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ABSTRACT 

Background: The impact of urban air pollution and temperature changes over health is a growing concern for epidemi-
ologists all over the world and particularly for developing countries where fewer studies have been performed. Aim: 
The main goal of this paper is to analyze the short term effects of changes in temperature and atmospheric carbon mon-
oxide on daily mortality in Buenos Aires, Argentina. Methods: We conducted a time series study focused on three age 
groups, gender, and cardiovascular and respiratory mortality, with lags up to four days and temporal variables as modi-
fiers. Results: Temperature correlates positively with total mortality for summer months, with a RR = 1.0184 (95%, CI 
1.0139, 1.0229) on the same day for each 1˚C increase. In winter this relationship reverses, as 1˚C temperature increase 
exhibit a protective effect with a RR = 0.9894 (95%, CI 0.9864, 0.9924) at the 3 day lag. Carbon monoxide correlates 
always positively with mortality, with a RR = 1.0369 (95%, CI 1.0206, 1.0534) for each 1 ppm increase, on the previ-
ous day. Conclusions: Climate and pollution parameters measured in Buenos Aires City exhibit a correlation with 
health outcomes. The impacts of temperature and carbon monoxide vary with age and gender, being elderly the most 
susceptible subgroup. One day after an increase in CO of 1 ppm, about 4% extra deaths can be expected. The correla-
tion found between increases in CO and mortality for greater lags may be ascribed to the role of CO as a chemical 
marker of urban air pollution, indicating the co-presence of other pollutants. 
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1. Introduction 

The link between extreme temperatures and air pollution 
episodes and health is well documented, particularly for 
extreme episodes [1,2]. However, during the last decades, 
there has been a growing interest in the chronic or even 
acute effects of even low levels of air pollution and small 
changes in temperatures in morbidity and mortality [3-5]. 
Urban populations’ exposure to particulate matter and to 
ozone, as well as to nitrogen oxides, carbon monoxide, 
lead and other metals, has negative impacts on human 
health, even at levels lower than those established as se-
cure by international standards [6-11].  

The cardiovascular system is the most compromised in 

the thermal regulation of the human body, while the res-
piratory system is the first one to receive air pollutants 
into the body [12]. This means that susceptible indivi- 
duals with chronic pathologies, extreme ages, or metabo- 
lic changes due to prescription drug use, are more vul-
nerable to environmental changes [13,14]. 

The reviewed literature agrees that temperature con-
stitutes an important factor in explaining mortality values, 
even in template urban areas [5]. Cold temperatures pro-
duce an important cumulative effect that is lagged in time 
with a lag of up to two weeks after the climatic event, 
while high temperatures increase mortality for a much 
shorter period, generally limited to the same day or the 
following [5,15-17].   

At the same time, respiratory caused mortality pre-
sents larger lags (between 3 and 6 days) while cardio-
vascular caused deaths occur between the same day of 
the climatic event and the two following days [18]. This 
is coherent with the underlying biological mechanisms 
of disease.  

*This work was carried out with the aid of a grant from the Inter- American 
Institute for Global Change Research (IAI) CRN II 2017 which is sup-
ported by the US National Science Foundation (Grant GEO-0452325) 
within the framework of the project South American Emissions, Mega-
cities and Climate – Adaptation to the health impacts of air pollution 
and climate extremes in Latin American cities (ADAPTE) and support 
from the San Martín National University (UNSAM). 
#Corresponding author. Existing scholarship emphasizes the importance of con-
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sidering the characteristics of the analyzed region. Even 
when some generalizations can be established from com-
parative studies (through typifying cold and hot settle-
ments, for example), the climatic peculiarities of each 
location result in different health outcomes [16].  

Finally, [5] highlight the complexity of such deter-
minants of the relationship between temperatures and 
mortality as the socioeconomic characteristics of the 
populations. This is especially important in urban centres 
of developing countries, but very few papers analyze 
this issue for Latin American cities. References [18,19] 
performed time series analysis for the cities of Santiago 
(Chile) and Sao Paulo (Brazil). Specifically in Argen-
tina there are few studies with different approaches. 
Reference [20] performed synoptic analysis for hospital 
emergency consults in Buenos Aires City, while [21] 
used the same methodology to analyze asthmatic pa-
tients in the city of Rosario. Reference [22] described a 
strong relationship between meteorological variables 
and health outcomes as cardiovascular hospitalizations 
and emergency consultations for asthma, in Bahía 
Blanca.    

