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Ágrip 

Loftmengun er talin eitt helsta umhverfisvandamál heimsins í dag. Á Íslandi eru loftgæði yfirleitt mikil 

en þó getur mælst mengun yfir heilsuverndarmörkum í þéttbýli. Fyrri rannsóknir hafa sýnt samband 

milli loftmengunar í Reykjavík og neikvæðra heilsufarsáhrifa. Markmið þessarar rannsóknar var að 

meta samband skammtíma hækkunar á umferðarmengun við bráðakomur á spítala vegna 

hjartasjúkdóma, öndunarfærasjúkdóma og heilablóðfalla.  

Tilfella-víxlsnið (case-crossover design) með fjölþáttagreiningu var notað og tilfellin voru fullorðnir 

(≥ 18 ára) búsettir á höfuðborgarsvæðinu á tímabilinu 2006-2017 með bráðakomur á Landspítala 

Háskólasjúkrahús vegna hjartasjúkdóma, öndunarfærasjúkdóma eða heilablóðfalla. Fyrsta útskriftar 

sjúkdómsgreining sjúklinga var notuð, en endurkomur innan 10 daga vegna sömu sjúkdómsgreiningar 

voru ekki teknar með. Í þessari rannsókn voru mengunarefnin NO2, PM10, PM2.5 og SO2 notuð, en 

þetta er fyrsta rannsóknin á Íslandi sem skoðar áhrif PM2.5 á heilsu. Daglegt meðaltal mengunarefna 

var notað með 0 til 5 daga töf (lag). Leiðrétt var fyrir áhrifum hitastigs, rakastigs og H2S. 

Niðurstöður rannsóknarinnar sýndu að fyrir hverja 10 µg/m3 aukningu í styrk NO2 var marktæk 

aukning í heildarkomum á spítala, komum vegna hjartasjúkdóma og komum vegna gáttatifs og 

gáttaflökts, sama dag og mengunin jókst (lag 0), OR = 1.018 (95% CI: 1.008-1.027), OR = 1.023 

(95% CI: 1.012-1.034) og OR = 1.030 (95% CI: 1.011-1.049). Við lagskiptingu fannst hæsta 

gagnlíkindahlutfallið (OR) fyrir yngri konur (< 70 ára) með komur vegna gáttatifs og gáttaflökts 

(ICD-10: I48) á lag 0 (OR = 1.107, 95% CI: 1.051-1.166) og lag 1 (OR = 1.066, 95% CI: 1.011-1.123). 

Einskorðun fyrir komur á bráðamóttökur var gerð sem næmisgreining og hún gaf svipaðar niðurstöður. 

Einnig fannst marktæk aukning í komum vegna annarra hjartsláttartruflana (ICD-10: I49) á lag 0 

(OR = 1.045, 95% CI: 1.006-1.085), en niðurstöður fyrir I49 voru að mestu leyti ómarktækar þegar 

einskorðað var fyrir komur á bráðamóttökur. Marktækar niðurstöður fundust einnig fyrir önnur 

mengunarefni og bráðakomur á spítala, en þau sambönd voru veikari og sýndu ekki ákveðið mynstur. 

Rannsóknin gaf til kynna að skammtíma hækkun á styrk NO2 tengist bráðakomum á spítala vegna 

hjartasjúkdóma, sérstaklega vegna gáttatifs, gáttaflökts og annarra hjartsláttartruflana, og átti þetta 

einkum við konur. Þetta er fyrsta rannsóknin á Íslandi sem finnur samband milli loftmengunar og 

hjartsláttartruflana. Niðurstöðurnar benda til neikvæðra áhrifa loftmengunar á lýðheilsu Íslendinga. 

 



  

8 



  

9 

Abstract 

Air pollution is one of the major concerns in the world today. Iceland has good air quality in general, 

however, the concentrations of pollutants pass the health protection limits in urban areas occasionally 

each year. Previous studies have found an association between air pollution in Reykjavík and adverse 

health effects. The aim of this study was to evaluate the association between short-term increases in 

ambient traffic-related air pollution and acute hospital visits for heart disease, respiratory disease, and 

stroke.  

A multivariate time-stratified case-crossover model was used to study the association. Cases were 

adults (≥ 18 years) living in Reykjavík, the capital of Iceland, during the study period (2006-2017) with 

emergency visits to Landspítali University Hospital for heart disease, respiratory disease, or 

cerebrovascular disease. The primary discharge diagnosis of patients was used. Readmissions within 

10 days for the same diagnosis were excluded. The 24-hour mean of the pollutants NO2, PM10, PM2.5, 

and SO2 was used with lag 0 to 5 days. This is the first study in Iceland to include an assessment of 

the possible adverse health effects of PM2.5. Adjustments were made for temperature, relative 

humidity, and the geothermal source-specific H2S. 

For every 10 µg/m3 increase in NO2 concentrations there was a significant increase in overall visits, 

visits for heart diseases, and visits with atrial fibrillation and flutter diagnosis at lag 0, OR = 1.018 

(95% CI: 1.008-1.027), OR = 1.023 (95% CI: 1.012-1.034), and OR = 1.030 (95% CI: 1.011-1.049), 

respectively. When stratified, the highest odds ratios (OR) were found for visits of younger females 

(< 70 years) with atrial fibrillation and flutter diagnosis (ICD-10: I48) at lag 0 and 1, OR = 1.107 

(95% CI: 1.051-1.166) and OR = 1.066 (95% CI: 1.011-1.123), respectively. A restriction to emergency 

department (ED) visits was performed as a sensitivity analysis, which gave similar results. 

Furthermore, there was a significant increase in visits with other cardiac arrhythmias diagnosis 

(ICD-10: I49) at lag 0 (OR = 1.045, 95% CI: 1.006-1.085), however, results for I49 were mainly not 

significant when restricting to ED visits. Some significant associations were found for other pollutants 

and hospital visits, but they were weaker and did not show any certain pattern. 

In conclusion, there are indications that short-term increases in NO2 concentrations are associated 

with cardiovascular health, more precisely high odds were seen for atrial fibrillation and flutter as well 

as other cardiac arrhythmias. The associations were stronger among females. This is the first study in 

Iceland that finds association between air pollution and cardiac arrhythmias. The results indicate 

adverse effects of air pollution in the Reykjavik capital area.  
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1 Introduction 

Air quality is one of the major concerns in the world today. According to the World Health Organization 

(WHO) air pollution is the largest environmental threat in regards to health (1). In 2016, outdoor air 

pollution is believed to have caused 4,2 million deaths worldwide, and outdoor and indoor air pollution 

combined caused around 7 million deaths, one in every eight deaths globally (2). Iceland, a volcanic 

island located in northern Europe, has one of the best air quality of European countries (3). In Iceland, 

99% of electricity is produced with renewable energy from hydroelectric and geothermal power plants 

(4) and 90% of house heating is from geothermal water (5). In a report of air quality by the European 

Environment Agency (EEA), Iceland had the lowest annual mean of particulate matter less than 2,5 

µm in aerodynamic diameter concentrations, and 3rd lowest nitrogen dioxide concentrations in Europe 

in 2016 (3). However, there are concerns about air quality in Iceland, especially in urban areas such 

as the Reykjavík capital area and Akureyri, where health protection limits are regularly exceeded, 

most often due to particle and nitrogen pollution originated from traffic (6, 7). According to the EEA, 

there were around 60 premature deaths in Iceland caused by exposure to particle pollution in 2016 

(3). Natural disasters, such as volcanic eruptions, are also of concern regarding air quality in Iceland 

(6). In addition, the Reykjavík capital area is in proximity to geothermal areas and two geothermal 

power plants which emit different gases and among them hydrogen sulfide (H2S), and the potential 

adverse health effects of chronic exposure to low concentrations of H2S have not been clarified (8-10).  

Previous Icelandic studies indicate an association between short-term air pollution in Reykjavík 

and adverse health effects (11-15). It is thus of interest to further evaluate acute illness in Iceland in 

relation to air pollution, both from traffic and geothermal sources. In this thesis, short-term increase in 

the traffic-related ambient air pollutants nitrogen dioxide (NO2), particulate matter less than 10 µm in 

aerodynamic diameter (PM10), particulate matter less than 2,5 µm in aerodynamic diameter (PM2,5), 

and sulfur dioxide (SO2) will be assessed in relation to emergency hospital visits and hospital 

admissions in the Reykjavík capital area in the years 2006-2017. Similar studies have been conducted 

previously, however, with other outcome variables and covering shorter study periods. These studies 

were also without topical pollution data, and other statistical methods were used (11-15). This is the 

first study in Iceland to include an assessment of PM2.5 pollution.  

1.1 Air quality in the Reykjavík capital area 

The Reykjavík capital area is located in the southwest corner of Iceland with 217,000 inhabitants in 

2017, which comprises two-thirds of the total Icelandic population (16). In general, Reykjavík has good 

air quality. Interestingly though, when comparing with other European capitals, annual mean 

concentrations of PM10, measured in urban background stations in 2017, were lower in Helsinki, Oslo, 

Stockholm, Tallinn, and Dublin compared to Reykjavík, despite Reykjavík having the lowest population 

of these cities (3). Traffic is the main source of air pollution in Reykjavík (7, 17). In 2016, the ratio of 

cars per person in Iceland was 717 cars per 1,000 inhabitants and in 2017 around 76% of commuting 

within the capital area was by a private car (18, 19). In comparison, Luxembourg has the highest ratio 

of cars per person in the EU, with 662 cars per 1,000 inhabitants in the year of 2016, substantially 
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lower than in Iceland (20). Other sources of air pollution in Reykjavík include geothermal power plants 

(which provide electricity and hot water for residential heating in the Reykjavík capital area) as well as 

natural sources such as soil erosion, emissions from geothermal areas, and intermittent volcanic 

eruptions (17, 21).  

1.1.1 Reykjavík weather conditions 

Reykjavík is the northernmost capital in the world. In 2006-2017, the annual mean temperature in 

Reykjavík was 5.5°C and the annual mean relative humidity was 76.6% (22). In Iceland weather can 

be strongly related to concentrations of air pollutants. In regards to that, it is assumed that reduced 

concentrations of PM in recent years are related to increased precipitation (6, 7). During dry windy 

days, particle pollution can arise in the Reykjavík capital area due to windborne dry soils from the 

south or from the highlands (17). In dry winter days with calm winds, higher concentrations of 

pollutants can also be found in the Reykjavík capital area (17). When it comes to H2S concentrations 

in the area, wind direction is the main factor since eastern winds bring H2S to the capital area from the 

geothermal power plants located east of the city (21) (Figure 8 in Appendix 1). Furthermore, 

temperature inversion can cause peak pollution in the area (23).  

1.1.1.1 Temperature inversions 

Temperature inversions in the atmosphere are an important meteorological term regarding air quality. 

In general, the temperature of the atmosphere decreases with height. However, temperature inversion 

happens when cooler air gets trapped under warmer air causing less air turbulence. The warm air 

above could be described as a lid sitting on top of the cold air under it. While air pollutants released to 

the atmosphere usually disperse widely, during periods of temperature inversion, pollutants 

accumulate near the surface, increasing concentrations of pollutants (24). Some of the worst air 

pollution episodes in the world have happened during temperature inversion periods (25). The type of 

temperature inversion that occurs in Iceland is called radiation inversion and it mainly occurs during 

winter (21). Radiation inversion happens in cold, clear conditions when winds are calm. When the sky 

is clear the surface of the earth is warmed over the daytime, but there are no clouds that trap heat. 

During the night, the surface of the earth cools down when heat is radiated by the earth's surface and 

the radiation is emitted to space. The cold surface cools the air closest to the ground, causing it to 

become cooler than the air above (26). A Canadian study on temperature inversions found pollution 

concentrations up to 54% higher during radiation inversion episodes (25). An Icelandic study on H2S 

emissions in the Reykjavík capital area showed that increased H2S concentrations are more likely to 

occur during temperature inversion (21). 

