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• Particle composition and possible
toxicity are linked to the origin of an
air mass.

• The Israeli population is exposed to a
wide range of PM levels from diverse
sources.

• Hourly PM and origin of air masses prior
to 1855 ischemic eventswere calculated.

• Supralinear concentration-response
curves were found across different PM
sources.

• Associations with cardiac events were
strongest at low levels of PM during
summer.
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Most studies linking cardiovascular disease with particulate matter (PM) exposures have focused on total
mass concentrations, regardless of their origin. However, the origin of an air mass is inherently linked to
particle composition and possible toxicity. We examine how the concentration-response relation between
hourly PM exposure and ischemic events is modified by air-mass origin and season. Using telemedicine
data, we conducted a case-crossover study of 1855 confirmed ischemic cardiac events in Israel
(2005–2013). Based on measurements at three fixed-sites in Tel Aviv and Haifa, ambient PM with diame-
ter < 2.5 μm (PM2.5) and 2.5–10 μm (PM10–2.5) concentrations during the hours before event onset were
compared with matched control periods using conditional logistic regression that allowed for non-
linearity. We also examined effect modification of these associations based on the geographical origin of
each air mass by season. Independent of the geographical origin of the air mass, we observed
concentration-response curves that were supralinear. For example, the overall odds ratios (ORs) of ische-
mic events for an increase of 10-μg/m3 in the 2-h average of PM10–2.5 were 1.08 (95% confidence interval
(CI): 1.03–1.14) and 1.00 (0.99–1.01) at the median (17.8 μg/m3) and 95th percentile (82.3 μg/m3) values,
respectively. Associations were strongest at low levels of PM10–2.5 when air comes from central Europe in
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the summer (OR: 1.27; 95% CI: 1.06, 1.52). Our study demonstrates that hourly associations between PM2.5

and PM10–2.5 and ischemic cardiac events are supralinear during diverse pollution conditions in a single
population that experiences a wide range of exposure levels.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Over the past decades many epidemiologic studies have demon-
strated associations between daily exposure to ambient particulate
matter (PM) and cardiovascular disease (CVD) morbidity (Du et al.,
2016; Newby et al., 2015), and a small number of studies also linked
sub-daily exposures to clinical cardiac events (Bhaskaran et al., 2011;
Burgan et al., 2010; Nirel et al., 2018). Of the cardiovascular end points,
ischemic heart disease (IHD) is a key public health concern, accounting
for 38% of the deaths attributable to ambient air pollution in 2016
(WHO, 2018). Most studies of air pollution and CVD have focused on
particle size and mass concentration but it has been increasingly recog-
nized that it is important to also consider chemical composition (Brook
et al., 2010; US EPA (Environmental Protection Agency), 2019b). The
history of an air mass is inherently linked to particle composition and
possible toxicity (Dimitriou and Kassomenos, 2014; Fleming et al.,
2012). Air mass back-trajectories have been used in the past to assess
the link between pollution origins and health outcomes such as respira-
tory admissions (Garcia et al., 2011; Santurtún et al., 2017) and daily
deaths (Zanobetti et al., 2014). However, only a few studies examined
relations with CVD and not in areas subjected to high PM levels. For ex-
ample, associations with myocardial infarction were examined among
patients in Rochester, NY (Hopke et al., 2015) and in Gothenburg,
Sweden (Wichmann et al., 2014),while associations between source lo-
cation of air pollution and heart rate variability were explored among
male volunteers from the Greater Boston area (Park et al., 2007).

Another important knowledge gap is whether associations between
PM and cardiac events are modified by the level of pollution. The litera-
ture on concentration-response (C-R) relation focused on associations
between long-term fine PM (<2.5 μm in aerodynamic diameter, PM2.5)
exposure and cardiovascularmortality.While several studies supported
a linear C-R relation (Lepeule et al., 2012; Miller et al., 2007; Pope 3rd
et al., 2019), others reported that the C-R curve increased steeply at
lower levels and less steeply at higher levels (supralinear curve). How-
ever, results indicating supralinear relations were from locations with
relatively low PM in Canada (Crouse et al., 2012), highly polluted set-
tings in China (Cao et al., 2011; Yin et al., 2017), integration of evidence
from different sources of PM such as cigarette smoking (Burnett et al.,
2014; Pope 3rd et al., 2011), or combining data from different popula-
tions in North America, Europe and Asia (Burnett et al., 2018). As a re-
sult, it is difficult to know if previous indications of non-linearity in
the C-R curve are the result of true differences in the body's responsive-
ness to any PM exposure or if the non-linearity might be explained by
emission sources, populations, or housing characteristics thatmay dom-
inate at different exposure levels.

Israel offers an opportunity to examine if different sources can ex-
plain non-linear C-R relationships between PM and CVD without con-
founding by stable factors of the population like lifestyles, diet, or
housing. Individuals in Israel experience a wide range of exposures
and diverse origins of air masses. While air masses arriving from the
North African and Arabian deserts have a prominent natural composi-
tion and may cause severe dust storms, transport from European
sources have lower PM levels and carry mostly anthropogenic aerosols,
comprising toxic metals and organic matter (Dayan and Levy, 2005;
Sarnat et al., 2010). Here we extend our previous case-crossover analy-
sis of telemedicinedata fromTel Aviv andHaifa, Israel (Nirel et al., 2018)
to explore if the origin of the air mass modifies the shape of the C-R re-
lation between short-term exposures to fine and coarse PM and
2

ischemic events within a fixed population experiencing a wide range
of concentrations.

2. Material and methods

2.1. Health data

We obtained data from SHL Telemedicine (http://www.shl-
telemedicine.com/) (Birati et al., 2008; Roth et al., 2009) for subscribers
≥50 years of age living in the Tel Aviv and Haifa metropolitan areas,
Israel, for the years 2005–2013. Details about this service and data on is-
chemic events are described elsewhere (Nirel et al., 2018). Briefly, with
this service, subscribers can phone amedical call center upon experienc-
ing symptoms for a remote clinical evaluation and follow-up action, if
required. They also carry a hand-held 12‑lead electrocardiogram (ECG)
transmitter device for personal use (http://www.shl-telemedicine.
com/solutions-products/products/), from which they can transmit an
ECG by landline or cellular phones. We included subjects who were ex-
amined at homeby a physicianwithin approximately 10min of their call
and were then evacuated to a local hospital for emergency care.

Our outcome was a clinical ischemic event. A diagnosis of an ische-
mic event was assigned if the hospital records for the event included a
myocardial infarction (MI) diagnosis; catheterization with stent or by-
pass surgery occurred within 7 days of the event; a cardiac enzyme
test was positive; the phone-transmitted ECG and/or home recording
had indications of ST-depression, ST-elevation, or T-wave inversion; or
the patientwas treatedwithmorphine, heparin, or clopidogrel bisulfate.

Our data included baseline background and medical data, the exact
start time of each call, phone-transmitted ECG tracings, amedical report
summarizing the at-home visit including ECG tracings, results of an in-
person physical examination, and partial hospital records.

In our analyses,we defined the time of onset of a cardiac event as the
time the phone call was recorded by the call center, rounded down to
the nearest preceding half-hour. When an individual called the center
more than once within 24 h theses calls were combined into a single
event using the first call time. Other multiple events per patient during
the study period were considered as separate events. Analysis of a de-
identified dataset provided by SHL Telemedicine was approved by the
institutional review boards at The Hebrew University of Jerusalem. No
informed consent was required.

2.2. Air quality and weather data

Half-hourly data for PM < 10 μm (PM10) and < 2.5 μm (PM2.5) in
aerodynamic diameter were collected by the Ministry for Environmen-
tal Protection (http://www.svivaaqm.net/) at the Central Station (DD:
N32.060 E34.775) and Yad Lebanim (N32.076 E34.820) sites in the Tel
Aviv area and at the Nave Sha'anan site (N32.786 E35.020) in the
Haifa area. PM samples were collected using beta attenuation mass
monitoring, a technique employing the absorption of beta radiation by
solid particles. Coarse particle (2.5 to 10 μm in aerodynamic diameter,
PM10–2.5) concentrations were computed as the difference between
concurrent and collocated PM10 and PM2.5 measurements
(Vanderpool et al., 2004).

Half-hourly concentrations of NOx andmeteorological datawere ob-
tained for the same sites, except for NOx levels in Haifa that were col-
lected at the adjacent Ahuza site (N32.786 E34.985) because of an
instrument failure at the Nave Sha'anan monitor. A heat index, defined

http://www.shl-telemedicine.com/
http://www.shl-telemedicine.com/
http://www.shl-telemedicine.com/solutions-products/products/
http://www.shl-telemedicine.com/solutions-products/products/
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Fig. 1. Definition of source regions of air masses arriving in Israel. (A single column fitting
figure).
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as an individual's perceived air temperature given the humidity, was
calculated using the equation provided in the National Oceanic and At-
mospheric Administration (NOAA) website (http://www.wpc.ncep.
noaa.gov/html/heatindex_equation.shtml).

We assigned the average value for the two Tel Aviv monitors to all
subjects that were Tel Aviv residents and assigned the values measured
at the Haifa sites to all residents of Haifa. The monitoring sites were se-
lected as locations that measured both PM10 and PM2.5 and had at least
75% of the half hourly data available. For the 4 and 10% of time periods
with missing PM10 and PM2.5 data, respectively, we imputed values
from autoregressive models derived from donor monitor data
(r > 0.88) and further adjusted for season, day of week, wind direction
and the heat index.