In this work we explore the correlation between tem-
perature and air pollution with mortality for the City of 
Buenos Aires, thought a temporal series study. To the 
best of our knowledge this is the first Time Series study 
performed at the mega city’s level.  

2. Materials and Methods 

2.1. The City of Buenos Aires 

Buenos Aires lies in the Pampa region, on the western 
shore of the estuary of the Río de la Plata. It has a warm 
and humid climate (See Table 1). Summer days and 
nights are hot, while cold days and colder nights prevail 

in winter, when minimum, average and maximum tem-
peratures drop about 10˚ from their summer values. Au-
tumn and spring present transitional weather characteris-
tics, determined by mild temperatures during the days 
and colder during the nights. The river’s proximity and 
its longitudinal location make Buenos Aires a city with 
few extreme temperature episodes. 

The metropolitan area of Buenos Aires (MABA) is 
composed of the city of Buenos Aires, the Federal Dis-
trict or capital of the country, and 24 surrounding dis-
tricts that are part of the province of Buenos Aires. Being 
the 10th megalopolis in the world and the 3rd in Latin 
America, it concentrates 32% of the total population in 
only 0.14% of the national territory. The city itself com-
prises only the 7% of the total MABA area, yet it con-
centrates about 25% of its population, the highest of the 
country. Even when considering the megacity as a whole 
would be the best approach, as MABA constitutes a 
unique atmospheric basin, the administrative fragmenta-
tion between local authorities imposes difficulties re-
garding availability of the data needed to perform a time 
series analysis. For this reason we only included data on 
the city. 

Although Buenos Aires differs slightly from the whole 
country in demographic terms (e.g., its gender composi-
tion is similar to national one, with a low predominance 
of females (55%), a very important difference of rele-
vance for public health is given by the age composition 
of its population in two ways 1) The percentage of eld-
erly people (64 and more) is significantly higher at the 
city level (17%) than at the national level (10%); 2) And 
infants (under 15 years) make only 17% of the total city 
population, being almost 30% of the national population. 
For this, factors that affect the health of elderly, as air 
pollution, grow in importance. 

 
Table 1. Descriptive statistics for temperature and humidity in Buenos Aires City, 2002-2006. 

  Min. Average Max. Standard deviation.

Whole year 

Min. temp. 
Av. temp. 
Max. temp. 
Rel. Hum. 

–0.10 
4.99 
8.50 
30.28 

13.95 
17.96 
22.46 
68.67 

21.30 
32.04 
37.50 
96.63 

5.49 
5.47 
5.89 
11.26 

Summer 

Min. temp. 
Av. temp. 
Max. temp. 
Rel. Hum. 

9.50 
15.29 
17.70 
30.28 

19.24 
23.65 
28.42 
63.06 

27.60 
32.04 
37.50 
93.21 

3.24 
2.92 
3.41 
10.20 

Autumn 

Min. temp. 
Av. temp. 
Max. temp. 
Rel. Hum. 

1.40 
7.20 
12.70 
44.27 

14.11 
17.98 
22.43 
72.46 

25.40 
27.76 
33.80 
96.63 

4.71 
4.32 
4.50 
9.27 

Winter 

Min. temp. 
Av. temp. 
Max. temp. 
Rel. Hum. 

–0.10 
4.99 
8.50 
46.73 

8.98 
12.43 
16.48 
74.29 

21.30 
25.35 
31.50 
95.67 

4.04 
3.48 
3.76 
10.46 

Spring 

Min. temp. 
Av. temp. 
Max. temp. 
Rel. Hum. 

2.00 
7.02 
10.60 
37.21 

13.58 
17.92 
22.63 
64.69 

24.10 
28.73 
33.80 
94.75 

4.34 
4.19 
4.66 
10.75 
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2.2. Data 

Daily maximum, minimum and average temperatures 
were obtained using hourly data from the Villa Ortúzar 
meteorological station, National Weather Service (NWS). 
Dew point data was used to calculate hourly relative hu-
midity applying Iribarne and Godson expressions (1981) 
[23]. Seasonal analysis was conducted, following the 
parameters used by the NWS, which defines seasons by 
the frequent presence of climatic conditions (NWS 2010) 
[24] as follows: summer from December to February; 
autumn from March to May; winter from June to August 
and spring from September to November.  

