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I. Introduction

Chronic rhinosinusitis (CRS) is a very common chronic 
inflammatory illness of the upper respiratory tract that affects 
5% to 12% of the general population, according to epide-
miological data1. The major way it affects patients is through 
quality of life reductions because of symptoms, including 
nasal congestion, hyposmia, facial pain, and chronic dis-
charge, all of which also pose considerable financial burden 
on healthcare systems2. First-line intervention for CRS typi-
cally includes topical corticosteroids, saline nasal rinses, and 

antibiotics in some cases, however endoscopic sinus surgery 
(ESS) is valuable for patients who do not respond to these 
treatment approaches3. Even with advances in techniques for 
ESS, the outcomes for surgery are highly variable among 
patients. Some patients may see substantial changes in their 
symptoms and quality of life, while others see recurrences 
or revision surgery. Studies have shown that up to 25% of 
recurrences in the population of patients with CRS may be 
managed with revision surgery4,5. Notably, the patient popu-
lation suffering from nasal polyps (CRS with nasal polyps, 
CRSwNP) usually has a worse disease phenotype, higher 
rates of recurrence, and more indications for revision surgery 
compared to their non-polyp counterparts (CRS without nasal 
polyps, CRSsNP).

This variety in findings has led researchers to study fac-
tors that predict the success of ESS. These factors are divided 
into two main categories: individual characteristics (asthma, 
allergies, disease severity via computed tomography [CT] 
scores, and the presence of nasal polyps) and genetic charac-
teristics (gene variants that are associated with inflammatory 
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and immune responses)6. Asthma and non-steroidal anti-
inflammatory drug (NSAID) intolerance (aspirin-exacerbated 
respiratory disease, AERD) are significant predictors of re-
currence after ESS. Loftus et al.5 reported in a meta-analysis 
that asthma patients were 1.8 times more likely to require 
revision surgery compared to those without asthma. In addi-
tion, illness severity assessed with radiographic assessments 
(e.g., Lund–Mackay score [LMS]) and the occurrence of 
nasal polyps correlate with poorer ESS outcomes7. Recent 
literature has increasingly valued genetic markers in CRS and 
response to ESS. Researchers have explored inflammation 
gene polymorphisms (such as IL-1A, IL-1β, and TNF-α) and 
taste receptors (taste receptor 2-member 38 gene, TAS2R38) 
involved in innate respiratory defense as factors regarding 
disease severity and surgical outcomes8,9.

Taste receptors, especially TAS2R38, have drawn attention 
for their role in detecting Gram-negative bacteria and in gen-
erating nitric oxide (NO) to enhance mucociliary clearance 
and antibacterial capacity. Adappa et al.8 reported an impaired 
response to ESS and a greater rate of relapse among individu-
als with the inactive (AVI/AVI) TAS2R38 genotype. How-
ever, the evidence has not consistently supported this area. 
Some studies report no association between the TAS2R38 
genotype and ESS10. These shortcomings, presented in some 
of the contradictory findings such as small sample sizes, 
short follow-up, and methodology differences, indicate that 
a meta-analysis could potentially pool data and consolidate 
evidence11. A meta-analysis will create a larger statistical 
sample from several studies and investigate heterogeneity in 
those studies to better understand the determinants of ESS 
success12.

Accordingly, this study provides a comprehensive system-
atic review and meta-analysis to evaluate both clinical (e.g., 
asthma, allergy, LMSs, etc.) and genetic (e.g., TAS2R38 
polymorphisms) predictors of recurrence following ESS in 
CRS patients. Our goal is to strengthen the evidence base for 
risk stratification, inform clinical decision-making, and guide 
future research on personalized management strategies in 
CRS.

II. Materials and Methods

This systematic review and meta-analysis were performed 
following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) statement in order to 
improve the transparency and quality of reporting13. The pro-
tocol for this study has been registered on the PROSPERO 

database (registration number: CRD420251114988).

1. Study design and literature search

This research was undertaken as a systematic review and 
meta-analysis to explore individual and genetic factors of 
ESS success in individuals with CRS. A comprehensive 
literature search was completed through PubMed, Scopus, 
Web of Science, and Google Scholar. The literature search 
was conducted for the past 17 years, between January 2008 
and May 2025, to include more recent and relevant literature. 
Specifically, the phrases “chronic rhinosinusitis”, “endoscopic 
sinus surgery”, “ESS outcomes,” “predictor/s of surgical suc-
cess”, “genetic polymorphisms”, “TAS2R38”, “individual 
factors”, “asthma”, and “Allergy”, were used. along with 
hand-searching the reference lists of relevant papers to find 
additional studies.

Although the search was comprehensive up to May 2025, 
it is possible that some relevant studies were missed due to 
indexing delays or database limitations.

