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Abstract. [Purpose] Measurements of inspiratory strength are critical for detecting inspiratory muscle weak-
ness. Sniff nasal inspiratory pressure (SNIP) is a quick, noninvasive measurement of global inspiratory strength; 
however, it is not clear how many trials are needed for reliable measurements. [Subjects and Methods] One hundred 
and nineteen subjects (age 39.9±16.5, range 18–69 yrs) completed the study. They were divided into subgroups of 
different ages and gender. Subjects were asked to take 20 maximal sniffs after normal expiration, with 30 seconds 
rest in-between. The highest values among the first 10 and last 10 SNIP maneuvers were recorded as SNIP1-10, 
and SNIP11-20, respectively. The paired t-test was used to compare the differences. Two-way measures ANOVA 
was used to compare the effects of age and gender on SNIP. [Results] SNIP 11–20 was significantly greater than 
SNIP1–10, suggesting that 10 trials is not enough to eliminate learning effects. Age did not affect SNIP in either 
gender, suggesting SNIP is preserved. In stepwise multiple linear regression analysis, the SNIP values were posi-
tively related with body mass index in women and positively related with weight in men. [Conclusion] The results 
suggest that twenty trials are needed for reliable SNIP measurements. The mean value and lower limits of normal 
SNIP are provided for clinical comparison.
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INTRODUCTION

The full importance of inspiratory strength may not be 
widely recognized. It is well known that impaired respira-
tory muscle strength can lead to pulmonary dysfunction1). 
Inspiratory muscle weakness is also an independent risk 
factor for myocardial infarction and cardiovascular disease 
death2). However, as a recent study demonstrated, the as-
sociation of extremity muscle strength with mortality is 
not significant when a term for respiratory strength is in-
cluded3). Sniff nasal inspiratory pressure (SNIP) is a non-
invasive method of measuring inspiratory muscle strength. 
SNIP consists of a short maximal sniff through one nostril, 
and the nostril pressure is measured using a plug occlud-
ing the contralateral nostril. SNIP has been suggested as an 
alternative4) and compliment5) to maximal inspiratory pres-
sure (MIP) measurement.

MIP measures mouth pressure during a maximal inspi-
ratory effort against a quasi occlusion, and it largely depen-
dent on the subject’s understanding and precise execution 

of the procedure. In contrast, SNIP is easy to perform and 
has been used clinically5). SNIP is also more reproducible 
than MIP6). However, SNIP has been very little studied in 
Taiwan, and the published normal values are only those of 
Caucasians. The reference value for Caucasians may not be 
suitable for Taiwanese as previous research has confirmed 
there are ethnic differences in respiratory strength7). Thus, 
the primary aim of this study was to investigate the SNIP 
of healthy Taiwanese subjects. The optimal number of mul-
tiple tests of SNIP, as well as the mean values and lower 
limits of the normal values of SNIP were also analyzed.

SUBJECTS AND METHODS

One hundred and nineteen healthy volunteers (58 men 
and 61 women), aged 18–69 years, were recruited for this 
study. The recruitment process was through email an-
nouncement and personal invitation to attend a test of 
“breathing strength for healthy people” at a university cam-
pus. All the subjects were students, faculty or staff mem-
bers, or school volunteers. Smoking has been found to affect 
SNIP8), so smoking status was surveyed. All subjects were 
non-smokers at the time they took part in the study. Four 
subjects were ex-smokers, but had not smoked for at least 
10 years. The other subjects had never smoked. The exclu-
sion criteria included presence of pulmonary disease, heart 
disease, neuromuscular disease, cardiovascular disease or 
pregnancy. In addition, at the time of the experiment, none 
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of the subjects had symptoms of respiratory disease, i.e. rhi-
nitis or upper airway infections. The researchers personally 
confirmed the exclusion criteria with each subject before 
the study began. The study received Institutional Review 
Board (IRB) ethical approval. Informed consent to partici-
pation in this study was received from each subject.

Weight and height were measured, and the body mass in-
dex (BMI) was calculated. Body composition was assessed 
by bioelectrical impedance (Biospace Inbody 3.0 Body 
Composition Analyzer, Singapore) to determine body fat%. 
After taking the above measurements, the researchers took 
the SNIP measurements.

Our SNIP measurements followed the recommendations 
of the ATS/ERS Statement on Respiratory Muscle Testing4). 
The subjects watched a video which explained each step of 
the SNIP measurement procedure in slow motion9). Tests 
were conducted in a single session with the subjects seated. 
SNIP was measured through a plug occluding one nostril 
during maximal sniff through the contralateral nostril. 
The contralateral nostril was not occluded during sniffing. 
The plug was a plastic probe (4 different sizes) which was 
connected to a catheter. The end of the catheter was con-
nected to a hand-held pressure meter displaying peak pres-
sure (RPM, Micro Medical, Cardinal Health, Basingstoke, 
UK). The plug was sterilized after use. The subjects were 
instructed to take a short, sharp, maximal sniff with the 
mouth closed at the end of their normal expiration. In order 
to adjust and fit the size of the probe to each subjects’ nos-
tril, each subject took several practice sniffs. During these 
practice sniffs, we made sure that the probe fitted well, and 
the subjects familiarized themselves with the technique. 
Twenty maximal sniffs were then performed by each sub-
ject with 30 seconds rest between each sniff. All maneuvers 
were recorded for later analysis. The highest values among 
the first 10, and second 10 SNIP maneuvers were recorded 
as SNIP1–10 and SNIP11–20, respectively.

Descriptive data are expressed as means ± SD. The 
paired t-test was used to compare the differences between 
SNIP1–10 and SNIP11–20. Two-way ANOVA was used 
to compare the effect of age and gender on the best SNIP 
value. Stepwise multiple linear regression analysis was per-
formed to assess the contributions of age, height, weight, 
BMI, and body fat% to the mean values of SNIP by gen-
der. The lower limits of normal were defined by subtracting 
1.64 times the residual SD from the predicted value in the 
regression model10). All statistical analyses were performed 
using SPSS software (SPSS 15.0, SPSS Inc., USA), and sig-

nificance was accepted for values of p<0.05.

RESULTS

The analysis was based on the measurements of 119 
healthy subjects (Table 1), average age 39.9±16.5 (means 
± SD), and range 18–69 yrs. Subjects were divided into 6 
groups according to their age.

No adverse event related to the measurement of SNIP 
was reported. The pair t-test showed there was a significant 
difference between SNIP1–10 and SNIP11–20 (p<0.05), 
and SNIP11–20 was significantly higher than SNIP1–10 
(Fig.1). This indicates that subjects were not able to fully 
master the skill or perform to their best in the first 10 trials 
of sniffs. SNIP11–20 is presented as subjects’ best SNIP.

Two-way ANOVA was used to compare the effects of 
age and gender on SNIP11–20. We found that there were no 
significant differences in SNIP11–20 among the age groups 
in either gender, suggesting age does not affect SNIP. As 
expected, SNIP of males was higher than that of females in 
all age groups. The SNIP data of females and males of dif-
ferent age groups are presented as mean±SD and the 95% 
Confidence Interval in Table 2.

Multiple regression analysis was used to test if anthropo-
logical traits significantly predicted the values of SNIP11–
20. The results of the regression for females indicate two 
predictors, BMI and body fat%, explained 18.1% of the re-
sult (R2=0.18, F (2,54)=5.76, p<0.01). We found that BMI 
significantly predicted SNIP11–20 (beta=2.72, p<0.01), and 
body fat% (beta=−2.24, p<0.05).

For men, weight explained 16.0% of the result (R2=0.16, 

Table 1.  The basic characteristics of participants by gender

Female Male Total
N 61 58 119
Age (yrs) 40.1±16.2 (18–67) 39.6±17.0 (19–69) 39.9±16.5 (18–69)
Height (cm) 154.8±14.5 (143.0–170.0) 172.0±6.2 (160.0–185.0)** 163.2±14.1 (143.0–185.0)
Weight (kg) 54.7±9.7 (38.4–84.6) 72.1±1.7 (52.0–112.0)** 63.2±13.4 (38.4–112.0)
Fat percentage (%) 30.7±14.5 (17.0–45.0) 22.9±5.3 (10.5–37.0)** 26.7±11.5 (10.5–45.0)
BMI (kg/cm2) 22.9±6.1(17.5–33.9) 24.4±3.3 (17.2–36.9) 23.6±5.0 (17.2–36.9)
Data are shown as means±SD (Range), ﹡﹡p<0.01, Significantly differently from females

Fig. 1. SNIP1–10 and SNIP11–20 in subjects 
*, p<0.05
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F (1, 56) =10.63, p<0.01), and weight significantly predicted 
SNIP11–20 (beta=3.26, p<0.01).