1.1.2 GRE air measurement station 

In 2019, there were 11 active air pollution measurement stations in the Reykjavík capital area. Most of 

the stations have only been active for few years and some are moved regularly around the city, thus 

not giving continuous measurements for longer periods. The station located at the junction of the 

roads Grensásvegur and Miklabraut (GRE) has the longest consecutive time-series, and therefore the 

one that is used in this thesis as a proxy for individual exposure in the capital area (Figure 1). 
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Operated since 1990, GRE is a fixed measurement station, possessed and operated by the 

Environment Agency of Iceland. The station is located five meters from one of the busiest road 

intersection in Iceland, where around 60,000 cars pass by every 24-hours (27). East of the Reykjavík 

capital area there are two geothermal power plants, Hellisheiði power plant and Nesjavellir power 

plant. GRE was the first measurement station in the Reykjavík capital area measuring H2S 

concentrations, measurements began in February 2006 and were launched to track emissions from 

the geothermal power plants (28). 
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Figure 1. Location of GRE measurement station in the Reykjavík capital area as well as the location of the geothermal power plants east of the city, 
Hellisheiði power plant and Nesjavellir power plant. Source: The Environment Agency of Iceland, 2020. 
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1.1.3 Air pollutants 

Outdoor air pollution can be natural or anthropogenic. Natural sources include forest fires, volcanic 

activity, salt spray from the ocean, and dust storms. Anthropogenic sources include fossil fuel 

combustion in various forms, human-induced forest fires, and landfills (29). The pollutants under study 

in this thesis are NO2, PM10, PM2.5, and SO2. Furthermore, the results were adjusted for H2S 

concentrations. 

1.1.3.1 Nitrogen dioxide  

There are various types of nitrogen oxides (NOx), regarding human health effects, nitrogen dioxide 

(NO2) is of greatest importance. NO2 is a gas with reddish-brown color, volatile, and toxic in high 

concentrations. NO2 is both a primary and a secondary pollutant, but only around 5% of NO2 is emitted 

as primary NO2 and the rest of atmospheric NO2 is a result of atmospheric chemistry. When NO2 is a 

secondary pollutant, it means that it is not directly emitted, instead it is nitric oxide (NO) that is initially 

emitted to the atmosphere but is rapidly transformed into NO2 by atmospheric oxidants such as ozone. 

Natural sources of NOx (stratospheric NOx, bacteria, volcanoes, and lightning) cause very low 

background concentrations in the atmosphere but high concentrations of NOx are caused by human 

activity. The principal anthropogenic sources of NO2 in the atmosphere come from fossil fuel 

combustion processes in relation to heating, power generation, and transportation (30). In Iceland, the 

main source of NO2 is exhaust from diesel driven vehicles, other vehicles, and engines of ships (17). 

1.1.3.2 Particulate matter 

Particulate matter (PM) is frequently used as a proxy indicator for air pollution and is the pollutant that 

affects the world population more than any other pollutant. It consists of a mixture of solid particles 

and liquid droplets that are suspended in the air, often called aerosol (31). Particles have irregular 

shapes, and their aerodynamic behavior is expressed in terms of the diameter of an idealized 

spherical particle known as aerodynamic diameter. PM is usually divided into three size categories, 

PM10 (particles ≤10 µm in diameter), PM2.5 (particles ≤2.5 µm in diameter), and ultrafine PM 

(particles ≤0.1 µm in diameter). PM10 can be inhaled into the upper airways while the finer PM2.5 is 

small enough to reach the alveoli, where gas exchange is located, and from there the finest particles 

can enter the bloodstream (29, 30). Exposure to PM increases the risk of many diseases such as 

cardiovascular and respiratory diseases (32). Currently, there is no threshold of PM concentration 

which has been identified as safe for public health, that is not causing any health damage (32). A 

Tasmanian study (33) gave an idea of a threshold as low as 4µg/m3 of PM2.5 (24-hour mean) which 

was identified as being related to increased incidence of heart failure, a concentration way below the 

of WHO guideline value (24-hour mean 25 μg/m3) (30). Iceland does not have a 24-hour mean limit for 

PM2.5 but the 24-hour health limit for PM10 is 50µg/m3. The annual mean limit for PM2.5 and PM10 is  

20 µg/m³ and 40 µg/m³, respectively (34).   

In Iceland, the main sources of PM are automobile road traffic, construction work, fireworks, sea 

salt, soil erosion, and volcanic eruptions (7, 17). According to a study on the composition of PM10 in 
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Reykjavík in 2015, PM10 was 49% asphalt, 31% soot, 8% soil, 4% salt, and 1.6% brake linings (35) but 

this varies significantly depending on the sample period.  

1.1.3.3 Sulfur dioxide 

Sulfur dioxide (SO2) is a strong-smelling colorless gas and poisonous in high concentrations. The main 

anthropogenic source is aluminum production and the burning of fossil fuels containing sulfur, mostly 

for power generation and motor vehicles. The main natural source of SO2 is volcanic eruptions. 

Overall, annual mean levels of SO2 have dropped in Europe’s major cities with less use of high-sulfur 

coal for domestic heating as well as the building of tall chimneys at power stations spreading and 

diluting SO2 over larger areas (30). In Iceland, SO2 mainly comes from industry (ferrosilicon and 

aluminum production), exhaust from vehicles and ships, and volcanic eruptions. In 2014-2015 the 

volcanic eruption in Holuhraun caused a great temporal increase in SO2 concentrations in Iceland for 

six months (17, 36).  

1.1.3.4 Hydrogen sulfide 

Hydrogen sulfide (H2S) is a colorless gas with a smell similar to the smell of rotten eggs (37). It is 

poisonous in high concentrations and since it is 19% denser than air it can accumulate in low points 

(38). Most of H2S comes from natural sources, that is crude petroleum, natural gas, volcanic gases, 

and hot springs (37). Sources of H2S in Iceland are geothermal power plants as well as natural 

geothermal areas (17). There are two geothermal power plants in the vicinity of the Reykjavík capital 

area, Hellisheiði located 25 km east-southeast (115°) of the GRE measurement station and Nesjavellir 

located 30 km east (95°) of the GRE measurement station. Because of the downslope landscape from 

Hellisheiði power plant to Reykjavík capital area it is believed to be the main source of H2S in the city. 

Meanwhile, Nesjavellir power plant is in a valley with high mountains located on the course to 

Reykjavík capital area, which results in less pollution coming from that plant. Measurements of H2S in 

Reykjavík started in February 2006 in the GRE measurement station and the Hellisheiði power plant 

started operating in October 2006 (21).  

1.1.4 Icelandic health protection limits 

The Icelandic health protection limits for ambient air pollutants are mostly derived from the regulations 

of the EU (39). The main difference in the Icelandic regulations is regarding H2S concentrations since 

there are no coordinated regulations of H2S in the EU. WHO suggestions are that the health protection 

limit of H2S should be a 24-hour mean limit of 150 µg/m³ but since 2010, the Icelandic regulation on 

H2S is a 24-hour mean limit of 50 µg/m³ (17). The current health limits for the pollutants in this study 

are shown in Table 1. In the study period of this thesis (2006-2017) the 24-hour mean limit of PM10 at 

GRE was exceeded on average 17 days per year, and never more than the allowed 35 times per year. 

The 24-hour mean limit of NO2 was exceeded more than the allowed 7 times in 2013 and 2017, in 

2013 the limit was exceeded 10 times, and in 2017 it was exceeded 20 times. The 24-hour mean 

measurements of H2S exceeded the limit up to 2 times annually during the study period. The 24-hour 

limit for SO2 was only exceeded in 2014 (10 instances) and 2015 (1 instance) due to the Holuhraun 

eruption (7). Iceland does not currently have a 24-hour mean limit for PM2.5 (34). 
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Table 1. Current Icelandic health protection limits for NO2, PM10, PM2.5, SO2 and H2S (34, 40). 

Time frame Health limit (µg/m³) Allowed exceedances per year 

NO2 
          1-hour mean 
          24-hour mean 
          Annual mean 

 
200 
75 
40 

 
18 
7 

PM10 
          24-hour mean 
          Annual mean 

 
50 
40 

 
35 

PM2.5 
          Annual mean 

 
20 

 

SO2 
          1-hour mean 
          24-hour mean 

 
350 
125 

 
24 
3 

H2S 
          24-hour mean 
          Annual mean 

 
50 
5 

 
3 
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1.2 Health effects of air pollution 

Air pollutants enter the human body mostly through the respiratory system. Most particles are filtered 

by cilia and mucus in the upper respiratory tract, some get beyond the larynx, and particles under 

2.5 µm can reach the alveoli. Particles in the bronchial part of the lung can stay there for long periods 

and interfere with gas exchange, lead to inflammation and fibrosis resulting in diseases such as 

asthma or cardiovascular disease. From the alveoli, the smallest particles can go through the blood-air 

barrier and enter the bloodstream and from there reach other organs (29). Particles have even been 

found to accumulate in the fetal side of the human placenta (41). The composition of PM varies 

between sources and it has been shown that the source of PM is important since PM from fossil-fuel 

combustion sources has more adverse health effects than PM from other sources (42). As for gases, 

such as NO2, and SO2, they can’t be filtered out so they can easily be inhaled deep into the alveoli and 

from there enter the bloodstream (29). Population groups most susceptible to health effects of air 

pollution are children and older adults, people with underlying cardiovascular or respiratory diseases, 

people with low-socioeconomic status, and genetic polymorphisms (43).  

Over recent years a vast amount of research has been done on air pollution and how it affects 

public health. Air pollution has been associated with increased chronic obstructive pulmonary disease 

(COPD) incidence and prevalence (44, 45). In the European Union (EU), short-term exposure to PM10 

(10 µg/m3 increase) has been associated with COPD mortality increase of 6% and chronic PM10 

exposure (10 µg/m3 increase) with 10% increase in COPD mortality (44). NO2 has been shown to 

increase the risk of COPD mortality by 2.6% and prevalence risk by 17% (45). Regarding 

cardiovascular disease (CVD), PM, NO2, and SO2 have been related to increased risk of 

cardiovascular hospital admissions (46). The increased risk of CVD due to air pollution could possibly 

be explained by the activation of C-reactive proteins (CRP), indicating inflammation (47). In a 

systematic review with 40 studies of PM pollution and CRP levels, it was revealed that an increase of 

10 µg/m3 in long-term exposure to PM10 and PM2,5 was associated with 18% and 5,6% increase in 

CRP levels, respectively (47). Hospital admissions and mortality for stroke have also been associated 

with an increase in PM10, PM2,5, NO2, SO2, carbon monoxide (CO), and ozone, with the strongest 

association seen with PM2,5 and weakest association seen with ozone (48). Increased exposure to 

PM2.5, NO2/NOx, and CO has also been associated with a greater risk of dementia (49).  

Regarding studies on the effect of H2S, three systematic reviews were found which give an 

overview of previous studies on H2S. The most recent review was published in 2020 and included 19 

studies. The main results were that low concentrations of H2S (5-20 μg/m3) were positively associated 

with an increase in respiratory symptoms, anti-asthma drug use, respiratory disease mortality, and 

lung cancer. High levels of H2S (>20 μg/m3) were associated with an increase in hospital visits for 

respiratory and cardiovascular diseases as well as central nervous system disorders. Exposure to high 

levels of H2S (>20 μg/m3) was inversely related to mortality for cancer (8). On the other hand, a 

systematic review from 2015 including 37 studies found that with chronic low-level H2S exposure there 

was increase in temporary respiratory symptoms that did not seem to have a long-time effect, and 

other outcomes (cardiovascular, neurological, and more) had mixed and/or conflicting results (9). The 
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third systematic review, published in 2016 (including 27 studies), focused on low-level exposure 

(defined as <125 μg/m3) of H2S and its effect on the central nervous system and respiratory function. 

The results were inconsistent, and it was not possible to draw conclusions on the effect of H2S on the 

central nervous system and respiratory function (10). 

1.2.1 Icelandic studies 

The first two Icelandic studies on health effects of air pollution were conducted in 2010 and both 

studied drug dispensation in relation to air pollution measurements. Carlsen et al. (12) studied air 

pollution effects on respiratory health in the Reykjavík capital area through the dispensation of 

respiratory drugs. They used the Poisson regression method and found a significant association 

between the three-days moving average of H2S and PM10 and respiratory drug dispensation at lag 3-5, 

with 2% and 1% increase, respectively, per 10 µg/m³ increase of the pollutants. While Carlsen used 

respiratory drugs, Finnbjornsdottir et al. (13) studied dispensation of drugs for angina pectoris in 

relation to air pollution in the Reykjavík capital area, using a case-crossover design. They found an 

association between increased concentrations of NO2 and O3 and dispensation of the heart 

medication glyceryl trinitrate: at lag 0 there was 14% and 9% increase in dispensation; and at lag 1 

there was 10% and 9% increase, respectively. Since then, few more studies have been conducted, 

mostly by these same researchers. In 2013, study results were published which showed an 

association between increased O3 concentration and emergency hospital visits for heart diseases, 

respiratory diseases, and strokes, with 4% increase at lag 0-2 (11).  

