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Background: Acute myocardial infarction (AMI) is the leading cause of death attributed to cardiovascular
diseases. An association between traffic related air pollution and AMI has been suggested, but the
evidence is still limited.

Objectives: To evaluate in a multicentre study association between hospitalisation for first AMI and daily
levels of traffic related air pollution.

Methods: The authors collected data on first AMI hospitalisations in five European cities. AMI registers
were available in Augsburg and Barcelona; hospital discharge registers (HDRs) were used in Helsinki,
Rome and Stockholm. NO,, CO, PM;¢ (particles <10 um), and O3 were measured at central monitoring
sites. Particle number concentration (PNC), a proxy for ultrafine particles (<0.1 um), was measured for a
year in each centre, and then modelled retrospectively for the whole study period. Generalised additive
models were used for statistical analyses. Age and 28 day fatality and season were considered as
potential effect modifiers in the three HDR centres.

Results: Nearly 27 000 cases of first AMI were recorded. There was a suggestion of an association of the
same day CO and PNC levels with AMI: RR=1.005 (95% CI 1.000 to 1.010) per 0.2 mg/m® and
RR=1.005 (95% Cl 0.996 to 1.015) per 10000 particles/cm?, respectively. However, associations were
only observed in the three cities with HDR, where power for city-specific analyses was higher. The authors
observed in these cities the most consistent associations among fatal cases aged <75 years: RR at 1 day
lag for CO=1.021 (95% Cl 1.000 to 1.048) per 0.2 mg/m?, for PNC=1.058 (95% Cl 1.012 to 1.107)
per 10000 particles/cm®, and for NO,=1.032 (95% Cl 0.998 to 1.066) per 8 ug/m?>. Effects of air
pollution were more pronounced during the warm than the cold season.

Conclusions: The authors found support for the hypothesis that exposure to traffic related air pollution
increases the risk of AMI. Most consistent associations were observed among fatal cases aged <75 years
and in the warm season.

in daily air pollution levels to increased daily

cardiovascular mortality and morbidity.' > However,
the group of harmful cardiovascular conditions is diverse. By
using more specific endpoints in studies it is possible to
provide not only more accurate estimates for risk analyses,
but potentially also information on disease mechanisms.
Acute myocardial infarction (AMI) is the leading cause of
death attributed to cardiovascular diseases. Several epide-
miological studies have linked increased air pollution levels
with increased risk of AMI.>”

The important harmful characteristics of air pollution are
still unclear. The main candidates include chemical composi-
tion, especially carbon compounds and heavy metals,®” or
high  number of ultrafine particles (<0.1 um).*
Epidemiological studies have suggested that crustal material
may have less of an effect on health than combustion
particles.” '* Traffic related combustion particles have been
associated with increased mortality in cohort studies."
Recently, short term exposure to traffic has been associated
with the triggering of onset of myocardial infarction."

The present study was conducted as part of the HEAPSS
(Health Effects of Air Pollution among Susceptible Sub-
populations) project, aimed at evaluating the effects of air

Many epidemiological studies have linked the changes
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pollution on cardiovascular diseases in five European cities.
We have previously shown combustion originating air
pollutants to be associated with fatal, non-hospitalised
coronary events in Rome, Italy.” In the HEAPSS cohort of
AMI survivors, we have found an association between
ambient air pollution and increased risk of cardiac hospital
readmissions.” The aim of the present study was to analyse
the associations between traffic related air pollution and
hospitalisation for first AMI, the event responsible for the
individual’s inclusion into the HEAPSS cohort. CO and NO,
were included in the study as indicators of traffic related air
pollution, while particle number concentration (PNC) was
included both as an indicator of traffic related air pollution
and by merit of possible direct causal association with AMI,
since it is a good proxy for ultrafine particle concentration."
There is a general lack of long measurement series of PNC. In
the current study, we modelled PNC retrospectively.' "7

Abbreviations: AMI, acute myocardial infarction; HDR, hospital
discharge register; HEAPSS, Health Effects of Air Pollution among
Suscept?ble Sub-populations; PNC, particle number concentration;
UBRE, un-biosedprisk estimator
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Table 1 Characteristics of acute myocardial infarction (AMI) patient data sources in the five cities, and number of hospital
admissions for first AMI during the study period
Data sources Admissions
Age Days with no Days with =5
City Register type range  Years Ad n Imissions (%) admissions (%) Men (%) Age =65 (%)
Augsburg AMI register 35-74 1995-99 1694 39.8 0.38 74.6 38.6
Barcelona AMI register 35-79 1992-95 1467 27.0 0.78 77.7 46.4
Helsinki Hospital discharge 35- 1993-99 5148 13.6 572 52.1 717
register
Rome Hospital discharge 35- 1998-2000 8799 0.27 87.0 67.4 61.4
register
Stockholm Hospital discharge 35— 1994-99 9746 1.14 45.2 57.2 78.5
register
METHODS first based on the recorded patient history. In the other three
Subiects cities AMI was defined as first if record linkage found no AMI

We collected data on hospitalisations for first acute myocar-
dial infarction (AMI) in five European cities (table 1).
Depending on the availability of data sources, either AMI
registers (Augsburg and Barcelona) or hospital discharge
registers (HDRs) (Helsinki, Rome, and Stockholm) were
used. Patients were included in the study if they were aged 35
or above (under 75 in Augsburg, under 80 in Barcelona), and
resident in the study area.