In agreement with our previous study (Nirel et al., 2018) using these
data, our primary exposure metrics were the 2- and 6-h averages pre-
ceding a case or control period.

2.3. Back-trajectories

Trajectories describe the actual paths ofmoving air parcels over time
and space to (back-trajectories) or from (forward-trajectories) a given
location caused by themovement ofweather systems. The air pollutants
accumulated along these paths are assumed to determine the mix of
pollution composition at the arrival location. In order to reconstruct
the paths along which pollutants travel to reach Tel Aviv, back-
trajectories were calculated using NOAA's hybrid single-particle La-
grangian integrated trajectory (HYSPLIT) model (Draxler et al., 2018).
We used the national centers for environmental prediction's (NCEP's)
global data assimilation system (GDAS) database (https://www.ready.
noaa.gov/gdas1.php) with horizontal resolution of 1° to extract back-
trajectories for the period 2005–2013 using R opentraj package (version
3.2.3; R Project for Statistical Computing). For each day we calculated
eight (00:00, 03:00, …, 21:00 GMT times) 72-h back-trajectories at
200 m. As a rather homogeneous PM concentration profile exists for
the first 300 m above ground (Lu et al., 2016), the 200 m above ground
level was chosen as a representative layer of human exposure. We used
the back-trajectories calculated at Tel Aviv to also characterize PM ori-
gins in Haifa, because of the relative proximity of these locations
(95 km) compared to the scales of predominant weather systems
(~1000 km) that typically control the trajectories.

To evaluate possible effect modification by the origin of the air par-
cels, we assigned the trajectory closest in time to the time of each case
or control event. When events occurred exactly in between trajectory
times, we assigned the earlier trajectory (e.g., events at 4:00, 4:30,
5:00 5:30, 6:00 and 6:30 a.m. were assigned the 5:00 a.m. trajectory).
We then classified back-trajectories into 7 groups that combine the
source region of the air masses and season (Fleming et al., 2012;
Methven et al., 2001). These groups reflect predominantmeteorological
patterns that are potentially associatedwith distinct physical and chem-
ical properties of PM. First, based on the synoptic analysis and classifica-
tion proposed byDayan (1986), we divided the trajectories into 5major
source regions:West (Mediterranean Sea andWestern Europe), Central
Europe, Eastern Europe, East (Syria, Jordan, Iraq and Saudi Arabia) and
Northern Africa (Fig. 1). Broadly, these source regions distinguish be-
tween mineralogical aerosols imported from the surrounding deserts
(Sahara and Arabian deserts) (Erel et al., 2006) and pollution from an-
thropogenic sources arriving from Europe (Erel et al., 2007). Second,
since air masses reaching the eastern Mediterranean during the sum-
mer originate exclusively from the west and north-west directions, we
divided trajectories arriving from the West and Central Europe sectors
into summer (June–August) and non-summer trajectories. Classifica-
tion by season may be important for these sectors because during the
non-summer months Saharan dust may be transported from this direc-
tion while during summer the air masses do not carry desert dust
(Dayan et al., 2017; Moulin et al., 1998). Table 1 summarizes the attri-
butes of the 7 trajectory subgroups.
3

Finally, sincemotion of weather systemsmay causemeandering tra-
jectories that cross several sectors (see Supplemental Material, Fig. S1),
a trajectory was assigned to the sector in which it sojourned the longest
time. Trajectories stayed within their assigned sector 67.8% (SD =
18.4%) of the time on average (see Supplemental Material, Table S1).

2.4. Statistical analysis

We investigated the association between pollution concentrations
and cardiac events using a case-crossover design (Lu and Zeger, 2007;
Maclure, 1991) with time-stratified referent selection (Janes et al.,
2005). In this design, only caseswere sampled and their exposure expe-
rience in the time period just before their event was compared with
control time periods on the same hour of the day, day of the week,
and month of the same year. This design eliminates confounding by
subject characteristics that are stable over time and controls effectively
for much of the temporal variability in exposure (Zanobetti and
Schwartz, 2005).

We constructed conditional logistic regression models to evaluate
associations between ischemic events and pollutant concentrations in
the 2- and 6-h prior to event onset. To evaluate effect modification by
trajectory group we included an interaction term between PM2.5 or
PM10–2.5 and trajectory group in the regression models. We controlled
all models for the time-varying heat index and for NOx in sensitivity
analyses as main effects and interaction terms, averaged over the
same periods (2- or 6-h) before event onset as the exposure. Linear
termswere used for both confounders as additional degrees of freedom
were found to be unnecessary. We examined the possibly exposure-
dependent effect of PM on the odds ratio of a cardiac event
nonparametrically with restricted cubic splines (Durrleman and
Simon, 1989). Tests for nonlinearity used the likelihood ratio test, com-
paring themodel with only the linear term to themodel with the linear
and the cubic spline terms. We assumed linearity relations when the p-
value of the nonlinearity test was >0.05. For nonlinearmodels, we plot-
ted the effect estimates as odds ratios (ORs) and 95% confidence inter-
vals (CIs) relative to zero concentration and by point estimates at the
median and 95th percentiles of PM2.5 and PM10–2.5 distributions per in-
crease of 10 μg/m3 in PM levels.

All statistical analyses were conducted using SAS software (version
9.3; SAS Institute Inc., Cary, North Carolina).

2.5. Sensitivity analyses

We examined whether our estimates were confounded by NOx, a
marker for the local contribution of anthropogenic pollution, by adding

http://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
http://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
https://www.ready.noaa.gov/gdas1.php
https://www.ready.noaa.gov/gdas1.php


Table 1
Definition of trajectory groups, their distribution among case events and mean, standard deviations and maximal values of the average 2-h PM2.5 and PM10–2.5 during case periods
(n = 1855), 2005–2013.

Group title Season Direction No. of case events
(%)

PM2.5 PM10–2.5

Mean ± SD (μg/m3) Max (μg/m3) Mean ± SD (μg/m3) Max (μg/m3)

Summer West Summer West 176 (9.5) 20.3 ± 7.8 48.2 17.5 ± 11.3 119.8
Summer Central Europe Summer North-west 236 (12.7) 21.1 ± 6.4 43.2 18.7 ± 12.5 116.5
Non-Summer West Non-summer West 313 (16.9) 18.8 ± 13.9 160.0 27.3 ± 47.8 684.4
Non-Summer Central Europe Non-summer North-west 369 (19.9) 16.7 ± 7.5 45.4 17.5 ± 11.8 138.2
Eastern Europe Non-summer North-east 333 (18.0) 20.6 ± 9.5 76.0 22.9 ± 21.1 240.1
East Non-summer East and south-east 190 (10.2) 30.1 ± 21.4 198.2 55.1 ± 64.8 737.9
North Africa Non-summer South-West 219 (11.8) 32.9 ± 28.5 241.6 72.5 ± 97.9 901.6
Unclassified 10 (0.5) 24.6 ± 9.4 37.9 29.2 ± 97.9 77.8
Missing 9 (0.5) 14.0 ± 7.4 28.9 18.7 ± 11.5 39.8

Abbreviations: SD, standard deviation; Max, maximum.

Table 2
Characteristics of the study subjects experiencing an ischemic event between 2005 and
2013 (n = 1548).a

Characteristic Mean ± SD
or N (%)

Gender
Female 674 (43.5)
Male 874 (56.5)
Age at first call (years) 76.8 ± 10.8

Age group (years)
50–64 271 (17.5)
65–84 887 (57.3)
≥ 85 390 (25.2)

Lives alone
No 964 (62.3)
Yes 584 (37.7)

Smoking
Current 190 (12.3)
Previous 237 (15.3)
Never 1121 (72.4)

Comorbidities and risk factorsb

Morbid obesityc 78 (5.0)
Hypertension 1069 (69.1)
Hyperlipidemia 925 (59.8)
Diabetes 526 (33.9)
Familial cardiac history 303 (19.6)
Chronic pulmonary disease 218 (14.1)
Stroke 257 (16.6)
Peripheral vascular disease 178 (11.5)
Ischemic heart disease 1170 (75.6)
Congestive heart failure 431 (27.8)
Arrhythmia 767 (49.5)
Valvulopathy 490 (31.6)
Coronary artery bypass grafting 459 (29.7)
Medicationsb

α/β-blockers 1092 (70.5)
Anti arrhythmias 260 (16.8)
Anti coagulants 296 (19.1)
Anti inflammatories/platelet aggregants 1231 (79.5)
Nitrates 463 (29.9)

Abbreviation: SD, standard deviation.
a Data for all subject characteristics were complete. Study participants lived in the Tel

Aviv (n = 1212) and Haifa (n = 336) areas.
b Percentages do not sum to one as multiple conditions are possible.
c BMI > 35 kg/m2.
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main and interaction terms for this pollutant in the 2-hmodels.We also
examined multi-pollutant models to investigate possible independent
or joint associations of PM2.5 and PM10–2.5. To evaluate the possible ef-
fect of sector misclassification, we tested the sensitivity of only includ-
ing events that were linked to trajectories that stayed longer than 40,
50 or 60% of the time within a sector. This was compared to the main
analysis in which a sector was assigned if the trajectory stayed in that
sector for a longer time than in any of the other sectors. To validate pos-
sible effect of misalignment of the trajectory and event times we in-
cluded only events that occurred ≤1 or ≤0.5 h from the respective
trajectory time, instead of time-lags of up to 1.5 h in the primarymodels.