Air quality data series are scarce in Buenos Aires. 
There has been only one monitoring station working for 
the last two decades, and three more stations have been 
recently installed by the City Government. However, 
studies carried by the scientific sector [25,26] allow us to 
establish that carbon monoxide (CO), sulphur dioxide 
(SO2) and Particulate Matter 10 (PM10) levels are usu-
ally below the international standards [27,28]; while ni-
trogen oxides (NOx) and Particulate Matter 2.5 (PM2.5) 
show exceedance of international standards. Unfortu-
nately O3 has not been systematically measured in the 
city of Buenos Aires.  

Air quality data was provided by Buenos Aires City 
Government for the only monitoring station with histori-
cal data, located in a densely populated neighborhood of 
the city. Only carbon monoxide (CO) data cover a series 
of daily averages long enough to perform a time series 
analysis. The longest trustable set of continuous data ran 
from Feb. 5th 2003 to Nov. 30th 2004, which was then 
chosen as the study period. The series had 5.26% missing 
registers, grouped into two relatively long periods and 
some isolated data. Specifically, the series has 21 missing 
data that were substituted through a regression approach.  

A series with 24 hour average daily values ranging from 
0 to 4.3 ppm was constructed to run the air quality analy-
sis. 

Mortality data are provided by the National Health 
Ministry’s Statistics Direction. Original databases were well 
organized and complete. Data is classified by the Inter-
national Classification of Diseases and Related Health 
Problems (ICD-10). 2712 registers were obtained for the 
period of 2002-2006. QC checks of the data were per-
formed and 4.32% incomplete or wrong entries and were 
discarded. Accidental deaths were also eliminated and 
from the resulting database the count of deaths due to 
cardiovascular (I00-I99) and respiratory (J00-J98) dis-
eases was extracted. Buenos Aires City has an average of 
about 86 daily deaths (see Table 2), of which about 33% 
are due to cardiovascular causes and 23% are due to res-
piratory causes. 

Interestingly, despite of its template climate and its rela-
tively short temperature range between seasons, Buenos 
Aires City mortality rates peak during the winter months, 
most likely associated with seasonal illness outbreaks 
(Figure 1).  
 
Table 2. Daily average mortality variables for Buenos Aires 
City, 2002-2006. 

Year 
Total death 

count 
Cardio 

vascular 
Respiratory 

2002 
2003 
2004 
2005 
2006 

86.49 (14.65) 
88.82 (14.62) 
86.87 (15.75) 
84.56 (15.37) 
81.84 (13.06) 

30.64 (8.16) 
27.48 (6.54) 
26.48 (6.70) 
28.67 (7.94) 
28.27 (6.53) 

19.00 (6.47) 
20.41 (6.46) 
20.97 (7.12) 
20.23 (6.96) 
17.54 (5.51) 

Period 85.73 (14.88) 28.33 (7.19) 19.64 (6.62) 

Period 
Variance 

221.46 51.69 43.87 

Standard deviation is reported between brackets 
 

 

Figure 1. Maximum, average and minimum temperture and mortality values, 2002-2006.  
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2.3. Methods 

Most of the air pollution epidemiological studies use eco-
logical time series, case cross-over, panel and cohort stud-
ies to explore the relationship between temperature and 
air pollution and health [29,30]. Each of these designs 
has advantages and disadvantages. In our case a Tempo-
ral Series design was chosen, because is best suited for 
estimating the acute health effects of pollution and mete-
orological determinants and has the advantage of its sim-
plicity, that allows to extract the confounding factors 
(seasonality, temporality and weather), and delivering 
results that allow for comparisons with a other cities.  

Temporal Series studies imply a regression analysis 
between temporal variables (generally air pollution, tem-
peratures, humidity, atmospheric pressure) taken as in-
dependent, and health outcomes as dependent variables 
[31]. Generally, a minimum squares method is used to 
build the prediction equation through generalized addi-
tive models, which allow incorporating control variables 
or confounders. Depending on the design and the data 
distribution, other non linear or non additive models can 
be used.  