2. Inclusion and exclusion criteria

Studies that met the following criteria were included in this 
meta-analysis: (1) studied patients with CRS who underwent 
ESS, (2) examined individual (e.g., asthma, allergies, or 
disease severity) or genetic (e.g., gene polymorphisms) pre-
dictors of ESS success, (3) provided quantitative data such 
as changes in quality-of-life scores (22-item Sino-Nasal Out-
come Test, SNOT-22), recurrence rates, or allele frequencies, 
(4) published between 2008 and 2025, and (5) had a case-
control, cohort, or meta-analytic design. Studies including 
CRS patients (with or without nasal polyps) were eligible, 
but subgroup-specific data were not required. Studies that did 
not provide sufficient data to extract an effect (e.g., odds ratio 
[OR] or confidence interval [CI]), studies with a sample size 
of less than 20 people, and studies published in languages ​​
other than English were excluded from the analysis. Although 
inflammatory gene polymorphisms such as IL-1α, IL-1β, and 
TNF-α have been reported in the literature, these were not 
included in the pooled analysis because only one or two stud-
ies were available, and quantitative data were insufficient for 
meta-analysis.

3. Study selection

Two members of the investigative team (A. A. and E. A.) 
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first independently screened the titles and abstracts of studies 
identified. Next, they reviewed the full text of those articles 
that appeared to meet the inclusion criteria. Any disagree-
ments between members of the research team were resolved 
through discussion or consulting a third member of the team. 
The study selection process was recorded using the PRISMA 
flow diagram, as it clearly demonstrated the steps of screen-
ing and selection.

4. Data extraction

Data were extracted independently by two investigators, 
and any discrepancies were resolved by discussion and con-
sensus. The extracted information included author name, 
year of publication, study site, study type, study population 
(number of patients and controls), predictors examined (indi-
vidual or genetic), ESS success measures (such as SNOT-22 
changes, recurrence rate, or improvement in sense of smell), 
and effect size (OR and 95% CI). For studies where OR and 
CI were not directly reported, raw data (such as number of 
patients per group or difference in allele frequencies) were 
extracted and used to calculate OR14,15.

5. Assessment of quality and bias

The Newcastle–Ottawa Scale (NOS), which is suitable 
for cohort and case-control studies, was used to assess the 
study’s quality. The tool has three domains: Selection, Com-
parability, and Outcome/Exposure, with a maximum score of 
9. A score of 7 and above was determined to be a high-quality 
study. RoB was assessed across five domains (D1-D5), and 
judgments were categorized as low risk, some concerns, or 
high risk, summarized graphically with robvis.

6. Statistical analysis

For meta-analysis, data were analyzed using R (version 
4.5.0; R Foundation) with meta and meta for packages. Ef-
fect sizes were calculated as ORs and 95% CIs for individual 
and genetic predictors. For studies that did not specify ORs, 
we used raw data (e.g., number of patients or differences in 
allelic frequencies) to calculate ORs. The I2 statistic was used 
to assess heterogeneity among studies. The Random-effects 
DerSimonian–Laird model was utilized for the heterogeneity 
(I2>50%). Sensitivity analysis was also performed to assess 
the impact of studies with high risk of bias (RoB) on the 
overall results. To examine publication bias, the funnel plot 

and Egger test were used. The statistical significance level (P-
value) was considered less than 0.05. Certainty of evidence 
was assessed using the Grading of Recommendations, As-
sessment, Development, and Evaluation (GRADE) approach, 
and summary of findings tables were generated with MAGI-
Capp (https://app.magicapp.org/).

7. Ethical considerations

This study did not require ethical approval, as it only used 
previously published data. However, all procedures were con-
ducted in accordance with the principles of the Declaration of 
Helsinki.

III. Results

A total of 130 articles were identified; after removing 27 
duplicate articles, 103 articles were included in the title and 
abstract screening. Of these, 55 articles were selected for full-
text review. Finally, 17 articles were included in the final 
analysis. The details of the selection are shown in the PRIS-
MA diagram16.(Fig. 1)

1. Study characteristics

Between 2008 and 2025, evidence was aggregated from 
various study designs, including cohort and case-control 
studies, as well as prospective and retrospective observa-
tional research. Additionally, one prior meta-analysis was 
incorporated. The study population was composed of patients 
diagnosed with CRS who had undergone ESS, commonly 
referred to as functional endoscopic sinus surgery (FESS) in 
the literature. In these investigations, correlations between 
individual characteristics, genetic markers, and postoperative 
outcomes were examined. Both CRS phenotypes—CRSwNP 
and CRSsNP—were represented, although in several stud-
ies these subgroups were not reported separately, leading to 
incomplete subgroup data. A total of 40,059 participants were 
included in the dataset, constituting a substantial sample size 
that lends considerable statistical power to the primary com-
parisons. The evaluated predictors encompassed individual 
factors such as asthma, allergy, NSAID intolerance, LMS, 
and peripheral blood eosinophilia, in addition to genetic fac-
tors including TAS2R38 polymorphisms, as outlined in Table 
1.

https://app.magicapp.org/


Individual and genetic predictors of chronic rhinosinusitis in endoscopic sinus surgery

61

2. Assessment of study quality (RoB assessment)

The assessment was performed with the NOS tool. Most 
studies were of moderate to good quality. High-risk studies 
usually had small sample sizes and inadequate controls.(Table 
2, Fig. 2) The funnel plot (Fig. 3) indicates potential publica-
tion bias in the asthma studies because of the asymmetrical 
distribution. This observation is also consistent with the re-
sults of Egger test.