3. Results

3.1. Study subjects

We identified 1548 patients that were evacuated to the hospital for
urgent care of ischemic events who experienced 1855 IHD-related
events. The majority (86%) of patients called for a single cardiac event
and 11% called for two events. The mean age at the first event was
77 years (SD = 10.8), 57% of the subjects were male, 69% had a history
of hypertension andmost subjects had pre-existing IHD (76%) (Table 2).

3.2. Back-trajectories and PM concentrations

Among case and control events, the most prevailing back-
trajectories arrived from Central and Eastern Europe during non-
summer months (19.9% and 18.0%, respectively) and the least frequent
flows arrived from the West sector during summer (9.5%). Unclassified
trajectories had a dominant local flow (0.5%) and trajectories were
missing for another 0.5% of the case and control events (Table 1).

Average PM2.5 and PM10–2.5 concentrations during 2-h case periods
were 22.0 ± 15.6 μg/m3 (interquartile range, IQR, 12.7 μg/m3) and
30.7 ± 49.3 μg/m3 (IQR 18.2 μg/m3), respectively. The variability of
the difference between case and control concentrations was similar to
that of PM [(SD, IQR) = (17.8, 13.2 μg/m3) and (57.0, 20.1 μg/m3) for
PM2.5 and PM10–2.5, respectively]. Mean concentrations on case periods
were higher during non-summermonths compared to summermonths
(PM2.5: 22.3 ± 17.4 vs. 20.9 ± 7.6 μg/m3, PM10–2 0.5: 34.6 ± 55.6 vs.
18.4 ± 12.1 μg/m3, respectively) (Table 3), with the highest mean con-
centrations observed for PM2.5 when air masses originated from North
Africa (PM2.5: 32.9 ± 28.5, PM10–2.5: 72.5 ± 97.9) (Table 1 and Fig. S2
in the Supplemental Material). The Pearson and Spearman correlations
between 2-h PM2.5 and PM10–2 0.5 concentrations on case periods were
0.86 and 0.67, respectively (Tables 3).

3.3. Associations of air pollutants with cardiac events

For allmodels, we observed the strongest associationswhen PM10–2.5

concentrations were smaller than approximately 40 μg/m3 and PM2.5
4

concentrations were less than approximately 30 μg/m3. However, the
slope of the concentration-response function decreased for higher con-
centrations that generally prevail only during non-summer months
(Fig. 2 and Fig. S3 in the Supplemental Material). For example, during
summer, increases of 10 μg/m3 in the 2-h average PM10–2.5 levels were
associated with a 1.25 (95% CI: 1.03–1.52) and 1.27 (95% CI:
1.06–1.52) increased ORs of ischemic event when air masses arrive
from theWest and Central Europe sectors, respectively (Table 4). During
non-summer months, the ORs of ischemic events for an increase of



Table 3
Distribution of PM2.5 and PM10–2.5 during 2-h case periods, control periods and PM difference between case and control periods, 2005–2013.

Percentile Correlation with
PM10–2.5

Correlation with PM2.5

Pollutant/Season N Mean ± SD Min 5 25 50 75 95 Max Pearson Spearman Pearson Spearman

PM2.5 (μg/m3)
All
Cases 1855 22.0 ± 15.6 0.5 8.2 13.5 19.0 26.2 44.2 241.6 0.86 0.67
Controls 1855 21.7 ± 9.0 6.0 12.0 16.8 20.1 24.5 34.8 128.6 0.83 0.64
Dif.a 1855 0.3 ± 17.8 −117.7 −19.3 −7.2 −1.5 6.0 24.0 226.3
Summer
Cases 447 20.9 ± 7.6 0.5 10.0 15.3 20.2 25.7 35.4 48.2 0.59 0.57
Controls 447 20.7 ± 4.6 8.0 14.1 17.6 20.1 23.1 29.6 40.2 0.58 0.58
Dif. 447 0.2 ± 7.8 −23.2 −11.3 −4.8 −0.6 4.7 14.6 29.1

Non-summer
Cases 1408 22.3 ± 17.4 0.8 7.8 12.9 18.5 26.7 48.1 241.6 0.88 0.72
Controls 1408 22.0 ± 10.0 6.0 11.6 16.3 20.1 25.3 36.7 128.6 0.85 0.71
Dif. 1408 0.3 ± 20.0 −117.7 −21.0 −8.0 −1.9 6.6 27.9 226.3

PM10–2.5)μg/m3)
All
Cases 1855 30.7 ± 49.3 −7.6 6.0 12.6 18.5 30.8 86.1 901.6 1.00 1.00
Controls 1855 29.6 ± 30.4 −2.2 10.1 15.4 22.0 33.3 71.3 500.5
Dif. 1855 1.1 ± 57.0 −486.5 −49.4 −12.8 −2.4 7.3 58.0 872.7

Summer
Cases 447 18.4 ± 12.1 0.0 7.2 12.1 16.0 21.1 36.8 119.8 1.00 1.00
Controls 447 18.8 ± 8.4 1.6 10.1 13.6 16.5 21.5 34.8 73.4 1.00 1.00
Dif. 447 −0.5 ± 13.3 −39.0 −17.6 −6.6 −1.3 4.3 17.6 102.4

Non-summer
Cases 1408 34.6 ± 55.6 −7.6 5.9 12.9 20.1 35.2 96.4 901.6 1.00 1.00
Controls 1408 33.0 ± 33.9 −2.2 10.1 17.3 24.8 36.9 77.5 500.5 1.00 1.00
Dif. 1408 1.6 ± 65.0 −486.5 −61.7 −16.2 −2.9 10.4 65.2 872.7

NOx (ppb)
All
Cases 1771 11.8 ± 14.7 0.0 0.5 3.3 6.6 14.4 39.4 140.5 0.18 0.35 0.31 0.42
Controls 1854 11.4 ± 10.4 0.0 1.2 4.3 8.2 14.8 33.4 70.8 0.20 0.50 0.34 0.50
Dif. 1770 0.6 ± 12.9 −44.4 −15.9 −3.7 −0.3 2.6 21.1 107.0

Summer
Cases 415 6.4 ± 6.8 0.0 0.3 2.6 4.4 7.2 20.9 70.4 0.38 0.39 0.46 0.40
Controls 447 6.7 ± 5.6 0.0 0.8 3.2 5.3 8.3 18.2 34.9 0.53 0.58 0.56 0.52
Dif. 415 −0.3 ± 5.7 −25.1 −9.0 −1.9 −0.2 0.9 8.4 53.0

Non-summer
Cases 1356 13.4 ± 16.1 0.0 0.8 3.7 8.1 16.5 44.1 140.5 0.15 0.32 0.29 0.46
Controls 1407 12.8 ± 11.1 0.0 1.4 5.2 9.8 17.0 36.2 70.8 0.15 0.40 0.32 0.51
Dif. 1355 0.8 ± 14.4 −44.4 −18.8 −4.6 −0.4 3.6 26.2 107.0

Abbreviations: SD, standard deviation; Max, maximum; Min, minimum; Dif, difference.
a For each case period, Dif. is defined as the difference between pollutant concentration on this case period and the mean concentration on the matched control periods for this case.
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10 μg/m3 of PM10–2.5 when the level of PM10–2.5 was at themedian of the
overall distribution (17.8 μg/m3, Table S2)were 1.11 (95% CI: 1.01–1.27)
and 1.13 (95% CI: 1.01–1.27)when airmasses arrived from theWest and
North Africa directions, respectively. In comparison, the respective esti-
mates at the 95th percentile (82.3 μg/m3) for these directions were 0.99
(95% CIs: 0.97–1.02) and 0.99 (95% CI: 0.98–1.01) (Table 4). Estimates
for PM2.5 had generally similar patterns with strongest effects for the
summer Central Europe and non-summer North Africa and East groups
but all estimates were less precise and could not be distinguished from
the null (Table 4). Relationships between PM and cardiac events for
the 6-h metric were slightly stronger for PM10–2.5 at lower concentra-
tions compared to the 2-h metric, but overall the results indicated simi-
lar associations (see Supplemental Material, Table S3).

3.4. Sensitivity analyses

When PM2.5 and PM10–2.5 were included in a multi-pollutant model,
or when a single pollutant model was adjusted for NOx, the ORs for 2-h
PM10–2.5 were either similar or slightly increased compared with re-
spective estimates from single-pollutant models, while the ORs for
PM2.5 typically became smaller (Table 5).

When analyses were restricted to back-trajectories that stayed for
longer times within their assigned sector the overall ORs were stable
as trajectories stayed longer in their sector but during summer ORs for
5

both pollutants increased for theWest group and decreased for the Cen-
tral Europe group as the minimal sojourn time increased (see Supple-
mental material, Table S4). Finally, our results were robust to
restricting the analysis to events that occurred within 1 h of the trajec-
tory arrival time. Further restriction to 0.5 h time-lags between events
and trajectories yielded more variable estimates due to a substantial
(about 50%) decrease in sample sizes (see Supplemental Material,
Table S5).

