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A B S T R A C T

Objective: To assess test-retest reliability, validity, responsiveness, and clinical interpretability of the SNOT-22 in 
identifying pediatric patients with CRS from healthy, non-CRS patients by comparing SNOT-22 and SN-5 across 
multiple visits.
Study Design: Prospective cohort; all pediatric patients between the ages of 6–17, or under the age of 6 but fully 
verbal, who presented for care between January 2022 through March 2024.
Setting: Tertiary care academic institution’s pediatric otolaryngology clinic.
Methods: Minor assent and parental consent for participation was obtained in patients with sinonasal symptoms 
(experimental) and without (control). Exclusion criteria included nonverbal pediatric patients under 6, with 
severe learning disabilities, or with sinonasal-related genetic conditions. Data was statistically analyzed using 
RStudio.
Results: This study included 150 total patients, with 79 experimental and 71 controls. For test-retest reliability in 
the experimental cohort between visits (n = 41), the SNOT-22 Pearson correlation coefficient (PCC) is − 0.0506 
(p > 0.05), while the SN-5 PCC is − 0.1944 (p > 0.05). For responsiveness, SNOT-22 showed a greater change in 
scores than SN-5 between clinic visits in experimental versus control groups (p < 0.005). For validity, the SNOT- 
22 was correlated with SN-5 in all patients who responded to both surveys each visit. Area under curve (AUC) 
was 0.8191 for SN-5 and 0.8405 for SNOT-22. Interclass correlation coefficient (ICC) was − 0.122 (p = 0.781) for 
SN-5. Pearson correlation coefficient (r) was 0.1944. ICC for SNOT-22 was − 0.159 (p = 0.844) with r = 0.0506.
Conclusions: Statistically significant data supports use of SNOT-22 over the SN-5 to potentially help improve early 
identification and treatment of CRS in children.

Sinusitis accounts for 2.7 million physician office visits and 234,000 
emergency room visits in the United States annually, widely affecting 
both the pediatric and adult populations. Sinonasal symptoms include 
congestion, discharge, pain/pressure, decreased sense of smell, and 
other symptoms that strongly impact quality of life [1]. Chronic rhino
sinusitis (CRS) can result in debilitating pain, daytime sleepiness that 
can impact a child’s academic and social function, increased risk of sleep 
apnea, and comorbid systemic ailments [2].

In the pediatric population, there is a 7.6 % prevalence of chronic 
sinusitis and 6.6 % prevalence of allergic sinusitis. Despite the preva
lence of CRS, the only validated quality-of-life measurement in children 
with sinus disease is the Sino-Nasal 5 Questionnaire (SN-5), but there 

exist various questions about the limitations of the SNOT-5 in evaluating 
chronic rhinosinusitis [3,4]. In the adult-only population, another tool 
called the Sino-Nasal Outcome Test (SNOT-22) has been shown to have 
good sensitivity, specificity, and accuracy for CRS and has been widely 
validated as a patient-reported outcome measure in English-speaking 
and non-English-speaking patient populations in many different coun
tries [5–14]. This research study therefore aims to assess and verify the 
test-retest reliability, validity, responsiveness, and clinical interpret
ability of the SNOT-22 in identifying pediatric patients with CRS from 
the healthy, non-CRS pediatric population by comparing SNOT-22 and 
SN-5 across multiple visits.
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1. Methods

This prospective cohort study was approved by the Institutional 
Review Board of UCLA and conforms to the tenets of the Declaration of 
Helsinki. Inclusion criteria for our study population include all pediatric 
patients between the ages of 6–17, or under the age of 6 but fully verbal, 
at a tertiary care center who are presenting for care at a pediatric 
otolaryngology clinic from January 2022 through June 2024. Patients 
were invited to participate and included in the study population after 
receiving both assent from minors ages 17 years or under and consent 
from their parent/guardian. Pediatric patients both with and without 
sinonasal symptoms are asked to complete both the SN-5 and SNOT-22 
during a baseline clinic visit, as well as a 6-month follow-up visit, in- 
person or over the phone with the help of their parent/guardian. Pa
tients without sinonasal symptoms were placed in the control group, and 
patients with sinonasal symptoms were placed in the experimental 
group.