The definition of AMI in Augsburg and Barcelona followed
the MONICA recommendations.'® In Augsburg, patient data
on AMI cases dying within 24 hours from hospitalisation
were not available. In Helsinki, Rome, and Stockholm,
hospitalisations for AMI (ICD-9 =410; ICD-10 =121, 122)
recorded in acute care hospitals were selected. AMI diagnoses
in HDRs and in AMI registers following MONICA recom-
mendations have been found to be highly comparable.””' In
order to increase the specificity of the AMI diagnoses in the
HDRs, hospitalisations shorter than three days were
excluded, as they are most likely to represent ruled out
AMI. In Helsinki and Stockholm, the specificity was further
improved by excluding hospitalisations recorded as elective
(non-acute). In Augsburg and Barcelona AMI was defined as

hospitalisations during the previous three years, and if no
ICD code indicating a previous infarction (ICD-9: 412, ICD-
10: 125.2) was found as a secondary diagnosis in the record of
index event.

Environmental data
An average of the city monitors representing inner city
background levels of air pollution was used in the analyses.
However, in Augsburg scaling down total suspended parti-
culate matter concentrations with a factor of 0.83 formed an
estimate of PM;, concentrations. The scaling factor was
chosen based on earlier empirical data and information from
the Bavarian Environmental Protection Agency. In Barcelona,
daily estimates of PM;o for the two missing years were
constructed using a linear prediction model that included
concentrations of total suspended particles and black smoke.

Analyses on ozone were restricted to warm season (April—
September), because levels and correlations with other
pollutants depend on season, and health effects of ozone
have generally been associated with summer levels.

PNC was measured in all cities with identical condensation
particle counters (TSI model 3022) over a three year period."®

Table 2 Daily air pollution levels and apparent (perceived) temperature*

Percentile Augsburg Barcelona Helsinki Rome Stockholm

CO (mg/m?) 25th 07 0.6 03 17 03
50th 0.9 0.9 0.4 2.3 0.4
75th 1.1 14 0.5 29 0.5
98th 2.2 3.2 0.8 5122 0.9

NO, (ng/m°) 25th 40.2 34.8 21.8 61.9 16.3
50th 49.2 45.0 28.7 70.6 222
75th 58.9 60.0 37.6 80.4 28.6
98th 88.7 86.0 64.7 102.5 45.9

PNC (1/cm?®) 25th 9720 48900 10500 35200 9130
50th 12400 76300 13600 46000 11800
75th 16200 110000 17700 63300 15300
98th 31800 207000 29700 116000 27800

PMio (ng/m?) 25th 311 45.1 15.1 36.0 9.4
50th 43.5 57.4 21.0 48.5 12.5
75th 57.2 73.1 30.8 65.7 17.9
98th 100.0 114.8 74.8 104.2 36.9

Ost (pg/m?) 25th 62.6 50.0 57.6 95.3 65.4
50th 82.6 63.3 69.8 114.4 77.2
75th 105.3 79.6 82.7 138.7 89.8
98th 151.6 106.0 110.8 200.5 119.5

App tempt (C) 25th 0.4 10.4 -2.6 7.7 -14
50th 7.7 15.1 2.5 15.1 4.1
75th 15.0 21.1 11.2 22.6 121
98th 21.8 28.3 18.4 28.8 19.9

*Index of perceived temperature, combines measured temperature and relative humidity.

tEight hour mean levels during warm season (April-September).

FApparent temperature.
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Table 3 Spearman'’s correlation coefficients between air
pollutants and measured temperature
City Polltant PNC PMj, CO  NO, O
Augsburg  PMig 0.53

(€] 0.63 0.56

NO, 0.65 0.64 0.68

Oz* 0.26 0.43 0.10 0.38

Temp -0.60 002 -027 -0.02 0.49
Barcelona  PM;o 0.38

Cco 0.80 0.44

NO, 0.49 048  0.46

O3 -035 001 -023 -0.16

Temp -0.66 -0.03 -044 -0.27 0.03
Helsinki PM;q 0.45

co 0.48 0.21

NO, 0.82 040 0.43

O3 0.01 040 0.08 0.11

Temp -0.51 -0.01 -027 -0.12 0.17
Rome PMio 0.32

cOo 0.83 0.27

NO, 0.68 047 0.57

O3 0.03 0.13 0.02 0.31

Temp -0.73 005 -052 -0.25 0.41
Stockholm ~ PM;q 0.06

co 0.56 0.41

NO, 0.83 029 075

O3 -0.01 059 020 0.19

Temp -0.65 0.14 -0.27 -0.33 0.11
*Correlation for 8 h O3 during warm season (April-September).

We constructed models to estimate PNC using available data
on other air pollutants and meteorological variables."”” The
models were then applied to predict retrospectively daily PNC
levels.

Data analysis

We analysed data using Poisson regression. For estimation of
possible non-linear effects of confounders we used penalised
splines in generalised additive models.”> We selected potential
confounders based on the literature on triggering of AMI. For
barometric pressure, the current-day value was used. Instead
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of measured temperature we used apparent temperature,
which is an index of perceived temperature combining
temperature and humidity, the former dominating the
value.” In particular, the health effects of hot weather
conditions may not be well represented by using air
temperature. Separate terms were used for immediate effects
and more lagged effects:** current-day average apparent
temperature for the immediate effect, and the difference
between current-day average apparent temperature and the
three previous days’ average apparent temperature for slower
effects. The shapes of the smooth terms for trend, tempera-
ture, and barometric pressure were judged one by one. The
smoothing parameters were chosen to minimise the un-
biased risk estimator (UBRE) score for the model using the
magic fit method (the R package mgcv 0.9-5).