4. Discussion

This study indicates a non-linear concentration-response relation
between hourly exposures to PM and clinical ischemic events across di-
verse pollution sources in a single population that experiences a wide
range of exposure levels. These findings may thus improve our under-
standing of the heterogeneity of PM effects on CVD morbidity, a chal-
lenge that has been recently identified by the U. S. EPA (US EPA
(Environmental Protection Agency), 2019a, 2019b).

Our results showed that the concentration-response function was
steepest and roughly linear for PM10–2.5 levels below ⁓40 μg/m3 and
for PM2.5 levels below ⁓ 30 μg/m3 for all air masses. Although formally
we found a linear shape for summertime, it can be regarded as a form
of “truncation” of the C-R curve since PM concentrations are substan-
tially lower during summer. At higher pollution levels, the slope of the
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Fig. 2. Concentration–response curves (solid lines) and 95% confidence intervals (shaded areas) for PM10–2.5 2 h before event onset (A) for all events, (B)-(H) for trajectory groups defined
by season and source region and (I) when all curves are placed on the same plot (see Supplemental Material Fig. S3 for results for 2-h PM2.5). Odds ratios are depicted for PM10–2.5

concentrations relative to a reference value of 0 μg/m3. Estimates are adjusted for the heat index. For summer, PM is modeled linearly in the conditional logistic regression models. For
non-summer, PM is modeled with restricted cubic splines with 3 knots. Vertical lines in Panel I denote the overall median (17.8 μg/m3) and 95th percentile (82.3 μg/m3) of PM10–2.5

distribution. Levels of exposure are truncated at 300 μg/m3 (99th percentile) for clearer presentation. (A 2-column fitting figure).

Table 5
Estimated odds ratios (ORs) and 95% confidence intervals (CIs) for an increase of 10-μg/m3
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C-R function decreased for all geographical sectors. Though this decline
was steepest for air masses originating in Europe and less steep for
those originating in the East, the exact shape of these curves were
imprecise.
Table 4
Estimated odds ratios (ORs) and 95% confidence intervals (CIs) for an increase of 10-μg/m3

in the level of average 2-h PM2.5 and PM10–2.5 at (A) themedian and (B) 95th percentile of
the PM distribution. Estimates are adjusted for the heat index. The relation between PM
averages and the ORof an ischemic event during summerwas linear andduring non-sum-
mer months it was non-linear. The respective 2-h PM2.5 and PM10–2.5 (median, 95th per-
centile) were (18.7, 42.5 μg/m3) and (17.8, 82.3 μg/m3).

A
Estimates at
Median

B
Estimates at 95th
percentilea

Pollutant/Season Sector OR 95% CI OR 95% CI

PM2.5

All All 1.03 0.98–1.09 1.00 0.96–1.04
Non-summer West 1.07 0.97–1.19 1.01 0.91–1.12

Central Europe 0.90 0.76–1.07 0.90 0.76–1.07
Eastern Europe 1.02 0.91–1.15 0.85 0.67–1.07
East 1.09 0.96–1.24 1.03 0.93–1.14
North Africa 1.11 0.98–1.25 0.99 0.94–1.04

Summer West 1.01 0.79–1.31 NR
Central Europe 1.10 0.86–1.42 NR

PM10–2.5

All All 1.08 1.03–1.14 1.00 0.99–1.01
Non-summer West 1.11 1.01–1.23 0.99 0.97–1.02

Central Europe 1.05 0.93–1.18 NR
Eastern Europe 1.11 0.99–1.23 0.94 0.85–1.03
East 1.11 0.97–1.27 1.01 0.98–1.05
North Africa 1.13 1.01–1.27 0.99 0.98–1.01

Summer West 1.25 1.03–1.52 NR
Central Europe 1.27 1.06–1.52 NR

Abbreviation: NR, not relevant.
a When the number of case events ≤3 the OR and 95% CI were not estimated.

in the level of average 2-h PM2.5 and PM10–2.5 at the median of PM distribution based on
single and multi-pollutant models. Estimates are adjusted for the heat index. The relation
between PMaverages and theORof an ischemic event during summerwas linear anddur-
ing non-summer months it was non-linear. The medians of 2-h PM2.5 and PM10–2.5 were
18.7 and 17.8 μg/m3, respectively.

Pollutant/season Sector Single pollutant Single pollutant
with NOx

Multi-pollutant
PM2.5 and
PM10–2.5

OR 95% CI OR 95% CI OR 95% CI

PM2.5

All All 1.03 0.98–1.09 1.02 0.96–1.09 0.96 0.90–1.04
Non-summer West 1.07 0.97–1.19 1.06 0.93–1.20 1.07 0.92–1.24

Central
Europe

0.90 0.76–1.07 0.91 0.75–1.10 0.90 0.76–1.06

Eastern
Europe

1.02 0.91–1.15 0.95 0.82–1.10 0.98 0.85–1.13

East 1.09 0.96–1.24 1.06 0.91–1.25 1.01 0.86–1.17
North
Africa

1.11 0.98–1.25 1.13 0.98–1.30 1.06 0.91–1.24

Summer West 1.01 0.79–1.31 1.08 0.81–1.44 0.83 0.61–1.13
Central
Europe

1.10 0.86–1.42 1.01 0.75–1.36 0.92 0.681.23-

PM10–2.5

All All 1.08 1.03–1.14 1.09 1.03–1.15 1.11 1.05–1.19
Non-summer West 1.11 1.01–1.23 1.10 0.98–1.23 1.13 0.98–1.29

Central
Europe

1.05 0.93–1.18 1.07 0.94–1.22 1.08 0.94–1.24

Eastern
Europe

1.11 0.99–1.23 1.08 0.95–1.22 1.08 0.94–1.24

East 1.11 0.97–1.27 1.09 0.92–1.28 1.11 0.91–1.35
North
Africa

1.13 1.01–1.27 1.14 1.01–1.30 1.11 0.94–1.32

Summer West 1.25 1.03–1.52 1.26 1.02–1.56 1.35 1.06–1.71
Central
Europe

1.27 1.06–1.52 1.27 1.04–1.55 1.30 1.05–1.61
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These findings are consistent with the small existing literature on
the C-R linkage between short-term exposure to PM and IHD events
(fatal and non-fatal). In a case-crossover design for the US Medicare
population from 2002 to 2012, Di et al. (2017) concluded that the C-R
linkage between PM2.5 and daily all-cause mortality was linear, al-
though the slope above 15 μg/m3 PM2.5 had a less steep slope than
below this level. For PM10–2.5, Lee et al. (2015) andAdar et al. (2014) ob-
served an attenuation of short-term PM10–2.5 associations with mortal-
ity and hospital admissions for higher concentrations. A comparable
indication was provided by a time-series study in Be’er-Sheva, Israel,
where associations between PM10 and acute coronary syndrome admis-
sions were stronger on non-dust days (PM10 < 71 μg/m3) compared to
dust days (Vodonos et al., 2015). Most other studies, which have been
conducted in North America and West Europe, did not examine the
shape of the C-R curve but assumed exposure-invariant effect across dif-
ferent levels of PM (Bhaskaran et al., 2011; Dominici et al., 2006; Hsu
et al., 2017; Kloog et al., 2014; Peters et al., 2001; Talbott et al., 2014;
Weichenthal et al., 2016).

The literature on C-R is richer for evaluations of associations be-
tween long-term PM2.5 exposure and cardiovascular mortality. Several
studies demonstrated a supralinear relationship with mortality for low
levels of PM2.5 in North America (Bai et al., 2019; Crouse et al., 2012;
Weichenthal et al., 2014), but others continued to support a linear rela-
tionship (Lepeule et al., 2012;Miller et al., 2007; Pope 3rd et al., 2019) or
even a sub-linear shape (Wang et al., 2020). Noting the lack of informa-
tion regarding the relation between PM2.5 and death in regions such as
Asia and the Middle East, where exposure levels are much higher than
in North America and Western Europe, several authors demonstrated
a supralinear C-R model when the risk estimates were extended to
higher exposures based on smoking studies (Pope 3rd et al., 2011),
model extrapolation and validation (Burnett et al., 2014), and by com-
bining a large number of cohorts including a national study among Chi-
nesemen (Burnett et al., 2018). However, in this Chinese study, Yin et al.
(2017) found that the relative risk of IHD mortality increased only for
PM2.5 concentrations above 40 μg/m3, suggesting differences in the C-
R shape between populations. Given these findings, it has previously
been unclear whether the non-linear C-R pattern identified for a
wider range of pollutionwas a result of combining information fromdif-
ferent sources or from comparing different populations.

Our study contributes to the literature by observing that the C-R link
between hourly PM and ischemic events was supralinear even within
the same general population that experienced a wide range of ambient
PM concentrations. Similarly, we demonstrated that this non-linearity
held across diverse air masses that are dominated by different pollution
sources. Furthermore, our data had sufficient power to detect differ-
ences between case and control events as indicated by the high variabil-
ity of the difference between 2-h PM concentrations on case and control
periods (Künzli and Schindler, 2005).