Demographic (sex, race/ethnicity, age) and clinical data (medica
tions and/or surgeries recommended at baseline visit and completed 
prior to six-month follow-up visit) were collected. Exclusion criteria 
included pediatric patients who are nonverbal and under the age of 6, 
equal or over the age of 18 years, or those presenting for post-op visits, 
with severe learning disabilities, or with sinonasal-related conditions 
such as cystic fibrosis and Wegener’s Granulomatosis. For the study, we 
expected a refusal rate of 15 %.

Between January 2022 and June 2024, there were 197 total partic
ipants eligible for participation in our study based on our inclusion 
criteria (previously described in Methods section). 150 total participants 
elected to answer the SNOT-22, SN-5 or both surveys at baseline, six- 
month follow-up visit, or both time points. 71 participants from the 
control group and 79 participants from the experimental group were 
included in the mixed effects linear regression models. Only participants 
within the control group who completed both surveys at both time 
points (n = 41) were included in the derivation of the ICC and Pearson 
correlation coefficients. 47 participants declined to answer both the 
surveys during both visits, including 27 participants from the control 
group and 20 participants from the experimental group.

1.1. Statistical analysis

Descriptive statistics (e.g. means with standard deviation; relative 
frequency) were computed for all participants, including those who 
were excluded from the analytic sample for not completing either the 
SNOT-22 or SN-5 at baseline or six-month follow-up. Mixed effects 
linear regression models were used to evaluate the effects over time for 
both SNOT-22 and SN-5. The model included fixed effects for time (pre- 
and post-intervention), group (control and intervention), and their 
interaction. Random intercepts for participants were used to account for 
within-subject correlation. The average total score for each group was 
calculated using the estimated marginal means at each time point. As
sociations between SN-5 and SNOT-22 were described using correlation 
coefficient and inferentially were assessed using a mixed effects linear 
regression model with fixed effects for time, group and SN-5 total values. 
All statistical analyses conducted using R Studio version 4.2 [16].

2. Results

2.1. Demographics of participants versus non-respondents

In terms of demographics within the total 150 patient participants, 
66 were female, 84 were male; 76 were White, 46 were Hispanic/Latino, 
8 were Asian, 5 were Black, 3 were other race/ethnicity, and 12 were 
unknown race/ethnicity. Tables 1 and 2 provide a granular breakdown 
of demographic characteristics within both the control and experimental 
groups and participants who opted in versus declined to answer. In the 
control group, 8 participants were younger than 6, 38 participants were 

ages 6 to 12, and 22 participants were ages 13 or older. In the experi
mental group, 1 participant was younger than 6, 38 participants were 
ages 6 to 12, and 34 participants were ages 13 or older.

To assess similarity or differences between groups of participants 
who answered versus participants who did not, demographic charac
teristics were collected for both groups (Table 1) and compared for 
statistically significant differences. There was no statistically significant 
difference in the average age or sex distribution of patients who 
participated and those who did not. However, there was a statistically 
significant difference between the race/ethnicity of patients who 
participated versus those who did not, such that participants were more 
likely to be White (51 % vs 30 %) and less likely to be Asian (5.3 % vs 23 
%), p = 0.007. There was also a statistically significant difference be
tween age distributions of the control and experimental groups, Х2 (2, N 
= 150) = 7.83, p < 0.05.

2.2. Demographics of control versus experimental participants

Of the participants who answered surveys during either the baseline 
visit, the six-month follow-up visit or both visits, demographic charac
teristics were compared between the control and experimental groups to 
assess for differences in makeup (Table 2). There was no statistically 
significant difference in the race distribution between the control versus 
experimental groups. However, there were reliable differences in age 
such that the experimental group was older than the controls (mean age 
11 years vs 10 year, p = 0.04) and more likely to be male (65 % vs 46 %, 
p = 0.03).

Of the 71 control patients, 9 (12.7 %) were prescribed medications at 
baseline visit and 0 underwent sinus-related surgeries between the 
baseline and six-month follow-up visit. Of the 79 experimental patients, 
31 (39.2 %) were prescribed medications at baseline visit and 25 (31.6 
%) underwent functional endoscopic sinus surgeries and/or adenoi
dectomies after the baseline and before the six-month follow-up visit. 
The total sinus-related medications prescribed to experimental group 

Table 1 
Demographic differences between participants and non-respondents.

Participated (N = 150) Declined (N = 47) p-value

Treatment Group ​ ​ 0.23
Control 71 (47 %) 27 (57 %) ​
Experiment 79 (53 %) 20 (43 %) ​

Age 11.0 (7.0, 14.0) 11.0 (8.0, 14.0) 0.65
Race/Ethnicity ​ ​ 0.01

White 76 (51 %) 14 (30 %) ​
Hispanic or Latino 46 (31 %) 17 (36 %) ​
Asian 8 (5.3 %) 11 (23 %) ​
Black 5 (3.3 %) 1 (2.1 %) ​
Other 3 (2.0 %) 0 (0 %) ​
Unknown 12 (8.0 %) 4 (8.5 %) ​

Sex ​ ​ 0.67
F 66 (44 %) 19 (40 %) ​
M 84 (56 %) 28 (60 %) ​

Table 2 
Differences in demographics between control and experimental participants.

Demographic Control (N = 71) Experimental (N = 79) p-value

Age 10.0 (7.0, 14.0) 11.0 (9.0, 15.0) 0.04
Race/Ethnicity ​ ​ 0.29

White 34 (48 %) 42 (53 %) ​
Hispanic or Latino 27 (38 %) 19 (24 %) ​
Asian 2 (2.8 %) 6 (7.6 %) ​
Black 1 (1.4 %) 4 (5.1 %) ​
Other 2 (2.8 %) 1 (1.3 %) ​
Unknown 5 (7.0 %) 7 (8.9 %) ​

Sex ​ ​ 0.03
F 38 (54 %) 28 (35 %) ​
M 33 (46 %) 51 (65 %) ​
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participants at baseline visit included 23 (29.1 %) steroid sprays, 16 
(20.3 %) sinus rinses, 12 (15.2 %) oral antibiotics, five (6.3 %) oral 
antihistamines, two (2.5 %) nonsteroid sprays including montelukast, 
one (1.3 %) topical antibiotic, and one (1.3 %) oral steroid. In contrast 
the sinus-related medications prescribed to control participants included 
only one (1.4 %) steroid spray, one (1.4 %) sinus rinse, two (2.8 %) oral 
antibiotics, and zero oral antihistamines, nonsteroid sprays, topical an
tibiotics, or oral steroids.

2.3. SNOT-22 and SN-5 test-retest reliability within controls

Statistical analysis conducted on the control group examined test- 
retest reliability. The area under the curve (AUC), which acts as a 
measure of discriminatory ability between the control and experimental 
group, was calculated as 0.8191 for SN-5 and 0.8405 for SNOT-22. 
Interclass correlation coefficient for SN-5 control versus experimental 
group was calculated as − 0.122 (p = 0.781) with a Pearson correlation 
coefficient of r = 0.1944. Interclass correlation coefficient for SNOT-22 
control versus experimental group was ICC -0.159 (p = 0.844) with a 
Pearson correlation coefficient of r = 0.0506.

2.4. Validity via SNOT-22 and SN-5 associations

For validity, there was a strong positive correlation between SNOT- 
22 and SN-5 scores, rho = 0.88. Group specific estimates showed that 
within the control group, for every one-point increase in a participant’s 
SN-5 score, SNOT-22 scores increase by 2.14 points at baseline and 3.66 
points at 6-month follow-up. Within the experimental group, SNOT-22 
scores increase by 2.59 points at baseline and 2.42 points at 6-month 
follow-up per one point increase in SN-5 score. These positive associa
tions were statistically significant, and the strength of the association 
was not reliably different between experimental and control conditions 
at either time point.

2.5. SNOT-22 and SN-5 responsiveness (change over time)

For responsiveness, within-group changes over time are also pre
sented in Table 3 as well as the between-group differences in the within- 
group change over time. Both experimental and control groups showed 

statistically significant decreases in the SNOT-22 and SN-5 from baseline 
to the six-month follow-up with average decreases in the control group 
of 9.6 and 3.16 and decreases in the experimental group of 18.36 and 
5.83 for the SNOT-22 and SN-5, respectively (Table 3). The change over 
time was reliably different between experiment and control on the 
SNOT-22 (p = 0.037) but not the SN-5 (p = 0.067).

