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Abst rac t
Introduction: Structural materials and interior appliances are frequently mentioned as elements of modern build-
ings which may have an impact on the natural history of allergic diseases. 
Aim: We hypothesized that the building age, the type of the heating system and the use of various indoor appli-
ances can influence the occurrence of allergic rhinitis (AR) and asthma.
Material and methods: The study group comprised 18,617 individuals. The tool used in the study was the European 
Community Respiratory Health Survey (ECRHS) and the International Study of Asthma and Allergies in Childhood 
(ISAAC) study questionnaire, adapted to European conditions (Middle and Eastern Europe) and used as part of the 
study called “Implementation of a System for the Prevention and Early Detection of Allergic Diseases in Poland”.
Results: Questionnaire results indicated that people living in homes built in the years 1971–1990 had higher rates 
of allergic rhinitis (OR = 1.15025), which was correlated with clinical findings of increased occurrence of seasonal 
allergic rhinitis (OR = 1.60543). The leading factor contributing to the intensification of AR symptoms was the cen-
tral heating (OR = 1.45358). As opposed to AR, people living in buildings with central heating less often declared 
asthma (OR = 0.8407). A clinical examination confirmed that central heating reduced the symptoms of moderate 
asthma (OR = 0.3524).
Conclusions: Increasing building age and certain indoor heating methods are important risk factors for the occur-
rence of allergic rhinitis and asthma.
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Introduction

The impact of indoor conditions on health has been 
a subject of interest for researchers from various disci-
plines for many years. Air quality, lighting, indoor tem-
perature, noise, humidity, mould, presence of heavy met-
als, neglect of hygiene and overcrowding are just some 
of the factors that generate residents’ health problems. 
Modern living conditions have far-reaching implications 
related to lifestyle or dietary habits as well as our work/
home microenvironments. Studies have shown that up to 
30% of people report general malaise, constant fatigue, 
headaches, dizziness, irritation of the eyes and skin, and 
difficulty breathing, a constellation of symptoms termed 

“sick building syndrome” [1–5]. Adults living in developed 
countries, especially those inhabiting urban areas, now 
spend, on average, over 80% of their time indoors [4–9]. 
Other studies place this figure as high as 60–90% [10]. 
This percentage may be even higher among children 
as well as elderly and sick people, making these groups 
theoretically most severely exposed to indoor airborne 
factors harmful to health [7].

Indoor air quality is a term referring to air quality in-
side buildings as it relates to various parameters such 
as temperature, humidity, ventilation and the presence 
of indoor chemical or biological contaminants. Clean air 
in the home is very important for the health of the popu-
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lation as a whole and especially for vulnerable popula-
tions, such as infants, children, the elderly or individuals 
already suffering from respiratory or allergic conditions. 
Many factors related to indoor living may have an im-
pact on allergic diseases and those most frequently men-
tioned in the literature include:
• ambient temperature, humidity, and impurities from 

the outdoor environment;
• regional climate;
• construction materials and maintenance of the build-

ing;
• air conditioning type;
• interior appliances [6].

Aim

Determine the effects of building age, heating system 
type and use of various indoor appliances on the occur-
rence of allergic rhinitis (AR) and asthma.

Material and methods

The aim of this study was to determine the effects 
of building age, heating system type and use of various 
indoor appliances on the occurrence of AR and bronchial 
asthma (BA) among the participants of the Epidemiology 
of Allergic Diseases in Poland (ECAP) project. ECAP used 
the methodology of the International Study of Asthma and 
Allergies in Childhood (ISAAC) and the European Commu-
nity Respiratory Health Survey (ECRHS). The study areas 
were selected according to the ECRHS guidelines. 

ECAP involved the populations of the eight largest ur-
ban agglomerations in Poland and additionally one rural 
region, also with a population of over 150 000 inhabitants 
since the rural population accounts for 39% of the entire 
Polish population. The study group was selected randomly 
from the Polish Resident ID Number (PESEL) registry at the 
Ministry of the Interior and Administration. 

The research tool used in the study was the European 
Community Respiratory Health Survey (ECRHS) and In-
ternational Study of Asthma and Allergies in Childhood 
(ISAAC) study questionnaire, adapted to European con-
ditions (Middle and Eastern Europe) and used as part 
of the implementation of the System for the Prevention 
and Early Detection of Allergic Diseases in Poland study. 
It was a two-stage study, with the first stage involving 
subject enrolment (22,703 respondents) based on the 
questionnaire with the help of a PDA (Personal Digital 
Assistant). This survey-based study used translated and 
validated ECRHS and ISAAC questionnaires as well as 
a physical examination conducted according to ECRHS 
II standards.