1) Funnel plot interpretation
Looking across the six predictors, the funnel plots told a 

mixed story. Asthma and NSAID intolerance were pretty 
much mirror-symmetric—about as clean as one hopes—
suggesting little publication bias. Eosinophils and allergy 
showed some spread, a bit messy, but not obviously skewed. 
In contrast, the LMS and—especially—TAS2R38 displayed 

a noticeable tilt, the sort of pattern that hints at small-study 
effects or selective publication. See Fig. 3; the pictures make 
the point faster than words.

To probe small-study effects, we ran Egger test for each 
predictor. The signal wasn’t uniform. Asthma cleared the 
significance bar (t=2.420, P=0.046), the LMS did as well 
(t=5.144, P=0.014), and peripheral eosinophils lit up strongly, 
in fact (t=56.844, P<0.001). Allergy showed no such pattern 
(P=0.440); same story for NSAID intolerance (P=0.844) and 
the TAS2R38 polymorphism (P=0.996). In short, Egger test 
points to possible publication bias for asthma, LMS, and pe-
ripheral eosinophils, while we find no convincing evidence 
for allergy, NSAID intolerance, or TAS2R38.(Table 3)

Fig. 1. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram.
Abbas Ardalan et al: Personalizing sinus surgery: a 
systematic review and meta-analysis of clinical and 
genetic predictors of outcome in chronic rhinosinus-
itis. J Korean Assoc Oral Maxillofac Surg 2026
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3. Review of individual study results

1) Individual factors
Reports on clinical predictors of recurrence after ESS in 

CRS are a bit all over the place. Signals wobble across co-
horts. Even so, two factors keep showing up with real con-
sistency: asthma and NSAID intolerance. Asthma, especially, 
behaves like an independent driver of poor outcomes—more 
revisions, shorter disease-free intervals—repeated across 
studies5,17. NSAID intolerance tells a similar story, with mul-
tiple analyses backing its independent predictive value18,19. 
Allergy/atopy mixed. Statistically significant in some papers, 
not in others17,20. Not a clean win.

By contrast, the usual suspects—sex, smoking status, prior 
sinus surgery, occupational exposures—don’t land consis-
tently as risks. Some hints, plenty of shrugs. Taken together, 

asthma and NSAID intolerance are, on balance, the most 
dependable individual clinical flags for CRS recurrence after 
ESS.

2) Genetic factors
Variants in the TAS2R38 bitter-taste receptor were found to 

be associated with both CRS risk and postsurgical outcomes. 
Study participants with at least one fully functional genotype 
(PAV/PAV) appeared to have comparatively greater protec-
tion from developing disease and received greater improve-
ments in post-operative quality-of-life scores compared to 
patients with nonfunctional variants, especially if they had no 
previous nasal polyps. This was generally in line with the the-
ory of airway chemosensing contributing to mucosal defense; 
however, the mechanistic basis for this remains in contention. 
Conversely, nonfunctional genotypes (AVI/AVI genotype or 

Table 2. Newcastle–Ottawa scale (NOS) and risks of bias for studies

Study Design
Selection 

(1-4)
Comparability 

(1-2)
Outcome/

exposure (1-3)
NOS score 

(max 9)
Risk of bias

Wu et al.17 (2020) Cohort study ☆☆☆ ☆☆ ☆☆ 7 Moderate
Lilja et al.7 (2022) Cohort study ☆☆☆ ☆☆ ☆☆ 7 Moderate
Lilja et al.18 (2025) Prospective cohort study ☆☆☆☆ ☆☆ ☆☆☆ 9 Low
Veloso-Teles and Cerejeira22 (2017) Retrospective cohort study ☆☆☆ ☆ ☆☆ 6 Moderate
Loftus et al.5 (2020) Retrospective cohort study ☆☆☆ ☆ ☆☆☆ 7 Moderate
Asaka et al.29 (2012) Prospective cohort study ☆☆☆ ☆ ☆☆☆ 7 Low–Moderate
Jeruzal-Świątecka et al.21 (2024) Case-control study ☆☆☆ ☆ ☆☆ 6 Moderate
Koskinen et al.31 (2016) Retrospective cohort study ☆☆☆ ☆☆ ☆☆ 7 Low
Matsuwaki et al.23 (2008) Retrospective cohort study ☆☆☆ ☆ ☆☆ 6 Moderate
Juan et al.30 (2017) Retrospective cohort study ☆☆☆ ☆ ☆☆ 6 Moderate
Stryjewska-Makuch et al.25 (2019) Retrospective cohort study ☆☆☆ ☆ ☆☆ 6 Moderate
Adappa et al.14 (2013) Retrospective cohort study ☆☆☆ ☆☆ ☆☆ 7 Low
Adappa et al.8 (2014) Prospective cohort study ☆☆☆ ☆ ☆☆ 6 Moderate
Adappa et al.15 (2016) Prospective cohort study ☆☆☆☆ ☆☆ ☆☆☆ 9 Low
Brunet et al.32 (2023) Case-control study ☆☆☆ ☆☆ ☆☆ 7 Moderate
Abuduruk et al.19 (2024) Systematic review (not NOS 

applicable)
- - - - High (publication/

selection bias risk)
Brescia et al.20 (2016) Prospective observational study ☆☆☆ ☆ ☆☆☆ 7 Low–Moderate

Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc Oral Max-
illofac Surg 2026

Fig. 2. Risks of bias summary plot.
Abbas Ardalan et al: Personalizing sinus surgery: a 
systematic review and meta-analysis of clinical and 
genetic predictors of outcome in chronic rhinosinus-
itis. J Korean Assoc Oral Maxillofac Surg 2026
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heterozygous variants) exhibited a strong association with 
worse outcomes and an increased likelihood of CRS8,14,15,21.