2.6. SNOT-22 and SN-5 clinical interpretability (within-time period, 
between groups)

Average scores for the SNOT-22 and SN-5 are presented for each time 
point in Table 3. For the SNOT-22, the experimental group had signifi
cantly higher scores than control at baseline (41.48 vs 13.38) and 
follow-up (23.12 vs 3.78), p < 0.001. The same pattern was observed for 
the SN-5, with statistically reliable higher scores in the experimental 
group at both time points (Table 3).

3. Discussion

Makary et al., 2023 sought to validate SNOT-22 and SN-5 in 115 
adolescent patients, aged 12–18 years old, and found both instruments 
could be used to study the outcome of treatment for sinonasal disorders 
in adolescent patients [15]. However, no study has yet validated a pe
diatric population ranging between the ages of 6 and 18. Our study aims 
to validate the SNOT-22 to improve pediatric otolaryngological care for 
patients with suspected CRS by examining the test-retest reliability, 
validity, responsiveness, and clinical interpretability of the SNOT-22 
and SN-5 instruments within a pediatric patient population. This is the 
first study to assess the applicability of SNOT-22 for CRS symptoms in a 
broader pediatric population, and it demonstrates its potential as a more 
comprehensive tool than SN-5 for identifying CRS in children. Valida
tion of the SNOT-22 in a pediatric population could expand the avail
ability and comprehensiveness of existing self-reporting measures used 
during pediatric otolaryngology clinic visits to improve care for patients 
under the age of 18.

3.1. Demographics of participants versus non-respondents

Although we expected a refusal rate of 15 %, our actual refusal rate 
among patients who declined to answer either survey was 23.9 %. We 
believe this rate is higher given the length of the SNOT-22 and SN-5 
combined, as well as the fact that some patients declined to complete 
the second visit due to the burden of time and energy when taking the 
surveys at the baseline visit. To ensure our data reflects a generalizable 
pool of participants, we compared the demographic characteristics be
tween the control and experimental groups, finding minimal differences 
(Table 1).

3.2. Test-retest reliability

ICC for SN-5 and SNOT-22 were both low (<0.5), suggesting the 
outcomes within the control group were unlikely to be similar upon 
repeat administration. This may be due to the changing clinical context 
for the control patients over such a large period of time. As a result, a 
test-retest over a much shorter window is needed to accurately assess the 
test-retest reliability. Similarly, the Pearson correlation coefficient 
indicated very low correlation across time-points within control and 
experimental groups for both SN-5 and SNOT-22.

3.3. Validity

The mean quality-of-life scores between experimental and control 
groups for both the SNOT-22 and SN-5 demonstrated statistically sig
nificant differences, which aligns with expectations that the two groups 
would differ based off sinonasal symptoms. Between-group differences 
were found to be statistically significant at both baseline visit and six- 

Table 3 
Comparison of baseline and six-month follow-up scores for SNOT-22 and SN-5.

Survey Groups Baseline 
Visit

6-Month 
Follow-Up

Difference of 
Visits

p-value

SNOT- 
22

Control 13.38 
(2.31)

3.78 (2.86) 9.60 (1.76, 
17.45)

0.010

​ Experimental 41.48 
(2.23)

23.12 
(2.73)

18.36 (10.85, 
25.86)

<0.001

​ Intergroup 
Difference

− 28.10 
(− 36.43,- 
19.77)

− 19.35 
(− 29.71, 
− 8.98)

− 8.75 
(− 16.99,- 
0.52)

​

​ p-value <0.001 <0.001 0.037 ​
SN-5 Control 8.69 (0.74) 5.53 (0.94) 3.16 (0.44, 

5.89)
0.016

​ Experimental 17.71 
(0.72)

11.88 
(0.90)

5.83 (3.22, 
8.44)

<0.001

​ Intergroup 
Difference

− 9.02 
(− 11.71,- 
6.33)

− 6.35 
(− 9.75,- 
2.95)

− 2.67 
(− 5.53,0.19)

​

​ p-value <0.001 <0.001 0.067 ​

Primary Outcomes (Continuous) Change over Time – Showing within- 
treatment allocation change over time, within-time period between-treatment 
differences, and the between-treatment differences in change over time (SN-5- 
by-time-by-treatment interaction).
Mixed effects linear regression with patient random intercept. Fixed effects for 
SN-5 (continuous), treatment allocation (Control vs Experiment), time (modeled 
as a categorical factor referent to baseline), and SN-5-by-time-by-treatment 
interaction term.
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month follow-up, confirming validity even as symptoms improved over 
the six-month follow-up period. Moreover, both the SNOT-22 and SN-5 
showed strong discriminatory ability between patients with and without 
CRS, making it a reliable tool for clinicians. Additionally, the SNOT-22 
and SN-5 we strongly related to each other based on correlations.

