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INTRODUCTION
Allergic rhinitis is a global public health problem (1). It is one 
of the most common chronic diseases (2) and is one of the most 
common reasons of access to the primary health care services 
(3). The diagnosis of allergic rhinitis usually relies on anamne-
sis and physical examination. Clinical scores can be useful 
in subsequent assessments. As patients may underestimate 
the severity of nasal obstruction (4,5), objective measures are 
desirable for the initial evaluation of the severity of the nasal 
airflow obstruction and for follow-up. Among others, the 
methods currently available for this purpose are rhinoman-
ometry, acoustic rhinometry, and peak nasal inspiratory flow 
(PNIF) (6). However, rhinomanometry and acoustic rhinometry 
are somewhat complex and therefore rarely used in clinical 
practice. In general, these measurements are commonly car-
ried out by otolaryngologists (7,8). They demand more complex 
and expensive standardized techniques and equipment than 
those that measure PNIF (9,10). Rhinomanometry and PNIF 
measurements of nasal airflow obstruction have been proven 
to correlate well, with coefficients that range between 0.35 
and 0.63 (p < 0.05) (11-13). Such findings are of major interest to 
practicioners as the PNIF measurement is a quick, simple and 

low-cost method that can be performed in the office in primary 
health care settings. 

In the adult population, Ottaviano et al. (14) established curves 
with normal variation, as they assessed 137 adults aged 16 to 
84 years without nasal problems and provided charts corre-
lating age, height, and gender with PNIF. Some studies have 
looked at reference values for PNIF in the pediatric popula-
tion. In a pilot study, Prescott and Prescott reported curves 
that correlated age, weight, and height with the value of PNIF, 
after assessing 102 children between six months and eight years 
of age (15). More recently, Papachristou et al. evaluated 3170 
Greek children and adolescents and found that PNIF accorded 
to age and sex (16). However, no multivariate analysis was con-
ducted by the authors to correct the associations according to 
the effects of all variables on PNIF and reduce confounding.

The present study was carried out to identify PNIF reference 
values in children and adolescents, aiming to facilitate the use 
and interpretation of this tool that provides an objective indi-
cator that can contribute to better assessment and control of 
chronic rhinitis. 
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MATERIALS AND METHODS
Design, population, setting, and period of the study
This is a cross-sectional study carried out in 14 randomly 
selected public schools in Belo Horizonte City, Brazil, between 
April 2008 and February 2009. The population studied was 
made up of school children and adolescents aged 8 to 15 years 
old, of mixed ethnicity.

Ethics
The study protocol and the written informed consent were 
approved by the Committee of Ethics in Human Research of 
the Federal University of Minas Gerais. 

Inclusion and exclusion criteria
Healthy children and adolescents with no symptoms of chronic 
rhinitis or asthma according to the ISAAC(1) questionnaire on 
asthma and allergic rhinitis were included. Subjects found to 
have adenoid hypertrophy, bacterial sinusitis, deviated sep-
tum, nasal polyps, upper respiratory tract infection and those 
unable to perform the maneuver to obtain PNIF were exclud-
ed, upon the initial evaluation by a pediatrician.  

Clinical assessment
Participants were assessed in school visits, during which ques-
tionnaires were filled out by the adolescents aged 12 years old 
or older. For younger students, questionnaires were filled out 
by their parents. We also collected data on gender, age, weight 
and height. 
 
Measurements
Before PNIF measurements, participants performed a usual 
nasal hygiene routine, slightly blowing their noses. The facial 
mask was duly placed with participants standing up. They were 
then told to take a vigorous nasal inspiration from the residual 
capacity with their mouths closed until reaching their total pul-
monary capacity. The device used was the in-check-inspiratory 
flow meter (Clement Clarke, Harlow, England) that provides 
measurements that range from 30 to 370 L/min. At least three 
measurements were taken and the highest value obtained was 
considered for analysis. 

Statistical analysis
The sample size calculation was based on Student’s-t-test, 
wherein the PNIF values for gender were compared using 
values obtained from a pilot study. To ensure a power of 
0.80 and considering an alpha error of 0.05, it was defined 
that a sample size of at least 126 participants would be nec-
essary for each gender. To ensure greater sampling power, 
and based on the Central Limit Theorem, which settles that 
around 30 participants should provide rough approxima-
tions for practical applications and also considering the 
need to carry out sub-comparisons between the PNIF for 
age, a minimum of 30 participants for each sex and age was 
chosen.
For descriptive analysis, we calculated the frequencies and 
percentages for the characteristics of the various categorical 

variables and measures of central tendency (mean and medi-
an) and standard deviation for the continuous variables.

Univariate analysis
The comparison of PNIF according to the quantitative  
co-variables (age, height, weight and body mass index (BMI) 
Z score and percentile) was also based on Pearson’s coefficient 
correlation.
In the comparison of the PNIF according to the gender, the 
Mann-Whitney test was used. Normal distribution of the data 
was verified by the Kolmogorov-Smirnov test. 
The calculation of the height, weight and BMI Z score and 
percentile was made by the Epilnfo program, using the CDC 
2000 curve.

Multivariate analysis
A linear regression model was developed, in which height was 
initially included, and subsequently all variables with p-value 
! 0.25 in the univariate analysis were included as well. After 
that, each of the variables were withdrawn in a stepwise proc-
ess until the final model included only those reaching statisti-
cal significance (p-value ! 0.05). In addition, the interaction 
among all the co-variables present in the final regression model 
was tested. 

RESULTS
The ISAAC questionnaires were handed out to 1500 school chil-
dren and adolescents and the response rate was 82%. Out of this 
total (1197), 671 were excluded (38.5%) due to at least one posi-
tive answer to any question suggesting the diagnosis of chronic 
rhinitis and/or asthma. Thus, 526 school children and adoles-
cents were assessed, 49.6% of whom were boys. Table 1 presents 
the descriptive characteristics of the studied population. 

The mean age of the participants was 143.8 months, corre-
sponding to 11.9 years of age. The average weight was 42.5 kg 
(  13.6). 

Univariate and multivariate analysis
The average of the PNIF in boys was 111.6 L/min (SD ± 38.2) 
whereas in girls it was 99.2 L/min (SD ± 31.6), p < 0.01.
There was a significant correlation between PNIF and age  
(r = 0.228, p < 0.001), height (r = 0.263, p < 0.001), weight/
age score Z (r = 0.104, p = 0.017), and BMI score Z (r = 0.105,  
p = 0.016). The co-variables with p-value lower than 0.25 in 
the univariate analysis that were included in the selection step 
of the multivariate model were: gender, age, Z score, weight/
age, Z score BMI, percentile weight/age and percentile BMI.
The variables that remained in the final regression model were 
gender and height as presented in Table 2.
                     
The equations of the final regression model are shown as the 
following formula, for boys and girls, respectively: 
Predicted PNIF (boys), in liters/minute = 0.7 x height (centimeters) 
+ 11.2; 
Predicted PNIF (girls), in liters/minute = 0.7 x height (centimeters 
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It can be noted that boys had, on average, a 11.2 liters minute 
higher PNIF than girls. The addition of one centimeter (cm) in 
height causes the increase of approximately 0.7 liters/minute in 
the predicted PNIF, i.e., approximately 7.0 liters/minute per 
additional 10 centimeters. 

Figures 1 and 2 display predicted mean values, upper and 
lower limits for PNIF according to height for boys and girls, 
respectively. 

As shown, for boys and girls, the predicted mean values of 
PNIF increase with height and are higher in boys. For exam-
ple, for a boy with a height of 134 cm, the predicted value is 
100 L/min, whereas for a girl with this height, the predicted 
value is approximately 90 L/min. 

DISCUSSION
This study reports reference values of PNIF for subjects from 
8 to 15 years old. To date, no reference values obtained from 
multivariate analysis have been identified in the literature for 
these age groups. In the population studied, a positive correla-
tion was observed between measurements of PNIF, gender and 
height.

In younger children, Prescott and Prescott assessed 102 sub-
jects between the ages of six months and eight years of age, 
selected in an ear-nose-throat (ENT) outpatient facility (15). 
The criteria for admission were weight and height between 
the percentiles 25 and 75 and the absence of nasal symptoms. 
PNIF measures were obtained using an equipment built for 
this purpose, which recorded successive inspiratory efforts. In 
the studied population, an increase in PNIF was noticed with 
an older age, as the present study shows. For infants, PNIF 
average was 30 L/min and for the eight year-olds the average 
was 80 L/min. Their observations were somewhat similar to 
those we describe in the present study: 96.0 L/min (± 5.1) and 
92.1 L/min (± 3.4) for boys and girls, respectively. A linear cor-
relation was also noted with height, age and weight, especially 
the former. 

In the adult population, Ottaviano et al. reported reference val-
ues of PNIF (14). The authors assessed 137 healthy Caucasian 
volunteers between the ages of 16 and 84, 60 of which were 
men. Mean ages among men and women were 43.3 years old 
(± 22.1) and 40.2 years old (± 18.6), respectively. They utilized 
the same portable equipment for the measurement of PNIF 
used in the present study and the participants performed three 
measurements, the highest value of which was also chosen for 
analysis. The mean values of PNIF were 143 L/min (SD ± 
48.6) and 121.9 L/min (SD ± 36.6) in men and women, respec-
tively. The variables evaluated were age, height, and gender. In 
contrast to the adolescent and pediatric population, the results 
demonstrate a decrease of the PFIN with age. Similar to our 
findings, the researchers reported a slight gender difference, 
with higher values in men. Only Caucasian volunteers were 
assessed.

Recently, Klossek et al. evaluated 234 French subjects aged 
from 17 to 84 years old (17). The same portable equipment for 
the measurement of PNIF was used, but the authors did not 
perform multivariate analysis. The mean values of PNIF were 
104.6 L/min (SD ± 54.8) and 80.8 L/min (SD ± 33.4) in men 
and women, respectively. Lower values found compared to 
Ottaviano study may be attributed to methodological issues 
differences. On the other hand, as found by Ottaviano et al., a 
slight but non significant tendency to reduction with age had 
been observed. The authors concluded that PNIF measure-
ment is a reliable and simple technique for evaluation of maxi-
mal inspiratory nasal flow.

Papachristou et al. studied 3170 Greek children and adoles-
cents from six to 18 years old and presented mean values of 
PNIF with 95% confidence intervals for boys and girls accord-
ing to their age (16). PNIF measurements were performed with 
a Youlten Peak flow meter after a normal expiration and not 
from residual capacity as Ottaviano et al. and the present study 
performed. Values reported by Papachristou et al. were slightly 
higher. For example, mean PNIF of a boy aged eight years old 
was 110,9 l/min (SD ± 29.5) whereas according to our study 

Table 1. Descriptive characteristics of the participants (n=526).

Variable Mean SD Minimum Maximum
Age (years) 11,9 2,3 8 15
Weight (kilo-
gram) 42,5 13.6 18.0 96.0
Height (cm) 150.9 13.6 115.0 188.0
Z Score 
Weight/Age -0.1 1.1 -5.8 3.1
Height/Age 0.2 1.1 -5.5 5.5
BMI* -0.3 1.3 -7.5 2.8
Percentile
Weight/Age 48.4 30.1 0.0 99.9
Height/Age 54.8 29.4 0.0 99.9
BMI 44.6 31.8 0.0 99.7

* BMI: Body mass index.

Table 2. Final regression model for Peak nasal inspiratory flow 
(PNIF).

Model Coefi-
cient SE* p-value

95%CI
Lower 
limit

Upper
limit

Constant -0.02 16.5 0.999 -32.4 32.3
Gender
     Male 11.2 3.0 <0.001 5.3 17.1
Height (cm) 0.7 0.1 <0.001 0.5 0.9

*SE: standard error
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for a boy at this age, with a height of 128 centimeters, cor-
responding to the 50 percentile, the mean predicted value of 
PNIF is 95 L/min. This discrepancy is probably due to the dif-
ferent population studied and to different methods, but could 
also be attributed to the lack of multivariate analysis. 

The fact that our study population is of mixed ethnicity, com-
bining ancestors from Europe, Africa and native Brazilians, 
could be a strength, as we cannot define it exactly. Probably, 
the external validity of our observations may be better than 
studies performed in one population only.

PNIF is a simple, easily performed measurement and may be 
complementary to clinical evaluation of patients with allergic 
rhinitis. This is especially valid for the pediatric age group due 
to the subjective nature of the symptoms and the possibility 
that they can be underestimated, as patients frequently adapt 
themselves to the nasal obstruction secondary to chronic 
rhinitis. In a young adult population, Starling-Schwanz et al. 
found that PNIF was highly reproducible but not significantly 
correlated with rhinitis symptoms (r = -0.11, p = 0.057) (18). 
Regarding individual variability of PNIF, Blomgren et al., 
found a substantial diurnal variation on PFIN in 20 healthy 
adults evaluated for 7 days (19). Data on pediatric population 
are unavailable and future research in PNIF variability in 
children, especially in those with allergic rhinitis, should try 
to evaluate these questions. Until then, for the same patient it 
may be advisable to perform PNIF measurement at the same 
period of the day for appropriate comparisons.

The reported PNIF reference values for subjects older than 8 
years old combined with the feasibility of such measure may 
facilitate the assessment of nasal obstruction by pediatricians, 
ENT specialists, allergists and general practitioners. Moreover, 
PNIF may be useful to motivate patients adapted to nasal 
obstruction to pay attention to their problem and improve 
adherence, as much as spirometric parameters and measure-
ments of peak expiratory flow used for asthmatic patients con-
tribute to the assessment of the level of control and treatments 
choice.

In conclusion, the equations of the final regression model 
resulted in a simple formula to obtain reference values of PNIF 
for subjects aged from 8 to 15 years old. We present reference 
curves of PNIF for boys and girls, a test easily performed in 
the doctors office, which may be as useful for chronic rhinitis 
as the peak expiratory flow measurements are to evaluate 
patients with asthma. 
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Figure 1. Peak nasal inspiratory flow (PNIF) predicted values for boys.
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Figure 2. Peak nasal inspiratory flow (PNIF) predicted values for girls.
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