Biological and/or chemical mechanisms may explain the robustness
of the supralinear C-R function for PM. One biologically plausible expla-
nation is that the C-R response flattens at higher doses due to a satura-
tion effect. Analogue examples of this include a supralinear link
between exposure and increased platelet aggregation, the principal
mechanism linking cigarette smoking and heart disease, or saturable
enzyme systems that were found in toxicologic studies (Stayner et al.,
2003). Reduction in the fraction of toxic matter at higher levels could
also be related to the flattening of the C-R curve. Erel et al. (2006) pre-
viously found that the concentration of metals and organic compounds
were higher during the initial phase of dust storms arriving in Israel and
then decreased with the storms' progression. In Beirut, Lebanon, Lovett
et al. (2018) examined the oxidative potential of PM during dust storms
originating in the Sahara and Arabian deserts. They found that although
PM loadswere higher on dust days than on non-dust days, the oxidative
potential on dust dayswas lower. They hypothesized that the toxicmat-
ter was diluted by additional crustal elements present during dust days.
Our findings of steeper C-R in the summer also support the dilution
8

hypothesis as the rate of air exchange near ground ismuch lower during
summer compared to other seasons leading to less efficient dilution of
air pollutants during this time (Dayan et al., 2017).

Additionally, our indications of strongest associations between PM
and cardiac events during summer are consistent with previous studies
(Middleton et al., 2008; Stafoggia et al., 2013). In summer, a dry season
with scarcemineralogical dust, aerosols sampled in Israel are highly pol-
luted bymetals (e.g., Pb, Ni, Cu, Zn) and are mostly (about 60% on aver-
age) transported from Europe (Erel et al., 2007; Kalderon-Asael et al.,
2009). Similarly, in Beirut, Lebanon, concentration of metals increased
during summer days compared to other seasons, particularly in coarse
PM (Lovett et al., 2018). Also, during summer, the inorganic fraction of
the Persian Gulf trough (the prevailing summer synoptic system in
Israel) samples contains significant amount (up to 50%) of non-
mineral material that has a pronounced chemical signature in terms of
major element concentrations (e.g., Al, Ca, Mg, Na, S) implying their an-
thropogenic nature, probably from countries around the Black Sea. This
striking finding is indicative for atmospheric pollution in the Eastern
Mediterranean region during the summer (Kalderon-Asael et al., 2009).

During non-summer months, depending on the synoptic regime,
flows from theWest sector can carry Saharan dust, anthropogenic aero-
sols, from the Cairo basin in Egypt or from Europe, and marine aerosols
when passing over the Mediterranean Sea on their way to the Israeli
shoreline (Alessandrini et al., 2013; Host et al., 2008; Zipori et al.,
2015). Studies indicated that biogenic particles, allergens and patho-
gens are transported to the Mediterranean regions from the Sahara
(Fuzzi et al., 2015). Falkovich et al. (2004) demonstrated that during
dust storms in Tel Aviv, single mineral particles absorbed semivolatile
organic compounds (SVOCs, e.g., polycyclic aromatic hydrocarbons,
PAH, and pesticides). Lang-Yona et al. (2014) identified bacterial endo-
toxin content, biological constituents that may cause inflammation and
allergic reactionswhen inhaled, in samples ofmarine aerosols thatwere
collected at a Haifa-Bay on-shore site.

Our results suggest a non-linear C-R function independent of air
mass, butwe also observed that the origin of airmasses seemed tomod-
ify the magnitude of the association between hourly PM and IHD mor-
bidity, particularly at higher concentrations. Only a few studies
explored effect modification by source location for endpoints and expo-
sure metrics similar to those in our study. In addition, as previous stud-
ies considered linear C-R relations it is not feasible to make a direct
comparison between these studies and our results. However, it is inter-
esting to place our work in the context of this literature. In a case-
crossover study of 338 patients with non-ST elevation myocardial in-
farction (NSTEMI) in Rochester, New York, Hopke et al. (2015) exam-
ined whether association between MI and PM2.5 in the hour before MI
onset was modified by whether pollution arrived from any one of 8
source sectors. They found an OR of 1.27 (95% CI: 1.08, 1.22) per 7.1-
μg/m3 increase in PM2.5 in the previous hour when air masses arrived
from the West-Southwest (WSW) direction and non-significant ORs
ranging from 0.98 to 1.23 for the other directions. In another study of
MI hospitalizations, Wichmann et al. (2014) evaluated the daily associ-
ation of the geographical airmass origin (as amain factorwith 6 classes)
with acute MI in a case-crossover study of 28,215 patients in Gothen-
burg, Sweden. They found only a few associations, e.g., for the period
2001–2010 they reported positive associations (percentage change be-
tween 12.6% and 16.0%) during the cold period when the air mass orig-
inated in Northern Scandinavia, UK/DK/North Sea and North Atlantic
relative to Southern Scandinavia. In a cross-sectional study of 497 men
in greater Boston, Park et al. (2007) foundpositive associations between
a measure of heart rate variability (HRV) and daily PM2.5 in the “Local”
sector. When source location was considered as a main effect, they
also found positive percentage changes of HRV parameters when the
North-west and West sectors were compared to the North sector.

In spite of the many strengths of this work, a few limitations should
be considered. Similar to other studies that considered associations be-
tween source location of pollutants and health endpoints, we did not
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have data on specific components of PM to support our findings. How-
ever, our results are consistent with detailed analyses of PM composi-
tion in Israel that were carried out in different seasons and indicated
the paths of long-range transport of toxic PM compounds to Israel
(Erel et al., 2013; Falkovich et al., 2004; Lang-Yona et al., 2014; Zipori
et al., 2015). Second, our onset of cardiac events had a half-hour resolu-
tion whereas back-trajectories were available only every 3 h, resulting
in 0.5 to 1.5-h lags between the time of event onset and the respective
arrival time of the air parcel. This did not seem to interfere with our in-
ferences as we found very similar results when restricting the analysis
to events with time-lags ≤1 h. This is expected since changes in the syn-
optic scale systems occur on a temporal resolution of several-hour so
that results are not expected to be sensitive to misalignment of 1–2 h.
Furthermore, our analysis has stronger trajectory-event synchroniza-
tion than previous studies that typically matched a single trajectory
for events that spanned, e.g., 6- (Park et al., 2007) or 24-h (Garcia
et al., 2011; Santurtún et al., 2017). Third, this study did not include
calls for cardiac events that resulted in death. Although the full dataset
(Nirel et al., 2018) included 5.7% deaths, these cases were not classified
by the specific cardiac cause of death. Also, we cannot rule out addi-
tional selection of cases with severe outcomes where people could not
make a phone call. Since air pollution is known to result in death, it is
possible that our estimates would underestimate the true burden of ex-
posure on cardiovascular health.

Another final limitation, common with similar studies, is the poten-
tial misclassification of the geographic sector for each trajectory. Air
masses may change their direction during travel and may pass through
two or more sectors on their way to Israel. We assigned each trajectory
to the sector with highest sojourn time and demonstrated that our find-
ings were robust to more restrictive definitions for back-trajectory ori-
gins, though the estimates in summer strengthened for the West
sector and was attenuated for the Central Europe sector. Although typ-
ically confidence intervals included the estimates from ourmain pollut-
ant models, we cannot rule out bias due to sector misclassification, in
particular with regard to the summer Central Europe estimates.

5. Conclusions

This study found a supralinear concentration-response relation be-
tweenhourly PMand ischemic events across variable sources of pollution
in a single population. Interestingly, our findings indicated that the risk of
an ischemic event was more strongly influenced by exposure to coarse
particles than fine PM. Our study helps to support the supralinear curves
thatwere previously used for assessment of the burden of disease caused
by particulatematter, but were formerly based on the compilation of dif-
ferent populations and sources to get the full range of the dose-response
curve. Finally, our results seemuseful for designing prevention and inter-
vention measures, such as early alert strategies and lifestyle guidelines,
based on readily available data on atmospheric conditions.

CRediT authorship contribution statement

Ronit Nirel: Conceptualization,Methodology, Formal analysis,Writ-
ing - Original Draft, Funding acquisition. Ilan Levy: Formal analysis, Re-
sources, Writing - Review & Editing. Sara Adar: Conceptualization,
Methodology, Writing - Review & Editing. Bella Vakulenko-Lagun:
Methodology, Software, Data Curation, Writing - Review & Editing.
Alon Peretz: Conceptualization, Funding acquisition.Michal Golovber:
Conceptualization, Resources.Uri Dayan: Conceptualization,Methodol-
ogy, Writing- Reviewing and Editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.
9

Acknowledgments

This study was supported in part by the Environment and Health
Fund (EHF) (grant number RG1201). The EHF had no involvement in
study design, in the collection, analysis and interpretation of data, in
the writing of the report, and in the decision to submit the article for
publication.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.143407.

References

Adar, S.D., Filigrana, P.A., Clements, N., Peel, J.L., 2014. Ambient coarse particulate matter
and human health: a systematic review and meta-analysis. Curr Environ Health Rep
1, 258–274. https://doi.org/10.1007/s40572-014-0022-z.

Alessandrini, E.R., Stafoggia, M., Faustini, A., Gobbi, G.P., Forastiere, F., 2013. Saharan dust
and the association between particulate matter and daily hospitalisations in Rome.
Italy. Occup Environ Med 70, 432–434. https://doi.org/10.1136/oemed-2012-101182.

Bai, L., Shin, S., Burnett, R.T., Kwong, J.C., Hystad, P., van Donkelaar, A., et al., 2019. Expo-
sure to ambient air pollution and the incidence of congestive heart failure and acute
myocardial infarction: a population-based study of 5.1 million Canadian adults living
in Ontario. Environ. Int. 132, 105004. https://doi.org/10.1016/j.envint.2019.105004.

Bhaskaran, K., Hajat, S., Armstrong, B., Haines, A., Herrett, E., Wilkinson, P., et al., 2011. The
effects of hourly differences in air pollution on the risk of myocardial infarction: case
crossover analysis of the MINAP database. BMJ 343, d5531. https://doi.org/10.1136/
bmj.d5531.

Birati, E.Y., Malov, N., Kogan, Y., Yanay, Y., Tamari, M., Elizur, M., et al., 2008. Vigilance,
awareness and a phone line: 20 years of expediting CPR for enhancing survival
after out-of-hospital cardiac arrest. The ‘SHL’-telemedicine experience in Israel. Re-
suscitation 79, 438–443. https://doi.org/10.1016/j.resuscitation.2008.08.002.

Brook, R.D., Rajagopalan, S., Pope .I.I.I., C.A, Brook, J.R., Bhatnagar, A., Diez-Roux, A.V., et al.,
2010. Particulate matter air pollution and cardiovascular disease: an update to the
Scientific Statement from the American Heart Association. Circulation 121,
2331–2378. https://doi.org/10.1161/CIR.0b013e3181dbece1.

Burgan, O., Smargiassi, A., Perron, S., Kosatsky, T., 2010. Cardiovascular effects of sub-daily
levels of ambient fine particles: a systematic review. Environ. Health 9, 26. https://
doi.org/10.1186/1476-069X-9-26.

Burnett, R.T., Pope III, C.A., Ezzati, M., Olives, C., Lim, S.S., Mehta, S., et al., 2014. An inte-
grated risk function for estimating the global burden of disease attributable to ambi-
ent fine particulate matter exposure. Environ. Health Perspect. 122, 397–403. https://
doi.org/10.1289/ehp.1307049.

Burnett, R., Chen, H., Szyszkowicz, M., Fann, N., Hubbell, B., Pope 3rd, C.A., et al., 2018.
Global estimates of mortality associated with long-term exposure to outdoor fine
particulate matter. Proc. Natl. Acad. Sci. U. S. A. 115, 9592–9597. https://doi.org/
10.1073/pnas.1803222115.

Cao, J., Yang, C., Li, J., Chen, R., Chen, B., Gu, D., et al., 2011. Association between long-term
exposure to outdoor air pollution and mortality in China: a cohort study. J. Hazard.
Mater. 186, 1594–1600. https://doi.org/10.1016/j.jhazmat.2010.12.036.

Crouse, D.L., Peters, P.A., van Donkelaar, A., Goldberg, M.S., Villeneuve, P.J., Brion, O., et al.,
2012. Risk of nonaccidental and cardiovascular mortality in relation to long-term ex-
posure to low concentrations of fine particulate matter: a Canadian national-level co-
hort study. Environ. Health Perspect. 120, 708–714. https://doi.org/10.1289/
ehp.1104049.

Dayan, U., 1986. Climatology of back trajectories from Israel based on synoptic analysis. J
Climate Appl Meteor. 25, 591–595. https://doi.org/10.1175/1520-0450(1986)
025<0591:COBTFI>2.0.CO;2.

Dayan, U., Levy, L., 2005. The influence of seasonal meteorological conditions and atmo-
spheric circulation types on PM10 and visibility in Tel-Aviv. Israel. J Appl Meteor.
44, 606–619. https://doi.org/10.1175/JAM2232.1.

Dayan, U., Ricaud, P., Zbinden, R., Dulac, F., 2017. Atmospheric pollution over the eastern
Mediterranean during summer–a review. Atmos. Chem. Phys. 17, 13233. https://doi.
org/10.5194/acp-17-13233-2017.

Di, Q., Dai, L., Wang, Y., Zanobetti, A., Choirat, C., Schwartz, J.D., et al., 2017. Association of
short-term exposure to air pollution with mortality in older adults. JAMA 318,
2446–2456. https://doi.org/10.1001/jama.2017.17923.

Dimitriou, K., Kassomenos, P., 2014. A study on the reconstitution of daily PM10 and
PM2.5 levels in Paris with a multivariate linear regression model. Atmos. Environ.
98, 648–654. https://doi.org/10.1016/j.atmosenv.2014.09.047.

Draxler, R., Stunder, B., Rolph, G., Stein, A., Taylor, A., 2018. HYSPLIT4 user’s guide. Version
4 - Last Revision: February 2018. NOAA, U.S. Department of Commerce , Version 4 -
Last Revision.

Dominici, F., Peng, R.D., Bell, M.L., Pham, L., McDermott, A., Zeger, S.L., Samet, J.M., 2006.
Fine particulate air pollution and hospital admission for cardiovascular and respira-
tory diseases. JAMA 295, 1127–1134. https://doi.org/10.1001/jama.295.10.1127.

Du, Y., Xu, X., Chu, M., Guo, Y., Wang, J., 2016. Air particulate matter and cardiovascular
disease: the epidemiological. biomedical and clinical evidence. J Thorac Dis 8,
E8–E19. https://doi.org/10.3978/j.issn.2072-1439.2015.11.37.

Durrleman, S., Simon, R., 1989. Flexible regression models with cubic splines. Stat. Med. 8,
551–561. https://doi.org/10.1002/sim.4780080504.

https://doi.org/10.1016/j.scitotenv.2020.143407
https://doi.org/10.1016/j.scitotenv.2020.143407
https://doi.org/10.1007/s40572-014-0022-z
https://doi.org/10.1136/oemed-2012-101182
https://doi.org/10.1016/j.envint.2019.105004
https://doi.org/10.1136/bmj.d5531
https://doi.org/10.1136/bmj.d5531
https://doi.org/10.1016/j.resuscitation.2008.08.002
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1186/1476-069X-9-26
https://doi.org/10.1186/1476-069X-9-26
https://doi.org/10.1289/ehp.1307049
https://doi.org/10.1289/ehp.1307049
https://doi.org/10.1073/pnas.1803222115
https://doi.org/10.1073/pnas.1803222115
https://doi.org/10.1016/j.jhazmat.2010.12.036
https://doi.org/10.1289/ehp.1104049
https://doi.org/10.1289/ehp.1104049
https://doi.org/10.1175/1520-0450(1986)025&lt;0591:COBTFI&gt/;2.0.CO;2
https://doi.org/10.1175/1520-0450(1986)025&lt;0591:COBTFI&gt/;2.0.CO;2
https://doi.org/10.1175/JAM2232.1
https://doi.org/10.5194/acp-17-13233-2017
https://doi.org/10.5194/acp-17-13233-2017
https://doi.org/10.1001/jama.2017.17923
https://doi.org/10.1016/j.atmosenv.2014.09.047
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf4000
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf4000
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf4000
https://doi.org/10.1001/jama.295.10.1127
https://doi.org/10.3978/j.issn.2072-1439.2015.11.37
https://doi.org/10.1002/sim.4780080504


R. Nirel, I. Levy, S.D. Adar et al. Science of the Total Environment 760 (2021) 143407
Erel, Y., Dayan, U., Rabi, R., Rudich, Y., Stein, M., 2006. Tracing trans-boundary transport of
pollutants by mineral dust. Environ Sci Technol 40, 2996–3005. https://doi.org/
10.1021/es051502l.

Erel, Y., Kalderon-Asael, B., Dayan, U., Sandler, A., 2007. European pollution imported by
cooler air masses to the eastern Mediterranean during the summer. Environ Sci
Technol, 5198–5203 https://doi.org/10.1021/es062247n.

Erel, Y., Tirosh, O., Kessler, N., Dayan, U., Belkin, S., Stein, M., et al., 2013. Atmospheric par-
ticulate matter (PM) in the Middle East: Toxicity, trans-boundary transport, and in-
fluence of synoptic conditions. In: Censi, P., Darrah, T., Erel, Y. (Eds.), Medical
Geochemistry: Geological Materials and Health. Springer, Dordrecht.

Falkovich, A.H., Schkolnik, G., Ganor, E., Rudich, Y., 2004. Adsorption of organic com-
pounds pertinent to urban environments onto mineral dust particles. J. Geophys.
Res. Atmos., 109 https://doi.org/10.1029/2003JD003919.

Fleming, Z.L., Monks, P.S., Manning, A.J., 2012. Review: untangling the influence of air-
mass history in interpreting observed atmospheric composition. Atmos. Res. 104-
105, 1–39. https://doi.org/10.1016/j.atmosres.2011.09.009.

Fuzzi, S., Baltensperger, U., Carslaw, K., Decesari, S., Denier van der Gon, H., Facchini, M.C.,
et al., 2015. Particulate matter, air quality and climate: lessons learned and future
needs. Atmos. Chem. Phys. 15, 8217–8299. https://doi.org/10.5194/acp-15-8217-
2015.

Garcia, V.C., Gego, E., Lin, S., Pantea, C., Rappazzo, K., Wootten, A., et al., 2011. An evalua-
tion of transported pollution and respiratory–related hospital admissions in the state
of New York. Atmos Pollut Res 2, 9–15. https://doi.org/10.5094/APR.2011.002.