We built the basic model without air pollution in strict
stepwise order starting with a model including time trend,
current-day mean apparent temperature, weekday, holiday
(national), and population reduction (due to summer holi-
days). Next we added terms for the lagged effect of
temperature and barometric pressure one at a time. We
based inclusion of these confounders on estimated degree of
freedom, confidence bands, and UBRE score.* Finally, factors
for holidays and population reduction were removed if not
needed based on statistical significance and UBRE score.

The main analyses were limited to short lags (days 0-3);
lags until day 5 were used for descriptive purposes. Lag 0 was
defined as the average air pollution level on the event day, lag
1 represented the level on the day before, and so on.

If the city-specific estimates were not significantly hetero-
geneous (p<<0.1),” we calculated a pooled effect estimate as
the weighted average of city-specific regression coefficients
using the inverse of the squared standard errors of the
regression coefficients as weights. When the estimates were
heterogeneous, we used a random effects approach. We
calculated pooled results for PM,, for an increase of 10 pg/m>
in order to be comparable to previous studies. Results for
other pollutants have been calculated for an increase of study
mean IQR multiplied by the ratio between 10 pug/m’ and the

Table 4 Pooled rate ratios (RRs) and 95 % confidence intervals (95% Cls) for the
associations of daily air pollution levels with hospitalisation for first acute myocardial
infarction
All five cities Three cities with HDR$
Pollutant lag RR* (95% Cl) RR* (95% CI)
CcoO 0 1.005 (1.000-1.010) 1.007 (1.001-1.012)
1 1.002 (0.996-1.007) 1.002t (0.996-1.008)
2 1.002 (0.997-1.007) 1.003 (0.998-1.009)
3 0.998 (0.992-1.003) 1.004+ (0.988-1.020)
NO, 0 0.996 (0.988-1.005) 0.999 (0.989-1.008)
1 0.998t (0.986-1.010) 0.998% (0.982-1.015)
2 1.003(0.994-1.011) 1.005 (0.996-1.015)
3 1.0011 (0.989-1.014) 1.005t (0.989-1.021)
PNC 0 1.005 (0.996-1.015) 1.013 (1.000-1.026)
1 0.9971 (0.982-1.012) 0.995t (0.953-1.039)
2 0.999 (0.990-1.008) 1.001 (0.989-1.014)
3 0.998t (0.979-1.017) 1.0091 (0.974-1.046)
PMio 0 1.003 (0.995-1.011) 1.003 (0.994-1.012)
1 1.0011 (0.990-1.011) 0.997 (0.988-1.006)
2 1.002 (0.994-1.010) 1.003 (0.995-1.012)
3 1.0021 (0.991-1.013) 1.003t (0.986-1.020)
O3 0 0.991 (0.979-1.003) 0.989 (0.976-1.003)
1 0.992 (0.980-1.004) 0.991 (0.978-1.004)
2 0.997 (0.985-1.010) 1.002 (0.988-1.015)
3 1.002(0.990-1.015) 1.002 (0.989-1.015)
*Rate ratios calculated for a change of 10 000 particles/cm® in PNC, 10 pg/m® in PMqo, 0.2 mg/m® in CO,
8 ug/m? in NOy, and 15 pg/m® in Os.
1City-specific results heterogeneous (p<0.1), random effects model used for pooling.
$Hospital discharge register.
§Rate ratios for the 8 h O3 during warm season (April-September).

www.occenvmed.com



Air pollution and acute myocardial infarction

1.15 —
Augsburg

1.10 —
1.051
1.00 | | | |

0.95 — |

0.90 —

0.85

1.15 —
Barcelona

1.10
1.05 — |
1.00

0.95 — | I

0.90 —

0.85
1.15
1.10
1Aos—l +

oo A S SR R
0.95

0.90 —

0.85
1.15

[ Helsinki

1.10 —
1.057*
1.00 l l

0.95 —

0.90 |-

0.85

1.15

1.10

1.05 -

1.00 —3 +
Ty

0.95 |-

0.90 -

0.85

——
——
—o—

0 1 2 3 4 5
Lag

Figure 1 Rate ratios (RR; dots) and 95% confidence intervals (95% Cl;
vertical lines) based on single-day lag models with increasing lags for
the association of particle number concentration (PNC) with
hospitalisations for first acute myocardial infarction. RRs calculated for
city-specific inferquartile increases in PNC.

PM, IQR in the study. Two-pollutant models were used to
evaluate the effects of PNC while considering O; and PMj.

We considered age, fatality, and season as possible effect
modifiers. We stratified data at the same time for age and
fatality as they are potentially related. Stratified analyses
were restricted to the three centres with HDRs, where data
contained information also on persons aged >75 years. We
collected data on deaths in Helsinki and Stockholm from
national registers, and in Rome from municipal registers.
AMI hospitalisation was categorised as fatal when death
occurred within 28 days from hospitalisation. We also
conducted stratified analyses by warm and cold season.

As an alternative smoothing approach, we used natural b-
splines in generalised linear models.” We tested the
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sensitivity of results to modelling of temperature by using
the average of 1-3 day lagged temperature as a term for
delayed temperature effect. We evaluated the impact of
selection of confounders by excluding/including confounders
that were of borderline significance (p<<0.2) in the original
basic model. Finally, we checked the effect of high pollution
days by restricting the analyses to the days below the 98th
percentile of the concentration distribution.

RESULTS

Altogether, 26 854 individuals were hospitalised during the
study period (table 1). The number of admissions was clearly
higher in the three centres where large HDRs were used than
in the two centres with AMI registers. In the latter, there
were high proportions of men, due mainly to the upper age
limits set by the registers.

Modelled particle number concentrations were clearly
highest in Barcelona, followed by Rome (table 2). CO and
NO, levels and warm season O levels were highest in Rome.
CO levels, as well as PM,, levels, were lowest in the far
northern cities Helsinki and Stockholm.

Modelled PNC correlated most strongly with NO, and CO
in Augsburg, CO in Barcelona and Rome, and NO, in Helsinki
and Stockholm (table 3).

When we pooled the results from all the five cities together,
we found at 0 day lag a suggestive association of CO and PNC
with first AMI hospitalisations (table 4). When we restricted
analyses to the three cities where large HDRs were used, we
found marginally stronger associations of CO and PNC with
AMI. The effects were homogeneous between cities at lag 0.
Pooled estimates at 1 and 3 day lags for CO and PNC were
heterogeneous. Results for maximum 8 h CO and 1 h NO,
did not differ from the results obtained using the daily
averages (data not shown). Ozone was not associated with
AMI, and including ozone in the same model with PNC did
not affect the results for either. Thus, stratified analyses have
been conducted without ozone. In a two-pollutant model
including PNC and PM,, pooled rate ratios (95% CI) for PNC
remained essentially the same in the five cities, but decreased
for PM,; to 0.999 (0.990-1.009) at lag 0, and increased to
1.006 (0.996-1.015) at lag 3.

The heterogeneity in the pooled estimates was mainly
caused by differences between cities in lag times. The lag
structure for PNC in the five cities has been plotted in figure 1.
PNC seemed to have an immediate effect in Rome, data of
which drove the pooled results at 0 day lag. In Helsinki, the
effects were most pronounced at lag 1 and in Stockholm at
lag 3. PNC had no clear association with AMI in the two cities
with AMI registers, where the smaller data set resulted in
larger confidence intervals.

In the sensitivity analyses, only the exclusion of extreme
concentrations had any effect on the associations of PNC and
CO with first AMI. The pooled rate ratio (five cities) for PNC
at 0 day lag decreased to 1.002 (95% CI 0.991 to 1.014), and
confidence intervals for the association of CO with AMI got
wider: 95% CI 0.984 to 1.030 (RR = 1.007). When we pooled
results of only the three cities with HDRs, the association
between PNC and AMI at 0 day lag became weaker, 1.005
(95% CI 0.990 to 1.021), whereas the association for CO got
clearly stronger, 1.042 (95% CI 1.009 to 1.077), after
exclusion of extreme values.

In Helsinki, Rome, and Stockholm, there were altogether
5158 fatal AMI hospitalisations. Among persons below 75
years of age, 12.8% of the hospitalisations were fatal, whereas
33.1% of them were fatal among persons aged 75 or above.
AMI was consistently associated with PNC and CO among
fatal AMI cases below 75 years of age (table 5). In the
stratum, there was evidence also on the associations of PM,,
and NO, with AMI, and any pooled results were no longer
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Table 5 Pooled rate ratios (RRs) and 95 % confidence intervals (95% Cls) for the associations of daily air pollution levels with
hospitalisation for first acute myocardial infarction by age and fatality in the three cities with hospital discharge registers

Age <75 Age =75
Non-fatal Fatal Non-fatal Fatal

Pollutant lag RR* (95 % Cl) RR (95 % CI) RR (95 % CI) RR (95 % CI)

co 0 1.001 (0.995-1.008) 1.027 (1.006-1.048) 1.015 (1.004-1.026) 1.009 (0.992-1.026)
1 1.000 (0.994-1.007) 1.021 (1.000-1.042) 1.006 (0.995-1.017) 1.001 (0.985-1.018)
2 1.004 (0.998-1.011) 1.018 (0.997-1.039) 0.995 (0.983-1.006) 1.006 (0.990-1.023)
3 0.9991 (0.992-1.006) 1.015 (0.994-1.037) 0.998 (0.987-1.009) 1.000 (0.983-1.017)

NO, 0 0.995 (0.982-1.008) 1.004 (0.971-1.039) 1.011 (0.993-1.029) 1.009 (0.984-1.034
1 1.0031 (0.979-1.028) 1.032 (0.998-1.066) 0.997 (0.979-1.015) 0.994 (0.969-1.019)
2 1.015 (1.002-1.028) 1.021 (0.987-1.057) 0.995 (0.977-1.013) 0.997 (0.972-1.022
3 1.0091 (0.988-1.031) 1.019 (0.985-1.053) 1.010 (0.992-1.028) 0.985 (0.960-1.011)

PNC 0 1.001 (0.985-1.017) 1.050 (1.000-1.101) 1.032 (1.008-1.056) 1.016 (0.978-1.055
1 0.9991 (0.984-1.014) 1.058 (1.012-1.107) 1.009 (0.985-1.032) 1.001 (0.966-1.038)
2 1.010 (0.996-1.025) 1.023 (0.977-1.071) 0.989 (0.966-1.013) 1.005 (0.969-1.041
3 1.0291 (0.976-1.084) 1.025 (0.979-1.073) 1.0091 (0.969-1.051) 0.984 (0.948-1.021)

PMio 0 0.997 (0.986-1.008) 1.031 (1.000-1.064) 1.012 (0.995-1.029) 1.009 (0.985-1.034
1 0.997 (0.986-1.008) 1.026 (0.994-1.058) 1.000 (0.983-1.017) 0.998 (0.974-1.023
2 1.005 (0.994-1.016) 0.999 (0.967-1.032) 0.999 (0.982-1.017 1.003 (0.978-1.028)
3 0.994 (0.983-1.005) 1.022 (0.991-1.055) 1.001 (0.984-1.018) 1.018% (1.063-0.975)

*Rate ratios calculated for a change of 10 000 pcrﬁdes/cm3 in PNC, 10 p.g/m3 in PM;o, 0.2 mg/m3 in CO, and 8 p.g/m3 in NO,.