4. Meta-analysis results

This meta-analysis consisted of 17 studies that explored 
individual and genetic factors associated with outcomes of 

Fig. 3. Funnel plots for predictors of recurrence after endoscopic sinus surgery (ESS) in chronic rhinosinusitis (CRS). Each dot represents 
an individual study included in the meta-analysis. Symmetry was observed for allergy and non-steroidal anti-inflammatory drug (NSAID) 
intolerance, whereas some asymmetry was noted for asthma, eosinophils, Lund–Mackay score (LMS), and taste receptor 2-member 38 
gene (TAS2R38).
Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc Oral Max-
illofac Surg 2026
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ESS/FESS for patients with CRS. Factors included in this 
meta-analysis that were reported in at least four studies in-
cluded asthma, allergy, NSAID sensitivity, LMS, eosinophils, 
and TAS2R38 genotype. The pooled ORs for each predictor 
variable are presented in the forest plot.(Fig. 4)

In the pooled analysis, several clinical predictors were 
identified for CRS recurrence following ESS. A strong and 
consistent association with recurrence was demonstrated for 
asthma (OR=2.87, 95% CI 2.01-4.10; P<0.001). The most 
substantial effect was observed for NSAID intolerance—

Table 3. Results of Egger test test for publication bias across pre-
dictors of recurrence after ESS in CRS

Predictor k t_stat P-value Significant

Asthma 9 2.420 0.046 Yes
Allergy 5 0.887 0.440 No
NSAID_intolerance 5 –0.215 0.844 No
LMS 5 5.144 0.014 Yes
Eosinophils 4 56.844 <0.001 Yes
TAS2R38_AVI/AVI vs. PAV/PAV 4 0.006 0.996 No

(ESS: endoscopic sinus surgery, CRS: chronic rhinosinusitis, NSAID: 
non-steroidal anti-inflammatory drug, LMS: Lund–Mackay score)
Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis 
of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc 
Oral Maxillofac Surg 2026
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Fig. 4. Forest plots of pooled ORs with 95% CIs for predictors of recurrence after ESS in CRS. Each square represents an individual study, 
with the size proportional to its weight in the analysis; horizontal lines indicate 95% CIs. The diamond represents the overall pooled effect 
size. The vertical line corresponds to the null effect (OR=1). (OR: odds ratio, CI: confidence interval, SE: standard error, ESS: endoscopic 
sinus surgery, CRS: chronic rhinosinusitis)
Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc Oral Max-
illofac Surg 2026
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aspirin-exacerbated respiratory disease (AERD)—(OR=4.25, 
95% CI 2.80-6.44; P<0.001). Allergy was also found to be 
significantly associated with recurrence (OR=1.78, 95% 
CI 1.34-2.38; P<0.001). Higher LMS were associated with 
increased risk, although the effect size was more modest 
(OR=1.88, 95% CI 1.01-3.51; P=0.047). Peripheral blood 
eosinophilia demonstrated an elevated point estimate with-
out reaching statistical significance in the overall model 
(OR=1.25, 95% CI 0.99-1.57; P=0.052). The effect direction 
was consistent across analyses; however, the evidence cer-
tainty remained limited.

In addition to clinical predictors, genetic variation in the 
bitter taste receptor TAS2R38 was also significantly associ-
ated with recurrence. Patients carrying the nonfunctional 
AVI/AVI genotype had a more than three-fold higher risk of 

recurrence compared with those with the functional PAV/PAV 
genotype (OR=3.61, 95% CI 1.92-6.78). The summary of 
predictors is presented in Table 4.
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Fig. 4. Continued.
Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc Oral Max-
illofac Surg 2026

Table 4. Summary of findings from predictor analysis

Predictor Odds ratio
95% confidence 

interval
P-value I2 (%)

Asthma 2.87 2.01-4.10 <0.001 61.79
Allergy 1.78 1.34-2.38 <0.001 34.66
NSAID intolerance 4.25 2.80-6.44 <0.001 0
LMS 1.88 1.01-3.51 0.047 92.17
Eosinophils 1.25 0.99-1.57 0.052 65.83
TAS2R38 genotype 3.61 1.92-6.78 <0.001 24.27

(NSAID: non-steroidal anti-inflammatory drug, LMS: Lund–Mackay 
score)
Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis 
of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc 
Oral Maxillofac Surg 2026
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(I2=92.17%) all had considerable heterogeneity. The hetero-
geneity was due in part to the heterogeneous definition of 
outcome across the studies, which varied between endoscopic 
recurrence, radiological recurrence, revision surgery, and 
quality-of-life difference. Meta-regression by follow-up dura-
tion was attempted but underpowered (P>0.1).

