so-
cio-demographic data (e.g. sex, age, GPS coordinates of the arrest, the city they 
live in), schedules and time intervals and the cardiac arrest history (e.g. diabetes 
status). The registry was approved as a medical assessment registry without a 
requirement for patient consent by the French advisory committee on informa-
tion processing in health research (CCTIRS) and by the French National Data 
Protection Commission (CNIL, authorisation number 910946). Data extracted 
in NPdC, in 2015 consisted of 1408 cases. We excluded 235 arrests with an eti-
ology inconsistent with the assumption of a pollution related arrest: trauma (n = 
143), pulmonary aspiration (n = 56), poisoning (n = 31), drowning (n = 5). 
When the location of the OHCA of the patient was different from the city they 
live in, the OHCA was excluded (n = 134) because of the study design that com-
pares pollution levels to which the patient is exposed within the same month. 

2.2. Ambient Air Quality and Meteorologic Data 

Our study focused on the effect of ambient PM2.5 and PM10 but other regulated 
gaseous air pollutants (NO2, O3, SO2, CO) and temperature levels were also 
measured for adjustment purposes. The concentrations were measured by gra-
vimetric filter analyses for PM2.5 and PM10, by chemiluminescence for NO2, by 
UV absorption for O3, by fluorescence absorption for SO2 and by non-dispersive 
infrared absorption for CO. Daily and hourly pollutant concentrations over the 
study period were obtained from 41 stations within the study region under the 
control of ATMO-NPdC, an association approved by the Ministry of the Envi-
ronment. For O3, the daily level refers to the 8-hour average daily maximum on 
the day, in line with the air quality criteria for O3. Daily temperature levels were 
extracted from 16 stations in the region from Météo France website. For each 
OHCA, measures from the closest monitor were used as proxies for individual 
exposure. 

2.3. Study Design 

The case-crossover study design was proposed by Maclure to be applied when 
brief exposure causes a transient change in risk of a rare acute-onset disease [20]. 
This can be regarded as a case-control study in which each case serves as his or 
her own control. The exposure of the patient during the risk period (at the time 
of the arrest minus the lag time considered to the onset of action) is compared to 
the distribution of exposure of the patient during a reference period. It has been 
suggested that exposures during the reference period should be exposures on all 
days falling on the same day of the week within the same month of the arrest so 
as to control biases from long-term time trends, seasonal patterns, autocorrela-
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tion in exposures, and day-of-week effects [15] [18] [21] [22]. A risk exposure is 
then matched with three or four reference exposures depending on the number 
of times the day of the week occurred within that month. For example, a risk 
exposure measured on a Sunday in February at 11:00, would be matched with 
reference exposures measured on all other Sundays at 11:00 in February. This 
time-stratified case-crossover study design, with reference exposures chosen in 
the same month of the arrest, controls over personal characteristics that don’t 
vary or vary slowly over time. A case was excluded if any of his or her risk or 
reference exposure measurement was missing. 

2.4. Subgroups 

After analyzing OHCA occurring all year long, we focused on OHCA occurring 
during non-holiday periods. Indeed, a holiday effect, defined as differences in air 
pollutant concentrations between holiday and non-holiday periods, has been 
reported with higher PM10 levels during non-holiday periods [23]. Holiday pe-
riods in 2015 were: from Thursday, January 1 to Sunday, January 4; from Satur-
day, February 21 to Sunday, March 8; from Saturday, April 25 to Sunday, May 
10; from Saturday, July 4 to Sunday, August 30; from Saturday, October 17 to 
Sunday, November 1; from Saturday, December 19 to Thursday, December 31. A 
case was excluded if the risk exposure measurement was missing or if less than 
two non-holiday reference exposure measurements were available. With this 
scheme, analyses were conducted to evaluate susceptible subgroups of sex, age or 
diabetes status. The age groups 50 to 75 and over 75 years old were used to make 
a distinction between seniors and the elderly, following recommendations from 
the French Center for Strategic Analysis (Centre d’Analyse Stratégique) made in 
June 2010. 

2.5. Lag Times 

In order to take into account a potentially delayed association between the ex-
posure and OHCA onset, each analysis included alternately air pollution expo-
sure concentrations measured at one of the lag times described hereafter. Expo-
sure to air pollution of each case was collected during the hour of the arrest 
(lag0h); cumulative hourly averages were also computed: CA4h (mean of the 
hour of the arrest and the three hours preceding the arrest, mean lag0h-lag3h) 
and CA12h (mean lag0h-lag11h). Daily lags were also investigated: lag0d (the 
exposure the day of the arrest) up to lag5d (the exposure five days before the ar-
rest). For the cumulative hourly averages (CA4h, CA12h), values were consi-
dered missing if less than 75% of the hours needed for the average were availa-
ble. 

