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ABSTRACT:   The aim of this study was to investigate the effect of selected factors/parameters on peak nasal inspiratory flow (PNIF) 
in the Polish population as part of the Epidemiology of Allergic Diseases in Poland study. Material/methods: The pop-
ulation of this study comprised of a group of children aged 6–7 years (n=1123), adolescents aged 13–14 years (n=1136), 
and  adults (n=1876) – all residents of seven large Polish cities. Method – measurement of PNIF. The effect of selected 
parameters on PNIF was measured with translated and validated questionnaires developed for international studies 
ECRHS II (European Community Respiratory Health Survey II) and ISAAC (International Study of Asthma and Aller-
gies in Childhood). Results: Indoor environmental factors including heating with coal, wood or gas  significantly in-
crease nasal congestion. In the group of passive smokers, PNIF was lower than in the group of active smokers. PNIF 
rate decreased with the number of smokers per  household. Conclusions: Peak nasal inspiratory flow values were sig-
nificantly affected by such parameters as selected household environmental factors.
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INTRODUCTION 

Objectifying the methods of measuring nasal patency has 
been a subject of discussion in the rhinoallergological litera-
ture, since a number of parameters can measurably affect the 
attempts to estimate reference values. The best known meth-
ods include the active anterior and posterior rhinomanometry, 
acoustic rhinometry or PNIF (Peak Nasal Inspiratory Flow). 
Despite its simplicity, PNIF requires further standardization 
due to low repeatability and the impact of selected environ-
mental factors on the results [1]. 

MATERIAL AND METHODS

The aim of this study was to investigate the effect of selected fac-
tors/parameters on PNIF  in the Polish population as part of the 
Epidemiology of Allergic Diseases in Poland project. The project 
was divided into two main phases: Phase 1 (n-20454, number 

of subjects): a questionnaire-based survey with the use of the 
CAPI  technique (Computer Assisted Personal Interviewing) and 
PDA devices (Personal Digital Assistant). In this study, translated 
and validated questionnaires such as ECRHS (European Com-
munity Respiratory Health Survey II) and ISAAC (International 
Study of Asthma and Allergies in Childhood) were used. Phase 2 
(n-4135, number of subjects): supplementary medical examina-
tions in three age groups: 6–7 year-old children, 13–14 year-old 
teenagers, and 20–44-year-old adults (Figure 1). 

Study participants were diagnosed according to the uniform cri-
teria of the Allergic Rhinitis and its Impact on Asthma (ARIA) 
report and Global Initiative of Asthma (GINA). Nasal paten-
cy was determined as PNIF with the use of a simple device 
equipped with a flow meter (range; 20-350 L/min) and a ven-
tilation mark (In-Check, Clement-Clark). The project was con-
ducted in Polish metropolitan cities (Katowice, Wroclaw, Lub-
lin, Gdansk, Warszawa, Poznan, Bialystok) as part of targeted 
project 6 PO5 2005 C/06572 “Implementation of a System for 
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the Prevention and Early Detection of Allergic Diseases in Po-
land” (Epidemiology of Allergic Diseases in Poland).

For statistical analysis,  boxplots, Pearson’s correlation coeffi-
cients, the Kruskal-Wallis tests were used to show differences 
in distributions of nasal patency measurements within groups 
differentiated by sex, age, selected household parameters in-
cluding heating type, and active or passive smoking. For the 
evaluation of the most important factors affecting PNIF meas-
urements, we performed 69 comparisons (21 parameters for 
smokers by 2 sex groups,  the first 3 questions form Table 1 
by 3 old groups; and 9 parameters for heating type by 2 sex 
groups) with the Bonferonni correction for p-values (Table 1).

This study was approved by the Institutional Review Board of 
the Medical University of Warsaw (KB/206/2005).

RESULTS

Selected parameters such as patient age or household environ-
ment (including heating type, passive smoking etc.) seem to be 

the most important factors affecting PNIF results. Nasal pa-
tency did not seem to be significantly affected by concomitant 
allergy symptoms including allergic rhinitis (28.3%), seasonal 
allergic rhinitis (diagnosed in 16.52% of the study population), 
perennial allergic rhinitis (18.82%), bronchial asthma (4%), or 
lack of symptoms (60.67%) in healthy controls.

Respondents who lived in households heated with solid fuels 
(wood or coal) or gas  had significantly lower PNIF values than 
those who used central heating (Table 1). The group of active 
smokers (n=885) aged 20–44 had higher PNIF values (119.1 L/
min; p=0.108) than passive smokers (n=1202) (105.311 L/min; 
p=0.017) and HC (107 L/min). Moreover, a higher number of 
smokers per household (passive smoking environment) was 
associated with lower PNIF values.

DISCUSSION

Based on a literature review, the most important parameter 
differentiating the study groups in terms of nasal patency is 
age (Table 2.) [2,3,4,5,6]. The potential correlation between 

Tab. I. The effect of internal household factors on nasal congestion by PNIF

CRITERIA FEMALES 
N=2252

  MALES N=1885   CHILDREN 6-7 Y.O. N=1136 CHILDREN13-14 Y.O. N=1123 ADULTS 
N=1878

 

PNIF L/MIN P VALUE/PC 
VALUE

PNIF L/MIN P VALUE/PC 
VALUE

PNIF L/MIN P VALUE/PC 
VALUE

PNIF L/MIN P VALUE/PC 
VALUE

PNIF L/MIN P VALUE/
PC VALUE

Is central heating used to heat the house or water?

Yes 85.70 p=5.29*10-10 97.94 p=0.002 56.27 p=0.22 100.34 p=0.99 110.93 p=0.17

No 75.75 pc=3.7*10-8 89.95 pc=0.14 59.12 pc=1 100.78 pc=1 114.11 pc=1

Is a solid fuel (coal, coke or wood) stove used to heat the house or water?

Yes 66.95 p=4.59*10-16 79.94 p=1.07*10-8 62.5 p=0.07 105.51 p=0.88 113.69 p=0.003

No 85.50 pc=3.17*10-14 98.07 pc=7.38*10-7 56.54 pc=1 100.10 pc=1 110.90 pc=0.21

Is a gas stove used to heat the house or water?

Yes 66.96 p=0.02 92.24 p=0.91 47.5 p=0.23 108 p=0.70 103.91 p=0.56

No 83.41 pc=1 96.08 pc=1 56.97 pc=1 100.37 pc=1 111.59 pc=1

Have you quit smoking or cut down on the number of cigarettes you smoke?

Yes 103.75 p=0.04 126.29 p=0.99

No 95.84 pc=1 126.14 pc=1

Apart from yourself, how many inhabitants of your house do you consider to be regular smokers?

1 additional 
smoker in the 
house

89.2 p=0.0006 104.2 p=9.13*10-6

2 additional 
smokers in the 
house

83.6 pc=0.04 102.1 pc=0.0006            

pc=Bonferroni corection of p-value for 69 comparisons (21 questions for smokers by 2 sex groups,  the first 3 questions form Table1 by 3 year-old groups and 9 questions 
for heating type by 2 sex groups)
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environmental factors and nasal congestion is very complex 
and difficult to evaluate. This is due to the fact that the indoor 
environment is a very dynamic system, the quality of which 
may change within a very short period of time. Therefore, the 
results of multiple studies conducted so far have often been 
inconsistent in demonstrating the effect of pollutants emitted 
by permanent household fixtures (heating installation, using 
various methods of heating rooms and water, type of fuel) on 
nasal congestion. Studies show that nasal problems are more 
commonly reported by women than men [7,8,9,10,11]. The 
data shown in Table 1 indicate that using central heating does 
not measurably reduce nasal patency. In fact, by lowering the 
humidity and maintaining the right temperature it may ac-
tually improve the quality of the indoor environment. More-
over, it may suppress dust mite and mold allergens that may 
cause nasal congestion. The considerable effect of using gas or 
solid fuels (coal, coke, or wood) on reducing nasal patency is 
caused by the fact that they are the primary sources of pollut-
ants emitted into the indoor environment. In the case of gas, 
the products of complete combustion are carbon dioxide and 
water vapor, i.e. compounds relatively neutral for humans (car-
bon dioxide can affects human health only in very high con-
centrations). Unfortunately, complete combustion is very dif-
ficult to achieve. Given the quality and condition of many gas 
stoves, this kind of combustion is virtually unattainable and is 
replaced by incomplete combustion. Hence, apart from water 
vapor and carbon dioxide, carbon monoxide is the main prod-
uct of incomplete combustion, which has no marked effect on 
the symptoms of rhinitis. Therefore, nasal congestion may be 
caused by other emissions released in the process of gas com-
bustion depending on its composition such as nitrogen dioxide. 
Emissions from carbon combustion contain large quantities of 
pollutants, such as particulate matter, carbon monoxide, sul-
fur dioxide, nitrogen oxides, and organic toxins [12,13]. The 
problem is more complex in the case of wood combustion, be-
cause wood smoke includes a wide range of components that 
constitute a complex mixture of molecules of various chemical 

and physical compositions, which makes it difficult to identify 
exposure to any given harmful pollutant.

The effect of both active and passive smoking on the develop-
ment of respiratory conditions, including bronchial asthma, 
has been confirmed in a number of scientific publications, 
while its effect on allergic rhinitis is less common. Nasal con-
gestion is much more common among smokers than non-
smokers. Smokers report hypersensitivity to cigarette smoke, 
which manifests as swelling of the nasal mucosa, flow of nasal 
discharge down to the throat, sneezing, and nasal congestion 
[14]. Previous analyses suggest that people who quit smoking 
experience considerable improvement in nasal congestion. 
One study with a group of 345 middle-aged Parisian police 
officers (active smokers)   demonstrated a cause-and-effect 

Tab.II. PNIF values in previous research 2,3,4,5,6

N AGE (YEARS) HEIGHT (CM) PNIF L/MIN

60 males 71.4  169.2  140.2 

45 females 71.5 157.3  101.5 

60 43.3 176.6  142

77 40.2 161.5  119.5 

50 males - - 145 

50 females - - 128

112 males 13–15
16–20
21–23
24–27

- 119
120
134
140

100 females 13–15
16–20
21–23
24–27

- 154 
184
191
181

3 265 6-7 - 75

13-14 - 91

20-44 - 97

SAR – Seasonal Allergic rhinitis, PAR – Perennial Allergic Rhinitis, BA – Bronchial Asthma, HC – Healthy Control 
 
Fig. 1.  Characteristic in treatment group (1.females-2252, males n-1885; 2. children 6-7 years old n-1136, children 13-14 years old n-1123, adults n-1878; 3. SAR n-562, PAR n-640, 

BA n-135, HC-2063)
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relationship between smoking habits and symptoms of chron-
ic rhinitis without evidence of allergic rhinitis. Nasal paten-
cy measured by PNIF was significantly better in the active 
smoker group (p=0.03) than in nonsmokers [15]. Similarly, 
Kjaergaard et al. observed significantly lower PNIF values in 
smokers (2,523 subjects -1,690 nonsmokers and 833 smokers), 
especially in years 3 and 4 of smoking (p=0.001) [16]. Another 
study conducted in a group of 27,604 smokers showed regular 
symptoms including nasal congestion in 33% and excessive 
sneezing in 14% of subjects [15]. This analysis showed sig-
nificantly lower PNIF values in the group of passive smokers 
in comparison to active smokers. Until recently, toxic effects 
of cigarette smoke (with 4 thousand toxic substances, 40 of 
which are carcinogenic, including phenols, tarry substances, 
which increase mucosal permeability, enhance mucus produc-

tion, and damage the ciliary apparatus of the airways) were 
believed to affect mainly active smokers. Currently, passive 
smoking is regarded as one of the main risk factors for can-
cer, cardiovascular diseases, COPD and asthma, as well as a 
factor exacerbating allergy symptoms in small children [17]. 

Due to its capacity to induce IgE antibody production, to-
bacco can play a role as an allergen [18]. Moreover, harmful 
and toxic substances of the sidestream smoke are more nu-
merous than those of mainstream smoke. 

Due to challenges with respect to measurement repeatabili-
ty and a number of factors/parameters significantly affecting 
PNIF values, this technique needs further standardization in 
order to establish reference values for healthy populations and 
patients suffering from nasal congestion.
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