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A B S T R A C T

Introduction and objectives: Currently air pollution is considered as an emerging risk factor for

cardiovascular disease. Our objective was to study the concentrations of particulate matter in ambient

air and analyze their relationship with cardiovascular risk factors in patients admitted to a cardiology

department of a tertiary hospital with the diagnosis of heart failure or acute coronary syndrome (ACS).

Methods: We analyzed 3950 consecutive patients admitted with the diagnosis of heart failure or ACS.

We determined the average concentrations of different sizes of particulate matter (<10, <2.5, and

<1mm and ultrafine particles) from 1 day or up to 7 days prior to admission (1 to 7 days lag time).

Results: There were no statistically significant differences in mean concentrations of particulate matter

<10, <2.5 and <1 mm in size in both populations. When comparing the concentrations of ultrafine

particles of patients admitted due to heart failure and acute coronary syndrome, it was observed that the

former had a tendency to have higher values (19 845.35�8 806.49 vs 16 854.97 � 8005.54 cm�3, P<.001).

Themultivariate analysis showed that ultrafine particles are a risk factor for admission for heart failure, after

controlling for other cardiovascular risk factors (odds ratio = 1.4; confidence interval 95%, from 1.15 to 1.66

P = .02).

Conclusions: In our study population, comparedwith patients with ACS, exposure to ultrafine particles is

a precipitating factor for admission for heart failure.

� 2010 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L. All rights reserved.

Estudio comparativo de las partı́culas en aire ambiente en pacientes ingresados
por insuficiencia cardiaca y sı́ndrome coronario agudo
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R E S U M E N

Introducción y objetivos: Actualmente se considera la contaminación atmosférica como un factor de

riesgo emergente de enfermedades cardiovasculares. Nuestro objetivo fue comparar las concentraciones

de partı́culas atmosféricas en aire ambiente y analizar su relación con los factores de riesgo

cardiovascular en pacientes que ingresan en un servicio de cardiologı́a de un hospital terciario con el

diagnóstico de insuficiencia cardiaca y sı́ndrome coronario agudo (SCA).

Métodos: Analizamos a un total de 3.950 pacientes ingresados de forma consecutiva con el diagnóstico

de insuficiencia cardiaca y SCA. Se determinaron las concentracionesmedias dematerial particulado con

tamaño < 10, 2,5 y 1mm y partı́culas ultrafinas, desde el dı́a anterior hasta los 7 dı́as previos al ingreso

(1 a 7 dı́as de retardo).

Resultados: No se observaron diferencias estadı́sticamente significativas en las concentraciones

medias de material particulado con tamaño < 10, 2,5 y 1 mm en ambos grupos de población. Cuando

se compararon las concentraciones de partı́culas ultrafinas de los pacientes ingresados por

insuficiencia cardiaca y SCA, se observó que los primeros tenı́an tendencia a valores más altos

(19.845,35 � 8.806,49 frente a 16.854,97 � 8.005,54/cm�3; p < 0,001). El análisis multivariable muestra

que las partı́culas ultrafinas son un factor de riesgo para ingresar por insuficiencia cardiaca, tras controlar

por los distintos factores de riesgo cardiovascular (odds ratio = 1,4; intervalo de confianza del 95%, 1,15-

1,66; p = 0,02).
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in Spain.

Ischemic heart disease and heart failure are the main causes of

cardiovascular deaths.1-3

The main risk factors related to the development of

cardiovascular diseases are tobacco smoking, diabetes mellitus,

high blood pressure, and dyslipidemia.4 It is well-known that

the risk of cardiovascular diseases multiplies if several of

these factors are present. In Spain, 31% of individuals seen in

primary health care have 2 risk factors and around 6%

have 3.5 Atmospheric pollution and cardiovascular risk

was recently presented as one of the key themes in the XIV

Simposio Internacional de Cardiopatı́a Isquémica (14th Interna-

tional Meeting on Ischemic Heart Disease) organized in Girona,

Spain, by the Department of Ischemic Heart Disease and

Coronary Care Units of the Sociedad Española de Cardiologı́a

(Spanish Society of Cardiology) in April 2010. Atmospheric

pollution was considered to be an emerging risk factor for

ischemic heart disease.