2.6. Statistical Analysis 

A conditional logistic regression was used to estimate the odds ratios (OR) pro-
viding a measure of the association between air pollution exposure and the oc-
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currence of OHCA. These OR and the corresponding 95% confidence intervals 
(CI) were calculated per interquartile range (IQR) increase in pollutant levels, 
which provide OR estimates that are comparable across the pollutants. As a first 
model, a single-pollutant model was implemented with the pollutant (PM2.5 or 
PM10) and with an adjustment for temperature by using a nonparametric 
smoothing spline of degree 3 with 4 knots optimally chosen [24] [25] [26] [27] 
[28]. Then, when a lag showed a significant association (OR with a p-value less 
than 0.05), a multi-pollutant model was implemented to check if the association 
would remain significant after adjusting for potential confounders. The pollu-
tants added in the multi-pollutant models were chosen if they had a moderate 
correlation (asbsolute value of Spearman correlations, on the day or on the hour 
of the arrest, between 0.40 and 0.60) which would limit confounding and 
over-fitting. Thus, multi-pollutant models were models adjusted for tempera-
ture, NO2 and O3 levels. In each analysis, pollution variables were used with the 
same lag period; temperature levels were used at lag0d at the hourly scale, and 
with the same lag period as pollution variables at the daily scale. Investigation of 
specific subgroups by sex, age and diabetes status was made with single-pollutant 
models. All analyses were performed using the R statistical software (R Core 
Team, 2015). 

2.7. Ethics 

This study was done with anonymized patient data, and therefore, ethics com-
mittee approval was not necessary. 

3. Results 

Among the 1039 OHCA that met the inclusion criteria, 624 (60.1%) were expe-
rienced by men; 482 (46.4%) patients were in the 50 - 75 age group and 423 
(40.7%) patients were over 75 years old; 170 (16.4%) cases have been diagnosed 
with diabetes. Table 1 provides an overview of air pollution concentrations and 
temperature data collected for the risk and reference exposures of each case. 
Absolute values of Spearman correlation coefficients were found between 0.40 
and 0.60 with p-values less than 0.001 for: NO2 and PM2.5 (r = 0.49; r = 0.59 re-
spectively at the hourly and daily scale); NO2 and PM10 (r = 0.44; r = 0.54 re-
spectively at the hourly and daily scale); NO2 and O3 (r = −0.53; r = −0.40 re-
spectively at the hourly and daily scale). The multi-pollutant models were then 
obtained from the single-pollutant models (with PM2.5 or PM10) adjusted for 
NO2 and O3. Conditional logistic regression results at the hourly and daily time 
frames are summarized on Tables 2-4, and Figure 1 and Figure 2. 

No significant association at any lag was found between OHCA occurring all 
year long and PM2.5 or PM10 (Table 2). The assessment of the association be-
tween non-holiday OHCA and PM2.5 (Table 3) showed significant associations 
for both single- and multi-pollutant models at lag0h, CA4h and CA12h where 
the OR peaked (OR = 1.17, p = 0.016), and in addition for single-pollutant models  
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Table 1. Description of data. 

     Percentile  

 Number of monitors Number of cases (%)a Number of non-holiday cases (%)a Mean (SDb) 25% 50% 75% IQRc 