According to the GRADE assessment, the most consis-
tent evidence was observed for NSAID intolerance (AERD/
NERD) and asthma, both of which were identified as reli-
able predictors of recurrence after ESS in CRS. Allergy was 
associated with a moderate, but weaker effect. Higher LMS 
and peripheral blood eosinophil counts were associated 

with recurrence, though less so and with weaker certainty. 
TAS2R38 polymorphisms were associated with recurrence 
in certain cohorts; however, that data was weakened by very 
few studies and probably publication biases. Overall, clinical 
comorbidities provided better, stronger, and more clinically 
applicable predictors than laboratory or genetic indicators.
(Table 5)

5. Conclusions from the meta-analysis

• �Factors such as asthma, NSAID intolerance, allergy, and 
higher LMSs were significantly associated with recur-

Table 5. Summary of findings table generated using MAGICapp, based on the GRADE approach

Outcome  
(predictor of recurrence 

after ESS in CRS)

Anticipated absolute effects* (95% CI)
Relative effect

(95% CI)
No. of 
studies

Certainty of 
the evidence 
(GRADE)

Comment
Risk with control Risk with intervention

Asthma ~20% recurrence ~40%-45%  
(95% CI: 35%-50%)

OR=2.87  
(95% CI: 2.01-4.10)

9 ⊕⊕⊕⊝
Moderate

Consistent results, 
low publication bias; 
downgraded for moderate 
RoB

Allergy ~20% recurrence ~30%  
(95% CI: 25%-35%)

OR=1.78  
(95% CI: 1.34-2.38)

5 ⊕⊕⊕⊝
Moderate

Mixed findings across 
studies, some inconsistency

NSAID intolerance ~20% recurrence ~55%-60%  
(95% CI: 45%-65%)

OR=4.25  
(95% CI: 2.80-6.44)

5 ⊕⊕⊕⊕
High

Strongest and most 
consistent predictor; robust 
across studies

LMS (high) ~20% recurrence ~35%  
(95% CI: 22%-48%)

OR=1.88  
(95% CI: 1.01-3.51)

5 ⊕⊕⊝⊝
Low

Limited number of studies; 
possible small-study effects

Peripheral eosinophils ~20% recurrence ~25%  
(95% CI: 20%-30%)

OR=1.25  
(95% CI: 0.99-1.57)

4 ⊕⊕⊝⊝
Low

Borderline significance; 
heterogeneity in definitions

TAS2R38 (AVI/AVI vs. 
PAV/PAV)

~20% recurrence 
(PAV/PAV)

~45%  
(95% CI: 30%-55%)

OR=3.61  
(95% CI: 1.92-6.78)

4 ⊕⊕⊝⊝
Low–Moderate

Significant in USA cohorts; 
not replicated in all 
populations

SNOT-22 improvement 
(functional vs. 
nonfunctional TAS2R38)

Mean Δ=12 
(nonfunctional)

Mean Δ=38 (functional 
PAV/PAV)

SMD≈1.21 (large 
effect)

5 ⊕⊕⊝⊝
Low

Limited to one prospective 
cohort (Adappa et al.8 
[2015]), only significant in 
CRSsNP

Patient or population: Adults with CRS, including both patients with nasal polyps (CRSwNP) and without nasal polyps (CRSsNP), who underwent 
ESS.
Setting: Tertiary referral centers and university hospitals across multiple countries (USA, Europe, and Asia), published between 2008-2025.
Intervention: Presence of clinical comorbidities (asthma, NSAID intolerance, allergy, peripheral eosinophilia, higher LMSs) or genetic variation 
(TAS2R38 polymorphisms) as potential predictors of recurrence.
Comparison: Patients without these comorbidities or carrying the functional TAS2R38 genotype (PAV/PAV), serving as the reference group.
Key points:
• High certainty evidence: NSAID intolerance (AERD/NERD)
• Moderate certainty evidence: asthma, allergy
• Low certainty evidence: LMS, peripheral eosinophils, TAS2R38, SNOT-22 outcome
• Clinical comorbidities (asthma, AERD) are the strongest predictors; genetic markers (TAS2R38) show promise but need replication.
• High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
• �Moderate certainty: We are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there 

is a possibility that it is substantially different.
• Low certainty: Our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
• �Very low certainty: We have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of 

effect.

(GRADE: Grading of Recommendations, Assessment, Development, and Evaluation, LMS: Lund–Mackay score, ESS: endoscopic sinus surgery, 
TAS2R38: taste receptor 2-member 38 gene, CRSwNP: chronic rhinosinusitis with nasal polyps, CRSsNP: chronic rhinosinusitis without nasal 
polyps, NSAID: non-steroidal anti-inflammatory drug, CI: confidence interval, OR: odds ratio, RoB: risk of bias, AERD: aspirin-exacerbated 
respiratory disease, NERD: nonsteroidal anti-inflammatory drug–exacerbated respiratory disease)
Abbas Ardalan et al: Personalizing sinus surgery: a systematic review and meta-analysis of clinical and genetic predictors of outcome in chronic rhinosinusitis. J Korean Assoc Oral Max-
illofac Surg 2026
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rence after ESS.
• �The genetic factor TAS2R38 was found to be significant-

ly associated with recurrence, with nonfunctional variants 
linked to poorer outcomes.