The reviewed literature applies control variables to 
identify possible artificial associations between mortality 
and temperatures, which are used in the analysis of air 
pollution effects. References [4,16] use barometric pres-
sure, log trend run and weekday as control variables. 
Reference [32] use weekdays and atmospheric pollution. 
Reference [33] develops a time series analysis, consider-
ing the wind velocity as a control variable. Reference [34] 
study the impact of ozone levels over mortality incorpo-
rating cloud cover, and [15] add cultural schemes, air 
conditioning availability, and urban planning as factors 
that modify climate variables over mortality effective 
values. Other variables related with individual habits, 
like eating, smoking, activities, exercise patterns, may 
have a relevant influence at the individual level, but they 
are expected to stay relatively stable at a population level 
during the study period. In this study, we controlled by 
weekday and month, and long time trend, and used four 
separate databases for each season of the year. 

Temperature is a complex variable, which usually cor-
relates in an U shape with health outcomes [32], meaning 
that if temperatures are low (either in cold climates or in 
winter season), their increase has a protective impact 
over health, while in hot climates or summer seasons an 
increment in temperatures may have an adverse impact 
on health. Keeping this in mind, as well as the warm cli-
mate in Buenos Aires, our analysis was run for four 
separate seasons of the year.  

Following the APHEA (Air Pollution and Health: A 
European Approach) and EMACAM (Estudio Multicéntrico 
Español sobre la Relación entre la Contaminación At-
mosférica y la mortalidad) approach, our analysis model 

was built progressively in three steps. First the relation-
ship between weekday and monthly confounders and 
health outcomes was established for each of the analyzed 
groups. Weekdays and months showing a correlation with 
health outcomes were selected and included in a second 
analysis correlating mortality with maximum, minimum 
temperature and relative humidity. Then a model corre-
lating air pollution (carbon monoxide) and mortality was 
constructed, considering the relationship with tempera-
tures and humidity as non linear. Each of the second and 
third steps was run to get the correlation with the same 
day variables and with those of a 4 days lag. 

The models were run for the whole total, cardiovascu-
lar and respiratory deaths as well as for 6 subgroups: 
male/female and three age-groups (0 to 14 years old, 15 
to 64 and 65 and older).  

A General Additive Model (GAM) was run for each of 
the groups for each season of the year (Dominici et al., 
2006) [35]. For the air pollution analysis, a model was 
run also for the year as a whole. Even if seasonal varia-
tions in the correlations existed, due to the size of the 
data, the whole set of the records was used to allow for 
statistically significant results.  

The models were run in the R software [36], using a 
Quasi Poisson regression [37], as the data was over dis-
perse (Table 2). We built a model following the stan-
dardized formula for temperature and air pollution time 
series [38]:  

    log 0 1 1 1 1 ,E Y X S X          (1) 

where Y is the daily mortality count, E(Y) is the expected 
value of death count, β0 is the intercept, β1 is the esti-
mator, X1 is the covariate, and Si is the smooth function. 
β1 describes the increase in mortality per unit increase in 
temperature or air pollution level.  

The residuals of the regression were analyzed to estab-
lish the adjustment of the selected model. 

3. Results 

The results are presented in terms of Risk Ratio (RR), 
defined as the difference between death cases of both 
people who have been exposed and non exposed to the 
risk factor (increase or decrease in temperature and pres-
ence of CO in the air), with the formulae  

 RR exp i                  (2) 

3.1. Temperature 

The analysis shows a consistent relationship between 
temperature and mortality, for all mortality types (Fig-
ures 2, 3 and 4). This association is stronger and more 
significant during the summer and winter, and weaker 
during the autumn and spring. Nevertheless, some effects 

Copyright © 2012 SciRes.                                                                                  JEP 



Health Effects of Climate and Air Pollution in Buenos Aires: A First Time Series Analysis 266 

of daily temperature changes over mortality were found 
even for these transition seasons. Cardiovascular mortal-
ity was, for all seasons and groups, more strongly corre-
lated to temperature changes than respiratory mortality. 