Although SNOT-22 has not been validated in the pediatric popula
tion for CRS patients, its performance paralleled the SN-5 in demon
strating statistically significant differences between experimental and 
control groups at both baseline and six-month visits. This strongly af
firms the applicability of SNOT-22 in a pediatric population for assessing 
chronic rhinosinusitis. Moreover, SNOT-22’s broader range of questions 
and higher sensitivity to symptom changes suggests it may offer a more 
nuanced assessment of sinonasal disease severity in children.

3.4. Responsiveness

Both SNOT-22 and SN-5 were responsive to change over the six- 
month follow-up period within both groups. Both groups had follow- 
up scores suggesting a resolution of symptoms which reflected a 
meaningful clinical improvement to the medications and procedures 
prescribed at baseline. This indicates that SNOT-22 can effectively track 
the course of sinonasal symptoms over time in a pediatric population 
and serve as a valuable tool for monitoring treatment efficacy in pedi
atric patients. Of note, the change over time was reliably different be
tween experiment and control on the SNOT-22, but not the SN-5, which 
adds value to the idea that the SNOT-22 can be more sensitive than the 
SN-5 in picking up changes in clinical symptoms.

3.5. Clinical interpretability

As change over time was reliably different between experiment and 
control on the SNOT-22 (p = 0.037), but not the SN-5 (p = 0.067), the 
SNOT-22 is more reliable than the SN-5 at picking up self-reported dif
ferences in sinonasal symptoms between baseline to six-month follow- 
up within the experimental and control groups (Table 3). This suggests a 
role for utilizing SNOT-22 to garner additional detail about patients 
presenting for sinonasal symptoms in pediatric clinics.

3.6. Limitations

Although some measures in this study would have benefited from 
survey responses at additional time points between the baseline and six- 
month follow-up, the inability to administer the surveys on more than 
two separate occasions was a major limitation of our study. As the 
SNOT-22 and SN-5 are collectively a significant time investment on the 
part of our patient participants, it was tough to ask participants to take 
the surveys more than twice in a six-month period. This limited the 
ability to observe more granular symptom changes or trends between 
visits. Future studies should explore the feasibility of shorter, more 
frequent assessments, which would provide a more detailed picture of 
how symptoms evolve over time.

In addition, this prospective cohort study ran over a period of two 
and half years, during which patients may have entered or exited flu 
season at different points of their care. This introduces the possibility of 
seasonality confounding our data. However, Ylivuori et al., 2021 noted 
that seasonal variation did not appear to significantly affect SNOT-22 
scores in rhinologic patients, so this potential cofounder is likely mini
mal [17]. Nevertheless, future research should consider controlling for 
seasonality, potentially by clustering data collection within consistent 
time frames (e.g., outside of flu season) to mitigate any residual effects.

Other potential limitations are the relatively homogenous sample 
within a study conducted at a tertiary care medical center, the wide 
range of patient ages included in this study which may limit applica
bility and external validity, as well as the possibility of caregiver bias. 
Clear instructions to caregivers and use of standardized questionnaires 
helped reduce caregiver reporting bias, but this study did not 

statistically account for its presence. Future studies could benefit from 
non-tertiary care participant pools to enhance generalizability across 
different levels of care within pediatric populations.

4. Conclusion

In our single-center study, the SNOT-22 demonstrated greater 
sensitivity to changes in symptoms over time than the SN-5, suggesting it 
has the potential to be a more nuanced and reliable tool for monitoring 
CRS progression and treatment efficacy than the current SN-5 quality of 
life measurement in children. Future research should continue to 
explore the role of SNOT-22 in pediatric care, particularly in diverse 
populations and across different geographic regions, to further validate 
its applicability in larger cohorts and broader clinical settings.
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