Regarding H2S, a study published in 2015, showed an association between H2S concentrations 

and increased mortality in the Reykjavík capital area, with over 5% increase in mortality during 

summer months at lag 1-2 following an interquartile range increase in H2S (15). Another report, 

published in 2016, showed an association between H2S concentrations over 7 µg/m³ and up to a 5% 

increase in emergency hospital visits for heart diseases (14). Results from both these studies 

indicated that males and the elderly were more susceptible to H2S than other groups (children were 

not included in these studies) (14, 15).  

Looking at air pollution from natural causes, increased PM concentrations from volcanic ash have 

been associated with cardiorespiratory related emergency hospital visits in the Reykjavík capital area 

(50). Furthermore, a study on air pollution from the volcanic eruption in Holuhraun in 2014-2015 

showed an association between increased levels of SO2 and increase in the dispensing of asthma 

medication and visits to primary care doctors for respiratory symptoms, as well as increase in hospital 

emergency department visits for respiratory disease (51). 

1.2.2 Case-crossover studies of air pollution and hospital admissions 

Time-stratified case-crossover studies using hospital visits as an outcome is a commonly used study 

design for assessing air pollution effects on acute illness (52-57). Croft et al. used this method in a 

large study set in New York, where hospitalization or emergency department visits for respiratory 

infection, were assessed in relation to PM2.5 exposure. More cases of pneumonia and influenza were 

reported when PM2.5 concentrations increased by an interquartile range the previous week (52). Khan 
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et al. also studied the effects of PM2.5 and found 12% increase in hospital visits for CVD at lag 3, when 

PM2,5 increased by an interquartile range (53). Furthermore, a Chinese study including data from 26 

cities focused also on PM2.5 effects on hospital visits but exclusively visits for acute myocardial 

infarction. The findings showed increased admissions for ST-elevation myocardial infarction (STEMI) 

when PM2.5 increased by an interquartile range (no significant results were found for non-STEMI 

(NSTEMI)). In the same study, readmissions of STEMI survivors were assessed and there was a 

significant increase in readmissions when PM2.5 concentrations increased (54). Milojevic et al. used 

the time-stratified case-crossover design to study six kinds of air pollutants and their possible effects 

on over 3 million cardiovascular events in England and Wales (myocardial infarction events, CVD, 

emergency hospital admissions, and CVD mortality). With this large dataset, they found that solely 

PM2.5 was significantly associated with mortality, and for admissions, only NO2 was significantly 

associated with increased risk. For myocardial infarction events, NO2 was as well the only pollutant 

significantly associated with an increased risk, more specifically increased risk of NSTEMI. No 

evidence was found on effects on STEMI and stroke (56). Wing et al. looked at recurrent ischemic 

strokes and found no evidence of an association between previous-day PM2.5 and ozone 

concentrations and recurrent strokes (57). In contrast, a study focusing on ischemic and hemorrhagic 

stroke admissions in China, found a positive association between interquartile range increase of air 

pollution (PM10, SO2, NO2, CO, and O3) and ischemic stroke. Hemorrhagic stroke, however, was only 

associated with NO2 increase (55). 

1.2.3 Studies of air pollution and cardiac arrhythmias 

Recent studies have found an association between air pollution exposure and atrial fibrillation, which 

is the most common sustained cardiac arrhythmia and a risk factor for many other diseases. Two 

studies were found focusing on long-term exposure. A Danish study from 2017 focused on long-term 

exposure to traffic-related air pollution (NO2 and NOx) and found that 10 µg/m³ increase in NO2 

exposure (10-year mean) was associated with 8% higher risk of atrial fibrillation (58). In a Canadian 

study on long-term exposure, increase of the interquartile range (5-year mean) for PM2.5, NO2, O3, and 

Ox was associated with increase in atrial fibrillation incidence (59). Regarding short-term exposure, 

two studies were found. One study divided atrial fibrillation cases by heart rate (>90 beats per minute 

(bpm) and ≤90 bpm) and found an association between 19 µg/m³ increase in NO2 (24-hour mean) and 

hospitalization for fast atrial fibrillation (>90 bpm), with odds ratio of 1.26 (60). Yet another study found 

higher odds of atrial fibrillation (odds ratio = 1.1) after interquartile range increase in PM10 12-24 hours 

prior to atrial fibrillation onset (61). Finally, a Chinese study including 56,940 visits for cardiac 

arrhythmia found that 10 µg/m³ increase in NO2 corresponded to 2.9% increase in outpatient 

arrhythmia visits (62). 
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2 Aims 

The aim was to study the short-term associations between traffic-related ambient air pollution in the 

Reykjavík capital area and adverse health of the Reykjavík capital area population, using a case-

crossover methodology. Air pollution in Reykjavík capital area mainly originates from traffic and four 

such pollutants were studied, that is nitrogen dioxide (NO2), particulate matter less than 10 µm in 

aerodynamic diameter (PM10), particulate matter less than 2.5 µm in aerodynamic diameter (PM2.5), 

and sulfur dioxide (SO2). The outcome parameter used was emergency department visits and acute 

hospital admissions for heart disease, respiratory disease, and stroke in the only acute care hospital 

located in the capital area, Landspítali University Hospital. 
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3 Materials and methods 

3.1 Case-crossover study design 

Published research using case-crossover design, has increased exponentially in recent years (63). 

The design was first presented by Maclure in 1991 (64) and has since then been widely and 

increasingly used in studies on the association of different air pollutants and possible short-term health 

effects (52-57, 64-67). The case-crossover study is a variation of case-control study comparable to 

interventions crossover study. In a case-crossover study, all subjects are cases, unlike in case-control 

studies where there are different set of people, cases and controls. Instead of having controls, the 

case-crossover study design uses series samples of time experience of the cases before or after they 

developed disease as control. A case-crossover study design is only appropriate if the exposure is 

intermittent with short duration and the outcome quickly evolves (acute) (68, 69).  

This method of omitting the use of controls and comparing cases according to different time 

periods rules out confounding caused by constant variables of cases, such as age, gender, genes, 

etc. Yet, there can be confounding of time trends that are not avoided in this study design, meaning 

some time periods can possibly have increased risks of diseases than others (63). To prevent time 

trend bias, one can use a time-stratified approach, as is used in this study (65, 68). Mittleman and 

Mostofsky (70) also discussed the possibility of selection and information bias when using a case-

crossover design. Moreover, they pointed out the possibility of confounding by transient co-exposures 

as well as confounding by acute indication. Confounding by transient co-exposures, meaning within 

the case period where exposure is hypothesized to happen, the case can be exposed to other factors 

that follow same/similar time windows as the exposure being studied, which could affect the outcome. 

To prevent this confounding they suggest stratifying the exposure and co-exposures in conjunction 

(70).  

A time-stratified case-crossover design, as is used in this study, is based on stratifying by a specific 

period. In the present study, monthly strata are used, and each case day is then matched with the 

same weekdays within the strata. This design gives more controls per case than the bidirectional 

design (71). 
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3.2 Study details 

3.2.1 Data sources 

Air pollution data used in the present study was obtained from the Environment Agency of Iceland. 

The data came from a single measurement station (GRE) since it is considered the most accurate of 

the 11 measurement stations in the capital area and is the only station that was in operation through 

the entire study period with continuous measurements. However, to test if GRE was representable for 

the total capital area, Pearson’s correlation was calculated for GRE measurements and 

measurements from another station located in Dalsmári, Kópavogur municipality, for the period 

2014-2017. Results of the Pearson’s correlation between these two measurement stations were 

r = 0.44-0.98, depending on pollutants (Table 2). This method of choosing a representative 

measurement site for a whole city where measurement stations show high correlations, has been 

done previously in other studies (33). GRE station measures hourly averages of pollutants, however, 

data obtained had been calculated to daily average (24-hour mean) of the pollutants. Air pollutants 

used in this study were NO2, PM10, PM2.5, and SO2. H2S measurements from the same location were 

used to adjust for H2S exposure among the general public. O3 was excluded because measurements 

were missing for over 6 years of the 12-year study period. Additionally, meteorological factors 

(temperature and relative humidity) were obtained from the Icelandic Meteorological Office. 

Table 2. Pearson’s r for air pollutants at GRE and Dalsmári measurement station in the period 
2014-2017. PM2.5 is not measured at Dalsmári. 

Air pollutants Pearson‘s r 

PM10 0.44 

NO2 0.78 

SO2 0.98 

H2S 0.84 

 

Hospital data was obtained from SAGA (Register of hospital-treated patients in Iceland) for all 

emergency department (ED) visits and acute admissions to Landspítali University Hospital (LUH) in 

the study period. LUH is operated by the Icelandic government and is the only acute care hospital in 

the Reykjavík capital area, making this study population-based. In Iceland, the national health 

insurance scheme is covered by taxes and available for all residents. Patients pay certain fees for 

ambulatory visits while admissions are free of charge. At LUH diseases are classified by the 

International Classification of Diseases 10th edition (ICD-10). 

 

3.2.2 Exposure data 

Pollutant measurements, measured at GRE, were for NO2, PM10, PM2.5, SO2, and H2S, all measured 

in µg/m3. Weather factors considered in the study were temperature (°C) and relative humidity (%). 

PM10 was measured with an Andersen EMS IR Thermo (model FH62 I-R), NO2 with Horiba device 
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(model APNA 360E) and SO2 and H2S were measured with the Horiba model APOA 360E. Every 6-12 

months the devices are calibrated.           

Exposure data included 12 years or 4383 days. Daily averages (midnight to midnight following day) 

were calculated from hourly concentrations if at least 75% existed of one-hour data. Missing daily 

averages for NO2, PM10, PM2.5, SO2, and H2S were 383 days (8.7%), 165 days (3.8%), 923 days 

(21.1%), 200 days (4.6%) and 284 days (6.5%), respectively, for the whole study period. Data gaps 

were seen, attributed to unknown reasons of inactive devices, except for 52 days missing of H2S 

measurements in the beginning of the study period caused by the fact that H2S measurements at GRE 

started in the end of February 2006. The longest gap in the data was 1.5 years of PM2.5 measurements 

due to an inactive measurement device. For temperature and relative humidity, 6 days (0.1%) and 6 

days (0.1%) were missing, respectively.  

Descriptive statistics were calculated, and Pearson’s correlation test was used to analyze the 

inter-correlation of pollutants and weather factors.  

 

3.2.3 Outcome data 

The study population was adult inhabitants (≥ 18 years) living in the Reykjavík capital area during the 

study period. The study period was January 1st, 2006 – December 31st, 2017. The Reykjavík capital 

area includes seven municipalities (Garðabær, Hafnarfjörður, Kjósarhreppur, Kópavogur, Mosfellsbær, 

Reykjavík, and Seltjarnarnes) identified by 24 postal codes. The cases had made an ED visit or were 

admitted to an inpatient ward of LUH with the primary discharge diagnosis of heart disease, 

respiratory disease, or stroke, specific ICD codes shown in Table 3Error! Reference source not 

found.. These ICD codes were chosen because they were believed to have an abrupt onset that 

could possibly be related to a short-term increase in air pollution. Visits under other ICD-codes were 

excluded from the study. Readmissions within 10 days with the same ICD-10 primary discharge 

diagnosis were excluded. ED visits and acute hospital admissions were combined and will from now 

on be called “emergency hospital visits”. 

 

Table 3. ICD codes used in the present study. 

                                       
ICD codes 

Heart diseases I20-I25, I44-I50 

Respiratory diseases J20-J22, J40-J46 

Cerebrovascular diseases I61-I69 
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3.2.4 Design and data analysis 

A time-stratified case-crossover design was used to estimate the association of daily exposure of air 

pollution with emergency hospital visits for heart disease, respiratory disease, and stroke. The study 

period was divided into monthly strata. Exposure during case periods (24 hours) was compared to 

exposure during control periods, which were matched as the same weekdays within the same month 

(3-4 control periods per case period) (64, 72). Multivariate models were calculated, containing all the 

traffic-related pollutants, H2S, and weather factors. Stratifying by season (winter: November 1st - April 

30th, summer: May 1st – October 31st), gender (male, female), and age-groups (older ≥ 70 years, 

younger < 70 years) separate analysis were done. Conditional logistic regression was used with 

adjusted odds ratios and 95% confidence intervals for every 10 µg/m³ increase of pollutants (24-hour 

mean concentrations). Multivariate models were all adjusted for H2S, temperature, and relative 

humidity.  

Six lag days (24 hours) were analyzed separately. The definitions of lags are: lag 0: air pollution 

exposure on the same day as an emergency hospital visit, lag 1-5: air pollution exposure 1-5 days 

before the emergency hospital visit.  

All statistical analyses were done with R version 3.6.2 (https://www.r-project.org/). Statistical tests 

used in this study were all two-tailed with significance level p<0.05. The study was approved by the 

National Bioethics Committee (ref. no. VSNb2018120011/03.01), the Data Protection Authority (ref. 

no. 10-050), and the Scientific Committee of LUH. These approvals can be found in Appendix 2. 

 

 

https://www.r-project.org/
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Abstract 

 

Introduction: Iceland has good air quality in general, however, there are concerns about air quality 

especially in urban areas regarding particle and nitrogen dioxide pollution originated from traffic. 

Previous studies indicate that there is an association between air pollution in Reykjavík and adverse 

health effects.  

Objectives: To study the association between traffic-related ambient air pollution and acute hospital 

visits for heart disease, respiratory disease, and cerebrovascular disease. 

Methods: A multivariate time-stratified case-crossover design was used to study the association. 

Cases were adults (>18 years) living in the Reykjavík capital area during the study period, 2006-2017, 

which had emergency visits to Landspítali University Hospital for heart disease, respiratory disease, or 

cerebrovascular disease. The primary discharge diagnosis of patients was used and readmissions 

within 10 days for the same diagnosis were excluded. The 24-hour mean of the pollutants NO2, PM10, 

PM2.5, and SO2 was used with lag 0 to 5 days. This is the first study in Iceland to include an 

assessment of the possible adverse health effects of PM2.5. Adjustments were made for temperature, 

relative humidity, and the geothermal source-specific H2S. 

Results: For every 10 µg/m3 increase in NO2 concentrations there was a significant increase in overall 

visits, visits for heart diseases, and visits with atrial fibrillation and flutter diagnosis at lag 0, 

OR = 1.018 (95% CI: 1.008-1.027), OR = 1.023 (95% CI: 1.012-1.034), and OR = 1.030 

(95% CI: 1.011-1.049), respectively. When stratified, the highest odds ratios (OR) were found for visits 

of younger females (< 70 years) with atrial fibrillation and flutter diagnosis (ICD-10: I48) at lag 0 and 1, 

OR = 1.107 (95% CI: 1.051-1.166) and OR = 1.066 (95% CI: 1.011-1.123), respectively. A restriction 

to emergency department (ED) visits was performed as a sensitivity analysis, which gave similar 

results. Furthermore, there was a significant increase in visits with other cardiac arrhythmias diagnosis 

(ICD-10: I49) at lag 0 (OR = 1.045, 95% CI: 1.006-1.085), however, results for I49 were mainly not 

significant when restricting to ED visits. Some significant associations were found for other pollutants 

and hospital visits, but they were weaker and did not show any certain pattern. 

Discussion: The results of the study indicate that short-term increases in NO2 concentrations are 

associated with cardiovascular health, more precisely high odds were seen for atrial fibrillation and 

flutter as well as other cardiac arrhythmias. The associations were stronger among females. This is 

the first study in Iceland that finds an association between air pollution and cardiac arrhythmias. The 

results indicate adverse effects of air pollution in the Reykjavik capital area. 
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Introduction 

Iceland has one of the best air quality of European countries (1) and over 90% of electricity production 

and house heating in Iceland comes from renewable energy from hydroelectric and geothermal power 

plants (2). However, there are concerns about air quality especially in urban areas such as the 

Reykjavík capital area and Akureyri, where health protection limits are regularly exceeded, most often 

due to particle and nitrogen pollution originated from traffic (3, 4). Previous Icelandic studies indicate 

an association between air pollution and adverse health effects in the Reykjavík capital area. Daily 

levels of particulate matter and hydrogen sulfide (H2S) have been positively associated with 

respiratory drug dispensation (5) and increases in nitrogen dioxide (NO2) and ozone (O3) 

concentrations have been associated with increased sales of glyceryl trinitrate, a drug used for angina 

pectoris (6). Furthermore, mortality and emergency hospital visits have been associated with H2S 

concentrations (7, 8), and O3 has been associated with increases in emergency hospital visits (9). The 

aim of the study was to evaluate the association of changes in traffic-related pollution (NO2, PM10, 

PM2.5, and SO2), controlling for H2S concentrations and meteorological variables with emergency 

department visits and hospital admissions for heart disease, respiratory disease, and cerebrovascular 

diseases as primary discharge diagnosis, in the Reykjavík capital area.  

 

Materials and methods 

Site description  

The Reykjavík capital area is located in the south-western part of Iceland and is the northernmost 

capital in the world. With traffic being the main source of air pollution in the city other sources include 

two geothermal power plants, Hellisheiði power plant which opened in September 2006 (located 26 

km east-southeast of the city), and the smaller power plant Nesjavellir, opened in 1990 (located 33 km 

east of the city). Reykjavík's capital area spreads over 247.5 km2 and in 2017 the inhabitants were 

217,000, equivalent to two-thirds of the total Icelandic population (10). The study base included the 

residents of the greater capital area which includes seven municipalities (Garðabær, Hafnarfjörður, 

Kjósarhreppur, Kópavogur, Mosfellsbær, Reykjavík, and Seltjarnarnes) identified by 24 postal codes. 

The study period was January 1st, 2006 to December 31st, 2017. The annual mean population of the 

Reykjavík capital area during the study period was 203,500 (10). 

 

Study population 

Hospital data was obtained from SAGA (Register of hospital-treated patients in Iceland) for all 

emergency department (ED) visits and acute admissions to Landspítali University Hospital (LUH) in 

the study period. LUH is operated by the Icelandic government and is the only acute care hospital in 

the Reykjavík capital area, making this study population-based. In Iceland, the national health 

insurance scheme is covered by taxes and available for all residents. Patients pay certain fees for 

ambulatory visits while admissions to the hospital are free of charge. At LUH diseases are classified 

and registered according to the International Classification of Diseases 10th edition (ICD-10). The 
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study population included adult inhabitants (≥ 18 years) of the Reykjavík capital area. The cases had 

made an ED visit or were admitted to an inpatient ward of LUH with the primary discharge diagnosis of 

heart disease (ICD-10 codes: I20-I25, I44-I50), respiratory disease (ICD-10 codes: J20-J22, J40-J46) 

or cerebrovascular disease (ICD-10 codes: I61-I69), hereafter called stroke. Visits under other ICD-

codes were excluded from the study. Readmissions within 10 days with the same ICD-10 primary 

discharge diagnosis were excluded. ED visits and acute hospital admissions were combined and will 

from now on be called emergency hospital visits. 

 

Air pollution data 

Pollution data was obtained from Grensás measurement station (GRE), operated by the Environment 

Agency of Iceland. GRE is located in the center of the Reykjavík capital area at the junction of the 

roads Grensásvegur and Miklabraut, a busy road intersection where around 60,000 cars pass by 

every 24-hours (11). Other measurement stations in the city did not have continuous measurements or 

permanent locations throughout the study period and were therefore not used in the study. However, 

to test if GRE was representable for the total capital area, Pearson’s correlation was calculated for 

GRE measurements and measurements from another station located in Dalsmári, Kópavogur 

municipality, for the period 2014-2017. Results of Pearson’s correlation coefficients between these two 

measurement stations were r = 0.44-0.98, depending on pollutants (Table 2 in Appendix 1).  

Pollutants measured at GRE were nitrogen dioxide (NO2), particulate matter less than 10 µm in 

diameter (PM10), particulate matter less than 2,5 µm in diameter (PM2,5), sulfur dioxide (SO2), and 

hydrogen sulfide (H2S) all measured in µg/m3. The meteorological data was obtained from the 

Icelandic Meteorological Office and were temperature (°C) and relative humidity (RH). PM10 was 

measured with an Andersen EMS IR Thermo (model FH62 I-R), NO2 with Horiba device (model APNA 

360E), and SO2 and H2S were measured with the Horiba model APOA 360E. Every 6-12 months the 

devices are calibrated. Exposure data included 12 years or 4,383 days. Daily averages (midnight to 

midnight following day) were calculated from hourly concentrations if at least 75% existed of 1-hour 

data. Missing daily averages for NO2, PM10, PM2.5, SO2, and H2S were 383 days (8.7%), 165 days 

(3.8%), 923 days (21.1%), 200 days (4.6%), and 284 days (6.5%), respectively. Data gaps were seen, 

attributed to unknown reasons of inactive measurement devices, except for 52 days missing of H2S 

measurements in the beginning of the study period caused by the fact that H2S measurements at GRE 

started in the end of February 2006. For temperature and RH 6 days (0.1%) and 6 days (0.1%) were 

missing, respectively.  

Descriptive statistics were calculated, and Pearson’s correlation test was used to analyze the 

inter-correlation of traffic pollutants and other factors.  

 

Design and data analysis 

A time-stratified case-crossover design was used to estimate the association of daily exposure of air 

pollution with emergency hospital visits for heart disease, respiratory disease, and stroke. The study 

period was divided into monthly strata. Exposure during case periods (24 hours) was compared to 
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exposure during control periods, which were matched as the same weekdays within the same month 

(3-4 control periods per case period) (12, 13). Multivariate models were calculated, containing all the 

traffic-related pollutants, H2S, temperature, and RH. Separate analyses were done for stratification by 

season (winter: November 1st - April 30th, summer: May 1st – October 31st), gender and age. 

Conditional logistic regression was used with adjusted odds ratios (OR), and 95% confidence intervals 

(CI) were calculated for every 10 µg/m³ increase of pollutants (24-hour concentrations).  

Five lag days (24 hours) were analyzed separately. The definitions of lags are: lag 0: air pollution 

exposure on the same day as an emergency hospital visit, lag 1-5: air pollution exposure 1-5 days 

before the emergency hospital visit.  

Statistical analysis was done with R version 3.6.2 (https://www.r-project.org/). Statistical tests used 

in this study were all two-tailed and we considered results statistically significant for p<0.05. The study 

was approved by the National Bioethics Committee (ref. no. VSNb2018120011/03.01), the Data 

Protection Authority (ref. no. 10-050), and the Scientific Committee of LUH. The letters of approvals 

can be found in Appendix 2. 

 

Results 

Description of hospital data 

Over the study period, there were 42,433 emergency hospital visits for the ICD diagnoses included in 

the study (9.7 visits per day on average), a total of 19,213 individuals (45.2% females and 54.8% 

males) (Table 4). The median age was 70 years and the visits were divided into older (≥ 70 years) and 

younger (< 70 years) according to the median age. The number of visits for heart diseases, respiratory 

diseases, and stroke were 29,169, 9,085, and 4,179, respectively (Table 4). The mean age for all 

visits was 67.6 years, mean age for heart diseases was 68.7 years, for respiratory diseases 62.1 

years, and for stroke 72.1 years. On average, female patients were 2.7 years older than males during 

hospital visits. Of the total visits, 30,650 were ED visits while 11,784 were acute admissions to 

inpatient wards. 

 

Description of air pollution data 

Descriptive statistics and Pearson’s correlation of traffic-related pollutants, H2S, and meteorological 

variables are presented in Table 5. For every pollutant, the mean concentration was higher in the 

winter months (November-April) than in the summer months (May-October), showing a seasonal 

pattern. NO2 had the highest mean (20.7 µg/m³) and the highest interquartile range (IQR), 15.8 µg/m³. 

SO2 had the lowest mean (2.51 µg/m³) and the lowest IQR (1.2 µg/m³) although the maximum value 

for SO2 was 409 µg/m³, Table 5.  

The strongest correlation was found between PM10 and PM2.5 (0.74), and the second strongest 

correlation was between NO2 and temperature (-0.46), and temperature had negative correlation with 

all the pollutants. Overall, the correlation between pollutants was rather weak except for the PM 

pollutants (Table 5). Air pollution data had some gaps as can be seen in the time series plot in Figure 

https://www.r-project.org/
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2. Figure 2 also shows a clear seasonal pattern for H2S and NO2, however, the seasonal pattern for 

other pollutants is not as clear in the figure although means were always higher during the winter for 

all pollutants. It should be noted that the peaks in SO2 concentrations in Figure 2 during late 2014 and 

beginning of 2015 were due to the volcanic eruption in Holuhraun. No peaks or elevation of any 

concentrations of pollutants were to be attributed to the eruption in Eyjafjallajökull in the year 2010. 
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Table 4. Descriptive statistics of emergency hospital visits to Landspítali University hospital, according to primary discharge diagnosis, January 1st, 2006 to 
December 31st, 2017.  

Emergency hospital 
patients 

No. of visits (%) 
Visits/day 

Mean (±SD) 
Visits/day 

Range 
Visits/day 

Median 
        Percentiles 
        25th      75th 

Individuals 

All primary diagnosis 42,433 (100) 9.68 (3.90)      1-26 9 7             7           12 19,213 

    Females 19,162 (45.2) 4.46 (2.29) 0-16 4        3            6 8,859 

    Males 23,272 (54.8) 5.37 (2.67) 0-18 5         3            7 10,354 

    Older (≥70yr) 21,847 (51.5) 5.07 (2.58) 0-17 5         3            7 9,002 

    Younger (<70yr) 20,586 (48.5) 4.76 (2.38) 0-15 5        3            6 10,895 

Heart diseases  29,169 (68.7) 6.69 (3.12) 0-22 6         4            9 13,664 

    Females 11,694 2.93 (1.68) 0-11 3         2            4 5,718 

    Males 17,475 4.13 (2.23) 0-16 4         2            5 7,946 

    Older (≥70yr) 15,341 3.68 (2.06) 0-17 3         2            5 6,843 

    Younger (<70yr) 13,828 3.36 (1.85) 0-13 3         2            5 7,264 

Respiratory diseases 9,085 (21.4) 2.42 (1.40) 0-10 2         1            3 4,862 

    Females 5,537 1.79 (0.99) 0-8 2         1            2 2,847 

    Males 3,549 1.49 (0.76) 0-17 1         1            2 2,015 

    Older (≥70yr) 3,802 1.55 (0.81) 0-8 1         1            2 1,833 

    Younger (<70yr) 5,283 1.75 (0.98) 0-8 1         1            2 3,171 

Stroke 4,179 (9.8) 1.70 (0.96) 0-7 1         1            2 2,996 

    Females 1,931 1.36 (0.63) 0-5 1         1            2 1,419 

    Males 2,248 1.46 (0.75) 0-6 1         1            2 1,577 

    Older (≥70yr) 2,704 1.49 (0.78) 0-6 1         1            2 1,902 

    Younger (<70yr) 1,475 1.33 (0.60) 0-4 1         1            2 1,114 

SD: standard deviation; yr: years
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Table 5. Descriptive statistics and Pearson’s correlation of 24-hour concentration levels (µg/m³) of pollutants and meteorological data in the Reykjavík capital 
area during the study period, 2006-2017.  

 PM10 PM2,5 NO2  SO2 H2S TEMP (°C) RH (%) 

Mean (SD) 20.5 (19.7) 12.5 (21.8) 20.7 (15.0) 2.51 (13.8) 2.98 (5.2) 5.5 (4.9)       74.9 (10.6) 

Summer* mean (SD) 17.4 (14.9) 10.8 (16.2) 16.2 (9.9) 2.48 (14.1) 2.08 (3.1)            9.1 (3.2) 74.6 (9.8) 

Winter** mean (SD) 23.6 (23.2) 14.2 (26.1) 25.3 (17.6) 2.54 (13.5) 3.90 (6.6)           1.9 (3.4) 75.1 (11.3) 

Range 2.4-381 0-423 0-119 0-409 0-96            -10.5-17.7  37-97 

Median 15.1 7.0 16.6 1.1 1.2          5.6 77.0 

Interquartile range 11.6 8.2 15.8 1.2 2.7 7.9 15.0 

Pearson‘s correlation                    

PM10 1.00                  

PM2,5 0.74 1.00                 

NO2 0.07 -0.03 1.00                

SO2 0.01 0.01 0.08 1.00               

H2S 0.00 -0.03 0.29 0.10 1.00              

Temperature (°C) -0.17 -0.17 -0.46 -0.05 -0.26            1.00  

Relative humidity (%)   -0.29 -0.35 0.06 -0.07 -0.06            0.16 1.00 

            * May 1st to October 31st. 
           ** November 1st to April 30th. 

 SD: standard deviation; H2S: hydrogen sulfide; NO2: nitrogen dioxide; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; RH: 
relative humidity; SO2: sulfur dioxide; TEMP: temperature. 
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Figure 2. 24-hour mean concentrations of hydrogen sulfide (H2S), nitrogen dioxide (NO2), particulate 
matter (PM10 and PM2.5), and sulfur dioxide (SO2) in µg/m³ during the study period 
(2006-2017) as measured at the GRE measurement station in the Reykjavík capital area. 
Gaps in measurements are due to missing values. Note the different scales at the y-axis for 
the pollutants. 
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Association of air pollution and emergency hospital visits 

The unstratified multivariate model including 24-hour measurements of traffic-related pollutants (NO2, 

PM10, PM2.5, and SO2), H2S, relative humidity, and temperature showed a statistically significant 

association between 10 µg/m³ increase of NO2 at lag 0 and emergency hospital visits for the combined 

diagnoses heart disease, respiratory disease, and stroke (overall visits) with OR of 1.018 (95% CI: 

1.008-1.027) (Figure 3, Table 7 in Appendix 1). When stratifying for gender, both genders had a 

statistically significant association with NO2 at lag 0 (females OR = 1.015, males OR = 1.020) (Table 7 

in Appendix 1). Stratification for age-groups showed that the older group (≥ 70 years) had a significant 

association with increased NO2 at lag 0, OR of 1.023 (Table 7 in Appendix 1). The association 

between NO2 at lag 0 and overall visits was also significant when stratifying for winter (November 1st - 

April 30th) with an odds ratio of 1.016, but it was not significant in stratification for summer (Table 8 in 

Appendix 1). 

In the unstratified model and in stratification for males, younger age, and winter statistically 

significant associations were found between 10 µg/m³ increase of PM2.5  at lag 3 and overall visits, see 

Table 7 in Appendix 1. In stratification for females and summer statistically significant associations 

were found between 10 µg/m³ increase of PM10 at lag 3 and between 10 µg/m³ increase of SO2 at lag 

4 and overall visits respectively, see Table 7 in Appendix 1.  
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Figure 3. Association between air pollution exposure (10 µg/m³ increase) and emergency hospital 
visits, unstratified, and restricted to heart disease, respiratory disease, and stroke as primary 
discharge diagnosis, at different lags (0-5) of exposure. Note the different scales at the 
y-axis for the plots. 

 

 

Restriction to heart disease, respiratory disease, and stroke in the multivariate model showed that 

NO2 at lag 0 was only significant in association with emergency hospital visits for heart disease (Figure 

3 and Table 9 in Appendix 1). Heart disease was the largest group of visits of the three disease 

categories (heart disease: 29,169 visits). Restriction was done separately for the main categories of 

the heart disease diagnosis included in the study. Restriction to the ICD-10 codes I20-I24, which are 
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codes for acute ischemic heart diseases, gave increased OR, however, with wide 95% CI for NO2 

(Figure 9 in Appendix 1). The ICD-10 code I48 is atrial fibrillation and flutter and was the largest group 

of visits according to specific diagnosis (9,536 visits). Restriction to I48 gave OR of 1.030 (95% CI: 

1.011-1.049) at lag 0 (Figure 4, Table 6). To further evaluate this association, restriction to I48 was 

done separately for gender as well as age-groups (older ≥ 70 years and younger < 70 years). Figure 4 

and Figure 5 show the restriction to I48 according to gender and age-groups and the highest OR was 

found when stratifying for younger females (< 70 years), giving OR of 1.107 (95% CI: 1.051-1.166) for 

lag 0 and OR of 1.066 (95% CI 1.011-1.123) for lag 1 (Figure 5 and Table 6). When stratifying for 

older females (≥ 70 years), the OR was 1.043 (95% CI: 1.005-1.082) for lag 1, Table 6. Restriction to 

ED visits and I48 did not change the main results substantially for NO2 except at lag 1 for younger 

females where the association was not significant (Table 10 in Appendix 1). 

A  

Figure 4. Association between air pollution exposure (10 µg/m³ increase) and emergency hospital 
visits, for ICD-10 I48 (atrial fibrillation and flutter), and gender, at different lags (0-5) of 
exposure. Note the different scales at the y-axis for the plots. 
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Figure 5. Association between air pollution exposure (10 µg/m³ increase) and emergency hospital 
visits, for ICD-10 I48 (atrial fibrillation and flutter) among females and males, at older age 
(≥ 70 years) and younger age (< 70 years), at different lags (0-5) of exposure. Note the 
different scales at the y-axis for the plots. 
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Table 6. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and emergency hospital visits with ICD-10 code I48 (atrial fibrillation 
and flutter) as primary discharge diagnosis, stratified for females, younger females (< 70 years), and older females (≥ 70 years), at lags 0-5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide. 

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag       OR                 95% CI      OR                 95% CI       OR                 95% CI       OR                  95% CI        OR                   95% CI 

I48 
0 
1 

 
     1.030        1.011-1.049 
     1.019        0.999-1.038 

 
      0.989       0.976-1.004 
      0.999       0.987-1.013 

 
      0.986       0.974-0.999 
      0.992       0.980-1.005 

 
      1.006       0.989-1.023 
      1.006       0.991-1.022 

 
      0.972       0.925-1.021 
      0.992       0.945-1.041 

2      0.987        0.968-1.007       1.004       0.989-1.017       1.003       0.990-1.015       1.003       0.986-1.019       1.009       0.961-1.060 
3      0.991        0.971-1.011       1.009       0.996-1.023       1.001       0.988-1.014       1.006       0.989-1.024       1.024       0.975-1.075 
4      0.987        0.967-1.007       0.999       0.986-1.013       1.002       0.989-1.016       1.000       0.984-1.017       1.039       0.989-1.091 
5      0.996        0.976-1.016       0.998       0.985-1.010       1.004       0.992-1.017       1.005       0.987-1.023       0.985       0.937-1.037 

I48 female      
0      1.051        1.019-1.083       1.000       0.979-1.022       0.990       0.971-1.009       0.998       0.971-1.025       0.936       0.863-1.015 
1      1.050        1.019-1.083       0.997       0.975-1.019       0.994       0.974-1.013       1.009       0.988-1.031       0.976       0.906-1.051 
2      0.993        0.962-1.024       1.009       0.988-1.032       0.996       0.976-1.018       1.014       0.988-1.041       0.979       0.904-1.059 
3      0.999        0.968-1.031       1.029       1.007-1.052       0.995       0.974-1.016       1.012       0.987-1.038       1.034       0.958-1.116 
4 
5 

I48 female (<70) 
0 
1 
2 
3 
4 
5 

I48 female (≥70) 
0 
1 
2 
3 
4 
5 

     0.993        0.962-1.026 
     0.985        0.954-1.017 
 
     1.107        1.051-1.166 
     1.066        1.011-1.123 
     1.008        0.954-1.064 
     1.029        0.975-1.086 
     1.011        0.958-1.068 
     1.024        0.971-1.079 
 
     1.022        0.984-1.062 
     1.043        1.005-1.082 
     0.986        0.949-1.025 
     0.983        0.946-1.023 
     0.983        0.944-1.024 
     0.964        0.925-1.004 

      1.011       0.990-1.032 
      0.996       0.975-1.016 
 
      1.009       0.972-1.079 
      1.001       0.964-1.039 
      0.998       0.960-1.036 
      1.013       0.974-1.052  
      0.988       0.949-1.027 
      0.981       0.946-1.018 
 
      0.996       0.970-1.022 
      0.994       0.968-1.021 
      1.015       0.989-1.043 
      1.038       1.010-1.066 
      1.020       0.995-1.046 
      1.003       0.978-1.028 

      1.002       0.981-1.023 
      0.999       0.978-1.019 
 
      1.002       0.972-1.032 
      0.997       0.965-1.031 
      0.994       0.960-1.029 
      0.996       0.963-1.030 
      1.029       0.997-1.061 
      1.001       0.969-1.035 
 
      0.982       0.956-1.008 
      0.992       0.968-1.016 
      0.997       0.941-1.024 
      0.995       0.969-1.021 
      0.982       0.954-1.011 
      0.997       0.972-1.024 

      0.997       0.972-1.024 
      0.996       0.967-1.025 
 
      0.995       0.947-1.047 
      1.013       0.978-1.049 
      0.978       0.913-1.048 
      0.968       0.914-1.026 
      1.004       0.952-1.058 
      0.992       0.943-1.045 
 
      0.999       0.968-1.033 
      1.007       0.980-1.034 
      1.022       0.994-1.051 
      1.032       1.001-1.063 
      0.995       0.966-1.026 
      0.997       0.963-1.033 

  1.019       0.942-1.102 
  0.965       0.888-1.049 

 
 1.041      0.920-1.178 
 1.059      0.932-1.204 
 1.057      0.929-1.201 
 1.065      0.939-1.206 
 0.949      0.821-1.098 

      0.923      0.803-1.061 
 
      0.870      0.779-0.971 
      0.937      0.853-1.028 
      0.935      0.844-1.036 
      1.015      0.922-1.117 
      1.050      0.957-1.153 
      0.989      0.891-1.098 



  

52 

Restriction to ICD-code I49, other cardiac arrhythmias, a total of 2,500 visits, was also significantly 

associated with NO2 at lag 0, with OR of 1.045 (95% CI: 1.006-1.085) in unstratified analysis (Figure 6, 

Table 11 in Appendix 1), and stratified for males the OR was 1.079 (95% CI 1.021-1.141), Table 12 in 

Appendix 1. Stratification of I49 for gender and age-groups is shown in Figure 6 and Figure 7, the 

highest OR was found when stratifying for older females (≥ 70 years), giving OR of 1.117 (95% CI 

1.027-1.216) at lag 0, and OR of 1.096 (95% CI 1.004-1.196) at lag 1, and younger males (OR = 

1.103, 95% CI 1.030-1.179) at lag 0, Table 12 in Appendix 1. However, looking only at ED visits, the 

association between NO2 and visits for I49 were not significant except when stratified for younger 

males (OR = 1.079, 95% CI: 1.004-1.159) at lag 0, Table 13 in Appendix 1. 

