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Particulate Air Pollution and Risk of ST-Segment
Depression During Repeated Submaximal Exercise Tests
Among Subjects With Coronary Heart Disease
The Exposure and Risk Assessment for Fine and Ultrafine Particlesin
Ambient Air (ULTRA) Study
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Background—Daily variations in ambient particulate air pollution have been associated with cardiovascular mortality and
morbidity. We therefore assessed the associations between levels of the 3 main modes of urban aerosol distribution and
the occurrence of ST-segment depressions during repeated exercise tests.

Methods and Results—Repeated biweekly submaximal exercise tests were performed during 6 months among adult
subjects with stable coronary heart disease in Helsinki, Finland. Seventy-two exercise-induced ST-segment depressions
>0.1 mV occurred during 342 exercise tests among 45 subjects. Simultaneously, particle mass <2.5 um (PM2.5) and
the number concentrations of ultrafine particles (particle diameter 10 to 100 nm [NCqy,_04]) and accumulation mode
particles (100 to 1000 nm [NC,44]) were monitored at a central site. Levels of particulate air pollution 2 days before
the clinic visit were significantly associated with increased risk of ST-segment depression during exercise test. The
association was most consistent for measures of particles reflecting accumulation mode particles (odds ratio 3.29; 95%
Cl, 1.57 t0 6.92 for NC,,, and 2.84; 95% Cl, 1.42 to 5.66 for PM2.5), but ultrafine particles also had an effect (odds
ratio 3.14; 95% ClI, 1.56 to 6.32), which was independent of PM2.5. Also, gaseous pollutants NO, and CO were
associated with an increased risk for ST-segment depressions. No consistent association was observed for coarse
particles. The associations tended to be stronger among subjects who did not use B-blockers.

Conclusions—The present results suggest that the effect of particulate air pollution on cardiovascular morbidity is at least
partly mediated through increased susceptibility to myocardial ischemia. (Circulation. 2002;106:933-938.)
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eral time-series studies have observed an association

etween particulate air pollution, especialy fine particles
(particle mass <2.5 um, PM2.5)1 and mortality or hospital
admissions attributable to cardiovascular diseases2 Despite
an intensive search in the last years involving autonomic
nervous function®-8 and blood coagulability®-1* and acute
phase reaction,*2 pathways mediating the effect of particulate
air pollution on ischemic heart disease are not known.

See p 890

It is aso not known which characteristic of particulate air
pollution determine its heath effects. Presently, the two
dominant hypotheses concern the chemical composition of

fine particulate matter or the large number of ultrafine
particles (particles <0.1 wm in diameter) in urban air.
Ultrafine particles have been associated with respiratory
health in panel studies.’>-15> However, presently thereis little
evidence on the association between exposure to ultrafine
particles and cardiovascular health.16

ST-segment depression during an exercise test indicates
with high probability myocardial ischemia.l” We therefore
studied the association between levels of the three main
modes of urban aerosol distribution, ultrafine particles (par-
ticle diameter 0.01 to 0.1 wm), accumulation mode particles
(particle diameter 0.1 to 1 wm), PM1, PM2.5, and coarse
particles (particle diameter 2.5 to 10 wm) and the occurrence
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TABLE 1. Characteristics of the Final Study Population

No. subjects 45
Sex
Female 21 (47)
Male 24 (53)
Age, y 68.2+6.5
Systolic blood pressure, mm Hg 139.9+22.0
Diastolic blood pressure, mm Hg 76.3+9.5
Body mass index, kg/m? 28.9+3.9
Resting ECG changes
Past myocardial infarction® 24
Atrial fibrillation 1(2)
Left bundle-branch blockt 0(0)
Left ventricular hypertrophyf 3(7)
History of past MI 27 (60)
Coronary bypass or PTCA 23 (51)
Hypertension 27 (60)
Smoking
Current nonsmoker 45 (100)
Never smoker 19 (42)
Exsmoker 26 (58)
Passive smoking at home 0(0)
Regular daily medication
B-Blockers 31 (69)
Nitrates 18 (40)
Digitalis 5(11)
Ca** channel blockers 11 (24)
Exercise test
Heart rate at baseline 61.3£7.5
Exercise heart rate 90.1+74
Heart rate as % of predicted maximum§ 52.7+4.4

Values are n (%) or mean=SD.