For almost all the lags, average temperature shows a 
stronger influence than minimum or maximum tempera- 
tures. Therefore the presentation of results will focus on 
average temperature values. Humidity shows a weak 
correlation with mortality values, only significant for the 
2 day lag in winter and summer. For those seasons the 
correlation is negative, meaning that an increase of the 
relative humidity corresponds with a decrease in mortal-
ity, both total and discriminating between causes of 
death. 

3.1.1. Summer 
Temperature exhibits positive and direct correlation with 
mortality. For total mortality, a 1˚C increase in average 
temperature is linked with a RR of 1.0184 (95%, CI 
1.0139, 1.0229), indicating that with a 1˚C increase in 
temperature, total count of deaths of the day will increase 
in 1.8 % (95% CI 1.3 to 2.3). A consistent relationship 
was found for the first 3 days. The strongest impact ap-
pears on the same day and the slope diminishes as days 
pass (Figure 2). This is consistent with the underlying 
biological mechanisms leading to dead by heat and also 
with the results of other studies undertaken for other cit-
ies [3,5]. The statistical significance of the correlation 
also weakens with increased day lags. 

The impact of temperature is stronger for females than 
for males (RR = 1.0216, 95%, CI 1.0156, 1.027552 and 
RR = 1.0135, 95%, CI 1.0076, 1.0195 respectively). The 
elderly are another sensitive group for summer (RR = 
1.0209 95%, CI 1.0160, 1.0259). 

Figure 3 shows that cardiovascular caused deaths have 
a heavy weight in the correlation, with a RR = 1.020 
(95%, CI 1.012, 1.028) integrated mainly for the impact 
over women (RR = 1.027 95%, CI 1.017, 1.037) and 
elderly (RR = 1.022 95%, CI 1.013, 1.030). 

Respiratory caused mortality during summer presents 
lower correlations, but strong enough to be considered 
(Figure 4). The relationship is consistent through days, 
and again women and elderly are particularly affected. 
(RR = 1.020 95%, CI 1.007, 1.032 and RR = 1.021 95%, 
CI 1.011, 1.031 respectively). On the following day (lag 
1) the slope is slightly lower and the correlation gets 
stronger, weakening again at a 2 day lag.  

3.1.2. Winter 
As expected, during the winter temperature increases 
have a protective effect over human health. There is a lag 
between the temperature change and the observable 
deaths (Figure 2). Temperature does not have a strong 
impact over the same day death count, and the strongest 

protective impact of temperature increase is seen in a 3 
and 4 days lag. Again, for the winter season there is a 
strong correlation between temperature and cardiovascu-
lar mortality. 
 

 
Error bars: upper and lower dots represent 95% CIs. The solid hori-
zontal line indicates RR = 1. 

Figure 2. Risk Ratio for 1˚C average temperature increase, 
by season: Total mortality. 
 

 
Error bars: upper and lower dots represent 95% CIs. The solid hori-
zontal line indicates RR = 1. 

Figure 3. Risk Ratio for 1˚C average temperature increase, 
by season: Cardio vascular mortality. 
 

 
Error bars: upper and lower dots represent 95% CIs. The solid hori-
zontal line indicates RR = 1. 

Figure 4. Risk Ratio for 1ºC average temperature increase, 
by season: Respiratory mortality. 
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For total mortality, a 1˚C increase in temperature has a 
protective effect with a RR = 0.9894 (95%, CI 0.9864, 
0.9924) at the 3 day lag. Males and the elderly are the 
most protected groups (RR = 0.9899 95%, CI 0.9857, 
0.9941 and RR = 0.9881 95%, CI 0.9848, 0.9914). For 
females, RR = 0.9889 (95%, CI 0.9850, 0.9928). 

The same tendency is seen when analyzing cardiovas-
cular mortality: RR = 0.9833 95%, CI 0.9781, 0.9884; 
RR = 0.9815 95%, CI 0.9743, 0.9887; RR = 0.9845 95%, 
CI 0.9774, 0.9916 y RR = 0.9831 95%, CI 0.9776, 
0.9887 for total cardiovascular, males, females and eld-
erly at a 3 day lag. The decrease in cardiovascular mor-
tality related to the winter temperature increase affects 
also the adult (15 to 64 years old) group (RR = 0.9831, 
95%, CI 0.9706, 0.9957).  