The lower limits of normal of SNIP were determined us-
ing the predicted value and the residual SD of the regression 
model. The residual SD was 20.62 for females and 30.59 for 
males; thus, the mean lower limits of normal of the predict-
ed SNIP were 52.07 cmH2O for females and 60.33 cmH2O 
for males (Table 3).

DISCUSSION

The main findings of this study were: (1) There was per-
sistent improvement after the tenth sniff meaning that sub-
jects achieved higher SNIP values in 20 trials than in 10 or 
15 trials. (2) The SNIP values were positively related with 
BMI and negatively related with body fat% in women, and 
positively related with weight in men. The lower limits of 
normal for SNIP were 52.07 cmH2O for females and 60.33 
cmH2O for males. (3) There was no age difference in SNIP 
in either gender in the age range studied (18–69 yrs).

According to the ATS/ERS statement of Respiratory 
Muscle Testing regarding the sniff test4), “Most subjects 
achieve a plateau of pressure values within 5–10 attempts”. 
Among published SNIP studies, the adopted numbers of 
sniff measurements range from as low as 511, 12) to as high 
as 4013), with most of them being 1014, 15). Lofaso et al.13) 
measured 40 sniffs and found that the best SNIP of the first 
10 sniffs was lower than the best SNIP among the next 10 
sniffs of healthy subjects. They concluded that a learning 
effect persists after the tenth sniff and suggested using an-
other 10 additional sniffs when the best result of the first 

10 sniffs is below normal. Our present study compared the 
highest of the first 10, and the second 10 SNIP maneuvers 
and found significant differences between them. According 
to our results, the common recommendation of 10 sniffs is 
insufficient for measuring the best SNIP, and will lead to 
underestimation. Underestimation of SNIP would not be 
harmful for the patient, but when the purpose of the SNIP 
assessment is to evaluate the efficacy of treatment, under-
estimation of SNIP would subsequently make it difficult to 
determine whether the SNIP value reflects the effect of the 
treatment itself or a learning effect. A recent study showed 
why it is important to make this distinction Bauer et al.16) 
compared the SNIP of patients with Amyotrophic Lateral 
Sclerosis (ALS) over 5 months, and found a delayed de-
cline in SNIP when compared to other outcome measure-
ments in phase III of the clinical trial. They suspected that 
a between-session learning effect in SNIP exists, and when 
other outcome measurements deteriorated as the disease 
progressed, SNIP did not. In our opinion, this is probably 
due to the fact that the optimal number of SNIP measure-
ments for ALS was not performed in the pretest measure-
ment; in other words, the pretest SNIP value was probably 
underestimated.

Additional analysis indicated that age was not a factor 
in the optimal trial number. One review paper suggested 
20 sniffs for the SNIP measurement of children17). Since 
the current study covered a wide age range from 18–69, we 
recommend 20 sniffs for measurements of SNIP of adults 
under 69 to allow the full learning effect to materialize.

The ease of SNIP measurement can extend the use of 
respiratory muscle assessment. It is possible that the mea-

Table 2.  The highest SNIP in the first 10 and the second 10 sniffs (SNIP1–10 and SNIP11–20) of each age/gender group

Female Male
Age 
groups n SNIP1–10 SNIP11–20 n SNIP1–10 SNIP11–20

18–20 10 78.8±15.1(68.0–89.6) 80.4±16.7(68.3–92.4) 10 107.0±40.7(77.9–136.1) 110.0±42.1(80.2–140.6)
21–30 10 79.1±15.1(67.3–89.7) 80.9±17.7(68.2–93.6) 10 99.7±31.6(77.1–122.3) 99.1±20.0(79.1–119.1)
31–40 11 80.9±12.1(70.3–81.1) 77.9±10.8(70.7–85.1) 10 114.0±31.1(91.8–136.2) 117.5±23.9(93.6–141.4)
41–50 10 78.6±19.6(72.6–98.7) 93.5±23.9(76.4–110.6) 9 109.2±15.7(97.2–121.3) 106.9±24.3(88.2–125.6)
51–60 10 79.1±35.4(53.8–104.4) 82.5±39.4(54.3–110.7) 10 98.2±30.4(76.5–119.9) 102.0±30.7(80.1–123.9)
61–70 10 72.6±31.4(50.1–95.1) 75.2±32.9(51.6–78.8) 9 103.0±41.7(70.9–135.1) 101.1±48.1(64.2–138.0)
Total 61 78.2±22.2(72.7–84.1) 81.7±16.8(75.3–88.1) 58 105.2±32.1(96.7–113.6) 106.2±34.3(97.2–115.2)
Data are shown as means±SD (95%CI)