The second stage involved 4,873 outpatient respon-
dents who underwent additional diagnostic tests: skin-
prick tests, lung function test, and peak nasal inspiratory 
flow (PNIF) evaluation. Clinical diagnoses of AR (includ-

ing perennial AR and seasonal AR) and BA were verified 
based on the Allergic Rhinitis and its Impact for Asthma 
(ARIA) and Global Initiative for Asthma (GINA) guidelines. 
Only data from cities were analysed due to the dissimi-
lar nature of urban and rural housing and their indoor 
furnishings (heaters, appliances, etc.). The questionnaire 
consisted of questions concerning health, respiratory 
diseases and symptoms of allergic diseases and asthma. 

Statistical analysis

Differences in the prevalence of allergic diseases and 
asthma depending on the age of the building, the indoor 
heating method used in the building, and furnishings 
were expressed using odds ratios (OR) for contingency 
tables with a 95% confidence interval (95% CI). Statisti-
cal analysis was performed using the contingency tables 
and the χ2 test of independence. Statistical differences 
(dependence) were considered as significant at p < 0.05 
for the χ2 test. The following age categories were estab-
lished for analysis of current housing age: 1900–1945, 
1946–1970, 1971–1990, and > 1990. Months were also 
grouped into seasons (spring, summer, autumn and 
winter) for analysis of temporal trends in the presence 
of symptoms associated with allergic rhinitis.

Results 

The questionnaire data revealed that the negative 
impact of indoor air quality on the presence of allergic 
rhinitis occurred most frequently in homes built in the 
years 1971–1990. People living in these buildings often 
reported allergic rhinitis (Table 1).

Use of central heating may also influence the effect 
of these factors and intensify symptoms of seasonal al-
lergic rhinitis of apartment residents living in buildings 
constructed after 1990. This finding correlated with clini-
cal examination results (Table 2). 

As opposed to AR, people living in buildings with central 
heating less often reported the occurrence of asthma (Ta- 
ble 3). A clinical examination confirmed that central heating 
reduced the symptoms of moderate asthma (Table 4).

Statistical analysis relating to the presence of heating 
appliances fired by solid fuel confirmed their impact on 
problems with breathing (such as wheezing, tightness in 
the chest or shortness of breath) (Table 5). 

Medical examination of respondents who used sol-
id fuel (coal, coke or wood) for water heating or in an 
open furnace showed increased presence of moderate 
asthma (OR = 2.90080, 95% CI: 1.69773–4.95641, p = 
0.0000457) and severe asthma (OR = 2.20592, 95% CI: 
1.255283–3.876510, p = 0.004797). This also applies to 
residents of homes equipped with gas stoves, used for 
home water heating. They more often reported wheez-
ing and breathing difficulty (OR = 1.219709, 95% CI: 
1.098635–1.3541267, p = 0.000193). 
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Discussion
Other gas appliances or solid fuel equipment used 

for home water heating had no significant effect on the 
occurrence of respiratory symptoms in the respondents. 

The results from our institution as well as research 
centres around the world, including China, Great Britain, 
Canada and Sweden, confirm the complex nature of the 
relationship between indoor environmental factors and 

Table 1. The occurrence of AR versus year of construction of the house currently inhabited and the presence of central 
heating

Factor Self-reported allergic rhinitis Odds ratio 
(OR*) 

95% confidence interval (CI) 
for OR

P-value 
 of  χ2 testNo Yes

Year of construction of building (age of building):

1900–1945 1243 334 

1946–1970 3298 955 1.0776 0.9362 1.2403 0.2972

1971–1990 4769 1474 1.1502 1.005 1.3154 0.0407

> 1990 2708 818 1.1241 0.9735 1.2981 0.1108 

Central heating No 1711 449 

Yes 12657 3743 1.1253 1.0079 1.2563 0.0355

*ORs for year of construction were calculated against data for 1900–1945.

Table 2. The occurrence of SAR versus year of construction of the house currently inhabited and the presence of central 
heating

Factor Recognized seasonal allergic 
rhinitis nasal 

The odds ratio 
(OR) 

95% confidence interval (CI) P-value 

No Yes

Year of construction of a building (age of building):

1900–1945 237 30

1946–1970 389 72 1.46221 0.9272 2.3058 0.1006 

1971–1990 676 133 1.55428 1.0183 2.3723 0.0397 

> 1990 497 101 1.60543 1.0382 2.4826 0.0321 

Central heating in the 
building 

No 268 35 

Yes 1,928 366 1.45358 1.0044 2.1034 0.0461 

*ORs for year of construction were calculated against data for 1900–1945.