The temperature relationship with respiratory mortality 
is slightly lower, but still significant at a 2 days lag, get-
ting its maximum strength at the 4 day lag (Figure 4). A 
1˚C average temperature increase correlates with a de-
crease of total respiratory mortality, and of elderly respi-
ratory mortality (RR = 0.9896, 95%, CI 0.9839, 0.9954, 
RR 0.9892 95%, CI 0.9831, 0.9954 respectively), but 
also with males and females, being the former the most 
vulnerable group (RR 0.9861 95%, CI 0.9772, 0.9950 
and RR 0.9921 95%, CI 0.9851, 0.9992). 

3.1.3. Spring and Autumn 
These are transition seasons regarding temperature and 
humidity in Buenos Aires. Therefore a weaker correla-
tion between meteorological and mortality variables is 
expected. Regarding the variables of interest of this study, 
both seasons present similar characteristics to those of 
winter months, as on one hand mortality correlates in-
versely with temperature and on the other, effects are best 
seen on a variable lag, longer than for summer months. 
The exception to this is the autumn mortality of the same 
day of a temperature increase (lag 0), in which an increase 
of mortality occurs. In autumn, a temperature increase of 
1 Celsius centigrade is associated with a respiratory 
mortality of RR 1.0136 (95% CI 1.0059 - 1.0123), par-
ticularly for the elderly (RR = 1.0139 95% CI 1.0055 - 
1.0224) on the same day of the exposure.  

Autumn’s correlation between temperature and mor-
tality presents a RR = 0.9921 (95%, CI 0.9889, 0.9952), 
composed mainly by the 64 years and older group (RR = 
0.9917 95%, CI 0.9883, 0.9952), while males and fe-
males present a better correlation at 2 day lag (RR = 
0.9907 95% CI 0.9862, 0.9952 y 0.9947 95% CI 0.9906, 
0.9988 respectively). Cardiovascular death causes corre-
late their best at the 3 day lag for all the analyzed groups, 
being the males the most benefited group (RR = 0.9857 
95%, CI 0.9794, 0.9920).  

In spring the biggest effect is seen at the 3 day lag for 
total and cardiovascular mortality, while respiratory mor-

tality correlates better with the 2 previous day’s tem-
perature (Figures 2, 3 and 4).  

Finally, relative humidity acts as a respiratory mortal-
ity risk factor for people 14 years and younger at a 3 day 
lag. This effect could be caused by a viral situation not 
considered in this study. 

3.2. Carbon Monoxide 

Figures 5 to 7 show RR results for the whole corpus of 
data as well as for seasonal analysis. A strong and positive 
association was found between CO and mortality, for the 
same and for the next day. As can be seen in Figure 5, 1 
ppm CO increase presents a RR = 1.01868 (95%, CI 1.0021, 
1.0355 and RR = 1.0369 (95%, CI 1.0206, 1.0534) respec-
tively, being this last association statistically stronger.  

The same day increase in mortality is evident in males 
(RR = 1.0265 95%, CI 1.0040, 1.0495), while for the two 
following days (lag 1 and 2) a statistically significant 
correlation is found for females (RR = 1.0299 95%, CI 
1.0081, 1.0522 and RR = 1.0267 95%, CI 1.0058, 1.0479). 
For the following day, even when the statistical signifi-
cance is stronger for women than for men (p = 0.001, vs. 
p = 0.01), RR is practically the same for both groups (RR 
= 1.029 95%, CI 1.00 1.05).   

Focusing on age groups, the most affected are adults 
between 15 and 64 years old, for the same and following 
day (RR = 1.0355 95% CI 1.0173, 1.0541). For elderly 
the greater impact is seen at the three following days (lags 
1, 2 & 3), with a RR = 1.0355 95% (CI 1.0173, 1.0541), 
RR = 1.0162 95% (CI 0.9984, 1.0343) and RR = 1.0162 
95% (CI 0.9985, 1.0342) respectively. The values obtained 
for the age group 0 to 14 years old do not allow to make 
conclusions, due to the low number of cases in this group. 

