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HOSPITALIZATIONS FOR RESPIRATORY INFECTIONS 
ASSOCIATED WITH ENVIRONMENTAL FACTORS
Hospitalizações por infecção respiratória associada a fatores 
ambientais
Ingresos por infección respiratoria asociada a factores 
ambientales

ABSTRACT 

Objective: To evaluate the relationship between the meteorological variables and respiratory 
diseases by age. Methods: This is an ecological time-series study, for the period comprised 
between 2008 and 2011. First, admissions were analyzed by age group and then related 
to climate information: temperature, precipitation, relative air humidity, and wind speed, 
through dynamic climatology and statistical parameters using multiple regression analysis, 
chi-square test and normal distribution. Results: The results showed 12,067 records of 
hospital admissions for respiratory diseases according to the age group. The highest average 
number of hospitalizations was found in the age range from 1 to 4 years, with a mean of 
42.09% (5079), and over 60 years, with a mean of 27.14% (3274) for the study period. The 
highest prevalence was due to pneumonia, accounting for 81.0% (9,774) of admissions. The 
number of hospitalizations was lower in January and higher in June and July. Conclusion: 
Based on the investigations carried out, a significant correlation was observed between 
climate parameters and hospitalization for respiratory diseases.

Descriptors: Climate; Health; Respiratory Tract Diseases; Temperature.

RESUMO

Objetivo: Avaliar a relação entre variáveis meteorológicas e doenças respiratórias por 
faixa etária. Métodos: Trata-se de um estudo ecológico de séries temporais para o período 
compreendido entre 2008 e 2011. Primeiramente, as internações foram analisadas por 
grupo de faixa etária e, em seguida, relacionadas com informações climáticas, temperatura, 
precipitação, umidade relativa do ar e velocidade dos ventos, através da climatologia 
dinâmica e de parâmetros estatísticos, utilizando análise de regressão múltipla, teste qui-
quadrado e distribuição normal. Resultados: Os resultados mostraram 12.067 registros de 
internações por doenças respiratórias e por faixa etária. As maiores médias de internação 
ocorreram na faixa etária de 1 a 4 anos, com média de 42,09%, (5.079) e acima de 60 anos, 
com média de 27,14% (3.274) para o período de estudo, sendo as pneumonias predominantes, 
com 81,0% (9.774) das internações. Verificou-se menor número de internações em janeiro 
e maior, em junho e julho. Conclusão: Com base nas investigações realizadas, observou-
se correlação significativa entre os parâmetros climáticos e as internações por doenças 
respiratórias.

Descritores: Clima; Saúde; Doenças Respiratórias; Temperatura Ambiente.

RESUMEN

Objetivo: Evaluar la relación entre variables meteorológicas y enfermedades respiratorias 
por franja de edad. Métodos: Se trata de un estudio ecológico de series temporales en el 
período entre 2008 y 2011. En primer lugar, los ingresos fueron analizados por franja de edad 
y, en seguida, relacionados con las informaciones climáticas, temperatura, precipitación, 
humidad relativa del aire y la velocidad de los vientos a través de la climatología dinámica 
y parámetros estadísticos utilizándose del análisis de regresión múltiple, prueba del Chi-
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cuadrado y distribución normal. Resultados: Los resultados 
señalaron 12.067 registros de ingresos por enfermedades 
respiratorias y franja de edad. Las mayores medias de ingreso se 
dieron en la franja de edad de 1 a 4 años con media del 42,09%, 
(5.079) y por encima de los 60 años con media del 27,14% 
(3.274) en el período del estudio, siendo las neumonías las más 
predominantes en el 81,0% (9.774) de los ingresos. Se verifico 
menos ingresos en enero y más en junio y julio. Conclusión: 
Basado en las investigaciones realizadas, se observó correlación 
significante entre los parámetros climáticos y los ingresos por 
enfermedades respiratorias. 

Descriptores: Clima; Salud; Enfermedades Respiratorias; 
Temperatura Ambiental.