IV. Discussion

In this meta-analysis of 17 studies on outcomes after ESS 
for CRS, we found that both clinical and genetic signals track 
with recurrence. Two keep showing up—again and again—
as the most reliable: asthma and NSAID intolerance (AERD/
NERD), which behave as strong, consistent predictors. Al-
lergy and higher LMSs follow behind—still statistically sig-
nificant—whereas peripheral blood eosinophil counts never 
quite deliver a dependable association in the pooled results. 
On the genetic side, TAS2R38 matters, though more tenta-
tively. Nonfunctional variants were linked to worse surgical 
outcomes, particularly when contrasted with functional geno-
types, but the evidence base is thinner. Our bias checks (fun-
nel plots plus Egger test) suggested low risk for allergy and 
NSAID intolerance; by contrast, we saw hints of small-study 
effects for asthma, eosinophils, LMS, and TAS2R38. Put 
together, clinical comorbidities and genetic background both 
shape prognosis after ESS—just not with equal certainty.

The forest plots largely back the idea that several clinical 
factors track with recurrence after ESS. Asthma shows a solid 
association (OR=2.87), though the heterogeneity is chunky 
(I2=61.79%)—different patient mixes, different designs, you 
can feel it. Allergy is significant too (OR=1.78) with only 
moderate spread (I2=34.66%), which reads as a steadier sig-
nal. By contrast, NSAID intolerance (AERD/NERD) is the 
heavyweight here: the biggest pooled effect (OR=4.25) and 
essentially no heterogeneity (I2=0%), remarkably consistent 
across cohorts. Radiology tells a murkier story. Higher LMS 
relates to recurrence (OR=1.88), but the heterogeneity is 
sky-high (I2=92.17%), so study-level quirks likely tug the 
estimate around. Although eosinophils demonstrated border-
line effect sizes that did not reach significance (OR=1.25) 
and carry substantial heterogeneity (I2=65.83%), definitions 
and measurements of “eosinophilia” clearly weren’t aligned. 
Finally, TAS2R38 polymorphism shows a significant link 
(OR=3.61) with low-to-moderate heterogeneity (I2=24.27%), 
hinting that this receptor matters for outcomes—though, hon-
estly, bigger, well-phenotyped cohorts should test that again. 
The genetic data were based on a relatively small number of 
studies (k=4), and it remains possible that bias is relevant and 
needs to be replicated in more studies using larger and multi-

ethnic cohorts. Although funnel plots suggested some visual 
symmetry, Egger test detected small-study effects for asthma, 
LMS, and eosinophils, which may limit certainty.

A few overlapping mechanisms probably sit behind these 
links between clinical factors and postsurgical outcomes in 
CRS. Asthma keeps turning up as a driver of recurrence—no 
surprise—because type-2 inflammatory circuits, eosinophil-
heavy tissue, and airway remodeling span both the upper and 
lower tracts, which ends up shortening the durability of sur-
gery19,22,23. NSAID intolerance, meanwhile, reflects a system-
wide wobble in arachidonic-acid metabolism with excess 
leukotrienes—prime conditions for smoldering inflammation 
and fast polyp regrowth even after a technically tidy ESS24,25. 
Allergy adds fuel through IgE-mediated cascades that swell 
the mucosa, loosen the epithelial barrier, and make recur-
rent polyposis more likely, though its predictive punch isn’t 
uniform across studies26. And peripheral/tissue eosinophilia? 
It often rides along with higher recurrence risk, tracking the 
more aggressive IL-5– and type-2-skewed CRS endotypes27. 
Higher LMS indicates an increased radiological burden that 
may act as a surrogate of disease severity or burden and ex-
plains its association with surgical failure rates28,29. In addi-
tion to these predictors for the clinical course, genetic predis-
position has been offered as a factor. Polymorphisms of the 
TAS2R38 bitter taste receptor are thought to alter sinonasal 
innate immunity through both the modulation of NO produc-
tion and bacterial clearance. Those with nonfunctional alleles 
exhibit impaired mucosal defense that translates to worse 
outcomes and increased recurrence after ESS14. That said, not 
every study sees the same link. Yılmaz et al.10, in a Turkish 
cohort, found no meaningful differences across TAS2R38 
genotypes—no signal in genotype distribution, no extra bump 
in postoperative SNOT-22 improvement, and no clear gap 
in recurrence rates. They did note a faint trend toward more 
bacterial proliferation in AVI/AVI carriers, but it didn’t cross 
the usual thresholds. Why the mismatch? Sample size is one 
easy suspect, but population genetics, clinical management, 
and follow-up length (and loss to follow-up) can each nudge 
results in different directions. All of which argues for larger, 
multi-center, multi-ethnic cohorts with standardized pheno-
typing and longer observation to pin down the true prognostic 
weight of TAS2R38 in CRS.

Overall, these findings suggest that systemic comorbidities 
and local sinonasal immune mechanisms interact to influence 
the long-term prognosis of CRS following surgery. Under-
standing which predictors may allow clinicians to better tailor 
peroperative care as well as the intensity of follow-up.
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In addition to the clinical and genetic predictors that were 
pooled in our quantitative analysis, several other factors were 
assessed across the reference studies. Age was reported in 
some cohorts as a determinant of higher recurrence risk20,30, 
although this finding was not consistent across all popula-
tions. Sex and smoking status were often studied, but did not 
reveal consistent and significant associations with surgical 
outcomes22,31. Occupational exposures and prior sinus surgery 
were evaluated as well in individual studies. However, the 
effects were also inconsistent and heterogenous5,31. Although 
rare comorbidities, such as eosinophilic granulomatosis with 
polyangiitis (EGPA), were suggested to be strong predic-
tors for isolated cohorts, they were not generalizable to the 
general CRS population20. More recently, molecular markers 
including IL-5 expression, periostin, and type-2 inflamma-
tion profiles have been related to disease severity and poor 
postoperative quality of life32. although the evidence is still 
preliminary and largely limited to translational studies. Taken 
together, these factors could not be incorporated into our 
meta-analysis because of insufficient quantitative data, incon-
sistency in reporting, and lack of study power, underscoring 
the need for further large-scale research to clarify their prog-
nostic significance.