Hour of the arrest         

PM2.5, µg/m3 11 560 (54%) 377 (36%) 15.03 (13.57) 6.80 11.10 18.80 12.00 

PM10, µg/m3 32 580 (56%) 388 (37%) 22.24 (15.41) 12.40 18.60 27.90 15.50 

NO2, µg/m3 26 614 (59%) 413 (40%) 21.95 (16.12) 9.70 18.10 30.52 20.82 

O3, µg/m3 21 616 (59%) 401 (39%) 46.65 (25.19) 27.60 47.10 65.25 37.65 

SO2, µg/m3 14 326 (31%) 307 (30%) 2.59 (6.85) 0.70 1.50 2.70 2.00 

CO, µg/m3 2 425 (41%) 329 (32%) 0.24 (0.26) 0.12 0.20 0.29 0.17 

Day of the arrest         

PM2.5, µg/m3 11 814 (78%) 529 (51%) 14.70 (10.52) 7.80 11.50 17.80 10.00 

PM10, µg/m3 32 848 (82%) 555 (53%) 21.84 (11.96) 14.10 18.80 26.52 12.42 

NO2, µg/m3 26 912 (88%) 584 (56%) 20.98 (11.80) 11.70 19.40 28.50 16.80 

O3, µg/m3 21 850 (82%) 538 (52%) 64.51 (23.21) 50.02 64.85 77.96 27.94 

SO2, µg/m3 14 610 (59%) 485 (47%) 2.15 (3.12) 0.80 1.50 2.60 1.80 

CO, µg/m3 2 707 (68%) 516 (50%) 0.23 (0.16) 0.14 0.21 0.29 0.15 

Temperature, ˚C 16 1026 (99%) 609 (59%) 11.08 (5.39) 7.00 11.30 14.50 7.50 

awithout missing values for the pollutant; bstandard deviation; cinterquartile range. 

 
Table 2. OR for OHCA in 2015 versus PM2.5 and PM10 exposures with single-pollutant models. 

 PM2.5-Single-pollutant model  PM10-Single-pollutant model 

Lag Number of cases OR per IQR (95% IC) p  Number of cases OR per IQR (95% IC) p 

Lag0ha 551 0.99 (0.90 - 1.09) 0.836  571 1.06 (0.95 - 1.17) 0.313 
CA4hb 549 1.00 (0.90 - 1.10) 0.932  569 1.03 (0.92 - 1.16) 0.564 
CA12h 548 1.01 (0.91 - 1.12) 0.873  567 1.09 (0.97 - 1.24) 0.161 
Lag0dc 804 0.97 (0.89 - 1.06) 0.542  835 1.03 (0.93 - 1.13) 0.577 
Lag1dd 807 1.00 (0.92 - 1.09) 0.985  835 1.03 (0.93 - 1.13) 0.564 
Lag2d 814 0.95 (0.87 - 1.05) 0.314  826 0.97 (0.88 - 1.07) 0.558 
Lag3d 812 1.03 (0.94 - 1.12) 0.562  825 0.98 (0.89 - 1.08) 0.671 
Lag4d 814 1.07 (0.98 - 1.17) 0.110  833 1.04 (0.94 - 1.14) 0.483 
Lag5d 816 0.99 (0.91 - 1.08) 0.847  838 0.98 (0.89 - 1.07) 0.642 

aLag0h, exposure the hour of the arrest; bCA4h, average of lag0h to lag3h, etc.; clag0d, exposure the day of the arrest; dlag1d, exposure the day before the 
arrest, etc. 

 
Table 3. OR for non-holiday OHCA versus PM2.5 with single- and multi-pollutant models. 

 PM2.5-Single-pollutant model  PM2.5-Multi-pollutant model 

Lag Number of cases OR per IQR (95% IC) p  Number of cases OR per IQR (95% IC) p 

Lag0ha 376 1.13 (1.02 - 1.26) 0.023  336 1.16 (1.02 - 1.32) 0.021 
CA4hb 376 1.15 (1.02 - 1.29) 0.023  337 1.16 (1.01 - 1.34) 0.038 
CA12h 374 1.17 (1.03 - 1.32) 0.016  329 1.18 (1.01 - 1.39) 0.043 
Lag0dc 527 1.12 (1.02 - 1.24) 0.019  198 1.01 (0.81 - 1.26) 0.946 
Lag1dd 540 1.07 (0.97 - 1.18) 0.206  - - - 
Lag2d 552 1.01 (0.91 - 1.12) 0.908  - - - 
Lag3d 534 1.08 (0.98 - 1.18) 0.124  - - - 
Lag4d 538 1.15 (1.05 - 1.27) 0.004  206 0.95 (0.75 - 1.19) 0.648 
Lag5d 531 1.08 (0.97 - 1.19) 0.151  - - - 
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Table 4. OR for non-holiday OHCA versus PM10 with single- and multi-pollutant models. 