INTRODUCTION

An understanding of the nature of the effects of 
weather conditions on health is essential for its protection. 
The weather-health relationship is associated between 
temperature and morbidity/mortality. Nonlinear relations 
(U, J or V shaped) of temperature and mortality are 
observed(1). Apart from temperature, weather variables, 
such as humidity, barometric pressure and rain fall, are 
also found to be related to morbidity/mortality(2). However, 
the combined impact of weather variables on morbidity/
mortality is less widely examined(1,2).  

Furthermore, there is often a lag between mortality/
morbidity and weather conditions in addition to the 
immediate impact of weather on health, because the effects 
of weather parameters can occur after some delay. However, 
this lag structure between weather and mortality has not 
been widely investigated(3).

High rates of morbidity show the extent and the need 
for research on the respiratory system diseases (RSD), 
especially in children under the age of five and people over 
the age of 60. The incidence of RSD is similar all around the 
world in developed or developing countries; however, there 
is a difference in the tendency towards a higher frequency 
and severity of respiratory tract infections, particularly 
pneumonia. This leads to a 30 times increase in mortality 
rates in developing countries(4). 

Several factors are associated with RSD, such as 
malnutrition, passive smoking, maternal education and 
number of people living in the same house(5).

Noteworthy are the environmental factors, such as 
air pollution and weather variables, as determinants of 
the increase in the number of cases and severity of RSD 
in children under the age of five. Sudden climate changes 
affect the quality of air inhaled, especially when the cold air 

mass hinders the air currents and causes the precipitation 
of the particulate matter of the atmosphere in large cities. 
Thus, there is a significant increase in the number of cases 
of pneumonia, asthma and bronchitis(6,7).

A study conducted with children in São Paulo on 
mortality from respiratory diseases and the relationship to 
humidity, temperature and environmental pollutants showed 
that there was a significant association and an increase of 
circa 20% in the emergency care of respiratory diseases(8).

Based on the above, the present research aims to assess 
the relationship between weather variables and respiratory 
diseases by age. 

METHODS

This is an ecological time-series study conducted in the 
city of Campo Grande, Mato Grosso do Sul (MS), Brazil. 
The city of Campo Grande (S 20º26’16 ‘’ W 54º32’16 
‘’ - 677 meters above sea level) is located in the Central-
West region of Brazil. It lies about 1,200 km south of the 
southern region of the Amazon Basin and about 150 km east 
of the Pantanal, the largest wetland area in the world. It is 
situated on the Maracaju plateau, the watershed between the 
drainage basins of the Paraná River and Paraguay River, 
and about 100 km east of the Andes(9).

According to the Köppen-Geiger climate classification, 
the climate of Campo Grande region is classified as tropical, 
with a dry season, characterized by high temperatures 
(18°C to 28°C, with temperature range of 5°C to 7°C) and 
two well-defined seasons: a rainy season and a dry season. 
It presents high rainfall, circa 1500 mm/year, and the rainy 
season begins in October and lasts until April, and the dry 
period corresponds to the remaining months of the year(10).

Data were collected in the Secretaria Municipal de 
Saúde – SMS (Municipal Health Secretariat) from outpatient 
records of municipal health facilities; the data refer to 
cases of respiratory diseases in the age group 0-80 years. 
The analysis comprised the period from January 2008 to 
December 2011. The databases of the Hospital Information 
System of the Sistema Único de Saúde – SUS (Brazil’s 
Unified Health System) were used and coded according to 
the International Classification of Diseases (ICD) - 10th 
Revision (ICD10 J10 and J18). The data analyzed refer to 
Chapter X of ICD 10, which includes the respiratory system 
diseases (RSD).

Information about rainfall, air temperature, humidity 
and wind speed were obtained from the Embrapa – Gado 
de Corte – Campo Grande (MS).