The impact that atmospheric pollution has on health has

been discussed since the middle of the 20th century. The large

number of epidemiological and experimental studies shows that

there has been a renewed interest in this subject. These

have stated since 1990 that pollution levels that may be

considered normal in developed countries are still a health

risk.6,7 In the last few years, several multicenter studies

have assessed the situation in different regions of the world,

such as the APHEA study in Europe,8-10 the NMMAPS in the United

States,11 or national European projects such as Air & Santé in

France12 or MISA in Italy.13 The EMECAS (Estudio Multicéntrico

Español sobre la relación entre Contaminación Atmosférica y Salud)

project included 16 Spanish cities and analyzed the relationship

between atmospheric pollution and health.14-16 These studies

investigated the acute or short-term (on the same day or

subsequent days) effects of an increase in pollution and concluded

that for every daily 10 mg/m3 increase in the concentration of

suspendedparticles smaller than 10 mm(breathable), the number

of people who die in the days immediately following increases by

about 0.7%.6

The aim of this study was to test the concentrations of

atmospheric particles in ambient air and to analyze their

relationship with cardiovascular risk factors in patients admitted

to a tertiary hospital’s Department of Cardiology with a diagnosis

of heart failure and acute coronary syndrome (ACS).

METHODS

Population

We analyzed 3950 patients admitted consecutively to our

hospital from October 2006 to December 2009 with a diagnosis of

heart failure and ACS. Only patients who complied with all the

inclusion criteria and none of the exclusion criteria were

considered for inclusion. The presence of viral or bacterial infection

15 days before admission was one of the exclusion criteria.

The inclusion criteria for patients with heart failure were: a)

patients who survived admission to hospital for suspected heart

failure and which was confirmed as the primary diagnosis on

discharge, and b) who complied with the European Society of

Cardiology’s diagnostic regulations: symptoms compatible with

heart failure according to the Framingham criteria and evidence of

heart dysfunction by echocardiogram, isotopic ventriculography,

or cardiac catheterization.17 The following were considered as

criteria for exclusion: a) patient admitted to hospital for heart

failure which was confirmed as the secondary diagnosis on

discharge; b) heart failure secondary to serious heart valve diseases

requiring surgery or secondary to chronic pulmonary heart disease;

c) concomitant diseases with a survival prognosis of <12 months,

and d) patients who died of heart failure in hospital.18

The inclusion criteria for patients with ACS19,20 were: patients

who survived admission to hospital for suspected acute myocar-

dial infarction (AMI) with ST-elevation (STEMI) and non-ST-

elevation ACS, and non-ST-elevation AMI (NSTEMI) confirmed as

the primary diagnosis on discharge. The followingwere considered

as criteria for exclusion: a) patients admitted to hospital for ACS,

confirmed as the secondary diagnosis at discharge; b) concomitant

diseases with a survival prognosis of <12 months, and c) patients

who died of ACS in hospital.21

STEMI was defined by the presence of compatible symptoms,

persistent (>20 min) ST-segment elevation �1 mm in at least

2 contiguous leads or the presence of left bundle branch

block presumed to be a new occurrence, and elevated cardiac

troponin-I�0.5 ng/ml (cut-off point�0.5 ng/ml for the diagnosis of

AMI; immunological reagents of the Orthoclinical Diagnostics

Vitros 5100 system, United States). NSTEMI was defined by the

presence of compatible symptoms, cardiac troponin-I �0.5 ng/ml

and/or dynamic ST-segment changes (�1 mm decrease in the ST-

segment or non-persistent elevation in at least 2 contiguous leads).

Unstable angina was defined by the presence of suggestive chest

pain with or without re-polarization abnormalities in the baseline

electrocardiogram. Serum levels of cardiac troponin-I had to be

<0.5 ng/ml 24 h after the appearance of symptoms.

The study was approved by our hospital’s clinical research

ethics committee and all the patients signed an informed consent.

Baseline Variables on Admission

We studied age (years), sex, tobacco smoking (smokers and

non-smokers), hypercholesterolemia (cut-off point, 250 mg/dl),

hypercholesterolemiadrug treatment, arterial hypertension (hyper-

tensive patients, which included those taking hypertensive drugs,

and non-hypertensive patients), hypertensive drug treatment,

Conclusiones: En nuestra población de estudio, comparada con pacientes con SCA, la exposición a

partı́culas ultrafinas constituye un factor precipitante del ingreso por insuficiencia cardiaca.