*Minnesota codes 1-1-1 or 1-1-2 with 5-1 or 5-2.
tMinnesota code 7-1-1.

fMinnesota codes 3-1, 3-3.

§Calculated as 205—(age/2).

of ST-segment depressions during repeated submaximal ex-
ercise tests among subjects with stable coronary heart disease.

Methods

The ULTRA study was carried out in Amsterdam, the Netherlands;
Erfurt, Germany; and Helsinki, Finland, during the winter of 1998 to
1999. All methods were performed according to standard operating
procedures developed for the ULTRA study.8

In each city, a panel of subjects with coronary artery disease was
followed up for 6 months with biweekly clinical visits and daily
symptom diaries. The subjects were characterized by a questionnaire
and recording of a 12-lead standard resting ECG. The maininclusion
criteria for the study were a self-report on a doctor-diagnosed
coronary artery disease, being a nonsmoker, and age >50 years.

The clinical visit included recording of ambulatory ECG during a
standardized protocol, which included a 6-minute submaximal exer-
cise with a bicycle ergometer. For each subject, the visit was
scheduled for the same weekday and time of day with no changesin
daily medication.

In the exercise test, the aim was to achieve a steady state with
heart rate of 90 to 100 bpm. If needed for a given participant, alower

target heart rate was set during the first visit and kept for the whole
duration of the study. The load was gradually increased to achieve
the target heart rate during the first minute of exercise. If the subject
had symptoms of angina pectoris or moderate or severe respiratory
symptoms during the clinical visit or fever during the preceding
week, no exercise test was performed. A common cold or respiratory
infection was relative contraindication for the exercise.

The ambulatory ECGs were recorded with Oxford MR-63 tape
recorders (V7.5, Oxford Instruments). Two-channel recordings were
performed with standard electrode position recommended by the
manufacturer. The ST analyses are based on a lead configuration
corresponding to standard lead Vs. The ECG recordings were
analyzed with the Oxford Medilog Excel 1l system (Oxford Instru-
ments). Trained research assistants reviewed and when necessary
interactively edited the automatically predetermined classification of
the QRS complexes.

Only exercise-induced ST depressions were considered. We rec-
orded the start time and end time of both the ST depression and the
exercise test and included in the analyses only those ST depressions
that had their start time during the exercise test. ST depressions were
measured at 63 ms after J-point. Both ST depressions >0.1 m\V/19.20
and horizontal or downsloping (ST slope <0.2 mV/s) ST depressions
>0.1 mV17.21 were recorded. In addition, to increase sensitivity, ST
depressions >0.053 mV irrespective of slope were also recorded.22

Because of the lower number of ST depressions observed in Erfurt
and Amsterdam, present analyses were limited to Helsinki. In Erfurt,
ST-segment depressions >0.05 mV and >0.1 mV were observed in
only 17 and 7 of the 416 exercise tests, in Amsterdam 14 and 5 of
328 tests, and in Helsinki in 133 and 78 of 361 exercise tests,
respectively. This was mainly attributable to the lower heart rates
during the exercise tests in Erfurt and in Amsterdam. The proportion
of exercise tests with heart rate >90 bpm and >80 bpm were 59%
and 88% in Helsinki, 17% and 56% in Erfurt, and 13% and 41% in
Amsterdam. The proportion of exercise tests with an increase in
heart rate of at least 20 bpm compared with the rest period was 89%
in Helsinki, 28% in Erfurt, and 22% in Amsterdam.

In Helsinki, number concentrations of particles were measured
continuously with an Electric Aerosol Spectrometer (EAS) on afixed
urban background-monitoring site. All study subjects lived within a
5-kilometer radius of the monitoring site. EAS has been shown to
accurately reflect variations in number counts of ultrafine (0.01 to
0.1 um; NCgypy0,) and accumulation-mode particles (0.1 to 1.0 um;
NC,11).2324 Six missing days of ultrafine number concentration
were imputed based on total particle counts (CPC 3022A, TSI Inc)
measured at the same site (correlation 0.98 with NCq g, o,). PM2.5,
and PM1 were monitored with single-stage Harvard impactors.25.26
Thirteen missing days of PM2.5 were imputed using data from a
dynamic mass monitor (ESM Eberline, FH 62 |-R) (correlation 0.97
with PM2.5). The data on PM10 and average temperature were
provided by the Helsinki Metropolitan Area Council and relative
humidity by Finnish Meteorological Institute. PM, 5 ,, was calculated
by subtracting PM2.5 from PM10. All variables are 24-hour means
from noon to noon.