The dependent variable (Y) was the coefficients for 
respiratory diseases; and the independent variable (X), the 
years of study. The transformation of the variable “year” into 
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the variable “centralized-year” (year minus the midpoint of 
the study period) was necessary as, in polynomial regression 
models, the equation terms are often highly correlated, and 
expressing the independent variable as a mean deviation 
substantially reduces the autocorrelation between them.

Trend analysis of time series has been carried out using 
a multiple linear regression model that best described the 
relationship between the independent variable X (rainfall, 
minimum and maximum temperature, relative humidity, 
wind speed) and the dependent variable Y (coefficients for 
hospitalizations for RSD) according to equation Y = β0 + 
β1X1 + β2X2 ++... + βkXk + ε; where k: number of variables; 
Xj: regressors; βj: estimators; ε: standard error. The 
coefficient of determination (R2) was used as a measure of 
precision. Residual analysis confirmed the homoscedasticity 
assumption of the model(11).

Chi-squared tests with 95% confidence interval for 
proportion differences were used to analyze the correlations 
between the covariates and the response variable. ANOVA 
test was used for continuous and parametric variables and 
Kruskal-Wallis test was used for nonparametric variables. 

As the dependent variable for regression analysis, the 
total number of cases of RSD (number of hospitalizations) 
by age group were collected. Multiple linear regression 
models included all “response variables” (continuous) 
that were statistically associated with the severity of RSD. 
Statistically significant tests of association included p values 
below 0.05; Fisher-Snedecor distribution test with critical 
values of F, such that (F> Fc) = 0.05; and coefficients of 
determination (R2) that did not include null values.

Normal distribution of the several variables was 
assessed using the Kolmogorov-Sminov method (K-S), and 
the heteroscedasticity and the absence of collinearity were 
verified through the use of graph plotting and appropriate 
statistical tests. At this stage, it was opted for the smoothing 
of variables due to the fact they have presented asymmetric 
distribution in the analyzed period. Thus, it was transformed 
into a binary variable, presence/absence (1/0) type, 
allowing its use in modeling the multiple linear regression. 
It was also performed the modeling of categories through 
the transformation into “dummy” variables, using their 
respective quartiles, in an attempt to find cut-off points that 
could better explain the model.

To verify the absence of autocorrelation between RSD 
severity score and consequent assumption of independence 
of errors, it was used the Studentized graphic residual 
analysis because the use of the Durbin-Watson method tests 
the hypothesis that indicates the absence of zero residual 
autocorrelation, compromised by the small size of the study 
series.

As for residual analysis, there was a normal distribution 
of residuals that was close to a horizontal dispersion 
pattern of the mean, which was equal to zero (0.0). The 
heteroscedasticity and the linearity could also be checked 
by plotting residual plots with random distribution, without 
a cyclical behavior or defined trend, which would hinder the 
regression model.

Finally, in an attempt to find models that best demonstrate 
the relationship between environmental variables and 
hospitalization for RSD, the behavior of associations were 
explored by the curvilinear transformation of the response 
variables, with consequent regression. However, there was 
no significant difference between the significance levels 
and determination coefficients that would prevent the use of 
linear regression, since the conditions for its implementation 
have been satisfied after the adjustments mentioned above.

Utilization of the Mean Squared Error (MSE) to assess 
the skill of the model: 

Where: Pi is the estimated value and Oi the observed 
value. In all the analyses the significance level was set at 
5%.

RESULTS

There were 12,067 hospitalizations for respiratory 
diseases in the period of the present research. Considering 
the number of hospitalizations for respiratory diseases 
by age, the higher averages of hospitalizations occurred 
in the age group from 1-4 years, with a mean of 42.09% 
(5,079), and in people over 60 years old, with a mean of 
27.14% (3,275); pneumonias were the most prevalent 
diseases, accounting for 81.0% (9,774) of hospitalizations. 
Hospitalizations were less frequent in January and more 
intense in June and July.  