Hopke, P.K., Kane, C., Utell, M.J., Chalupa, D.C., Kumar, P., Ling, F., et al., 2015. Triggering of
myocardial infarction by increased ambient fine particle concentration: effect modi-
fication by source direction. Environ. Res. 142, 374–379. https://doi.org/10.1016/j.
envres.2015.06.037.

Host, S., Larrieu, S., Pascal, L., Blanchard, M., Declercq, C., Fabre, P., et al., 2008. Short-term
associations between fine and coarse particles and hospital admissions for cardiore-
spiratory diseases in six French cities. Occup. Environ. Med. 65, 544–551. https://
doi.org/10.1136/oem.2007.036194.

Hsu, W.-H., Hwang, S.-A., Kinney, P.L., Lin, S., 2017. Seasonal and temperature modifica-
tions of the association between fine particulate air pollution and cardiovascular hos-
pitalization in New York state. Sci. Total Environ. 578, 626–632. https://doi.org/
10.1016/j.scitotenv.2016.11.008.

Janes, H., Sheppard, L., Lumley, T., 2005. Case-crossover analyses of air pollution exposure
data: referent selection strategies and their implication for bias. Epidemiology 16,
717–726. https://doi.org/10.1097/01.ede.0000181315.18836.9d.

Kalderon-Asael, B., Erel, Y., Sandler, A., Dayan, U., 2009. Mineralogical and chemical char-
acterization of suspended atmospheric particles over the East Mediterranean based
on synoptic-scale circulation patterns. Atmos. Environ. 43, 3963–3970 (doi:0.1016/
j.atmosenv.2009.03.057).

Kloog, I., Nordio, F., Zanobetti, A., Coull, B.A., Koutrakis, P., Schwartz, J.D., 2014. Short term
effects of particle exposure on hospital admissions in the Mid-Atlantic states: a pop-
ulation estimate. PLoS One 9, e88578. https://doi.org/10.1371/journal.pone.0088578.

Künzli, N., Schindler, C., 2005. A call for reporting the relevant exposure term in air pollu-
tion case-crossover studies. J Epidemiology Community Dent. Health 59, 527–530.
https://doi.org/10.1136/jech.2004.027391.

Lang-Yona, N., Lehahn, Y., Herut, B., Burshtein, N., Rudich, Y., 2014. Marine aerosol as a
possible source for endotoxins in coastal areas. Sci. Total Environ. 499, 311–318.
https://doi.org/10.1016/j.scitotenv.2014.08.054.

Lee, H., Honda, Y., Hashizume, M., Guo, Y.L., Wu, C.-F., Kan, H., et al., 2015. Short-term ex-
posure to fine and coarse particles andmortality: a multicity time-series study in East
Asia. Environ. Pollut. 207, 43–51. https://doi.org/10.1016/j.envpol.2015.08.036.

Lepeule, J., Laden, F., Dockery, D., Schwartz, J., 2012. Chronic exposure to fine particles and
mortality: an extended follow-up of the Harvard Six Cities study from 1974 to 2009.
Environ. Health Perspect. 120, 965–970. https://doi.org/10.1289/ehp.1104660.

Lovett, C., Sowlat, M.H., Saliba, N.A., Shihadeh, A.L., Sioutas, C., 2018. Oxidative potential of
ambientparticulate matter in Beirut during Saharan and Arabian dust events. Atmos
Environ (1994) 188, 34–42. https://doi.org/10.1016/j.atmosenv.2018.06.016.

Lu, Y., Zeger, S.L., 2007. On the equivalence of case-crossover and time series methods in
environmental epidemiology. Biostatistics 8, 337–344. https://doi.org/10.1093/bio-
statistics/kxl01.

Lu, S., Wang, D., Li, X., Wang, Z., Gao, Y., Peng, Z., 2016. Three-dimensional distribution of
fine particulate matter concentrations and synchronous meteorological data mea-
sured by an unmanned aerial vehicle (UAV) in Yangtze River Delta, China. Atmos
Meas Tech Discuss 19. https://doi.org/10.5194/amt-2016-57.

Maclure, M., 1991. The case-crossover design: a method for studying transient effects on
the risk of acute events. Am. J. Epidemiol. 133, 144–153. https://doi.org/10.1093/
oxfordjournals.aje.a115853.

Methven, J., Evans, M., Simmonds, P., Spain, G., 2001. Estimating relationships between air
mass origin and chemical composition. J. Geophys. Res. Atmos. 106, 5005–5019.
https://doi.org/10.1029/2000JD900694.

Middleton, N., Yiallouros, P., Kleanthous, S., Kolokotroni, O., Schwartz, J., Dockery, D.W., et
al., 2008. A 10-year time-series analysis of respiratory and cardiovascular morbidity
in Nicosia, Cyprus: the effect of short-term changes in air pollution and dust storms.
Environ. Health 7, 39. https://doi.org/10.1186/1476-069x-7-39.

Miller, K.A., Siscovick, D.S., Sheppard, L., Shepherd, K., Sullivan, J.H., Anderson, G.L., et
al., 2007. Long-term exposure to air pollution and incidence of cardiovascular
events in women. N. Engl. J. Med. 356, 447–458. https://doi.org/10.1056/
NEJMoa054409.

Moulin, C., Lambert, C.E., Dayan, U., Masson, V., Ramonet, M., Bousquet, P., et al., 1998. Sat-
ellite climatology of African dust transport in the Mediterranean atmosphere.
J. Geophys. Res.-Atmos. 103, 13137–13144. https://doi.org/10.1029/98JD00171.
10
Newby, D.E., Mannucci, P.M., Tell, G.S., Baccarelli, A.A., Brook, R.D., Donaldson, K., et al.,
2015. Expert position paper on air pollution and cardiovascular disease. Eur. Heart
J. 36, 83–93b. https://doi.org/10.1093/eurheartj/ehu458.

Nirel, R., Adar, S.D., Dayan, U., Vakulenko-Lagun, B., Golovner, M., Levy, I., et al., 2018. Fine
and coarse particulate matter exposures and associations with acute cardiac events
among participants in a telemedicine service: a case-crossover study. Environ. Health
Perspect. 126, 97003. https://doi.org/10.1289/EHP2596.

Park, S.K., O'Neill, M.S., Stunder, B.J., Vokonas, P.S., Sparrow, D., Koutrakis, P., et al., 2007.
Source location of air pollution and cardiac autonomic function: trajectory cluster
analysis for exposure assessment. J Expo Sci Environ Epidemiol 17, 488–497.
https://doi.org/10.1038/sj.jes.7500552.

Peters, A., Dockery, D.W., Muller, J.E., Mittleman, M.A., 2001. Increased particulate air pol-
lution and the triggering of myocardial infarction. Circulation 103, 2810–2815.
https://doi.org/10.1161/01.cir.103.23.2810.

Pope 3rd, C.A., Burnett, R.T., Turner, M.C., Cohen, A., Krewski, D., Jerrett, M., et al., 2011.
Lung cancer and cardiovascular disease mortality associated with ambient air pollu-
tion and cigarette smoke: shape of the exposure-response relationships. Environ.
Health Perspect. 119, 1616–1621. https://doi.org/10.1289/ehp.1103639.

Pope 3rd, C.A., Lefler, J.S., Ezzati, M., Higbee, J.D., Marshall, J.D., Kim, S.-Y., et al., 2019.
Mortality risk and fine particulate air pollution in a large, representative cohort
of US adults. Environ. Health Perspect. 127, 077007. https://doi.org/10.1289/
EHP4438.

Roth, A., Malov, N., Steinberg, D.M., Yanay, Y., Elizur, M., Tamari, M., et al., 2009. Telemed-
icine for post-myocardial infarction patients: an observational study. Telemed. J. E
Health 15, 24–30. https://doi.org/10.1089/tmj.2008.0068.

Santurtún, A., Rasilla, D.F., Riancho-Zarrabeitia, L., Zarrabeitia, M.T., 2017. Relationship be-
tween chronic obstructive pulmonary disease and air pollutants depending on the or-
igin and trajectory of air masses in the north of Spain. Arch. Bronconeumol. 53,
616–621. https://doi.org/10.1016/j.arbres.2017.03.017.

Sarnat, J.A., Moise, T., Shpund, J., Liu, Y., Pachon, J.E., Qasrawi, R., et al., 2010. Assessing the
spatial and temporal variability of fine particulate matter components in Israeli,
Jordanian, and Palestinian cities. Atmos. Environ. 44, 2383–2392. https://doi.org/
10.1016/j.atmosenv.2010.04.007.

Stafoggia, M., Samoli, E., Alessandrini, E., Cadum, E., Ostro, B., Berti, G., et al., 2013. Short-
term associations between fine and coarse particulate matter and hospitalizations in
Southern Europe: results from the MED-PARTICLES project. Environ. Health Perspect.
121, 1026–1033. https://doi.org/10.1289/ehp.1206151.

Stayner, L., Steenland, K., Dosemeci, M., Hertz-Picciotto, I., 2003. Attenuation of exposure-
response curves in occupational cohort studies at high exposure levels. Scand. J.Work
Environ. Health, 317–324 https://doi.org/10.5271/sjweh.737.

Talbott, E.O., Rager, J.R., Benson, S., Brink, L.A., Bilonick, R.A.,Wu, C., 2014. A case-crossover
analysis of the impact of PM2. 5 on cardiovascular disease hospitalizations for se-
lected CDC tracking states. Environ. Res. 134, 455–465. https://doi.org/10.1016/j.
envres.2014.06.018.