1. Clinical implications

There are a number of important clinical implications 
from these findings of this meta-analysis. The identification 
of asthma and NSAID intolerance suggested as a potential 
predictor highlights the importance of systemic screening 
for lower airway co-morbidities and drug hypersensitivity, 
especially in patients with CRS undergoing ESS. It is likely 
that patients with these risk factors can be expected to be 
under closer surveillance postoperatively (for example, pos-
sibly considering postoperative follow-up from a pulmonary 
standpoint only). Possible intervention(s) could be through 
extended medical therapy, and we would suggest multidisci-
plinary management with pulmonologists and allergists. The 
associations with allergy and higher LMS further support the 
value of preoperative stratifying patients based not only on 
atopic status but also on radiological severity, which can as-
sist clinicians in predicting disease recurrence and help define 
future follow-up strategies.

The effect estimates for eosinophils were borderline 
(P=0.052) and did not achieve statistical significance. The as-
sociation of TAS2R38 genetic polymorphisms with surgical 
outcomes suggests emerging evidence for genetic biomark-

ers in identifying prognostic ability. While there has yet to 
be a drive toward genetic testing, we can take steps toward 
Individualised treatment informed by family history as well 
as immunology that will support their post-operative care. 
TAS2R38 findings were based on only four studies and rated 
as low certainty of evidence according to GRADE. For these 
predictors, our results are best viewed as hypothesis-generat-
ing. The observed heterogeneity may partly arise from varia-
tions in CRS phenotype, outcome definitions, and follow-up 
duration. Future large-scale, stratified studies are needed to 
confirm these associations.

In summary, our results suggest that combining clinical 
comorbidities, radiological scoring, and genetics in a preop-
erative assessment could allow for improved risk stratified 
assessment, and ultimately improve individually planned 
treatment, resource allocation, and therefore reduce revision 
surgery in CRS.

There are some limitations to this meta-analysis that should 
be acknowledged. There were 17 studies included; however, 
the number of available datasets was limited for some indi-
vidual predictors, and some factors, such as peripheral eosin-
ophils, LMS, and TAS2R38 polymorphisms, were examined 
in a fairly limited number of studies, which decreased the 
precision of pooled estimates. Second, there was consider-
able heterogeneity across studies in terms of patient selection 
(CRSwNP vs. CRSsNP), outcome definitions (endoscopic 
recurrence, radiological scores, or need for revision surgery), 
and follow-up duration, all of which may have influenced the 
consistency of results. Third, not all potential predictors were 
consistently reported with sufficient quantitative data; factors 
such as age, sex, smoking status, previous sinus surgery, oc-
cupational exposures, EGPA, and molecular biomarkers (e.g., 
IL-5, periostin, T2-high profiles) were evaluated in some co-
horts but could not be incorporated into the pooled analysis. 
Fourth, publication bias could not be excluded, as indicated 
by Egger test for asthma, eosinophils, and LMSs, although 
visual inspection of funnel plots suggested mixed results for 
certain predictors. While there was considerable heteroge-
neity for asthma, eosinophils, and LMS, we were unable to 
perform meaningful subgroup analyses or meta-regression 
due to the limited number of studies per predictor and the 
incomplete reporting of phenotype-specific or outcome-
specific data. For example, individual studies tended to either 
combine CRSwNP and CRSsNP populations or report differ-
ent outcome measures as a heterogeneous measure, without 
stratification. Although sensitivity analyses excluding lower-
quality studies did not change the results in a meaningful 
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way, residual heterogeneity presents an important limitation. 
Although exploratory meta-regression by follow-up duration 
was attempted, the number of studies per predictor was insuf-
ficient, and the analysis was underpowered (P>0.1).

A further limitation concerns the statistical treatment of 
data in individual studies. In Adappa et al.14, ORs could not 
be directly calculated due to zero cells in the 2×2 tables; 
therefore, the Haldane–Anscombe correction was applied, 
and we estimated the OR and CI, which should be considered 
approximate. In Adappa et al.15, only mean±standard devia-
tion values of SNOT-22 scores were available, and pooled ef-
fect estimates were derived under the assumption of a normal 
distribution using Z-scores; thus, the reported effect sizes are 
indirect estimates. In addition, subgroup analyses stratified 
by CRS phenotype (CRSwNP vs. CRSsNP) could not be 
performed, as several studies included mixed populations but 
did not report phenotype-specific outcomes with sufficient 
statistical detail. Finally, differences in surgical techniques, 
extent of ESS, and postoperative medical regimens were not 
uniformly reported, which may have acted as unmeasured 
confounders.