Table 1 shows the values of the risks related to the 
model 1-4 years and > 60 years and the b coefficients 
assuming positive and negative values, depending on the 
variable, confirming that the number of hospitalizations 
decreases when these values increase; that is, the lower the 
human thermal comfort index, the greater the number of 
people with respiratory system diseases or vice versa, with 
a higher risk related to the 95% confidence interval, which 
involves temperature, relative humidity, rainfall and wind 
speed(12).

In the final model of multiple linear regression, it was 
verified that the linear function, selected for the regression 
model, presented random distribution around the zero line 
and there were no “outliers” in its residual distribution, 
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which featured a variance homogeneity in the adjustment, 
validating, therefore, the final analysis.

In this group of statistical models, the dependent 
variable (number of hospitalizations) is a counting process, 
i.e., it is a discrete quantitative variable, and the independent 
variables are candidates variables that could explain the 
behavior of the series over time. The independent variables 
were the weather variables (maximum (lag of 2 days) and 
minimum (lag of 4 days) temperatures), humidity (lag of 4 

days), wind speed (lag of 2 days) and rainfall (lag of 1 day). 
the variable “weekday” and “holiday” were used to control 
the short-term seasonality. The variable “year” was used to 
control the long-term seasonality.

The analysis of the present research, which used 
multiple linear regression, shows that there is a persistent 
influence of RSD in the age group 1-4 years, with rainfall 
with a correlation of (-0.89), minimum temperature with 
a correlation of (-0.79), maximum temperature with a 

Table I - Coefficients of regression, mean squared error, relative risk and correlation coefficient for the 95% confidence 
intervals for the age groups assessed. Campo Grande, MS, 2008-2011.

Age group 
(years) I

β1 β2 β3 β4 β5
MSE RR R2

lag 1 day lag 2 days lag 4 days lag 4 days lag 2 days

0 – 4 603 -0.617 -31.4 29.3 13.1 -3.07 13 1.98 88.10
5 – 9 56 -0.053 -8.25 8.93 12.3 -0.68 3.98 0.96 78.90
10 - 14 -4.5 -0.0048 -0.46 0.08 3.65 0.195 1.25 0.30 81.50
15 - 19 -49.4 0.0167 3.03 -3.47 2.11 0.629 1.21 0.19 70.20
20 - 24 24.7 -0.0006 -1.21 0.95 0.782 -0.043 1.22 0.17 34.20
25 - 29 -1.1 -0.0131 -0.31 0.52 0.914 0.122 1.05 0.19 49.00
30 - 34 -9.6 -0.0041 0.57 -0.49 0.546 0.187 1.05 0.33 29.10
35 - 39 48.7 -0.0408 -4.08 4.94 0.758 -0.517 1.09 0.39 51.30
40 - 44 -52.1 0.0099 3.19 -3.27 1.39 0.615 0.71 0.26 78.50
45 - 49 -48.2 0.0151 2.86 -2.84 2.5 0.325 1.71 0.33 52.70
50 - 54 9.2 -0.0043 -1.01 0.97 1.67 0.0067 1.41 0.41 47.00
55 - 59 -19 -0.001 0.92 -0.9 2.72 0.126 1.8 0.62 53.40
> 60 89 -0.118 -3.1 2.2 5.16 1.41 5.66 1.18 77.40

I-intercept; β1-rainfall; β2-maximum temperature; β3-minimum temperature; β4-wind speed; β5-relative humidity; MSE- mean squared 
error; RR-relative risk; correlation coefficient R2.

correlation of (-0.72) and wind speed with a correlation of 
(0.50), which is associated with the severity of the RSD. 
As for the ages older than 60 years, the correlations are 
significant for the maximum temperature (-0.41) and 
humidity (0.44). It must be said that the coefficient of 
determination of the model was 88.1% for 0-4 years and 
greater than 77.4% for individuals over age 60, as shown 
in Table 1. For other age groups, the maximum temperature 
(10-14 years; 20-24 years -0.45; -0.42) and wind speed 
(5-9; 10-14; 15-19; 40-44; 45-49; 55-59 years; 0 82; 0.82; 
0.61; 0.43; 0.68 and 0.70) were significant. Even after 
smoothing of irregularities and conducting curvilinear 
regression, better determination coefficients or statistical 
significances could be found. On the other hand, it is known 

that individual exposure measurements or even certain 
endemic seasonality and possibilities of irregular variations 
such as epidemics could explain the other 12 and 23% of 
unexplained variability in the model.