Table 3.  Stepwise multiple linear regression analysis the SNIP values of females and males

Female Male
Prediction equation SNIP=19.44+5.65*BMI-2.06*body fat% SNIP=21.10+1.24*WT
Mean SNIP (cmH2O) 84.13 110.49
R2 0.18 0.16
RSD 19.54 30.59
B 19.44 21.10
P value <0.01 <0.01
Mean lower limit 52.07 60.33

BMI: body mass index; WT: body weight
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surement of SNIP has been underused in clinics because of 
a lack of standard data. A recent study reported that SNIP 
has as much predictive power for mortality in Chronic Ob-
structive Pulmonary Disease as hyperinflation determined 
the by IC/TLC ratio18). That study showed that SNIP is not 
only an assessment tool but also has prognostic value.

According to our present results, SNIP is positively re-
lated to BMI and negatively related to body fat% in women, 
and positively related to weight in men. In their multiple 
linear regression models, Harik-Khan et al.19) noted that 
MIP of women is negatively related to age and height, and 
positively related to weight, while MIP of men is positively 
related to weight and negatively related to age. We found 
SNIP relationships with weight and BMI but did not find 
age a significant factor (aging is discussed below).

The lower limits of normal for SNIP were defined by 
subtracting 1.64 times the residual SD from the predicted 
value in our regression model10). According to this regres-
sion model, the lower limits of normal for SNIP were 49.3 
cmH2O for females and 60.3 cmH2O for males, meaning 
that 95% of healthy subjects have SNIP above the lower 
limits. Compared to previous data, our values are higher 
than those of Japanese (28.8 cmH2O for females and 32.9 
cmH2O for males)20), and close to British values (45.5 cm-
H2O for females and 50.1 cmH2O for males)11).

It is accepted that aging affects skeletal muscle strength, 
including inspiratory muscles21). MIP is found to decrease 
as age increases19, 22), but conclusions regarding MIP can-
not always be directly applied to SNIP. Our results show 
that age and SNIP are not related (p>0.05) in either gender. 
In contrast to recent studies, our result is consistent with 
the early classical work of Black and Hyatt23), who reported 
that there was no significant regression of MIP with age in 
subjects younger than 55 yrs. We note that the age range 
covered in our present study was broader (18–69 yrs). Very 
few studies have specifically compared SNIP of different 
age groups, despite SNIP being reported to be negatively 
correlated with age in both genders24), and men only12).

There is significant interindividual variability in age-
related muscle strength decrease, and there is also a dif-
ferential effect in men and women in age-related changes 
in upper and lower body strength25). Research has shown 
that loss of muscle mass with aging is greater in the lower 
body26), reflecting decreased activity of the lower extrem-
ity muscles with aging. The activity level of inspiratory 
muscles does not significantly decrease with age, so it is 
likely that inspiratory muscle strength does not signifi-
cantly decrease either. We speculate that inspiratory muscle 
strength, since it is provided by core muscles, may not begin 
to substantially decline until late in life. These issues un-
derline the need for continued research into the SNIP of all 
ages, cross-sectionally and longitudinally, especially that of 
the elderly.

The SNIP technique was developed in English-speak-
ing countries, and normal values of SNIP estimated from 
reasonable sample sizes are only available for Caucasian 
adults27), children14), and Japanese28). Ethnicity may play a 
role in inspiratory strength7). SNIP has only been studied in 
Taiwan with a small sample size (n=10) and local publica-

tion29). The present study included a reasonable number of 
subjects with a range of ages and is therefore able to pro-
vide a reference value for SNIP. We believe these reference 
values will improve the utility of SNIP as a diagnostic or 
discriminatory tool for Taiwanese subjects. Furthermore, 
when standard procedures for testing SNIP and normal val-
ues are established, researchers and clinicians can begin to 
study how diseases affect SNIP longitudinally.

This is the first SNIP study in Taiwan that has included 
a reasonable number of subjects with a wide range of age. 
Measurement of SNIP provides an additional method for 
the assessment of inspiratory muscle strength. We conclude 
that 20 sniff maneuvers is the preferred number of trials, 
since the earlier recommendation of 10 maneuvers leads to 
underestimation; age does not affect SNIP in the age range 
we studied; and SNIP values of Taiwanese subjects are pos-
itively related with BMI in females and positively related 
with weight in males.
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