� 2010 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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diabetes mellitus, diabetes mellitus drug treatment, family history

of ischemic heart disease; hemoglobin; creatinine and glycemia on

admission to hospital, and presence of infections 15 days prior to

admission.

Methodology for the Atmospheric Pollution Data

The atmospheric pollutants were measured in an urban

background monitoring station. Concentrations of particulate

matter (PM) smaller than 10, 2.5 and 1mm (PM10, PM2.5 and

PM1 respectively) and ultrafine particles (diameter less than

0.1 mm) were measured using different techniques.22 The PM10,

PM2.5 and PM1 levels were monitored using two techniques:

a) high-volume samplers (30m3/h; MCZTM) for filter-based and

gravimetric analysis (European Directive 2008/50/EC) and

b) GRIMMTM optical particle counter (model 1007). The number

of particles per unit volume of air (cm-3) with a size greater than

2.5 nm was measured using an Ultrafine Condensation Particle

Counter (UCPC, TSITM, model 3776, TSI Distributor, Shoreview,

Minnesota, United States). This measurement was considered

representative of the concentration of ultrafine particles, given

that 80%-90% of the particles detected in urban air by the UCPC are

smaller than 0.1 mm.22 In our study, all of the pollutants were

expressed as the 24 h average concentrations from the previous

day up to 7 days prior to admission.

The concentrations of gaseous pollutants were also measured

using reference methods (Directive 2008/50/EC): a) sulphur

dioxide (SO2) was measured using ultraviolet (UV) fluorescence

(ThermoTM, model 43C, Thermo Scientific Heraeus, Madrid, Spain);

b) nitrogen oxides (NOx), nitrogen dioxide (NO2), and nitrogen

monoxide were measured using chemiluminescence (ThermoTM,

model 42C, Thermo Scientific Heraeus, Madrid, Spain); c) ozone

(O3) was measured using UV absorption (ThermoTM, Model

49C, Thermo Scientific Heraeus, Madrid, Spain); and d)

carbon monoxide (CO) was measured using non-dispersive IR

absorption (Thermo Environmental InstrumentsTM, model

48C, Thermo Fisher Scientific Inc, Madrid, Spain). The analyzers

were calibrated every 3 months and they always had a high

linearity (r2�0.99).

Meteorological variables (temperature, relative humidity and

wind speed) were measured using standard techniques. These

variables were measured as the 24 h average measurements from

the previous day up to 7 days prior to admission.

Statistical Analysis

A case-control study (case: patientswith heart failure; control:

patients with ACS) was performed to analyze exposure to average

particle concentrations during the 7 days prior to admission.

Continuous variables are presented as mean � standard deviation

and the categorical variables are expressed as frequencies and

percentages. The chi-square test and Fisher’s exact test were used as

applicable in order to compare the qualitative variables, and

Student’s t-test was used to compare the quantitative variables. A

multivariate analysis was carried out using a binary logistic

regression model to estimate the risk of admission for heart failure

compared to admission for ACS according to exposure to ultrafine

particles during the 7 days prior to admission. All of the variables

with a value of P < .05 in the univariate analysis were included in the

model. The results are presentedwith the odds ratio (OR) and the95%

confidence interval (CI). A value of P < .05 was considered to be

significant in all cases. The statistical software package SPSS 17.0

(Chicago, Illinois, United States) for Windows was used for the

statistical analysis.

RESULTS

Of the 3950 patients admitted to hospital, 721 met the criteria

for exclusion, leaving 3229 patients in the study population. The

characteristics of the population groups studied are shown in Table

1. Significant differences were seen between the population

groups. Patients admitted for heart failure were older, and there

were more women and diabetics in this group. Patients with ACS

had a higher prevalence of family history of ischemic heart disease,

arterial hypertension, dyslipidemia, and smoking. With regard to

treatments prior to admission, there was a higher proportion of

treatment for diabetes mellitus and diuretics in the group of

patients admitted for heart failure. In contrast, patients admitted

for ACS had a higher prevalence of treatments with statins and

anti-hypertensive drugs, such as angiotensin-converting enzyme

inhibitors and/or angiotensin II receptor antagonists. For the

analytical parameters analyzed, higher levels of glycemia on

admission were found in the patients admitted for heart failure.