 PM10-Single-pollutant model  PM10-Multi-pollutant model 

Lag Number of cases OR per IQR (95% IC) p  Number of cases OR per IQR (95% IC) p 

Lag0h 386 1.21 (1.07 - 1.37) 0.002  353 1.25 (1.08 - 1.44) 0.003 

CA4h 389 1.20 (1.05 - 1.37) 0.006  353 1.24 (1.07 - 1.45) 0.006 

CA12h 384 1.33 (1.15 - 1.55) <0.001  343 1.38 (1.15 - 1.66) <0.001 

Lag0d 552 1.22 (1.09 - 1.36) <0.001  230 1.00 (0.79 - 1.27) 0.971 

Lag1d 560 1.10 (0.98 - 1.23) 0.106  - - - 

Lag2d 555 1.07 (0.95 - 1.20) 0.279  - - - 

Lag3d 547 1.07 (0.95 - 1.19) 0.263  - - - 

Lag4d 550 1.13 (1.01 - 1.27) 0.037  220 0.92 (0.72 - 1.17) 0.486 

Lag5d 545 1.11 (0.99 - 1.24) 0.084  - - - 

 

 
Figure 1. OR for non-holiday OHCA versus PM2.5 with subgroups in single-pollutant 
models. 
 
at lag0d and lag4d with the smallest p-value (OR = 1.15, p = 0.004). The assess-
ment of the association between non-holiday OHCA and PM10 (Table 4) 
showed significant associations at the same lags as for PM2.5 with the largest OR 
and the smallest p-value in single-pollutant models at CA12h (OR = 1.33, p < 
0.001). 

In the following, for subgroup analyses, we describe single-pollutant models. 
The largest OR with the smallest p-values are mentioned at the hourly scale and 
at the daily scale. 

Figure 1 reports OR for non-holiday OHCA versus PM2.5 exposures within 
subgroups in single-pollutant models. Within the subgroup men, we found the  
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Figure 2. OR for non-holiday OHCA versus PM10 with subgroups in single-pollutant 
models. 
 
same significant lag times: lag0h, CA4h (OR = 1.21, p = 0.008), CA12h, lag0d 
and lag4d (OR = 1.20, p = 0.005). No significant association was found in the 
subgroup women. In the age group 50 to 75, OR were significant at lag0h (OR = 
1.25, p = 0.005), CA4h, CA12h and lag0d (OR = 1.27, p < 0.001). Over 75 years 
old, only lag4d (OR = 1.16, p = 0.041) showed a significant result. Within the 
subgroup with diabetes, larger OR were found with smaller p-values than the en-
tire group, at lag0h, CA4h (OR = 1.55, p = 0.002) and CA12h. 

Figure 2 reports OR for non-holiday OHCA versus PM10 exposures within 
subgroups in single-pollutant models. Within the subgroup of men, OR were 
significant at lag0h, CA4h, CA12h (OR = 1.34, p = 0.001) and lag0d (OR = 1.23, 
p = 0.005). Within the subgroup of women, OR were significant at CA12h (OR = 
1.32, p = 0.038) and lag0d (OR = 1.21, p = 0.044). In the age group 50 to 75, OR 
were significant at lag0h, CA4h, CA12h (OR = 1.40, p = 0.003) and lag0d (OR = 
1.33, p = 0.001). Over 75 years old, only CA12h (OR = 1.32, p = 0.019) showed a 
significant result. Among patients with diabetes, CA12h (OR = 1.53, p = 0.013) 
showed significant OR. 

4. Discussion and Limitations 
4.1. Discussion 

No significant association was revealed taking into account OHCA occurring all 
year long contrary to OHCA occurring during non-holiday periods. This may be 
explained by higher levels of particulate matter during non-holiday periods re-
lated to high traffic [23]. During the non-holiday periods, associations were 
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found significant at the same lag times for PM2.5 and PM10 both at the hourly 
and daily scales (lag0h, CA4h, CA12h, lag0d, lag4d); this result is consistent with 
the fact that the levels of those pollutants are highly correlated. Larger OR with 
smaller p-values are found with PM10 compared to PM2.5. We have to be cau-
tious interpreting this because there were more monitors measuring PM10 (n = 
32) than PM2.5 (n = 11) possibly resulting in more reliable values reflecting in-
dividual exposures for PM10. However, lag4d was more significant with PM2.5 
(OR = 1.15, p = 0.004) than with PM10 (OR = 1.13, p = 0.037) though mul-
ti-pollutant models did not give significant association for any of the daily lags. 
Significant results using multi-pollutant models are limited by correlation be-
tween pollutants which can result in over-fitting and masked effects. Analyses of 
non-holiday OHCA versus PM2.5 in subgroups men, age group 50 to 75 and 
diabetics generally showed larger OR with smaller p-values at the hourly scale 
(lag0h, CA4h, CA12h) and at lag0d for the first two subgroups. 