V. Conclusion

This meta-analysis has shown that asthma and NSAID 
sensitivity are the most consistent clinical predictors of recur-
rence after ESS for CRS, and also identifies the contribution 
of allergy and higher LMS. Peripheral eosinophils were not 
consistently relevant across studies. Also noted was the asso-
ciation of TAS2R38 genetic variation with poorer outcomes, 
indicating a role for host genetics in prognosis. Overall, our 
findings emphasize the need to include clinical comorbidities, 
radiographic assessment, and genetic markers in the multi-
component preoperative risk stratification approach in order 
to optimize postoperative care. Large, multi-ethnic, and well-
controlled future studies are necessary to substantiate the 
identified predictors and examine personalized management 
strategies to minimize recurrence rates in CRS.

ORCID

Abbas Ardalan, https://orcid.org/0000-0002-7223-9905
Sahar Adl, https://orcid.org/0000-0002-5001-3577
Kosar Moarefvand, https://orcid.org/0009-0004-0264-0551
Elham Amirkhani, https://orcid.org/0009-0001-8503-4212
Sepehr Faridazar, https://orcid.org/0009-0007-2838-4228
Massoud Houshmand, https://orcid.org/0009-0009-4319-0186

Authors’ Contributions

A.A., S.A., K.M., and M.H. participated in data collection 
and writing the manuscript. M.H., E.A., A.A., S.A., and S.F. 
participated in the study design and performed the statisti-
cal analysis. M.H., K.M. participated in the study design and 
coordination and helped to draft the manuscript. All authors 
read and approved the final manuscript.

Funding

No funding to declare.

Acknowledgements

We deeply appreciate the participation and cooperation of 
all individuals who took part in this study. Your contribution 
has been instrumental in helping us achieve the objectives of 
our research. This work would not have been possible with-
out your time and effort.

Ethics Approval and Consent to Participate

This study did not require ethical approval, as it only used 
previously published data. However, all procedures were con-
ducted in accordance with the principles of the Declaration of 
Helsinki.

Conflict of Interest

No potential conflict of interest relevant to this article was 
reported.

References

1.	 Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Re-
itsma S, et al. European position paper on rhinosinusitis and nasal 
polyps 2020. Rhinology 2020;58:1-464. https://doi.org/10.4193/
Rhin20.600

2.	 Rădeanu DG, Bronescu V, Stan C, Palade OD, Maniu AA. Chronic 
rhinosinusitis: a multifaceted burden on patients and society—a 
systematic review. Surgeries 2025;6:48. https://doi.org/10.3390/
surgeries6030048

3.	 Soler ZM, Smith TL, Alt JA, Ramakrishnan VR, Mace JC, 
Schlosser RJ. Olfactory-specific quality of life outcomes after en-
doscopic sinus surgery. Int Forum Allergy Rhinol 2016;6:407-13. 
https://doi.org/10.1002/alr.21679

4.	 Lim DJ, McCormick J, Skinner D, Zhang S, Elder JB, McLemore 
JG, et al. Controlled delivery of ciprofloxacin and ivacaftor via si-
nus stent in a preclinical model of Pseudomonas sinusitis. Int Forum 
Allergy Rhinol 2020;10:481-8. https://doi.org/10.1002/alr.22514

5.	 Loftus CA, Soler ZM, Koochakzadeh S, Desiato VM, Yoo F, 

https://orcid.org/0000-0002-7223-9905
https://orcid.org/0000-0002-5001-3577
https://orcid.org/0009-0004-0264-0551
https://orcid.org/0009-0001-8503-4212
https://orcid.org/0009-0007-2838-4228
https://orcid.org/0009-0009-4319-0186
https://doi.org/10.4193/Rhin20.600
https://doi.org/10.4193/Rhin20.600
https://doi.org/10.3390/surgeries6030048
https://doi.org/10.3390/surgeries6030048
https://doi.org/10.1002/alr.21679
https://doi.org/10.1002/alr.22514


J Korean Assoc Oral Maxillofac Surg 2026;52:58-72

72

Nguyen SA, et al. Revision surgery rates in chronic rhinosinusitis 
with nasal polyps: meta-analysis of risk factors. Int Forum Allergy 
Rhinol 2020;10:199-207. https://doi.org/10.1002/alr.22487

6.	 Tsuzuki K, Hashimoto K, Okazaki K, Sakagami M. Post-operative 
course prediction during endoscopic sinus surgery in patients with 
chronic rhinosinusitis. J Laryngol Otol 2018;132:408-17. https://
doi.org/10.1017/S0022215118000543

7.	 Lilja M, Koskinen A, Julkunen-Iivari A, Mäkitie A, Num-
minen J, Rautiainen M, et al. Radiological score of computed 
tomography scans predicts revision surgery for chronic rhino-
sinusitis. Acta Otorhinolaryngol Ital 2022;42:63-74. https://doi.
org/10.14639/0392-100x-n1561

8.	 Adappa ND, Zhang Z, Palmer JN, Kennedy DW, Doghramji L, 
Lysenko A, et al. The bitter taste receptor T2R38 is an independent 
risk factor for chronic rhinosinusitis requiring sinus surgery. Int Fo-
rum Allergy Rhinol 2014;4:3-7. https://doi.org/10.1002/alr.21253

9.	 Mfuna Endam L, Cormier C, Bossé Y, