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Effects of meteorological conditions on mortality from 

chronic obstructive pulmonary disease 

 

Утицај метеоролошких услова на смртност 

од хроничне опструктивне болести плућа 

 
SUMMARY 

Introduction/Objective Previous studies have confirmed 

the effect of different meteorological parameters on patients 

suffering from lung diseases. 

The aim of the study is to investigate the impact of 

meteorological phases on the death rate from chronic 

obstructive pulmonary disease (COPD). 

Methods The data on the number of deaths caused by 

COPD and meteorological phases during the five-year 

period (2011–2015) in Šumadija district (Central Serbia) 

were obtained from the Republic Hydrometeorological 

Service and the Center for Biostatistics and Informatics in 

the Institute of Public Health Kragujevac.  

Results A statistically significant correlation was 

determined between certain meteorological phases and 

COPD death rate. The highest death rate was determined 

during colder months, February and March. The lowest 

death rate was detected during the warm months (June-

September). Although men died more often from COPD 

than women, the death rate of women showed a considerable 

increase during the five-year period.  

Conclusion COPD death rate is highly dependent on the 

season of a year and might be associated with certain 

meteorological phases. There is a need for further research 

of the impact of meteorological phases on the morbidity and 

mortality from COPD. 

Keywords: chronic obstructive pulmonary disease; 

meteorology; humidity; temperature 

САЖЕТАК 

Увод/Циљ Велики број студија је потврдио утицај 

различитих метеоролошких параметара на пацијенте са 

плућним болестима. 

Циљ ове студије био је да се истражи утицај 

метеоролошких фаза на стопу смртности од хроничне 

опструктивне болести плућа (ХОБП). 

Методе Подаци о учесталости метеоролошких фаза и 

броју умрлих од ХОБП-а током петогодишњег периода 

(2011–2015) у Шумадијском округу (Централна Србија), 

добијени су од Републичког хидрометеоролошког завода 

и Центра за биостатистику и информатику Института за 

јавно здравље у Крагујевцу. 

Резултати Нађена је статистички значајна корелација 

између одређених метеоролошких фаза и стопе 

смртности од ХОБП-а. Највиша стопа смртности 

забележена је током хладних месеци (фебруар и март). 

Најнижа стопа смртности је уочена током топлих месеци 

(јун–септембар). Иако су мушкарци умирали чешће од 

ХОБП него жене, стопа смртности је код жена имала 

значајан пораст током овог петогодишњег периода.  

Закључак Стопа смртности од ХОБП-а зависи од 

годишњих доба и може се повезати са одређеним 

метеоролошким фазама. Неопходно је даље 

истраживање утицаја метеоролошких фаза на 

морбидитет и морталитет од ХОБП-а.  

Кључне речи: хронична опструктивне болест плућа; 

метеорологија; влажност; температура 

 

 

INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is one of the most important health 

problems [1, 2]. According to the data from the World Health Organization, almost three 

million people that suffer from COPD die yearly, and by the year 2020 this disease might 

become the world’s fourth most frequent cause of death [3]. Morbidity and mortality rates of 

COPD are increasing steadily, most likely due to exposure to cigarette smoke, air pollution, 

but also because of ageing of the population. Morbidity and mortality rate vary from country 

to countries and region to region [2, 4, 5].  

Basic risk factors for COPD are: smoking, outdoor air pollution, poor quality of indoor 

air, genetic predisposition, age, sex, pneumonia, nutritional status, socioeconomic status, etc. 

[3, 6, 7]. Patients suffering from COPD have an increased risk of developing other pulmonary 
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diseases – respiratory infections and primary lung cancer, cardiovascular disorders, 

osteoporosis, diabetes, and mental disorders such as neurosis and depression [3, 7, 8, 9]. 

Prevention of COPD includes healthy lifestyles, healthy nutrition and nutritional status, 

daily physical activity, and preserving a high quality of ambient air. COPD is characterized 

by a frequent changing of the phases of remission and the exacerbation of symptoms. 

Exacerbation of chronic respiratory and cardiovascular diseases can appear as a consequence 

of exposure to infectious agents, or noninfectious factors: an increase in concentration of 

sulfur dioxide and nitrogen oxides in the ambient air, and the impact of certain 

meteorological parameters such as wind speed and direction, air temperature, air pressure, 

humidity, and precipitation [10, 11, 12]. 

Meteoropathy is a group of symptoms and reactions related to a change in one or 

multiple meteorological factors. By the combination of meteorological and climate elements, 

10 meteorological phases have been determined. Meteorological phases are a combination of 

the following factors: cyclone-anticyclone, air temperature, air humidity, the advance of the 

cold/warm front, dry/wet weather. Meteorological phases are as follows [13]: 

1. Cyclone, warm, dry – CWD: an influx of warm or very warm air (warm sector). 

Sunny weather prevails, but the weather develops towards cloudiness and an increase 

in windiness from the southern quadrant (warm wind). 

2. Cyclone, warm, wet – CWW: precipitation from compact, layered clouds. Relatively 

warm, wind blows from the southern quadrant, (southern tip), pressure drops, 

temperature rises or stagnates because of the precipitation, relative humidity 

increases.  

3. Cyclone, warm front – CWF: A couple of hours before and after the warm front 

passes the weather is cloudy with precipitation, and during the actual transit of the 

front a sudden change in wind direction can be observed, temperature keeps rising, 

especially when precipitation in the back of the front weakens or stops. Relative 

humidity rises. Beside the precipitation, very low cloudiness occurs.  

4. Cyclone, cold front – CCF: cloudiness develops followed by downpours, thunder and 

strong wind. Temperature drops rapidly, pressure rises significantly, relative humidity 

rises because of precipitation, but observed globally stagnates, and after the 
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precipitation stops it falls quickly. The wind keeps changing its direction and intensity 

suddenly. 

5. Cyclone, cold, wet – CCW: Layered cloudiness (Ns) prevails paired with long-lasting 

precipitation, pressure rises, temperature drops or stagnates, humidity does not change 

much, but drops as precipitation stops. The wind is more intense and blows from the 

northern quadrant. 

6. Cyclone, cold, dry – CCD: After precipitation ends, cold and windy weather persists. 

Precipitation can occur, but only for a short while and in a small quantity. The 

weather is cloudy, with a lack of precipitation, cold and with a tendency to change 

towards clear weather.  

7. Anticyclone, cold, dry – ACD: Clear weather prevails. The wind comes from the 

northern quadrant, and its intensity is mostly weak. During the summer it is chilly, 

and during the winter half of the year it is cold. Pressure, temperature and humidity do 

not change much.  

8. Anticyclone, cold, wet – ACW: Foggy, gloomy and cold weather in the area of the 

anticyclone. 

9. Anticyclone, warm, dry – AWD: Clear and calm weather. The anticyclone is still 

dominant. Air temperature either basically does not change at all, or it has a slight 

increase on a daily basis. Transport of slightly warmer air from lower latitudes starts, 

weak winds from the southern quadrant start blowing. 

10. Anticyclone, warm, wet – AWW: Cloudiness develops followed by precipitation and 

thunder. It manifests during the warm part of the year.  

The impact of various meteorological phases on lung diseases has been intensively 

studied, but it still needs clarification.  

The aim of this paper was to investigate the correlation between particular 

meteorological phases and the mortality rate from COPD. 
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METHODS 

This study is a retrospective, descriptive study conducted during five-year period 2011-

2015 in Šumadija district, Central Serbia. The Šumadija district is located at 185–220 m 

above sea level, between latitudes 43 and 44° N and longitudes of 20 and 21° E. The climate 

is temperate continental, with relatively cold winters, hot summers and the average annual 

temperature of 11.5°C.  

Data on current meteorological phases used in this study were obtained from the 

Republic Hydrometeorological Service (RHMS). Information on mortality of COPD was 

obtained from the database of the Center for Biostatistics and Informatics in the Institute of 

Public Health Kragujevac.  

This research was approved by the Ethics Committee of the Institute of Public Health 

Kragujevac, Serbia (no 01-2092). Spearman correlation analysis was conducted to investigate 

the relationship between meteorological phases and the mortality from COPD. SPSS 20.0 

software for Windows was used. 

 

RESULTS 

COPD death rate in Šumadija district grew from 20.99 per 100,000 in the year 2011 to 

24.14 in the year 2015. Table 1 presents the incidences of 10 meteorological phases (in 

percentages to total number of phases) and number of deaths by months, during the period 

2011–2015. Phases 4 and 9 were dominant during the whole period. The incidence of the 

phase 9 was higher during the warm months (April-November) compared to the winter 

months (December-March). On the other hand, the phases 10 occurred only in spring and 

summer while the phase 8 was observed in autumn and winter.  

Total number of deaths caused by COPD was 955 (617 men and 338 women). The 

highest number of deaths (114) was recorded in February and March while the risk of dying 

from COPD was significantly lower during the “warm” months (June-September). COPD 

death rate was 2–3 times higher for males than for females. However, an increase in the death 

rate was more prominent for women (from 13.4 to 16.2 per 100,000) while for men a slight 

decrease was observed (from 39.74 to 34.75 per 100,000). 
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The correlation of the death rate with the incidence of each meteorological phase (by 

months) was investigated using Spearman correlation analysis. The results are presented in 

Table 2. 

 

DISCUSSION 

Mortality rate detected in our study was higher than the values previously reported in 

Serbia [14]. The death rate from COPD grew by 15% during the five-year period. A 

particularly high increase of COPD prevalence and death rate observed in women were also 

reported by some other authors [1, 15]. 

The mortality rate from COPD is increased during a cold period of the year. This 

observation is in agreement with the results of some previous studies. For example, a large 

study in Taiwan reported a 0.8% increase in COPD exacerbations with 1°C decrease of the 

mean air temperature [16]. Cold weather usually contributes to lung diseases through 

bronchoconstriction, inflammation, mucous hypersecretion, as well as through modifying 

susceptibility to air pollution [10]. Although extremely hot temperatures and heatwaves have 

also been identified as a significant risk factor for patients suffering from lung diseases, cold 

temperatures and temperature changes have more pronounced effect [17–20]. 