Cardiovascular mortality correlates weakly with CO for 
lags 1 and 2, being RR = 1.0247 95%, CI 0.9966, 1.0536 
and RR = 1.0238 95%, CI 0.9962, 1.0523 (Figure 6). This 
situation is driven by an increasing in female mortality 
 

 
Error bars: upper and lower dots represent 95% CIs. The solid hori-
zontal line indicates RR = 1. 

Figure 5. Risk Ratio for 1 ppm CO level increase, by season 
and year: Total mortality. 
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Error bars: upper and lower dots represent 95% CIs. The solid hori-
zontal line indicates RR = 1. 

Figure 6. Risk Ratio for 1 ppm CO level increase, by season 
and year: Cardio vascular mortality. 

 

 
Error bars: upper and lower dots represent 95% CIs. The solid hori-
zontal line indicates RR = 1. 

Figure 7. Risk Ratio for 1 ppm CO level increase, by season 
and year: Respiratory mortality. 
 
(1.0341 95%, CI 0.9966, 1.0729 and RR = 1.0645 95%, 
CI 1.0283, 1.1021, with a very statistically strong sig-
nificance for this last value (p < 0.001). The association 
weakens at a 3 day lag, but re appears at a 4 day lag with 
a relatively high correlation, RR = 1.0552 95%, CI 
1.0195, 1.0921 and p = 0.01. Similar is the case for the 
64 and older group, with a lightly weaker association and 
less pronounced association (RR = 1.0291 95%, CI 
0.9985, 1.0606; RR = 1.0314 95% CI 1.0011, 1.0627 & 
RR = 1.0278 95%, CI 0.9976, 1.0590 for lags 1, 2 & 4). 
Male cardiovascular mortality only correlates with CO 
levels for the same day (RR = 1.0386 95%, CI 0.9984, 
1.0804). Based on the well known quick effect of carbon 
monoxide over the cardiovascular system, the values 
obtained suggest that deaths in Buenos Aires may be not 
only influenced by CO increases, but also by the pres-
ence of other air pollutants that were not possible to con-
sider in this study because of the lack of complete and 
consistent series of measured data. This result is consis-
tent with other study [39] that indicates the strong corre-
lation between CO and fine particulate matter concentra-

tions in the atmosphere of Buenos Aires during autumn 
and winter periods.  

In general terms the association between CO and res-
piratory mortality is limited, presenting values with sig-
nificance only for the same day. 

The impact of air pollution on mortality may fluctuate 
depending on atmospheric conditions as well as other 
variables like indoors spent time, activity patterns, etc, 
that may convey to heterogeneous exposition patterns, 
that usually present a seasonal behaviour. To account for 
this, in addition to the GAM model already developed, a 
seasonal analysis has been conducted.  

Seasonal analysis shows that in Buenos Aires the 
stronger correlation between CO concentration and mor-
tality occurs during winter, and less during spring. Dur-
ing summer and autumn no consistent relationship was 
found. For winter months we found a positive correlation 
between CO levels and total mortality for the day fol-
lowing the increasing (RR = 1.0328 95%, CI 1.0073, 
1.0590). Males and elderly are the most affected groups 
(RR = 1.0404 95%, CI 1.0047, 1.0774 and RR = 1.0303 
95%, CI 1.0013, 1.0601 respectively). The association is 
lost at lag 2 days, but reappears at the 3 day lag practi-
cally with the same values and the same statistic strength, 
remaining for lag 4 with lower RR value. Lag 4 correla-
tion disappears for males and elderly. At the same time, 
limited correlation between CO level and total and male 
cardiovascular mortality can be found (RR = 1.0443 95%, 
CI 0.9956, 1.0954 and RR = 1.0557 95%, CI 0.9907, 
1.1250 respectively). 

Spring months show the most plausible biological as-
sociation as values of mortality because of cardiovascular 
causes correlate with the days closest to the increases in 
CO. On the same day of the CO increases, we found an 
increase in cardiovascular and respiratory female mortality 
(RR = 1.0885 95% CI 1.0065, 1.1771 and RR = 1.0864 
95% CI 0.9972, 1.1836 respectively), as well as the res-
piratory mortality for the adults (between 15 and 64 years 
old) group (RR = 1.3310 95% CI 1.0796, 1.6409). Lags 1 
and 2 days present correlation for total and cardiovascu-
lar deaths; being women and elderly the most affected 
groups. Likewise, at lag 1 we found an increase in adults 
respiratory caused deaths (RR = 1.2502 95% CI 1.0137, 
1.5419), which moves to the elderly group at lag 2 (RR = 
1.1095 95% CI 1.0296, 1.1955). The following days CO 
values do not present correlation with any causes of 
death.  