TABLE 2. Daily Concentrations of Air Pollution, Mean
Temperature, and Relative Humidity

n 25% 50% 75% Maximum
NCog1-q.1, 1/cm? 182 11050 14 890 20 880 50 310
NCo -1, 1/cm® 176 910 1200 1670 3780
PM1, pg/m? 182 5.0 7.0 10.6 26.1
PM2.5, ug/m? 181 8.1 10.6 16.0 39.8
PMy5 10, peg/m3 181 3.0 48 8.5 37.0
NO,, wg/m? 182 22.8 29.7 355 67.5
€0, mg/m? 173 0.3 0.4 0.6 1.0
Temperature, °C 182 —4.6 —-0.4 2.2 11.5
Relative humidity, % 182 82 88 92 98
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TABLE 3. Spearman Correlations Between Air Pollutants, Mean Temperature, and

Relative Humidity

NCo01-0.1 NCo.1 PM1 PM2.5 PM,510 NO, co Temperature
NCo.1_4 0.53 .
PM1 0.26 0.84
PM2.5 0.14 0.80 0.94
PM, 510 —0.04 0.13 0.14 0.13
NO, 0.72 0.72 0.45 0.35 0.10 e
co 0.35 0.50 0.42 0.40 -0.11 0.32
Temperature —0.55 -017 —0.16  —0.07 0.29 -029 —0.08
RH —0.24 -0.09 -0.11 —0.03 —0.42 -0.17 0.14 0.10

All correlations >0.15 or <—0.15 are statistically significant at P<<0.05.

Ethics committees in each study center approved the study
protocol. Written informed consent was obtained from all subjects.

Statistical Analyses

Risk of ST-segment depression was related to levels of air pollution
measured during subsequent 24-hour periods from noon to noon. Lag
0 was defined as the 24-hour period from noon of the day of the
clinical visit to noon of the previous day, lag 1 as the preceding
24-hour period, ie, from noon of the previous day to noon of the day
before, lag 2 as the preceding 24-hour period, and so on. Data were
analyzed using logistic regression and generalized additive modelsin
the statistical package S-Plus. A basic model wasfirst built'8 without
including particulate air pollution in the model. Shape and lags of the
covariates were explored using loess functions. Criteria for building
the basic model were Akaike's information criteria and covariate-
response plots. All basic models included a dummy for each subject
and either linear terms or nonparametric functions with span 0.5 to
0.8 of time trend, temperature (lag 3), relative humidity (lag 3), and
change in heart rate during exercise test.

Results

All subjects had doctor-diagnosed coronary heart disease, and
half of them had had coronary bypass surgery or percutane-
ous coronary transluminal angioplasty (Table 1). Altogether,
there were 511 visits with 417 exercise tests performed
during the study period among 47 subjects. The main reasons
for not performing the exercise tests were cardiorespiratory or
other symptoms (n==84). Of the 417 exercise tests, 56 were
excluded because of substandard quality of the recording and
19 because of missing data on and change in heart rate during
exercise test, leaving 45 subjects and 342 (67% of visits)
exercise tests for analyses. There was no association between
particulate air pollution and missing data on the exercise test.
One subject had a ST-segment depression >0.1 mV at every
visit, and 21 subjects never had such a ST-segment depres-
sion during exercise test.

The concentrations of PM2.5 were fairly low, whereas
levels of ultrafine particleswere similar to those in other parts
of Europe (Table 2). All measures of particles reflecting
mostly the accumulation-mode particles (NC,44, PM1, and
PM2.5) were highly intercorrelated but were less correlated
with ultrafine particles (NCqy,_01) and coarse particles (PM, 5 40)
(Table 3). NO, was mainly correlated with NCy ;1.

Consistent and statistically significant associations were
observed between increased risk of exercise-induced ST-
segment depression >0.1 mV and exposure to measured air
pollutants, except PM,s 1, (Table 4). The associations were

strongest for NCyp0; and accumulation-mode particles
(NCy13, PM1, and PM2.5) measured 2 days before the clinic
visit (Figure). Associations were more consistent when hor-
izontal or downward-sloping ST-segment depressions during
the exercise test were considered but smaller and not as
consistent with ST-segment depression >0.05 mV.