 

Figure 6. Association between air pollution exposure (10 µg/m³ increase) and emergency hospital 
visits, for ICD-10 I49 (other cardiac arrhythmias), and gender, at different lags (0-5) of 
exposure. Note the different scales at the y-axis for the plots.   
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Figure 7.  Association between air pollution exposure (10 µg/m³ increase) and emergency hospital 
visits, for ICD-10 I49 (other cardiac arrhythmias) among females and males, at older age 
(≥ 70 years) and younger age (< 70 years), at different lags (0-5) of exposure. Note the 
different scales at the y-axis for the plots. 

 

Statistically significant associations were found sporadically without a consistent pattern as 

between PM10 and all heart diseases (lag 3, OR = 1.009), between SO2 and respiratory diseases (lag 

3: OR = 1.018), and stroke (lag 0: OR = 1.035) (Figure 3, Table 9 in Appendix 1). Figure 3 and Table 9 

also show a significant association between H2S (lag 2, OR = 1.085, and lag 5, OR = 1.092) and 

emergency hospital visits for stroke. 
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Discussion 

The main results of this study were the significant association found between increased NO2 

concentrations and emergency hospital visits at lag 0. The association was strongest among patients 

diagnosed with atrial fibrillation and flutter (ICD-10 I48) and other cardiac arrhythmias (ICD-10 I49). 

For I48, stratifying for younger females (< 70 years) gave the highest OR and significant results for lag 

0 and lag 1. Regarding I49, stratifying for older females (≥ 70 years) gave the highest OR and was 

significant at lag 0 and lag 1. For I49, stratifying for males gave significant OR at lag 1. Previous 

studies have found a positive association between NO2 levels and cases of atrial fibrillation and flutter 

(14-16). NO2 concentrations have also been found to have association with abnormalities in the 

electrical conduction system of the heart (17).  

The significant association found between increased PM2.5 and PM10 concentrations and overall 

visits was weak (OR = 1.009 and 1.006, respectively), which is however consistent with previous 

research in Iceland (5, 8). Furthermore, the significant association found between SO2 concentrations 

and emergency hospital visits for stroke and respiratory disease was also weak (OR = 1.035 and 

1.018, respectively), but those results could be confounded by the emission from the volcanic eruption 

in Holuhraun in 2014-2015, where SO2 concentrations were temporary well above the usual 

concentrations attributed to traffic (Figure 2). 

The Reykjavík capital area has a geothermal source-specific H2S pollution, emitted from 

geothermal power plants, and previous studies carried out with different methods have shown adverse 

health effects related to increased H2S concentrations in the Reykjavík capital area (7, 8), not clearly 

found in the present study.  

The pollutant concentrations measured at GRE in the present study are generally lower than have 

been found in other European cities (1). That may explain why associations were not evident between 

PM and the diseases in the present study, as has been the case in other similarly designed studies 

(18, 19) from other European cities with higher PM concentrations. However, the size of the study 

material may also play a role. The present study may be statistically underpowered, an inherent 

weakness for small populations such as in the Reykjavík capital area. 

A strength of this study is that it is population-based since the hospital data was obtained from the 

only acute care hospital serving the population of the Reykjavík capital area, the LUH. Another 

strength is the time-stratified case-crossover design of the study, which excludes the confounding of 

individual characteristics and adjusts for time trends such as weekdays and seasons. Furthermore, the 

main result of this study namely the strong associations between NO2 exposure and younger females 

(< 70 years) diagnosed with atrial fibrillation and flutter (ICD-10 code I48) is a strength since younger 

individuals have fewer diseases on average, and therefore this association is less likely to be 

confounded by other diseases. Older females had lower OR and older individuals have more diseases 

on average which could be confounding the results. It is therefore a strength that younger individuals 

(females) with I48 had a strong association with air pollution exposure, as confounding by other 

diseases may be limited. The association between NO2 exposure and males and younger males (<70 

years) diagnosed with other cardiac arrhythmias (ICD-10 code I49) points in the same direction. 
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There were a few limitations in this study. First, the data on pollution was from one measurement 

station in Reykjavík capital area and did not contain data on individual exposure. However, to test if 

the station used in this study (GRE) was representable for the whole capital area, correlation 

calculations were done between the concentrations covering three years from the station used in the 

study and concentrations from another measurement station located in Kópavogur municipality (part of 

the capital area). The correlation coefficient was high for NO2 (0.78), H2S (0.84), and SO2 (0.98), but 

the coefficient for PM10 was lowest (r=0.44), however, these coefficients indicate that measurements 

at GRE concern the whole population in the study area.  

The second limitation is that only the primary discharge diagnosis was included in the study. 

However, the patients may have other important diagnoses possibly confounding the results. Further, 

the quality of the routine medical diagnoses at the LUH has not been evaluated in a separate study, a 

weakness the study shares with other studies relying on hospital records.  

The third limitation was that the main results were found at lag 0, which means that it may not be 

clear whether the emergency hospital visits occurred after the pollution increased because both 

pollution data and hospital data were calculated on daily basis (not hourly basis). However, the ORs 

were also increased at lag 1, and significantly so for ICD-10 code I48 concerning females, younger 

and older females, and for ICD-10 code I49 concerning older females, thus indicating that increased 

exposure occurred before the visits.  

The fourth limitation is that visits may be double counted as although readmissions within 10 days 

with the same ICD-10 primary discharge diagnosis were excluded because it is possible that some 

people came first to the ED and were then subsequently admitted under a different diagnosis than 

they got at the ED. In order to test whether this may distort the main results of the association between 

increased NO2 and emergency hospital visits, the data was restricted to ED visits only. When 

restriction was made to ED visits only, the same results were found for NO2 in the unstratified model 

as well as when restriction was made to I48. However, when restricting to I49, most stratification was 

not significant. Double counting of patients that got a separate diagnosis for ED visit and admission is 

thus unlikely to be distorting the results concerning the unstratified model and I48 in the present study.  

The fifth limitation is that the study population consisted of those 18 years of age and older, limiting 

the generalizability of the results regarding age. 

The sixth limitation is that because of the diurnal distribution of the admissions and visits to LUH, it 

was not realistic to achieve a narrower time frame than 24 hours in the association analysis. 

There were several stratifications and restrictions used to explore the possible association between 

air pollutants and emergency hospital visits in this study. This may give rise to concern due to multiple 

comparisons, however, it has been stated that no adjustments are needed (20-22). To deal with 

multiple comparisons, it has been argued that clearly describing what tests of significance were 

performed, and in what purpose they were done, is the best way to address it (21).  

 



  

56 

Conclusion 

The results indicate a positive association between NO2 concentrations and emergency hospital visits 

for heart diseases in the Reykjavík capital area, especially visits for atrial fibrillation and flutter, and 

other cardiac arrhythmias, among females. This is the first study in Iceland that finds association 

between air pollution and cardiac arrhythmias. Furthermore, this is the first study in Iceland where the 

possible effects of PM2.5 on health indicators are evaluated, but even though significant associations 

were now and then found at some lags between PM2.5 and overall hospital visits, the associations 

were weak and did not show a consistent pattern after restrictions to the disease categories. Same for 

PM10 and SO2, there were some significant associations found between those pollutants and hospital 

visits, but not with a clear pattern like the association between NO2 and hospital visits.  

Future studies in Iceland could include studying the effect of air pollution on children’s health as 

well as studying the effects of long-term exposure to air pollution on the population. Air pollution 

measurement stations in the Reykjavík capital area are constantly increasing in numbers and 

subsequent studies could use these increased numbers of stations to study more precisely the 

individual exposure. 
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Appendix 1 

 

 

Figure 8. Mean daily concentrations of hydrogen sulfide (H2S) measured at GRE as a function of wind 
speed (m/s), wind direction (°), and temperature (°C) during the study period, 2006-2017. 
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Table 2. Pearson’s r for air pollutants at GRE and Dalsmári measurement station in the period 
2014-2017. PM2.5 is not measured at Dalsmári. 

 

Air pollutants Pearson‘s r 

PM10 0,44 

NO2 0,78 

SO2 0,98 

H2S 0,84 
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Table 7. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and overall emergency hospital visits, unstratified, and gender and 
age stratification, at lags 0-5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide. 

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag OR                 95% CI OR                 95% CI OR                 95% CI OR                  95% CI OR                   95% CI 

Unstratified      
0       1.018       1.008-1.027       0.997       0.991-1.003       0.999       0.994-1.005       1.007       0.998-1.015      0.988        0.966-1.011 
1       1.002       0.992-1.011       1.001       0.995-1.007       1.001       0.995-1.006       0.999       0.992-1.008      0.998        0.976-1.021 
2       0.988       0.979-0.997       1.000       0.994-1.006       1.004       0.998-1.009       1.004       0.996-1.013      1.007        0.984-1.029 
3       0.995       0.986-1.005       1.004       0.998-1.010       1.006       1.000-1.012       1.005       0.994-1.013      1.011        0.988-1.034 
4       0.989       0.979-0.999       0.998       0.992-1.004       1.003       0.997-1.009       1.001       0.993-1.009      1.010        0.988-1.033 
5       0.995       0.985-1.004       1.001       0.995-1.007       0.999       0.994-1.006       1.003       0.995-1.012      1.007        0.984-1.030 

Females 
0 
1 
2 
3 
4 
5 

    
      1.015       1.001-1.029 
      1.011       0.997-1.025 
      0.985       0.971-0.998 
      0.993       0.979-1.007 
      0.989       0.975-1.003 
      0.991       0.977-1.005 

 
      1.005       0.996-1.014 
      0.997       0.987-1.006 
      0.996       0.987-1.006 
      1.009       1.000-1.018 
      0.998       0.989-1.007 
      1.004       0.995-1.013 

 
      0.994       0.985-1.002 
      1.001       0.993-1.009 
      1.001       0.993-1.009 
      1.002       0.994-1.010 
      0.999       0.991-1.009 
      0.996       0.987-1.004 

 
      1.003       0.990-1.016 
      1.002       0.991-1.014 
      1.005       0.992-1.018 
      1.008       0.996-1.019 
      1.006       0.994-1.018 
      1.006       0.994-1.018 

 
     0.987        0.954-1.021 
     0.988        0.955-1.021 
     1.001        0.968-1.035 
     1.015        0.981-1.049 
     1.023        0.988-1.058 
     1.013        0.979-1.048 

Males 
0 
1 
2 
3 
4 

 
      1.020       1.008-1.033 
      0.994       0.982-1.007 
      0.991       0.978-1.003 
      0.997       0.985-1.009 
      0.989       0.977-1.002  

 
      0.990       0.982-0.999 
      1.004       0.996-1.012 
      1.003       0.995-1.012 
      0.999       0.991-1.008 
      0.998       0.990-1.007 

 
      1.004       0.997-1.012 
      1.001       0.993-1.009 
      1.007       0.999-1.014 
      1.009       1.002-1.017 
      1.006       0.998-1.014 

 
      1.010       0.998-1.022 
      0.998       0.986-1.009 
      1.004       0.993-1.015 
      1.002       0.990-1.014 
      0.997       0.985-1.009 

 
     0.989       0.959-1.019 
     1.008       0.978-1.039 
     1.011       0.981-1.042 
     1.007       0.977-1.038 
     1.000       0.970-1.031 

5 
≥ 70 years  

0 
1 
2 
3 
4 
5 

< 70 years 
0 
1 
2 
3 
4 
5 

      0.998       0.985-1.011 
 
      1.023       1.009-1.036 
      1.007       0.994-1.020 
      0.990       0.977-1.003 
      0.998       0.985-1.011 
      0.989       0.977-1.003 
      0.999       0.986-1.012 
 
      1.013       0.999-1.026 
      0.996       0.983-1.009 
      0.986       0.973-0.999 
      0.993       0.979-1.006 
      0.989       0.976-1.003 
      0.991       0.977-1.004 

      0.998       0.989-1.006 
 
      0.991      0.982-0.999 
      1.001      0.992-1.009 
      1.004      0.995-1.012 
      1.003      0.994-1.012 
      0.995      0.987-1.004 
      1.005      0.997-1.013 
 
      1.003      0.995-1.012 
      1.001      0.992-1.009 
      0.996      0.988-1.005 
      1.005      0.997-1.014 
      1.001      0.993-1.010 
      0.996      0.987-1.005 

      1.003       0.995-1.011 
 
      1.002       0.994-1.010 
      0.996       0.988-1.005 
      0.999       0.992-1.008 
      1.006       0.998-1.014 
      0.997       0.989-1.006 
      0.994       0.986-1.003 
 
      0.997       0.989-1.005 
      1.005       0.997-1.013 
      1.008       1.000-1.016 
      1.006       0.998-1.014 
      1.009       1.001-1.018 
      1.005       0.997-1.013 

      1.001       0.988-1.013 
 
      1.011       0.999-1.023 
      1.003       0.992-1.015 
      1.006       0.995-1.017 
      1.003       0.992-1.015 
      1.003       0.992-1.014 
      1.004       0.993-1.016 
 
      1.002       0.989-1.015 
      0.996       0.984-1.008 
      1.002       0.989-1.015 
      1.007       0.995-1.019 
      0.999       0.986-1.012 
      1.002       0.989-1.015 

     1.002       0.972-1.033 
 

     0.957       0.926-0.989 
     0.979       0.948-1.011 
     1.012       0.981-1.045 
     1.025       0.993-1.057 
     1.023       0.992-1.056 
     1.011       0.979-1.043 

 
     1.017      0.986-1.049 
     1.017      0.986-1.049 
     1.001      0.969-1.034 
     0.997      0.964-1.029 
     0.996      0.964-1.029 
     1.003      0.971-1.036 
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Table 8. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and overall emergency hospital visits, stratified by season, at lags 0-5.  

 

 

 

 

 

 

 

 

 

 

 

* Summer: May 1st – October 31st  

** Winter: November 1st - April 30th 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide. 

 

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag OR                 95% CI OR                 95% CI OR                 95% CI OR                  95% CI OR                   95% CI 

Summer* 
0 
1 
2 
3 
4 
5 

Winter** 
0 
1 
2 
3 
4 
5 

 
     1.016       0.996-1.037 
     1.005       0.985-1.026 
     1.000       0.979-1.022 
     0.985       0.964-1.007 
     0.983       0.961-1.004 
     1.001       0.979-1.023 
 
     1.016       1.006-1.027 
     1.000       0.989-1.011 
     0.985       0.974-0.995 
     0.997       0.986-1.007 
     0.989       0.979-0.999 
     0.995       0.984-1.006 

 
      0.992       0.982-1.004 
      0.998       0.988-1.009 
      1.007       0.996-1.018 
      1.003       0.992-1.013 
      1.005       0.994-1.016 
      1.009       0.998-1.020 
 
      0.999       0.991-1.006 
      1.001       0.994-1.009 
      0.996       0.989-1.004 
      1.004       0.996-1.011 
      0.995       0.987-1.002 
      0.996       0.989-1.004 

 
      0.997       0.987-1.008 
      0.995       0.984-1.006 
      1.001       0.991-1.012 
      0.998       0.987-1.009 
      0.999       0.988-1.011 
      0.995       0.985-1.006 
 
      1.000       0.994-1.007 
      1.002       0.996-1.009 
      1.005       0.998-1.011 
      1.008       1.002-1.015 
      1.005       0.998-1.012 
      1.003       0.996-1.009 

 
      1.007       0.994-1.019 
      0.997       0.984-1.011 
      1.002       0.988-1.017 
      1.009       0.993-1.025 
      1.019       1.004-1.034 
      0.990       0.975-1.006 
 
      1.007       0.996-1.019 
      1.001       0.991-1.012 
      1.004       0.994-1.015 
      1.003       0.993-1.013 
      0.993       0.982-1.004 
      1.009       0.999-1.019 

 
 0.996       0.943-1.052 
 1.007       0.951-1.066 

     1.032       0.974-1.092 
     1.049       0.990-1.112 
     0.992       0.935-1.052 
     0.984       0.927-1.044 
 
     0.984       0.959-1.009 
     0.995       0.971-1.019 
     0.999       0.975-1.024 
     1.000       0.975-1.025 
     1.009       0.985-1.035 
     1.011       0.986-1.036 
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Table 9. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2 and H2S) and daily emergency hospital visits, unstratified as well as restricted to 
different disease categories (heart disease, respiratory disease and stroke), at lags 0-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide. 

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag OR                 95% CI OR                 95% CI OR                 95% CI OR                  95% CI  OR                   95% CI 

Unstratified      
0       1.018       1.008-1.027       0.997       0.991-1.003       0.999       0.994-1.005       1.007       0.998-1.015      0.988        0.966-1.011 
1       1.002       0.992-1.011       1.001       0.995-1.007       1.001       0.995-1.006       0.999       0.992-1.008      0.998        0.976-1.021 
2       0.988       0.979-0.997       1.000       0.994-1.006       1.004       0.998-1.009       1.004       0.996-1.013      1.007        0.984-1.029 
3       0.995       0.986-1.005       1.004       0.998-1.010       1.006       1.000-1.012       1.005       0.994-1.013      1.011        0.988-1.034 
4       0.989       0.979-0.999       0.998       0.992-1.004       1.003       0.997-1.009       1.001       0.993-1.009      1.010        0.988-1.033 
5       0.995       0.985-1.004       1.001       0.995-1.007       0.999       0.994-1.006       1.003       0.995-1.012      1.007        0.984-1.030 

Heart 
0 
1 
2 
3 
4 
5 

 
      1.023       1.012-1.034 
      1.007       0.996-1.018 
      0.991       0.980-1.002 
      0.998       0.987-1.009 
      0.989       0.978-1.000 
      0.998       0.986-1.009 

 
      0.996       0.988-1.003 
      1.003       0.996-1.011 
      1.001       0.993-1.008 
      1.009       1.001-1.016 
      1.000       0.993-1.008 
      0.996       0.989-1.003 

 
      0.995       0.989-1.002 
      0.999       0.992-1.006 
      1.004       0.998-1.011 
      1.006       0.999-1.013 
      1.004       0.996-1.011 
      1.002       0.995-1.009 

 
      1.005       0.995-1.015 
      1.003       0.993-1.013 
      1.006       0.996-1.016 
      0.999       0.998-1.010 
      0.995       0.984-1.006 
      0.997       0.986-1.008 

 
     0.993        0.966-1.020 
     0.995        0.968-1.023 
     0.990        0.963-1.018 
     1.012        0.985-1.040 
     1.024        0.996-1.052 
     1.001        0.974-1.029 

Respiratory 
0 
1 
2 
3 
4 
5 

Stroke 
0 
1 
2 
3 
4 
5 

 
      1.004       0.984-1.024 
      0.987       0.967-1.007 
      0.974       0.954-0.993 
      0.989       0.970-1.009 
      0.984       0.965-1.004 
      0.994       0.975-1.014 
 
      1.013       0.984-1.044 
      0.997       0.968-1.028 
      0.999       0.970-1.030 
      0.988       0.959-1.018 
      1.002       0.972-1.033 
      0.977       0.947-1.007  

 
      1.005       0.992-1.019 
      1.001       0.988-1.015 
      1.004       0.991-1.017 
      1.002       0.989-1.015 
      0.994       0.981-1.007 
      1.010       0.998-1.023 
 
      0.986       0.966-1.006 
      0.982       0.963-1.002 
      0.988       0.969-1.007 
      0.980       0.961-1.000 
      0.997       0.978-1.016 
      1.009       0.991-1.029 

 
      1.007       0.995-1.019 
      0.998       0.986-1.011 
      0.999       0.987-1.012 
      1.003       0.990-1.015 
      1.002       0.989-1.014 
      0.995       0.983-1.007 
 
      1.014       0.997-1.032 
      1.017       0.999-1.036 
      1.011       0.993-1.029 
      1.013       0.996-1.031 
      1.006       0.987-1.025 
      0.995       0.977-1.013 

 
      0.994       0.973-1.016 
      0.998       0.979-1.016 
      1.005       0.956-1.025 
      1.018       1.002-1.034 
      1.012       0.995-1.029 
      1.016       0.999-1.034 
 
      1.035        1.009-1.060 
      0.981        0.949-1.013 
      0.995        0.969-1.021 
      1.005        0.979-1.029 
      1.012        0.988-1.036 
      1.010        0.986-1.035 

 
  0.962        0.915-1.010 
  0.996        0.949-1.044 
  1.017        0.969-1.067 
  0.994        0.946-1.044 
  0.991        0.944-1.041 
  0.984        0.936-1.035 

 
 1.012        0.946-1.083 
 1.025        0.957-1.097 
 1.085        1.016-1.159 
 1.038        0.969-1.111 
 0.959        0.892-1.033 

     1.092        1.021-1.168 
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Figure 9. Association between air pollution exposure (10 µg/m³ increase) and emergency hospital visits, for ICD-10 codes I20-I24 (acute ischemic heart 
diseases), at different lags (0-5) of exposure. 
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Table 10. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and emergency hospital visits, restricted to ED visits and ICD-10 
code I48 (atrial fibrillation and flutter), stratified by females, younger females (< 70 years), and older females (≥ 70 years), at lags 0-5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide. 

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag       OR                 95% CI      OR                 95% CI       OR                 95% CI       OR                  95% CI OR                   95% CI 

I48, ED visits 
0 
1 

 
     1.033       1.012-1.054 
     1.013       0.992-1.034 

 
   0.993      0.979-1.008 
   0.999      0.985-1.013 

 
    0.989      0.977-1.003 
    0.994      0.981-1.007 

 
  1.007      0.989-1.025 
  1.006      0.989-1.022 

 
0.958      0.909-1.011 
0.981     0.931-1.034 

2      0.984       0.962-1.005   1.003      0.989-1.018     1.001      0.988-1.015   0.997      0.979-1.016 1.010      0.958-1.066 
3      0.989       0.968-1.010   1.008      0.993-1.024     1.002      0.988-1.016   1.008      0.991-1.027 1.030      0.978-1.086 

4 
5 

     0.983       0.962-1.005 
     0.994       0.973-1.016 

  0.998      0.984-1.013 
  0.995      0.981-1.008 

    1.004      0.989-1.018 
    1.005      0.992-1.018 

  0.998      0.980-1.015 
  1.006      0.987-1.025 

1.053     0.999-1.109 
0.986     0.934-1.041 

I48, ED visits, 
females 

     

0      1.054      1.019-1.089    1.005      0.982-1.028     0.994      0.973-1.015   0.995      0.966-1.026        0.928     0.849-1.014 
1      1.048      1.014-1.083    0.991      0.968-1.016     0.991      0.970-1.012   1.009      0.988-1.033        0.971     0.896-1.052 
2      0.994      0.961-1.029    1.007      0.983-1.031     0.990      0.966-1.014   1.006      0.977-1.035        0.997     0.915-1.087 

3      1.006      0.972-1.041    1.026      1.002-1.052     0.999      0.977-1.021   1.012      0.986-1.038        1.052     0.969-1.141 
4 
5 

I48, ED visits, 
females (<70) 

0 
1 
2 
3 
4 
5 

I48, ED visits, 
females (≥70) 

0 
1 
2 
3 
4 
5 

          0.988      0.954-1.024 
          0.981      0.947-1.016 
 
        
        1.106       1.047-1.168 
        1.056       0.999-1.116 
        1.001       0.945-1.059 
        1.021       0.964-1.082 
        1.014       0.958-1.073 
        1.025       0.970-1.084  
 
 
        1.024       0.982-1.069 
        1.044       1.002-1.087 
        0.992       0.950-1.035 
        0.996       0.954-1.040 
        0.973       0.930-1.017 
        0.954       0.912-0.998 

         1.007      0.984-1.030 
         0.990      0.968-1.013 
 
        
       1.017      0.977-1.058 
       1.004      0.965-1.044 
       0.995      0.954-1.038 
       1.009      0.970-1.050 
       0.981      0.941-1.023 
       0.971      0.934-1.010 
 
 
       0.999      0.971-1.028 
       0.984      0.954-1.015 
       1.012      0.983-1.042 
       1.037      1.006-1.070 
       1.018      0.990-1.047 
       1.000      0.973-1.028 

         1.009      0.987-1.032 
         0.999      0.976-1.022 
 
       
       0.996      0.965-1.028 
       0.987      0.952-1.023 
       0.983      0.944-1.023 
       0.999      0.965-1.034 
       1.034      1.002-1.068 
       1.004      0.969-1.038 
 
 
       0.992      0.965-1.020 
       0.993      0.968-1.019 
       0.993      0.964-1.024 
       0.999      0.971-1.028 
       0.989      0.959-1.021 
       0.997      0.968-1.026 

        0.997      0.970-1.024 
        0.998      0.968-1.029 
 
       
       0.989      0.935-1.049 
       1.012      0.974-1.051 
       0.985      0.917-1.058 
       0.969      0.916-1.027 
       0.997      0.941-1.056 
       1.003      0.950-1.059 
 
 
       0.999      0.964-1.035 
       1.009      0.982-1.038 
       1.011      0.979-1.043 
       1.031      0.999-1.063 
       0.997      0.966-1.028 
       0.996      0.960-1.033 

       1.048     0.964-1.139 
       0.959     0.875-1.052 
 
      
      1.017     0.889-1.162 
      1.090     0.955-1.245 
      1.051     0.916-1.207 
      1.078     0.943-1.232 
      0.969     0.829-1.133 
      0.906     0.779-1.054 
 
 
      0.870     0.772-0.981 
      0.909     0.818-1.009 
      0.966     0.863-1.080 
      1.036     0.935-1.149 
      1.085     0.982-1.198 
      0.993     0.884-1.115 
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Table 11. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and emergency hospital visits restricted to ICD-10 code I49 (other 
cardiac arrhythmias) as primary discharge diagnosis, stratified for females and older females (≥ 70 years), at lags 0-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide. 

 

 

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag       OR                 95% CI      OR                 95% CI       OR                 95% CI       OR                  95% CI OR                   95% CI 

I49 
0 
1 

 
    1.045       1.006-1.085 
    1.034       0.994-1.074 

 
   1.003      0.979-1.027 
   1.002      0.978-1.027 

 
   0.987      0.963-1.010 
   1.002      0.981-1.025 

 
  0.994       0.937-1.055 
  1.006       0.966-1.047 

 
0.970      0.883-1.066 
0.981      0.893-1.078 

2     1.012       0.973-1.052    0.975      0.949-1.001    1.012      0.989-1.036   1.025       0.977-1.074 0.959      0.871-1.058 
3     0.995       0.957-1.035    1.003      0.980-1.026    1.013      0.993-1.033   0.937       0.857-1.024 0.981      0.888-1.084 
4 
5 

    0.972       0.934-1.011 
    1.001       0.961-1.042 

   0.978      0.952-1.005 
   0.977      0.953-1.002 

   1.014      0.992-1.036 
   1.016      0.995-1.038 

  0.979       0.918-1.046 
  1.026       0.951-1.108 

1.085      0.989-1.189 
1.003      0.909-1.106 

I49 females      
0   1.018      0.966-1.073   1.014      0.985-1.045   0.995      0.962-1.025   0.935      0.787-1.111 0.973     0.854-1.108 
1   1.034      0.981-1.089   1.010      0.979-1.042   1.005      0.979-1.033   0.964      0.883-1.053 1.016     0.891-1.157 
2   1.016      0.963-1.072   0.979      0.923-1.016   1.008      0.979-1.039    1.002       0.937-1.071 0.986     0.861-1.129 
3   1.010      0.958-1.066   0.997      0.967-1.028   1.003      0.977-1.029    0.929      0.823-1.049  0.937      0.811-1.084 
4 
5 

I49 females 
(≥70) 

0 
1 
2 
3 
4 
5 

     0.973      0.921-1.028 
     0.997      0.944-1.054 
      
 
      1.117      1.027-1.216 
      1.096      1.004-1.196 
      1.075      0.986-1.173 
      1.052      0.962-1.150 
      1.011      0.923-1.107 
      1.057      0.965-1.158 

     0.984      0.947-1.022 
     0.984      0.951-1.018 
      
 
     0.986      0.928-1.047 
     1.060      1.003-1.121 
     0.972      0.914-1.033 
     0.974      0.916-1.035 
     0.984      0.925-1.046 
     0.995      0.943-1.049 

     1.005      0.975-1.037 
     1.009      0.981-1.037 
    
 
     0.992      0.941-1.045 
     1.014      0.965-1.065 
     1.007      0.962-1.055 
     0.989      0.944-1.036 
     0.991      0.943-1.042 
     0.967      0.931-1.046 

     0.947      0.842-1.064 
     1.005      0.913-1.107 
     
 
     0.917      0.739-1.139 
     0.971      0.879-1.073 
     0.915      0.769-1.088 
     0.912      0.773-1.075 
     0.944      0.798-1.116 
     0.991      0.889-1.106 

    1.042      0.917-1.183 
    1.016      0.886-1.164 
 
 
    0.897      0.714-1.127 
    0.892      0.690-1.152 
    1.053      0.836-1.327 
    0.966      0.761-1.228 
    1.089      0.889-1.332 
    1.094      0.889-1.347 
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Table 12. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and emergency hospital visits restricted to ICD-10 code I49 (other 
cardiac arrhythmias) as primary discharge diagnosis, stratified for males and younger males (< 70 years), at lags 0-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide.

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag       OR                 95% CI      OR                 95% CI       OR                 95% CI       OR                  95% CI        OR                   95% CI 

I49 
0 
1 

 
    1.045       1.006-1.085 
    1.034       0.994-1.074 

 
   1.003      0.979-1.027 
   1.002      0.978-1.027 

 
   0.987      0.963-1.010 
   1.002      0.981-1.025 

 
  0.994       0.937-1.055 
  1.006       0.966-1.047 

 
0.970      0.883-1.066 

     0.981      0.893-1.078 
2     1.012       0.973-1.052    0.975      0.949-1.001    1.012      0.989-1.036   1.025       0.977-1.074      0.959      0.871-1.058 
3     0.995       0.957-1.035    1.003      0.980-1.026    1.013      0.993-1.033   0.937       0.857-1.024      0.981      0.888-1.084 
4 
5 

    0.972       0.934-1.011 
    1.001       0.961-1.042 

   0.978      0.952-1.005 
   0.977      0.953-1.002 

   1.014      0.992-1.036 
   1.016      0.995-1.038 

  0.979       0.918-1.046 
  1.026       0.951-1.108 

1.085      0.989-1.189 
     1.003      0.909-1.106 

I49 males      
0     1.079       1.021-1.141    0.984      0.946-1.023    0.976      0.939-1.014   1.002       0.942-1.066      0.969      0.845-1.113 
1     1.033       0.975-1.093    0.992      0.954-1.031    0.998      0.959-1.037   1.028       0.977-1.081      0.946      0.826-1.084 
2     1.008       0.953-1.066    0.971      0.935-1.009    1.018      0.984-1.054   1.056       0.979-1.138      0.930      0.807-1.072 
3     0.978       0.945-1.036    1.012      0.977-1.047    1.029      0.998-1.062   0.947       0.831-1.079      1.016      0.885-1.165 
4 
5 

I49 males (<70) 
0 
1 
2 
3 
4 
5 

    0.972       0.918-1.030 
    1.004       0.946-1.065 
 
    1.103       1.030-1.179 
    1.046       0.974-1.123 
    0.994       0.926-1.067 
    0.959       0.893-1.029 
    0.924       0.858-0.994 
    0.965       0.897-1.038 

   0.971      0.935-1.009 
   0.971      0.936-1.008 
 
   0.992      0.947-1.038 
   1.005      0.959-1.052 
   0.974      0.928-1.022 
   1.028      0.985-1.072 
   0.968      0.922-1.016 
   0.961      0.916-1.008 

   1.023      0.993-1.053 
   1.027      0.994-1.061 
 
   0.973      0.928-1.020 
   1.005      0.963-1.049 
   1.026      0.984-1.068 
   1.033      0.996-1.071 
   1.025      0.991-1.060 
   1.030      0.988-1.075 

  1.002       0.924-1.087 
  1.073       0.929-1.240 
 
  1.027       0.935-1.127 
  1.044       0.975-1.117 
  1.107       0.978-1.254 
  0.928       0.711-1.211 
  0.988       0.852-1.146 
  0.958       0.693-1.324 

     1.142      0.998-1.307 
     0.992      0.861-1.143 
 
     0.926      0.779-1.101 
     0.986      0.845-1.150 
     0.848      0.707-1.017 
     0.994      0.844-1.171 
     1.123      0.949-1.328 
     1.019      0.859-1.208 
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Table 13. Associations between air pollution exposure (NO2, PM10, PM2.5, SO2, and H2S) and emergency hospital visits, restricted to ED visits and ICD-10 
code I49 (other cardiac arrhythmias) as primary discharge diagnosis, stratified for males and younger males (< 70 years), at lags 0-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI: confidence interval; NO2: nitrogen dioxide; OR: odds ratio; PM10: particulate matter ≤10µm in diameter; PM2.5: particulate matter ≤2.5µm in diameter; SO2: sulfur dioxide.

 NO2 PM10 PM2.5 SO2 H2S 

Strata/Lag       OR                 95% CI      OR                 95% CI       OR                 95% CI       OR                  95% CI        OR                   95% CI 

I49, ED visits 
0 
1 
2 

      
     1.023       0.981-1.067 
     1.015       0.973-1.059 
     1.003       0.961-1.047 

 
    1.011      0.985-1.036 
    1.005      0.979-1.032 
    0.980      0.952-1.009 

 
      0.980      0.954-1.007 
      1.001      0.978-1.025 
      1.003      0.977-1.029 

 
      1.002      0.941-1.067 
      1.002      0.955-1.051 
      1.013      0.959-1.069 

 
       0.986       0.887-1.095 
       1.032       0.933-1.141 
       0.953       0.857-1.061 

3      0.990       0.948-1.033     1.007      0.983-1.033       1.012      0.991-1.034       0.917      0.805-1.044        0.974       0.872-1.088 
4      0.956       0.915-0.998     0.993      0.965-1.023       1.017      0.994-1.040       0.996      0.932-1.065        1.093       0.987-1.211 
5      0.992       0.949-1.037     0.976      0.948-1.005       1.017      0.994-1.040       1.017      0.903-1.144        1.042       0.937-1.159 

I49, ED visits, 
males 

   
 

  

0      1.049      0.985-1.118     0.984      0.942-1.027       0.982      0.943-1.022       1.015      0.952-1.083        0.963      0.819-1.131 
1      1.006      0.941-1.074     0.994      0.951-1.039       1.005      0.965-1.047       1.026      0.971-1.084        0.989      0.848-1.153 
2      0.995      0.933-1.059     0.964      0.923-1.007       1.021      0.983-1.061       1.034      0.944-1.131        0.918      0.782-1.078 
3      0.973      0.913-1.037     1.022      0.982-1.063       1.030      0.997-1.065       0.897      0.711-1.133        0.959      0.819-1.124 
4 
5 

I49, ED visits, 
males (<70) 

0 
1 
2 
3 
4 
5 

     0.959      0.898-1.024 
     0.984      0.921-1.051 
 
 
     1.079      1.004-1.159 
     1.035      0.960-1.116 
     0.998      0.926-1.074 
     0.959      0.891-1.033 
     0.918      0.850-0.991 
     0.955      0.885-1.031     

    0.987      0.947-1.028 
    0.973      0.933-1.015 
 
 
    0.976      0.929-1.026 
    1.006      0.959-1.056 
    0.968      0.919-1.019 
    1.031      0.987-1.076 
    0.972      0.925-1.021 
    0.958      0.911-1.008 

      1.023      0.992-1.055 
      1.025      0.989-1.062 
 
 
      0.991      0.944-1.039 
      1.015      0.972-1.060 
      1.030      0.987-1.075 
      1.037      0.999-1.076 
      1.025      0.991-1.061 
      1.027      0.984-1.072  

      1.043      0.952-1.142 
      1.075      0.909-1.270 
 
 
      1.026      0.935-1.127 
      1.044      0.975-1.117 
      1.106      0.977-1.253 
      0.935      0.726-1.205 
      1.026      0.872-1.207 
      1.021      0.715-1.456 

       1.128      0.965-1.318 
       1.049      0.899-1.224 
 
 
       0.959      0.794-1.158 
       1.019      0.862-1.205 
       0.867      0.721-1.044 
       1.006      0.850-1.189 
       1.118      0.940-1.330 
       1.052      0.882-1.255 
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Appendix 2 

 

 

 



  

70 

 

 

 

 

 



  

71 

 

 

 



  

72 

 