COPD mortality rate was negatively related to the incidence of meteorological phases 

1, 9 and 10 (Spearman’s rho = -0.564, -0.816, and -0.480, respectively). All these three 

phases occur more often during the warm period of year. A strong negative correlation with 

the meteorological phase 9 indicates that clear and calm weather, which are typical for this 

phase, have particularly positive effects on patients with COPD. This result is rather 

understandable, considering the fact that sudden changes of certain meteorological 

parameters might aggravate symptoms of respiratory diseases. For example, some previous 

studies have suggested that sudden changes of inhaled air temperature could cause the release 

of inflammatory mediators produced by mast cells and more nasal inflammatory responses 

[21-25].  

A positive correlation was found between the meteorological phase 3 and the mortality 

rate from HOPD (rho = 0.744). This phase is more typical for autumn and winter seasons. It 

is characterized by cloudy weather with precipitation, sudden change in wind direction, 
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temperature rise, and increase in relative humidity. Our results are consistent with the studies 

reporting that COPD and cardiovascular mortality are higher during the cold season [26, 27]. 

Investigations have confirmed that a high content of water molecules in the air can 

cause dyspnea. High air humidity is related to the presence of allergens, pathogens, and 

noxious chemicals in the environment, consequently increasing the incidence of respiratory 

infections, allergies and exacerbation of COPD [21, 28, 29]. Research conducted in Novi Sad 

also points to the fact that an increase in relative air humidity leads to exarcebation of COPD 

[30]. 

 

CONCLUSION 

An increasing trend of COPD death rate was observed in a five-year period. Of 

particular concern is a marked increase in mortality from COPD among women compared to 

men. There is a significant statistical correlation between certain meteorological phases and 

the mortality rate from COPD. There is a need for further research of the impact of 

meteorological phases on the morbidity and mortality from COPD. Special attention should 

be paid to warm and cold fronts, cyclones and anticyclones. 
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Table 1. The incidence of meteorological phases and number of deaths from chronic 

obstructive pulmonary disease (COPD) by months during the 2011–2015 period 

Month 

Meteorological phase [%] Number 

of deaths 

from 

COPD 

1 2 3 4 5 6 7 8 9 10 

January 5.8 1.9 11 21.3 15.5 6.5 18.1 8.4 11.6 0 89 

February 8.5 2.1 9.2 22.5 14.1 11.3 14.1 1.4 16.9 0 114 

March 9 2.6 11 25.2 14.2 9 12.3 0 16.8 0 114 

April 8.7 4.7 4 26 13.3 9.3 6.7 0 26 1.3 99 

May 9.7 5.2 1.3 29 12.9 4.5 7.7 0 27.1 2.6 88 

June 8 3.3 2 22.7 17.3 6 5.3 0.7 32.7 2 56 

July 9 4.5 1.3 22.6 14.8 8.4 7.1 0 30.3 1.9 67 

August 11.6 3.2 1.9 22.6 9 7.7 6.5 0 36.1 1.3 50 

September 10 2 1.3 18.7 14 10 14.7 0 28.7 0.7 52 

October 9.7 2.6 3.9 18.1 9.7 9 12.9 0.6 33.5 0 68 

November 9.3 2 6 23.3 12.7 8 10 2 26.7 0 70 

December 7.7 4.5 9.7 20.6 14.8 7.7 11.6 15.5 7.7 0 88 

Meteorological phases: 1 – cyclone, warm, dry; 2 – cyclone, warm, wet; 3 – cyclone, warm 

front; 4 – cyclone, cold front; 5 – cyclone, cold, wet; 6 – cyclone, cold, dry; 7 – anticyclone, 

cold, dry; 8 – anticyclone, cold, wet; 9 – anticyclone, warm, dry; 10 – anticyclone, warm, wet
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Table 2. Spearman correlation coefficients (Spearman’s rho) between meteorological phases 

and death rate of chronic obstructive pulmonary disease (COPD). 

 

Meteorological phases 
COPD death 

rate 
p 

Phase 1 (cyclone, warm, dry) rho = -0.564 0.056 

Phase 2 (cyclone, warm, wet) rho =-0.016 0.961 

Phase 3 (cyclone, warm front) rho = 0.744 0.006 

Phase 4 (cyclone, cold front) rho = 0.274 0.389 

Phase 5 (cyclone, cold, wet) rho = 0.235 0.462 

Phase 6 (cyclone, cold, dry) rho = 0.265 0.404 

Phase 7 (anticyclone, cold, dry) rho = 0.371 0.235 

Phase 8 (anticyclone, cold, wet) rho = 0.260 0.415 

Phase 9 (anticyclone, warm, dry) rho = -0.816 0.001 

Phase 10 (anticyclone, warm, wet) rho = -0.480 0.115 

 