4. Discussion 

Of all weather parameters studied, average temperature 
exhibits a stronger correlation with mortality outcomes. 
The aggregated analysis of the results shows that the lar-
ger concern in connection with climate is related with the 
high temperatures during summer. Regarding air pollu-
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quality of the raw data presented some limitations, avail-
able data allows for conclusions, for Buenos Aires City, 
that are consistent with the state of art. We found corre-
lations between temperature changes and total, cardio-
vascular and respiratory mortality. This correlation is 
direct during summer months, and stronger for shorter 
lags, and inverse and stronger for longer lags for the 
winter months. Autumn and spring also show an inverse 
correlation between temperature and mortality, although 
the slopes are smoother and statistical significance is 
lower. Respiratory mortality presents, for all the seasons, 
weaker correlations.  

tion effects the matter of consideration is the CO pres-
ence during the whole year and particularly in winter and 
spring, during the following days that pollutant high 
concentration was detected (Figure 8). 

Females and elderly are the most affected groups for 
the temperature increase during summer, both in their 
cardiovascular and respiratory systems. Elderly are also 
the most vulnerable to temperature changes during winter 
for both causes. The 15 to 64 years old group is the most 
affected by the atmospheric CO presence; this could be 
due to activity patterns and time of exposure. During 
winter time, males and elderly are the most vulnerable 
groups.  Consistently with other reviewed research works [13, 

40], we found an impact over death very close in time to 
a temperature increase. This constrains the implementa-
tion of preventive health actions after a temperature in-
crease, and calls for the understanding of the underlying 
conditions’ that would allow preventive policies.   

The homogeneity presented by the geographical and 
emissions patterns of Buenos Aires, allows us to assign 
the same correlations obtained for one monitoring site 
and one meteorological station, to the whole studied area. 
However the design of effective tools for health policies 
must consider also individual exposition and other socio 
economic and cultural variables, not accounted for in this 
study, that mediate between exposition and health im-
pact.   

Results show that about 4% extra deaths can be ex-
pected on the day following of a 1ppm CO increase. The 
correlations found for greater lags are hard to explain by 
biological causes, and may be reflecting the effect of co 
presence of other pollutants like particulate matter.  As a temporal series study, the present study covers an 

acceptable period of time for statistics. Nevertheless it 
has to be remarked the need of being cautious at the time 
of generalizing these results to other periods, mainly be-
cause the temperature range in the analyzed period was a 
warm one, compared to previous years in the same area. 
Moreover, due to the lack of disaggregated and reliable 
air quality data, only carbon monoxide series could be 
built and the CO-mortality correlation found may be 
masking the influence of other pollutants not analyzed in 
this study.  

In general terms, the elderly are the most vulnerable, 
both to climate variables and pollution levels. Consider-
ing Buenos Aires City has a relatively aged population, 
the results of this work highlights that climate and pollu-
tion impose a greater demand of this group over the 
health system.  

While Buenos Aires lacks a comprehensive health 
policy that addresses environmental issues, there are ini-
tiatives to improve this situation, such as the high tem-
perature alert spread during summer provided by the me-
teorological weather service.  

Currently the situation regarding the lack of informa-
tion on both air quality and health statistics for the City 
of Buenos Aires is being reversed. Recently installed 
monitoring stations and better processing of health in-
formation may be used to expand these results to longer 
time series, including the effects of other compounds not 
only on mortality but also on morbidity.  

5. Conclusions 

This work’s main contribution is to provide information, 
processed with scientific world accepted methodologies, 
with results that are locally valid and coherent with those 
obtained for populations with similar characteristics. 

This allows us to state that, even when the quantity or 
 

 

Figure 8. Seasons of larger concern regarding temperatures and CO effects. By cause of death and by lag effect. 
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