1City-specific results heterogeneous (p<0.1), random effects model used for pooling.

significantly heterogeneous. Figure 2 illustrates how the
stratification affected the lag structure for PNC and conse-
quently decreased heterogeneity between cities. Among non-
fatal cases aged 75 or above, we observed associations of the
same day PNC and CO levels with AMI (table 5).

In Helsinki, Rome, and Stockholm, there were altogether
11 015 AMI hospitalisations during the warm season and
12 712 during the cold season. Rate ratios for the associations
of CO, NO,, PNC, and PM,, with AMI were higher during
warm season than cold season (table 6). There was no
significant heterogeneity in effect estimates between cities
when data were restricted to warm season. Strongest
associations were observed at lag 0 during the cold season,
but at higher lags during the warm season.

DISCUSSION

The pooled results of the five European cities suggest a weak
association of CO and PNC with AMI hospitalisations.

1.4 —

Helsinki Rome

Stronger associations were observed in the three cities that
used large HDRs. Among these cities there was considerable
variation in the lag times of air pollution effects. Less
heterogencous results and higher effect estimates were
obtained in stratified analyses, where the associations of
CO and PNC with AMI were most consistent among fatal
cases (28 day fatality) <75 years of age, and during warm
season.

The five cities in our study reflect different demographics,
climates, and air pollution sources encountered within the
European Union. In the current study, the focus was on air
pollutants originating mainly from traffic in urban environ-
ments. The pooled results of the five cities suggest a weak
association of CO and PNC with AMI. However, in Augsburg
and Barcelona, CO and PNC were not associated with AMI.
This is probably due to lower power for city-specific analyses
in these cities. In the three cities with large HDRs, there
was considerable heterogeneity in results. However, the

Figure 2 Rate ratios (RR; dots) and
95% confidence intervals (95% Cl;
vertical lines) based on single-day lag
models with increasing lags for the
association of particle number
concentration (PNC) with fatal
hospitalisations for first acute
myocardial infarction among persons
<75 years of age in the three cities with
hospital discharge registers. RRs
calculated for a change of 10 000/cm?®
in PNC.

Stockholm

RR (95% Cl)
>
.
P
o
o
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Table 6 Pooled rate ratios (RRs) and 95 % confidence
intervals (95% Cls) for the associations of daily air
pollution levels with hospitalisation for first acute
myocardial infarction by season in the three cities with
hospital discharge registers

Warm season (Apr-Sep)

Cold season (Oct-Mar)

Pollutant lag RR* (95% CI) RR (95% Cl)

co 0  1.014(0.995-1.033) 1.006 (1.000-1.012)
1 1.011(0.993-1.030) 1.0007 (0.972-1.030)
2 1.017 (1.000-1.035) 1.0011 (0.996-1.007)
3 1.011(0.993-1.029)  0.996 (0.990-1.002)

NO, 0  1.001 (0.985-1.016) 1.003 (0.990-1.015)
1 1.008(0.993-1.023)  0.996t (0.970-1.022)
2 1.007 (0.992-1.022) 1.005 (0.993-1.018)
3 1.012(0.997-1.027) 1.000t (0.978-1.022)

PNC 0 1.009 (0.972-1.048) 1.014 (1.001-1.028)
1 1.023(0.988-1.060) 1.0011 (0.956-1.048)
2 1.050 (1.016-1.085) 1.001 (0.989-1.014)
3 1.022(0.987-1.058) 1.009+ (0.971-1.049)

PM1o 0  1.006 (0.990-1.022) 1.001 (0.991-1.012)
1 1.000(0.985-1.016)  0.998 (0.987-1.009)
2 1.005 (0.990-1.020) 1.001 (0.991-1.012)
3 1.010(0.995-1.025)  0.991 (0.981-1.002)

*Rate ratios calculated for a change of 10 000 particles/cm? in PNC,
10 pg/m® in PMyo, 0.2 mg/m® in CO, and 8 ug/m® in NO,.
1City-specific results heterogeneous (p<0.1), random effects model used
for pooling.

heterogeneity was reduced in stratified analyses leading to
higher pooled effect estimates and providing further support
for the association between the pollutants and AMI.

Many recent studies support the importance of traffic and
other combustion processes as the major source of harmful
particulate matter.” ' CO and PNC both originate from
combustion processes, mainly traffic in most urban environ-
ments. It is known that exposure to CO may aggravate
myocardial ischaemia by reducing the oxygen -carrying
capacity of blood by binding to haemoglobin, and occupa-
tional studies have suggested an association between
ischaemic heart disease mortality and CO exposure.”
However, given the very low ambient levels of CO in
especially Stockholm and Helsinki a causal role of CO is not
likely in the current study, but CO has probably acted as a
proxy for traffic related particulate pollution. It has been
shown that outdoor CO levels may serve as surrogates for
exposure to PM,s, and may be poorly correlated with CO
exposures.”® On the other hand, PNC might be also causally
related to AMIL?®

Our findings are in line with the few smaller scale studies
that have evaluated associations between occurrence of AMI
and traffic related air pollution. D'Ippoliti ef a/ found CO and
NO, to be positively associated with AMI hospitalisations in
Rome, but the strongest association was observed between
total suspended particles and AMI.’ Peters ef al found daily
levels of both particles and gaseous pollutants to be
associated with the onset of non-fatal AMI in Boston.* In a
recent similar study in Augsburg,” the results for daily air
pollution concentrations were essentially the same. PNC was
included in the latter study, but no association with AMI was
found.

In our study the effects of PM;, were less clear than those
of CO and PNC. The percentage increase in AMI hospitalisa-
tions for a 10 pg/m’ increase in PM,, was also lower than in a
recent large study on AMI in the US: 0.3% versus 0.65%.
However, especially in stratified analyses PM;, seemed to
have an effect in the current study, too. It should be noted
that the use of a few central outdoor monitors makes the
comparison of effect estimates of pollutants from different
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sources difficult. It is likely that also in our study, for
example, the spatial variability in PM,, levels has been
different from the variability of more obviously traffic related
pollutants like PNC and CO. However, in time series analyses
the spatial variability in pollutant levels is less of a problem
than possible poor temporal correlation between sites. For
PM, s it has been shown that the levels of traffic originating
mass might be very different at different sites, but still
longitudinally correlating.”® We have shown in the HEAPSS
study fair correlation between two monitoring sites for PNC
in Barcelona, Rome, and Stockholm.' In Helsinki, rather
high longitudinal correlations have been previously reported
for several monitoring sites for PNC.”' Part of the exposure to
traffic originating pollutants obviously occurs while outdoors
and in traffic. As the study population consisted mainly of
elderly persons, the time spent outdoors has probably been
lower than for general population.

We found PNC and CO to be more strongly associated with
AMI among fatal cases below 75 years of age than in the
whole data. In this category, there was also some evidence of
PM,, and NO, effects. In the higher age group, we observed
air pollution effects mainly among non-fatal cases. Persons
=75 years of age within the fatal category may be so frail that
the effects of air pollution are masked by factors related, for
example, to multiple comorbidities. It should also be noted
that the fraction of fatal AMIs never reaching the hospital is
dependent on age.”” *> Within the HEAPSS study, we have
observed strong associations of out-of-hospital coronary
deaths with PNC, PM,,, and CO in Rome."”

We observed higher pooled effect estimates for air
pollution during warm season than during cold season.
This is consistent with a recent large American mortality
study,” and could be due to higher exposure or better
exposure assessment during the warm season because of
larger proportion of time spent outdoors and higher ventila-
tion rates. On the other hand, seasonal differences in air
pollution mixture may also affect the effect estimates, and
could explain the seasonal differences in lag structure. Taken
together, our two types of stratified analyses demonstrate
how straightforward pooling of effect estimates in multicity
studies may conceal inherent differences between cities in
climate, air pollution mixture, and population. One poten-
tially important effect modifier is medication—for example,
the use of statins and beta-blockers,” ** which might differ
between cities. Unfortunately, HDRs do not include data on
medication.

Recently, an association between ozone and AMI was
reported in Toulouse, but no association between AMI and
NO, or SO,.”” Thus, we decided to study the possible effects of
ozone in addition to the effects of closely traffic related
pollutants. However, we could not confirm the finding, as Os
was found not to be associated with AMI.

An obvious limitation in our study is the use of two
different types of registers for the collection of AMI data.
Nevertheless, the different practices of AMI diagnosis and
registration are probably a minor limitation. Instead, the
upper age limit of the AMI registers may be more problematic
since it caused not only different age structure, but also
different sex structure as compared to the cities with
administrative hospital databases. In any case, the small
number of cases alone might explain the lack of associations
in Augsburg and Barcelona.

Particle number concentrations were not measured
directly, but estimated using other pollutants and meteorol-
ogy. We have demonstrated that the estimated concentra-
tions correlate well with measured concentrations."”
However, due to uncertainties associated with retrospective
modelling in general, the effect estimates of CO and PNC
are not directly comparable. In the future, when more
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® Exposure fo traffic related air pollution may increase
the risk of first myocardial infarction.

® In multicity air pollution studies on hospitalisations
for myocardial infarction and other cardiovascular
diseases, case fatality, age of patient, and season
should be considered.

Policy implications

® The results help the European Union and national
institutions to design policies for air pollution abatement.

e Efforts to reduce population exposure to traffic
originating pollution to reduce the human and
economica? costs paid for air pollution should be
continued both in Southern and Northern Europe.

measurement data on the smallest fractions of particles
accumulate in the five study centres and elsewhere,
measured PNC can be used.

In summary, we found support for the hypothesis that
exposure to traffic related air pollution increases the risk of
AMI. The associations of CO and modelled PNC with AMI
were most consistent among fatal hospitalised AMI patients
below 75 years of age and hospitalised AMI patients 75 years
of age or older with non-fatal outcome. Associations were
also stronger during the warm season than the cold season.
The causal factor or factors remain to be identified

ACKNOWLEDGEMENTS

The study was funded by European Union (QLK4-2000-00708). In
Finland, the study was also financially supported by the Centre of
Excellence Programme 2002-2007 of the Academy of Finland
(Contract 53307) and the National Technology Fund (TEKES,
Contract 40715/01). The funding sources had no role in design or
conduct of the study; collection, management, analysis, or inter-
pretation of the data; or preparation, review, or approval of the
manuscript. Fredrik Nyberg, employed by AstraZeneca, is also
Lecturer in Epidemiology at Karolinska Institutet. AstraZeneca did
not contribute any direct financing to this study. Dr Peters was
partially supported by the US Environmental Protection Agency
STAR center grant R-827354. Finnish patient data were provided by
the National Research and Development Centre for Welfare and
Health, and vital status was ascertained using the mortality register
at Statistics Finland. German data were provided by the GSF-
Research Center of Environmental and Health funded by the German
Ministry of Research and Science and the State of Bavaria. Swedish
patient data were provided by Statistics Sweden and the Swedish
National Board of Health and Welfare.