US EPA (Environmental Protection Agency), 2019a. Integrated Science Assessment (ISA)
for Particulate Matter (Final Report, Dec 2019). U.S. EPA, Center for Public Health
and Environmental Assessment Office of Research and Development. EPA/600/R-
19/188, Research Triangle Park, NC https://ofmpub.epa.gov/eims/eimscomm.getfile?
p_download_id=539935.

US EPA (Environmental Protection Agency), 2019b. Policy Assessment for the Review of
the National Ambient Air Quality Standards for Particulate Matter, External Review
Draft. U.S. EPA, Office of Air Quality Planning and Standards. Health and Environmen-
tal Impacts Division. EPA-452/P-19-001, Research Triangle Park, NC https://www.
epa.gov/sites/production/files/2019-09/documents/draft_policy_assessment_for_
pm_naaqs_09-05-2019.pdf.

Vanderpool, R.W., Harmon, M.K., Hanley, T.D., Scheffe, R.D., Hunike, E.T., Solomon, P.A., et
al., 2004. Multi-site evaluations of candidate methodologies for determining coarse
particulate matter (PMc) concentrations. EPA 23rd Annual National Conference on
Managing Environmental Quality Systems. Tampa, Florida.

Vodonos, A., Friger, M., Katra, I., Krasnov, H., Zahger, D., Schwartz, J., et al., 2015. Individual
effect modifiers of dust exposure effect on cardiovascular morbidity. PLoS One 10,
e0137714. https://doi.org/10.1371/journal.pone.0137714.

Wang, B., Eum, K.D., Kazemiparkouhi, F., Li, C., Manjourides, J., Pavlu, V., et al., 2020. The
impact of long-term PM2.5 exposure on specific causes of death: exposure-
response curves and effect modification among 53 million U.S. Medicare beneficia-
ries. Environ. Health 19, 20. https://doi.org/10.1186/s12940-020-00575-0.

Weichenthal, S., Villeneuve, P.J., Burnett, R.T., van Donkelaar, A., Martin, R.V., Jones,
R.R., et al., 2014. Long-term exposure to fine particulate matter: association
with nonaccidental and cardiovascular mortality in the agricultural health
study cohort. Environ. Health Perspect. 122, 609–615. https://doi.org/10.1289/
ehp.1307277.

Weichenthal, S., Lavigne, E., Evans, G., Pollitt, K., Burnett, R.T., 2016. Ambient PM 2.5 and
risk of emergency room visits for myocardial infarction: impact of regional PM 2.5 ox-
idative potential: a case-crossover study. Environ. Health 15, 46. https://doi.org/
10.1186/s12940-016-0129-9.

WHO, 2018. Burden of Disease from Ambient Air Pollution for 2016. World Health Orga-
nization, Geneva, Switzerland https://www.who.int/airpollution/data/AAP_BoD_re-
sults_May2018_final.pdf.

Wichmann, J., Sjöberg, K., Tang, L., Haeger-Eugensson, M., Rosengren, A., Andersson, E.M.,
et al., 2014. The effect of secondary inorganic aerosols, soot and the geographical or-
igin of air mass on acute myocardial infarction hospitalisations in Gothenburg,
Sweden during 1985–2010: a case-crossover study. Environ. Health 13, 61. https://
doi.org/10.1186/1476-069X-13-61.

Yin, P., Brauer, M., Cohen, A., Burnett, R.T., Liu, J., Liu, Y., et al., 2017. Long-term fine partic-
ulate matter exposure and nonaccidental and cause-specific mortality in a large

https://doi.org/10.1021/es051502l
https://doi.org/10.1021/es051502l
https://doi.org/10.1021/es062247n
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0110
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0110
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0110
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0110
https://doi.org/10.1029/2003JD003919
https://doi.org/10.1016/j.atmosres.2011.09.009
https://doi.org/10.5194/acp-15-8217-2015
https://doi.org/10.5194/acp-15-8217-2015
https://doi.org/10.5094/APR.2011.002
https://doi.org/10.1016/j.envres.2015.06.037
https://doi.org/10.1016/j.envres.2015.06.037
https://doi.org/10.1136/oem.2007.036194
https://doi.org/10.1136/oem.2007.036194
https://doi.org/10.1016/j.scitotenv.2016.11.008
https://doi.org/10.1016/j.scitotenv.2016.11.008
https://doi.org/10.1097/01.ede.0000181315.18836.9d
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0155
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0155
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0155
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0155
https://doi.org/10.1371/journal.pone.0088578
https://doi.org/10.1136/jech.2004.027391
https://doi.org/10.1016/j.scitotenv.2014.08.054
https://doi.org/10.1016/j.envpol.2015.08.036
https://doi.org/10.1289/ehp.1104660
https://doi.org/10.1016/j.atmosenv.2018.06.016
https://doi.org/10.1093/biostatistics/kxl01
https://doi.org/10.1093/biostatistics/kxl01
https://doi.org/10.5194/amt-2016-57
https://doi.org/10.1093/oxfordjournals.aje.a115853
https://doi.org/10.1093/oxfordjournals.aje.a115853
https://doi.org/10.1029/2000JD900694
https://doi.org/10.1186/1476-069x-7-39
https://doi.org/10.1056/NEJMoa054409
https://doi.org/10.1056/NEJMoa054409
https://doi.org/10.1029/98JD00171
https://doi.org/10.1093/eurheartj/ehu458
https://doi.org/10.1289/EHP2596
https://doi.org/10.1038/sj.jes.7500552
https://doi.org/10.1161/01.cir.103.23.2810
https://doi.org/10.1289/ehp.1103639
https://doi.org/10.1289/EHP4438
https://doi.org/10.1289/EHP4438
https://doi.org/10.1089/tmj.2008.0068
https://doi.org/10.1016/j.arbres.2017.03.017
https://doi.org/10.1016/j.atmosenv.2010.04.007
https://doi.org/10.1016/j.atmosenv.2010.04.007
https://doi.org/10.1289/ehp.1206151
https://doi.org/10.5271/sjweh.737
https://doi.org/10.1016/j.envres.2014.06.018
https://doi.org/10.1016/j.envres.2014.06.018
https://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=539935
https://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=539935
https://www.epa.gov/sites/production/files/2019-09/documents/draft_policy_assessment_for_pm_naaqs_09-05-2019.pdf
https://www.epa.gov/sites/production/files/2019-09/documents/draft_policy_assessment_for_pm_naaqs_09-05-2019.pdf
https://www.epa.gov/sites/production/files/2019-09/documents/draft_policy_assessment_for_pm_naaqs_09-05-2019.pdf
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0295
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0295
http://refhub.elsevier.com/S0048-9697(20)36938-2/rf0295
https://doi.org/10.1371/journal.pone.0137714
https://doi.org/10.1186/s12940-020-00575-0
https://doi.org/10.1289/ehp.1307277
https://doi.org/10.1289/ehp.1307277
https://doi.org/10.1186/s12940-016-0129-9
https://doi.org/10.1186/s12940-016-0129-9
https://www.who.int/airpollution/data/AAP_BoD_results_May2018_final.pdf
https://www.who.int/airpollution/data/AAP_BoD_results_May2018_final.pdf
https://doi.org/10.1186/1476-069X-13-61
https://doi.org/10.1186/1476-069X-13-61


R. Nirel, I. Levy, S.D. Adar et al. Science of the Total Environment 760 (2021) 143407
national cohort of Chinese men. Environ. Health Perspect. 125, 117002. https://doi.
org/10.1289/EHP1673.

Zanobetti, A., Schwartz, J., 2005. The effect of particulate air pollution on emergency ad-
missions for myocardial infarction: a multicity case-crossover analysis. Environ.
Health Perspect. 113, 978–982. https://doi.org/10.1289/ehp.7550.

Zanobetti, A., Coull, B.A., Gryparis, A., Kloog, I., Sparrow, D., Vokonas, P.S., et al., 2014. As-
sociations between arrhythmia episodes and temporally and spatially resolved black
11
carbon and particulate matter in elderly patients. Occup. Environ. Med. 71, 201–207.
https://doi.org/10.1136/oemed-2013-101526.

Zipori, A., Rosenfeld, D., Tirosh, O., Teutsch, N., Erel, Y., 2015. Effects of aerosol sources and
chemical compositions on cloud drop sizes and glaciation temperatures. J. Geophys.
Res. Atmos. 120, 9653–9669. https://doi.org/10.1002/2015JD023270.

https://doi.org/10.1289/EHP1673
https://doi.org/10.1289/EHP1673
https://doi.org/10.1289/ehp.7550
https://doi.org/10.1136/oemed-2013-101526
https://doi.org/10.1002/2015JD023270

	Concentration-�response relationships between hourly particulate matter and ischemic events: A case-�crossover analysis of ...
	1. Introduction
	2. Material and methods
	2.1. Health data
	2.2. Air quality and weather data
	2.3. Back-trajectories
	2.4. Statistical analysis
	2.5. Sensitivity analyses

	3. Results
	3.1. Study subjects
	3.2. Back-trajectories and PM concentrations
	3.3. Associations of air pollutants with cardiac events
	3.4. Sensitivity analyses

	4. Discussion
	5. Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References