DISCUSSION

Positive associations were found in this study between 
the weather variables and age groups by respiratory 
diseases in Campo Grande-MS. These effects are similar 
to those found in other cities of Brazil, especially to those 
observed in São Paulo(13), both in the diversity of variability 
of associated meteorological values and the magnitude of 
the estimated effects. The increase in hospitalizations for 
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respiratory diseases in the colder times of the year is caused 
by the low temperatures, which shows that the relative risks 
of hospitalization for respiratory diseases are associated 
with age groups 0-4 years and > 60 years.

Regarding the analysis of data collected in the present 
study, the results show a striking frequency of RSD in 
children under the age of four during the years of the 
study given that almost half (42.09%) of the consultations 
provided to this age is due to children with signs and 
symptoms resulting from a diagnosis of RSD, leaving 
all other age groups with the other half. This is twice the 
rate found in another study(13), which assessed children of 
the same age in the emergency department of a pediatrics 
service and found a prevalence of 25.6%(13).

It is believed that the temperature affects blood pressure 
and blood viscosity (14,15). The blood pressure increases with 
lower temperatures, although the temperature may rise at 
night(16). The low temperature also increases blood viscosity 
and heart rate(14) and can trigger cardiovascular diseases. 

In general, the minimum temperature can cause 
respiratory diseases and bronchoconstriction, increasing the 
susceptibility to pulmonary infection induced by cold air 
inhalation. During heat exposure, the blood is forced into 
the periphery to promote heat loss and thus blood pressure 
is increases because the blood vessels near the body core 
are constricted(17). In addition, blood viscosity may increase 
with higher temperature(18), and these increases will interact 
with atrial fibrillation resulting in blood clot. In addition to 
gender differences in thermoregulatory responses to heat, 
the lower tolerance time in heat, due to excessive body 
heat storage(19), contributes to the greater susceptibility to 
respiratory disease.

The weather-morbidity is associated with the age group 
≥ 60 and ascertains that the elderly are more susceptible 
to weather stress. This weather-morbidity relationship is 
evident due to the failure of homeostatic defense mechanism 
with advancing age, which in turn would cause breathing 
difficulties or other diseases(20).

The RSD is one of the leading causes for seeking 
medical consultations, accounting for over a third of 
them and a large number of hospitalizations in children 
and adults in many countries(21). The age group with the 
highest incidence of RSD is between six months and four 
years and individuals over the age of 60 in both developed 
and developing countries. The RSD morbidity difference 
between rich and developing countries is that the latter 
has the most serious cases, particularly pneumonia, which 
often come with life-threatening complications. It is well 
described that the RSD mortality rate is higher in countries 
with lower quality of life of its inhabitants(21). 

Another indicator of the severity of the RSD is the 
rate of hospitalization in a given service. It is known 
that complications of RSD usually require hospital 
care, and infections of the lower airways, especially 
pneumonia and bronchopneumonia, which require more 
hospitalization due to its severity can lead to death. 
Comparing all hospitalizations of children under five 
years for any diagnosis, PAHO/WHO data(22) show that 
pneumonia accounts for 20% to 40% of hospitalizations in 
developing countries, and frequent hospitalizations could 
be attributed to forms that could be effectively treated on 
an outpatient basis. In the present study, in Campo Grande-
MS, pneumonia in infants, children and adults accounted 
for 81% of the number of hospitalizations for RSD. The 
high number of severe cases may be related to the higher 
prevalence of different associated factors that aggravate 
the RSD, such as malnutrition, early weaning, delayed 
consultation and inadequate assessment and classification 
of cases by health personnel at the first visit.

It is known that environmental factors influence the 
prevalence and severity profile of RSD with increased 
outpatient demand in the winter months, especially benign 
cases of upper airway infections. However, pneumonia and 
bronchiolitis have a significant proportional increase, a fact 
that reinforces the hospital demand(7). 

During the dry season in Campo Grande-MS, the 
relative humidity may reach levels incompatible with the 
integrity of the airways(10). It is known that, for the proper 
functioning of the airways, there is a need for some level of 
humidity, which shall not be less than 60%(23). The airways 
make great effort to try to maintain internal homeostasis 
with the quality of the air inhaled, as the minimum relative 
humidity is very low, around 19% to 27% during the dry 
season(23).

The results presented in this study represent a 
quantitative approach to the impact of climate data on 
population health. It is important to highlight that the 
outcome studied here - hospitalization - is just one of the 
many effects caused by meteorological data. Effects such as 
the onset of symptoms, use of medication, social conditions, 
reduced physical activity, among others, were not assessed 
in this study. These effects, which are considered less 
harmful to the individual’s health, are of great importance 
to public health due to the high frequency with which they 
occur and due to the negative impact on quality of life and 
negative economic consequences, including school and 
work absenteeism.

The World Health Organization (WHO) and the 
United Nations Environment Programme (UNEP) estimate 
that the thermal comfort conditions will affect thousands 
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of people, since they are related to the climate and 
form of appropriation and interaction with local and/or 
regional spaces. In general, poor people suffer more from 
excessive heat and have difficulties in adapting to new 
conditions because of the lack of financial resources and, 
consequently, living conditions. Furthermore, urban areas 
are more affected than rural areas, mainly because of the 
abundance of surfaces that retain heat. Thus, the increase 
and/or decrease in temperature affect the human health in 
various ways and in different proportions. According to 
the IPCC (Intergovernmental Panel on Climate Change), 
in addition to deaths directly caused by the occurrence of 
an extreme event and the impact of this event on the local 
infrastructure and natural resources, climate changes can 
lead to an increase in malnutrition, the spread of diseases 
transmitted by water or other vectors, the increased 
frequency of cardio-respiratory diseases from air pollution, 
the reduced productivity of the population affected and an 
increased spending on medicines and health care. Over 
the last three decades, social problems, in addition to 
changes in temperature, humidity and biodiversity, have 
altered the balance between predators, competitors and 
preys, preventing pests and pathogens to be under control 
and hence contributing to the resurgence of infectious 
diseases(24).

Estimating the risk to the health of the population 
due to weather variables is a first step in the planning and 
implementation of actions aimed at a healthier environment. 
The production of technically well-grounded data is critical 
to the formulation of public policies and decision-making 
to promote socioeconomic development and take into 
account environmental issues and quality of life of people. 
The results presented here indicate, in quantitative terms, 
the risk for an increase in the number of hospitalizations of 
children under the age of 4 and individuals over the age of 
60, according to an increase or a decrease in temperature, 
humidity, rainfall and wind speed in the city of Campo 
Grande-MS. The data presented here are expected to serve 
as tools for a better understanding of the impact of weather 
variables on people’s health, contributing to the monitoring 
and sanitation of this issue in Campo Grande-MS and other 
cities.

CONCLUSION

This study aimed to build a predictive model that could 
estimate the number of hospitalizations for respiratory 
diseases by age group and demonstrate the association 
between this outcome and the main weather variables in 
Campo Grande-MS, taking into account the relevance of 
knowing the epidemiological characteristics of the disease 
and the climate peculiarities of the region. The use of multiple 

linear regression was satisfactory for demonstrating the 
association between hospitalization for respiratory system 
diseases (RSD) by age group and the study variables. Based 
on the investigations carried out, it can be concluded that 
there is a significant correlation between weather variables 
and hospitalizations for respiratory diseases.
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