Authors’ affiliations

T Lanki, J Pekkanen, P Tiittanen, Environmental Epidemiology Unit,
National Public Health Institute (KTL), Kuopio, Finland

J Pekkanen, School of Public Health and Clinical Nutrition, University of
Kuopio, Finland

P Adlto, M Kulmala, Department of Physical Sciences, University of
Helsinki, Finland

R Elosua, J Sunyer, IMIM-Municipal Institute for Medical Research,
Barcelona, Spain

N Berglind, Department of Occupational and Environmental Health,
Stockholm County Council, Sweden

N Berglind, F Nyberg, Institute of Environmental Medicine, Karolinska
Institutet, Stockholm, Sweden

D D'Ippoliti, S Picciotto, F Forastiere, Department of Epidemiology,
Roma E Local Health Authority, Rome, ltaly

F Nyberg, AstraZeneca R&D, MdIndal, Sweden

www.occenvmed.com

Lanki, Pekkanen, Aalto, et al

A Peters, S von Klot, Institute of Epidemiology, GSF-National Research
Center for Environment and Health, Neuherberg, Germany

V Salomaa, Department of Epidemiology and Health Promotion,
National Public Health Institute (KTL), Helsinki, Finland

Competing interests: none.

Full list of the HEAPSS study group. ltaly: Forastiere F, D'lppoliti D,
Michelozzi P, Perucci CA, Picciotto S, Stafoggia M, Accetta G,
Compagnucci P, Cattani G, Marconi A; Germany: Peters A, von Klot
S, Lowel H, Hérmann A, Meisinger C, Cyrys J, Greschik C, Zetsche K,
Harmath C, Khner N, Kaup U, Schuler A, Lutkitsch D, Winter C, Orlik
G, Zimmermann G, Pitschi P, Schnelle-Kreis J; Spain: Sunyer J,
Marrugat J, Elosua R, Gil M, Sanz G, Molina L, Vadlle V, Julvez J,
Rebato C, Cabafiero M, Mufioz L; Finland: Pekkanen J, Lanki T, Tiittanen
P, Salomaa V, Kokki E, Koskentalo T, Kulmala M, Adlto P, Paatero P,
Hémeri K; Sweden: Nyberg F, Berglind N, Bellander T, Pershagen G,
Bessd A, Siovall B, Jonsson T, Johansson C, Késter M.

REFERENCES

1 Samet JM, Dominici F, Curriero FC, et al. Fine particulate air pollution and
mortality in 20 U.S. cities, 1987-1994. N Engl J Med 2000;343:1742-9.

2 Sunyer J, Ballester F, Le Tertre A, et al. The association of daily sulfur dioxide
air pollution levels with hospital admissions for cardiovascular diseases in
Europe (The Aphea-ll study). Eur Heart J 2003;24:752-60.

3 D’Ippoliti D, Forastiere F, Ancona C, et al. Air pollution and myocardial
infarction in Rome; a case cross-over analysis. Epidemiology
2003;14:528-35.

4 Peters A, Dockery DW, Muller JE, et al. Increased particulate air pollution and
the triggering of myocardial infarction. Circulation 2001;103:2810-15.

5 Zanobetti A, Schwartz J. The effect of particulate air pollution on emergency
admissions for myocardial infarction: a multi-city case-crossover analysis.
Environ Health Perspect 2005;113:978-82.

6 Xia T, Korge P, Weiss JN, et al. Quinones and aromatic chemical compounds
in particulate matter induce mitochondrial dysfunction: implications for
ultrafine particle toxicity. Environ Health Perspect 2004;112:1347-58.

7 Rice TM, Clarke RW, Godleski JJ, et al. Differential ability of transition metals
to induce pulmonary inflammation. Toxicol Appl Pharmacol
2001;177:46-53.

8 Donaldson K, Stone V, Clouter A, et al. Ultrafine particles. Occup Environ
Med 2001;58:211-16.

9 Laden F, Neas LM, Dockery DW, et al. Association of fine particulate matter
from different sources with daily mortality in six U.S. cities. Environ Health
Perspect 2000;108:941-7.

10 Lanki T, de Hartog JJ, Heinrich J, et al. Can we identify sources of fine particles
responsible for exercise-induced ischemia on days with elevated air pollution?
The ULTRA study. Environ Health Perspect 2006;114:655-60.

11 Hoek G, Brunekreef B, Goldbohm S, et al. Association between mortality and
indicators of traffic-related air pollution in the Netherlands: a cohort study.
Lancet 2002;360:1203-9.

12 Peters A, von Klot S, Heier M, et al. Exposure fo traffic and the onset of
myocardial infarction. N Engl J Med 2004;351:1721-30.

13 Forastiere F, Stafoggia M, Picciotto S, et al. A case-crossover analysis of out-
of-hospital coronary deaths and air pollution in Rome, ltaly. Am J Resp Crit
Care Med 2005;172:1549-55.

14 von Klot S, Peters A, Aalto P, for the HEAPSS Sfudy Group, et al. Ambient air
pollution is associated with increased risk of hospital cardiac readmissions of
myocardial infarction survivors in European cities. Circulation
2005;112:3073-9.

15 de Hartog JJ, Hoek G, Mirme A, et al. Relationship between different size
classes of particulate matter and meteorology in three European cities.