Table 3. Self-reported asthma in relation to the presence of central heating. Odds ratio for self-reported asthma with 
regard to the presence of central heating

Central heating  
in the building 

Self-reported asthma Odds ratio  
(OR)

95% confidence interval (CI)  
for OR

P-value  
of χ2 testNo Yes

No 2022 140 

Yes 15720 720 0.6615 0.55 0.7974 1.28e–5

Table 4. Correlation between diagnosed moderate asthma and the presence of central heating in the building

Central heating  
in the building

Moderate asthma diagnosed The odds ratio 
(OR) 

95% confidence interval (CI)  
for OR

P-value  
of χ2 testNo Yes

No 487 17

Yes 4227 52 0.3524 0.2021 0.6142 0.0001 
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irritants and allergic diseases [2, 3, 8, 11]. Indoor air qual-
ity deserves special attention because it is present in the 
area where people spend the greater part of the day, and 
recent studies indicate that the concentration of toxic 
substances in indoor air often exceeds concentrations 
measured outdoors. ECAP results confirm that air qual-
ity is affected by building age, heating system type and 
indoor appliances used. Even though we did not perform 
measurements of concentrations of chemicals released 
from sources located in indoor areas, our results are con-
sistent with the available literature [9, 11, 12]. 

In cities, the biggest influence of indoor factors 
was noted in buildings erected in the years 1946–1990. 
Construction materials used for residential buildings in 
Poland in these years evolved with technological capa-
bilities and were dependent on the availability of specific 
raw materials. 

Common building and finishing materials may con-
tain harmful substances that may pose a risk to allergy 
sufferers, including formaldehyde and volatile organic 
compounds (VOCs) [2, 3, 5, 8, 9, 11–13].

A significant threat for people suffering from asthma 
is central heating, which itself is not an allergen, but, by 
reducing humidity, increases persistent cough, shortness 
of breath and tightness in the chest. Hot radiators and 
closed windows make the skin and mucous membranes 
very dry. Optimal humidity in the room is 45–55%; in win-
ter it is often reduced by half, sometimes even falling 
below 10%. Many people start complaining about sneez-
ing or a runny or blocked nose not caused by a cold or 
another infection. 

Central heating may also cause exposure to other 
indoor allergens such as house dust mites [14–16]. Due 
to the accumulation of house dust mite allergens and 
reduced air ventilation in autumn and winter, seasonal 
allergic rhinitis reported by the participants of our study 
were more severe. Turning on the heating system in-
creases air circulation and causes the house dust mite 
to rise along with the heated air. There are favourable 
conditions for exposure to the allergen accumulated dur-
ing the summer [17].

There is conflicting evidence that suggests central 
heating systems both improve and aggravate asthma. 
This is obviously confusing, not to mention unsettling, 

especially for patients who want to ensure that they re-
main healthy. Data analysis showed an ameliorating ef-
fect of central heating on asthma. Central heating helps 
reduce humidity and maintain appropriate indoor tem-
perature, which can be beneficial for people with asthma. 
Other heating technologies using solid fuels (wood, coal) 
and gas are not neutral for asthmatics [18].

Various heating technologies using solid fuels (wood, 
coal) and gas are shown to intensify symptoms of allergic 
diseases [8, 15, 16]. 

Although indoor air concentrations of these contami-
nants were not measured quantitatively in the ECAP study, 
the data on the types of heating technologies used indi-
cate the types of contaminants that may be present and 
their potential for indoor sequestration and/or release.

Emissions from coal combustion contain a large 
amount of pollutants, such as particulate matter, car-
bon monoxide, sulfur dioxide, nitrogen oxides and or-
ganic toxins. When wood is burned, the problem is more 
complex, because wood smoke includes a wider range of 
ingredients forming a complex mixture of particles of dif-
ferent chemical composition and physical characteristics. 
This makes it difficult to identify which components are 
particularly harmful. Research conducted by Thorn et al. 
showed an increased risk of asthma associated with the 
use of coal-fired furnaces [18]. Gas furnaces are consid-
ered the main source of NO2

 in the rooms. Studies show 
that people using these devices are more likely to have 
wheezing, shortness of breath, asthma attacks and al-
lergic rhinitis [3, 8, 19].
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fired furnace for 
heating  home (water)
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95% CI for OR P-value  
of χ2 test

No Yes

No 1548 669

Yes 182 107 1.36037 1.05374 1.75621 0.0178
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