Several sensitivity analyses were performed. Including
time and weekday of the clinic visit into the modelsin general
strengthened the associations between air pollutants and
exercise-induced ST-segment depression. The association of
NCo o101 With risk of ST-segment depression was somewhat
sensitive to selection of lag of temperature. The association
was strongest with lag 3 used in the basic model and weakest
with short lags (odds ratio [OR] 1.82; 95% ClI, 1.09 to 3.03
for lag 0). Different lags of temperature had little effect on the
association with NC,y ;. Current day pollen decreased the
size of the effect (with pollen OR 2.38 for NCy;01, OR 3.18
for NCy,,, and OR 3.55 for PM1, al lag 2), but the
associations remained statistically significant. Relative hu-
midity and ambient air barometric pressure had little effect on
any of the associations analyzed. This was also true for
influenza epidemics, occurrence of supraventricular ectopic
beats during exercise test, and excluding those days with
pollution levels above the 95th percentile of pollution.

All of the associations were strengthened when subjects
with left bundle-branch block, left ventricular hypertrophy, or
anterolateral infarction were excluded (Table 5). This was
aso true when users of digitalis were excluded (data not
shown). All associations, but especialy associations with
accumulation mode particles, tended to be stronger among
subjects who did not use B-blockers. Associations tended to
be stronger among women and those without history of past
myocardial infarction for NCy ;1 (NO,), whereas the oppo-
site was true for PM2.5 (and PM1).

In two-pollutant models (lag 2 of all pollutants), the effects
of NCyo1_01 (OR 2.55; 95% ClI, 1.25 to 5.19) and PM2.5 (OR
2.34; 95% ClI, 1.14 to 4.80) were independent of each other.
Otherwise the pollutants were quite correlated, so their
independent effects are more difficult to separate. However,
there was a suggestion that the effects of PM1 and especially
NC,.1 were least changed in two pollutant models with other
pollutants, like with ultrafine particles (OR 2.70; 95% ClI,
1.041t06.99 for NC,,_, and OR 1.34; 95% ClI, 0.54 to 3.36 for
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TABLE 4. ORs* Between Daily Levels of Air Pollution and Occurrence of ST-Segment

Depressions During Repeated Mild Exercise Tests

>0.1 mV+Slopet

>0.05 mV (n=1251) >0.1 mV (n=721) (n=511)
n OR 95% Cl OR 95% Cl OR 95% Cl
NCo g1-0.1
Lag 0 342 0.72 0.46-1.11 112 0.72-1.76 1.1 0.70-1.76
Lag 1 342 0.93 0.54-1.60 1.21 0.64-2.29 1.03 0.54-1.95
Lag 2 342 1.73 1.01-2.97 3.14 1.56-6.32 1.98 0.99-3.95
Lag 3 342 1.38 0.80-2.38 145 0.79-2.64 1.35 0.71-2.55
NCo.1-1
Lag 0 330 0.50 0.25-0.99 1.04 0.50-2.17 1.29 0.62-2.67
Lag 1 327 1.06 0.58-1.94 1.10 0.52-2.30 1.28 0.59-2.77
Lag 2 322 1.53 0.88-2.67 3.29 1.57-6.92 2.88 1.38-6.01
Lag 3 327 1.4 0.82-2.44 119 0.64-2.21 1.38 0.70-2.70
PM1
Lag 0 342 0.78 0.30-2.02 1.35 0.44-4.10 143 0.46-4.45
Lag 1 342 1.07 0.49-2.35 1.46 0.58-3.71 1.57 0.63-3.90
Lag 2 342 1.51 0.74-3.07 456 1.73-12.03 5.50 1.89-16.04
Lag 3 342 1.41 0.66-3.01 1.72 0.74-3.99 1.53 0.65-3.60
PM2.5
Lag 0 339 0.72 0.37-1.41 112 0.49-2.56 1.26 0.55-2.91
Lag 1 340 0.97 0.57-1.65 1.1 0.58-2.13 1.34 0.70-2.57
Lag 2 342 1.51 0.91-2.52 2.84 1.42-5.66 3.65 1.69-7.90
Lag 3 342 1.29 0.76-2.17 1.40 0.78-2.53 1.28 0.71-2.33
PMy540
Lag 0 339 0.83 0.44-1.53 1.48 0.70-3.15 1.00 0.48-2.05
Lag 1 340 2.02 0.94-4.38 0.78 0.35-1.74 0.40 0.13-1.23
Lag 2 342 0.96 0.41-2.26 1.99 0.70-5.67 1.89 0.66-5.44
Lag 3 342 1.60 0.67-3.81 0.46 0.16-1.34 0.79 0.28-2.22
NO,
Lag 0 342 0.79 0.58-1.07 1.04 0.74-1.45 1.03 0.73-1.45
Lag 1 342 1.08 0.77-1.52 1.21 0.80-1.82 1.02 0.67-1.53
Lag 2 342 1.23 0.89-1.69 2.02 1.34-3.04 1.54 1.03-2.29
Lag 3 342 1.31 0.93-1.84 1.16 0.80-1.66 117 0.78-1.73
co
Lag 0 334 0.99 0.73-1.33 1.38 0.98-1.95 1.35 0.94-1.94
Lag 1 330 119 0.93-1.51 1.20 0.89-1.63 1.20 0.89-1.63
Lag 2 334 1.37 1.06-1.78 1.73 1.26-2.39 1.60 1.14-2.23
Lag 3 339 1.23 0.97-1.58 113 0.88-1.46 1.20 0.91-1.58

*ORs calculated for a change of 10 000 particles/cm® in NCq g;_o+, 1000 particles/cm®in NCy4_;, 10 wg/m® in PM1,

PM2.5, PMys 10, NO,, and 0.1 mg/m® in CO.

tNumber of events for 342 visits. Minimum number of events (322 visits, lag 2 of NCy1_) is 116, 63, and 46 for
ST depressions >0.05 mV, >0.1 mV, and horizontal or downward sloping depressions >0.1 mV, respectively.
FHorizontal or downward sloping ST-segment depression >0.1 mV.

NCoo101) OF With PM2.5 (OR 3.75; 95% Cl, 1.13 to 12.41 for
NC,11 and OR 0.84; 95% ClI, 0.23 to 3.02 for PM2.5).

Discussion
We observed independent associations of both PM2.5 and
ultrafine particulate air pollution with the risk of ST-segment
depression during repeated exercise tests among subjects with
stable coronary heart disease. The results provide a biological

link between ambient particulate levels and mortality and
morbidity attributable to ischemic heart disease.

We were able to study all 3 main modes of urban aerosol
distribution. Accumulation mode particles (NCyg1_01, PM1,
and PM2.5), originating mainly from long-range transport,
showed the most consistent independent associations. How-
ever, in addition, ultrafine particles produced mainly by
traffic showed an effect independent of PM2.5. No consistent
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Smoothed (span 0.8) association between PM2.5 2 days before
the clinic visit and adjusted risk of ST-segment depression >0.1
mV. The broken curves indicate approximate point-wise 95%
Cls.

association was observed for coarse, mainly soil-derived
particles.

There are no previous studies relating particulate air
pollution to ischemic ST-segment depressions in humans.
However, a consistent association has been observed in time
series studies between daily levels of particulate air pollution
and mortality or hospital admissions attributable to cardio-
vascular diseases.2 Exposure to particulate air has also been
shown to be associated with increased ECG abnormalities
like arrhythmia and ST elevation in dogs and rats.2”

An association of particulate air pollution with myocardial
ischemia could either be attributable to a decrease in the
myocardial oxygen supply or an increase in the demand or
both. Some studies have suggested an association between
particulate air pollution and increased levels of plasma
viscosity,® serum fibrinogen,© C-reactive protein,'2 and other
hemostatic factors,t which could lead to a decrease in the
oxygen supply to the heart. Particulate air pollution could
aso, like oxidant stress,28 worsen the endothelial dysfunction

Pekkanen et al
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observed in atherosclerotic coronary arteries.2® Coronary
vasculature with endothelial dysfunction is known to respond
with paradoxical vasoconstriction to adrenergic stimulation
such as exercise, 2 which would also |ead to a decrease in the
oxygen supply to the heart. Particulate air pollution could also
increase the oxygen demand of the heart through an increase
in the basal heart rate34 or arterial blood pressure,3! possibly
via an effect on the autonomic nervous system. Severa
studies also have reported associations with arrhythmia® and
different measures of heart rate variability,5-832 which would
support an association between particulate air pollution and
the autonomic nervous system.3® The mechanisms linking
particulate air pollution and myocardia ischemia are, how-
ever, presently unknown.

ST-segment depression >0.1 mV during an exercise test is
considered areliable marker of ischemiaamong subjects with
coronary heart disease.l”2t Because the exercise test was
submaximal in the present study and there is a linear
correlation between heart rate response and subendocardial
ischemia,2t we also evaluated smaller ST changes (>0.05
mV) to increase the sensitivity of the exercise test.2 This
less-strict criterion gave less-consistent results, probably
because of lack of sufficient specificity for true myocardial
ischemia

We also observed stronger associations when excluding
subjects with left ventricular hypertrophy, left bundle-branch
block, or anterolateral Q wave infarction, because these ECG
abnormalities may obscure ST-segment depressions. The
associations of PM2.5, but not ultrafines, were stronger
among subjects who did not use B-blockers, possibly because
of the protective effect of B-blockers on ischemia. The
difference was probably not attributable to differences in the
average heart rate or increase in heart rate during exercise
test, which were 88.1 and 28.7 bpm among those who used
and 94.2 and 29.3 bpm among those who did not use
B-blockers. However, because of the low numbers, the ORs
need to be interpreted with caution.

An exposure study done in connection with the present
study showed that the fixed-site 24-hour PM2.5 measure-

TABLE 5. ORs* of Pollutants (Lag 2) With ST Depression >0.1 mV During the Exercise Test

in Different Subgroups

NCo.01-01 PM2.5 co

n OR 95% Cl OR 95% Cl OR 95% Cl
All 342 3.14 1.56-6.32 2.84 1.42-5.66 1.73 1.26-2.39
No LVH, LBBB, 312 414 1.91-9.00 3.64 1.66-7.98 1.94 1.36-2.77
anterolateral MIt
Women 157 7.59 2.75-20.94 2.57 1.15-5.72 1.91 1.30-2.82
Men 185 0.73 0.23-2.32 6.32 1.31-30.45 1.48 0.77-2.83
No Mif 144 3.24 1.29-8.11 213 0.94-4.84 1.41 0.97-2.05
M 198 2.91 0.97-8.70 7.89 1.67-37.20 3.27 1.54-6.97
No B-blockers 114 3.68 0.88-15.39 8.40 1.76-40.21 4.95 1.58-15.50
B-Blockers 228 311 1.35-7.18 212 0.99-4.56 1.39 0.97-1.97

*0Rs calculated for a change of 10 000 particle/cm® in NCqg1_o1, 10 wg/m? in PM2.5, and 0.1 mg/m® in CO.
tSubjects with left bundle-branch block (Minnesota code 7-1-1), left ventricular hypertrophy (3-1, 3-3), or
anterolateral infarction (1-1 or 1-2 in leads I, aVL, V) in the resting ECG excluded.

FHistory of myocardial infarction.
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ments correlate well with 24-hour personal exposures (medi-
an intraindividual correlation, 0.76).26 Therefore, the present
PM2.5 exposure measurements describe well the real varia-
tions in persona exposure. There are no similar studies on
ultrafine particles. However, we earlier observed in Helsinki
that the correlation between different outdoor measurement
sites ranged between 0.6 and 0.8 for hourly particle tota
number concentration.3* The average levels of PM2.5 were
low in Helsinki, whereas levels of ultrafine particles were
similar to levels measured previously in Finland and other
parts of Europe.3s

The present study was part of the ULTRA study conducted in
3 centersin Europe. Unfortunately, the heart rate during exercise
tests was so0 low in Erfurt and Amsterdam that the number of
exercise-induced ST-segment depressions observed was too low
for datistical analyses. The low heart rates were mostly attrib-
utable to the fact that the study was done in the community
setting and the field workers were very cautious in performing
the exercise tests among coronary patients. This same reason
also mostly explains the large number of visits with no exercise
test performed in Helsinki.

In conclusion, we observed an association between fine
and ultrafine particulate air pollution and the risk of exercise-
induced ST-segment depression among subjects with coro-
nary heart disease. Ambient particles of different sizes might
act independently because of their different sources or poten-
tially through different mechanisms. The present results
suggest that the effect of particulate air pollution on cardio-
vascular morbidity is at least partly mediated through in-
creased susceptibility to ischemia and provide a plausible
biological link between ambient levels of particulate matter
and risk of mortality and mortality attributable to ischemic
heart disease.
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