In the literature, at the hourly scale, some studies found no significant associ-
ation of PM2.5 or PM10 with OHCA [13] [16] [29]. A study found an associa-
tion with the PM2.5 concentration during the hour of the OHCA, but only if this 
was witnessed by bystanders [30]. At the daily scale, some studies found signifi-
cant positive associations between PM exposure (especially PM2.5) and OHCA 
with risk ranging from 2.4% to 13.6% per IQR increase in average PM exposure 
on the same day up to 4 days prior to the event [11] [12] [16] [17] [29]. An asso-
ciation was revealed with PM2.5 exposure measured 2 days before the arrest 
among current smokers with preexisting heart disease [14], while another study 
found no association between PM10 and OHCA [15]. In the literature, analyses 
according to subgroups brought out some significant results. Higher risks were 
found among men for PM2.5 [13] [16], among age groups under 75 [11] [16] 
[17] [30]; by contrast, no age effect was found in two studies [12] [13]. Among 
people with diabetes, a larger reduction of heart rate variability, which is a 
marker of cardiac autonomic control, was found [31] [32]. Short-term (at an 
hourly scale) and long-term (at a daily scale) associations found in our study are 
not mutually exclusive. PM could increase the risk of OHCA at three time scales: 
at a yearly scale by advancing atherosclerosis progression, at a daily scale by in-
itiating or enhancing inflammatory processes in the lung and systemically and at 
an hourly scale by triggering ventricular dysrhythmia [13]. Particulate exposure 
may act on the autonomic nervous system to cause increase vulnerability to 
heart arrhythmias by increasing the incidence of ST-segment depression a 
marker of myocardial ischemia [33], by decreasing heart rate variability HRV a 
marker of cardiac autonomic control [34] [35] [36] [37], and by increasing heart 
rate [38], though the biological significance of this finding remains unclear. Par-
ticulate exposure may cause inflammation with an increase in blood coagulabili-
ty increasing the risk for ischemic events [39] [40]. 

The results of this study could encourage public authorities to implement spe-
cific policy recommendations aimed at vulnerable subgroups (men, age group 50 
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to 75 and diabetics) with specific public air quality systems or promote individu-
al actions to reduce exposure (by limiting physical activity, staying indoors on 
high air pollution days, using cleaning indoor air with air filters...). 

4.2. Limitations 

The study found significant results over the non-holiday periods. We have to be 
cautious because we thus excluded holiday periods during which air pollution 
may act differently. 

Multi-pollutant models used were adjusted on potential confounders O3 and 
NO2 but that could lead to improper models because of interactions or 
over-fitting (correlated pollutants). Indeed, toxicological studies reported that O3 
may react with the surface of particles rendering them more biologically reactive 
[41], and NO2 is a marker of air pollution from local combustion sources (pri-
marily motor vehicle traffic). 

Interpretation of our results in a wider context is limited. Results are depen-
dent of the study period, the number of monitors used (a small density can re-
sult in exposure misclassification), the area covered, sample size of cases, the de-
signation of health end point, the comorbidities studied, the method of the pol-
lution measurement, the composition of particulates, and the level of ambient 
concentration [30]. The imprecision of exposure estimates by using ATMO-NPdC 
monitors for the individual exposure measures for OHCA (that could occur in-
doors) can be considered non differential with respect to OHCA risk (the calcu-
lated OR would be underestimated). Nonetheless, strong correlations were 
found between indoor, outdoor, and personal levels of PM2.5 [42]. 

5. Conclusion 

OHCA during non-holiday periods could be linked to particulate matter levels 
on the day and four days before the arrest. PM2.5 has more significant effects 
considering non-holiday OHCA within the subgroups men, age 50 to 75 years 
old and diabetics. Investigation of susceptible subgroups becomes especially im-
portant in epidemiological studies of PM because of the small population-wide 
relative risks that are usually observed. Studies in larger metropolitan areas with 
similar levels of air pollution may provide further insights into the risks and the 
factors associated with them and could lead to specific policy recommendations 
aimed at vulnerable subgroups. Further research is required to evaluate robust-
ness of time-stratified case crossover focusing on non-holiday OHCA. As a final 
point, identification of potential confounders of air pollutants and ways to take 
them into account so as to provide the least bias models should be further ex-
plored. 
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