J Environ Monit 2005;7:302-10.

16 Adlto P, Hameri K, Paatero P, et al. Aerosol number concentration
measurements in five European cities using TSI-3022 condensation particle
counter over a three year period during HEAPSS (Health Effects of Air
Pollution on Susceptible Subpopulations). J Air Waste Manag Assoc
2005,55:1064~76.

17 Paatero P, Adlto P, Picciotto S, et al. Estimating time series of aerosol particle
number concentrations in the five HEAPSS cities on the basis of measured air
pollution and meteorological variables. Atmos Environ 2005;39:2261-73.

18 Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, et al. Myocardial infarction and
coronary deaths in the World Health Organization MONICA Project.
Registration procedures, event rates and case fatality in 38 populations from
21countries in 4 continents. Circulation 1994;90:583-612.

19 Ferrario M, Cesana G, Vanuzzo D, et al. Surveillance of ischaemic heart
disease: results from the Italian MONICA populations. Int J Epidemiol
2001,30:23-9.

20 Hammar N, Nerbrand C, Ahlmark G, et al. Identification of cases of
myocardial infarction: hospital discharge data and mortality data compared
to myocardical infarction community registers. Int J Epidemiol
1991,20:114-20.

21 Rapola JM, Virtamo J, Korhonen P, et al. Validity of diagnoses of major
coronary events in national registers of hospital diagnoses and deaths in
Finland. Eur J Epidemiol 1997;13:133-8.

22 Wood SN, Augustin NH. GAMs with integrated model selection usin
penalized regression splines and applications to environmental modeﬂing

Ecol Model 2002;157:157-77.



Air pollution and acute myocardial infarction

23

24
25

26
27

28

29

30

Smoyer-Tomic KE, Rainham DGC. Beating the heat: development and
evaluation of a Canadian hot weather health-response plan. Environ Health
Perspect 2001;109:1241-8.

Kelsall JE, Samet JM, Zeger SL, et al. Air pollution and mortality in
Philadelphia, 1974-1988. Am J Epidemiol 1997;146:750-62.

van Houwelingen HC, Arends LR, Stijnen T. Tutorial in biostatistics. Advanced
methods in meta-analysis: multivariate approach and meta-regression, Stat
Med 2002;21:589-624.

Eilers PHC, Marx BD. Flexible smoothing with B-splines and pendlties. Stat
Science 1996;11:89-121.

Koskela R-S, Mutanen P, Sorsa J-A, et al. Factors predictive of ischemic heart
disease mortality n foundry workers exposed to carbon monoxide.

Am J Epidemiol 2000;152:628-32.

Sarnat JA, Brown KW, Schwartz J, et al. Ambient gas concentrations and
personal particulate matter exposures: implications ?or studying the health
effects of particles. Epidemiology 2005;16:385-95.

Peters A, von Klot S, Heier M, et al. Particulate Air po||uﬂon and nonfatal
cardiac events, part I. air pollution, personal activities, and onset of
myocardial infarction in a case—crossover study. Res Rep Health Eff Inst
2005;124:7-66;discussion 67-82.

Kim E, Hopke PK, Pinto JP, et al. Spatial variability of fine particle mass,
components, and source contributions during the Regional Air Pollution Study

in St. Louis. Environ Sci Technol 2005;39:4172-9.

31
32 G

33

34

35

36

37

851

Buzorius G, Hameri K, Pekkanen J, et al. Spatial variability of aerosol number
concentration in Helsinki city. Atmos Environ 1999,33:553-65.

Eewell S, Maclntyre K, Stewart S, et al. Age, sex, and social trends in out-

spital cardiac deaths in Scofland 1986-96: retrospective cohort study.

Lancef 2001;358:1213-17.
Salomaa V, Ketonen M, Koukkunen H, et al. Decline in out-of-hospital
coronary heart disease deaths has contributed the main part to the
overall decline in coronary heart disease mortality rates among persons
35 to 64 years of age in Finland: the FINAMI study. Circulation
2003;108:691-6.
Peng RD, Dominici F, Pastor-Barriuso R, et al. Seasonal analyses of
air pollution and mortality in 100 US cities. Am J Epidemiol
2005;161:585-94.
Schwartz J, Park SK, O'Neill MS, et al. Glutathione-S-transferase M1,
obesity, statins, and autonomic effecfs of particles: gene-by-drug-by-
environment interaction. Am J Respir Crit Care Med 2005;172: 1529 33.
Pekkanen J, Peters A, Hoek G, et al. Particulate air po||uhon and risk of ST-
segment deEressmn durlng repeated submaximal exercise fests among

E|eds with coronary heart disease. The exposure and risk assessment for
Fme and ultrafine particles in ambient air (ULTRA) study. Circulation
2002;20:933-8.
Ruiduvel’s JB, Cournot M, Cassadou S, et al. Ozone air pollution is associated
with acute myocardial infarction. Circulation 2005;111:563-9.

OEM presents a new feature: Online First

In an innovative move, OEM is now publishing all original articles Online First within days of
acceptance. These unedited articles are posted on the OFM website (www.occenvmed.com)
weekly and are citable from the moment they are first posted; they are also deposited in
PubMed. Every article will be published in print in its final, edited version when space in an
issue becomes available. All versions will remain accessible via the website.

These articles can be accessed via the OEM homepage or by using standard author and
keyword searches on OEM Online, Google, and PubMed.

Sign up for OEM announcements (www.occenvmed.com/cgi/alerts/etoc) to be notified

when new papers are published Online First.

www.occenvmed.com