No statistically significant differences were found in the

meteorological variables between heart failure and ACS patients

(Table 2). Likewise, no statistically significant differences in

gaseous pollutants were found except that there were higher

concentrations of NO2 in heart failure patients. When exposure to

concentrations of atmospheric particles in ambient air was

compared between heart failure and ACS patients, the first group

tended to have higher values of ultrafine particles (Table 2). The

multivariate analysis showed that exposure to ultrafine particles

was a risk factor for admission for heart failure compared to

admission for ACS (OR = 1.4; 95% CI, 1.15-1.66; P = .02) after

adjusting for age, sex, cardiovascular risk factors, and drug

treatments (Table 3).

DISCUSSION

To our knowledge, this is the first study carried out in Spain

which analyzes the relationship that exists between admission for

heart failure and ACS and concentrations of particles in ambient

air. A large consecutive cohort of subjects with heart failure and

ACSwas analyzed in this study andwe concluded that heart failure

patients had been more exposed to higher concentrations of

ultrafine particles in ambient air.

Over the past 20 years, the results of many investigations have

shown that atmospheric pollution continues to be an important

health risk for the population.23 Air pollutants are made up of a

heterogeneousmixture of gases (for example: O3, CO, SO2 andNOx)

and suspended particles. These suspended particles (also called

aerosols or atmospheric PM) are made up of solid materials and/or

liquids whose chemical composition is very diverse (generally a

mixture of substances) and whose size varies from a couple of

nanometers to tens of microns.24

Atmospheric particles are usually classified according to their

size into the following groups: a) thick particles (2.5-10mm),

mainly made up of minerals (for example, in dust from the ground

re-suspended in the air), b) fine particles (<2.5mm) made up of a

complex mixture of different substances linked to emissions from

combustion processes (sulphur, nitrate, organic matter, elemental

carbon, and numerous metals such as Ni, Cd, As, Zn, Cu, etc.), and

c) ultrafine particles (<0.1 mm), which are mainly made up of

condensed hydrocarbons, elemental carbon and sulphur com-

pounds (sulphate/sulphuric acid).24 Recent studies have shown

that motor vehicles are the main source of ultrafine particles in

cities.25 This is a very important finding, given that NO2 and

ultrafine particles are the only pollutants found in higher

concentrations in the group of heart failure patients, and both of

these pollutants are usually found in motor vehicle emissions.
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It has been scientifically proven that fine and ultrafine

particles reach the lung alveoli, get into the blood circulation

and are deposited in the heart, increasing the risk of effects

outside the lungs.26 The concentration of PM in the air is

associated with an immediate change in heart rate27 and its

variability,28 even in healthy subjects. Similarly, several epide-

miological studies have demonstrated that a moderate increase

in atmospheric pollution puts subjects with chronic obstructive

pulmonary disease24,29 as well as subjects with heart failure24,30

at a higher risk of death.

An Italian study carried out in Rome has recently demonstrated

that fine and ultrafine particles in the air were associated with

admission to the emergency department for heart failure.31 In this

respect, we demonstrated in our study that heart failure caseswere

associated with ultrafine particles regardless of age, sex, cardio-

vascular risk factors, and drug treatments. Levels of PM is currently

believed to be an emerging risk factor that may contribute to

clinical risk in combinationwith cardiovascular risk factors such as

arterial hypertension, hypercholesterolemia, tobacco smoking,

diabetes and obesity.24,32

Table 1

Clinical Characteristics of Both Groups

Heart failure Acute coronary syndrome P

Patients 1090 2139

Age (years) 65�10 62�11 <.001

Sex (Male) 731 (67.1) 1517 (70.9) .02

AHT 545 (50) 1194 (55.8) .002

Dyslipidemia 352 (32.3) 1113 (52) <.001

Smoker 130 (11.9) 726 (33.9) <.001

Diabetes mellitus 487 (44.7) 775 (36.2) <.001

Family history of IHD 7 (0.6) 87 (4.1) <.001

Treatment prior to hospitalization

Statins 315 (28.8) 1050 (49.1) <.001

Antiaggregation agents 117 (10.7) 255 (11.9) .32

ACE inhibitors/ARA-II 300 (27.5) 715 (33.4) <.001

Diuretics 253 (23.2) 410 (19.1) .008

Beta blockers 155 (14.2) 283 (13.2) .45

Insulin/oral antidiabetic drugs 487 (44.7) 775 (36.2) <.001

Hemoglobin* (g/dl) 11.5�2.3 11.38�2.9 .23

Creatinine* (mg/dl) 1.03�0.3 1.02� 0.28 .26

Glycemia* (mg/dl) 197�45 141�58 <.0001

ACE inhibitors, angiotensin-converting enzyme inhibitors; AHT, arterial hypertension; ARA-II, angiotensin II receptor antagonists; IHD, ischemic heart disease.

Data are expressed as n (%) or mean� standard deviation.
* Values on hospital admission.

Table 2

Data on Atmospheric Pollution in Ambient Air and Meteorological Variables Between the Previous Day and the 7 Days Prior to Admission for Both of the Study

Groups. All of the Pollutants Are Expressed as the Average Concentration of the Pollutant

Heart failure Acute coronary syndrome P

Patients 1090 2139

Meteorological variables

Wind speed (m/s) 2.54 (0.71) 2.55 (0.78) .72

Temperature (8C) 21.08 (2.76) 21.04 (2.95) .70

Relative humidity (%) 66.85 (9.75) 65.98 (15.07) .08

Gaseous pollutants

CO (mg/m3) 176.88 (30.45) 177.51 (31.19) .67

SO2 (mg/m3) 10.46 (8.23) 10.77 (9.10) .47

NO2 (mg/m3) 11.91 (8.90) 10.76 (8.34) .01

O3 (mg/m3) 54.64 (14.92) 54.18 (15.67) .51

Atmospheric particles

PM-10 (mg/m3) 25.93 (15.91) 27.26 (24.52) .13

PM-2.5 (mg/m3) 15.65 (7.79) 16.12 (12.73) .30

PM-1 (mg/m3) 9.593 (5.09) 9.598 (6.05) .98

UFP (cm-3) 19 845.35 (8806.49) 16 854.97 (8005.54) <.001

CO, carbon monoxide; NO2, nitrogen dioxide; O3: ozone; SO2, sulphur dioxide.

PM, particulate material with an aerodynamic diameter; PM-10, PM<10mm; PM-2.5, PM<2.5mm; PM-1,<1mm; UFP, ultrafine particles (< 0.1mm).
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It has been shown in human and animal experimental studies

that ultrafine particles usually cause the most diaseases.32 This is

because they havemore particles permm3, as well as more organic

carbon, which increases oxidative stress and cellular inflamma-

tion. As a result, greater amounts of pollutants can pass through

the alveolar-capillary membrane and reach the blood, causing

damage to coronary arteries and myocardium.32 In our study,

we discovered that ultrafine particles may be a precipitating factor

for admission for heart failure rather than the cause of this

condition.

Limitations

Wemust point out some of the limitations of this study.Wedid

not use time series analysis in our study to examine the short-

term relationship between the variations in atmospheric pollu-

tion and heart problems. This was because daily variations in the

pollutants during the 7days prior to admissionwere small enough

to allow us to exclude the time series analysis. It was widely

discussed which model design should be used to analyze the

relationship between atmospheric pollution and cardiovascular

disease. However, the similar results found using different

methodological techniques suggests that the associations found

may be causal.24

Another inherent problem for this type of study on the effects of

atmospheric pollution is the errors made when measuring

exposure. In our study, there were differences between what

was measured in the sampling stations and the actual exposure of

each member of the population (inter-individual variability).

Likewise, it was surprising to find that heart failure patients

underused diuretics, angiotensin-converting enzyme inhibitors

and/or angiotensin II receptor antagonists and beta blockers.

Considering that most of these patients had acute decompensation

of chronic heart failure, there may be various reasons why these

treatments were rarely being taken: eg, the patient had stopped

the treatment or, depending on the source of patient referral

(cardiology department, internal medicine, or primary care

consultation), might have been given unsuitable drug treatment

for heart failure. It is well known that primary care physicians

and other specialists provide patients with less suitable medica-

tion than cardiologists do.33 These reasons were not used as

baseline variables on admission to hospital. Nevertheless, the

multivariatemodel found that exposure to ultrafine particleswas a

precipitating factor for heart failure admission after adjusting for

drug treatments.

CONCLUSIONS

Exposure to ultrafine particles was a precipitating factor for

heart failure admission in our study population, compared with

ACS patients.Measuresmust be taken to reduce the concentrations

of this pollutant.
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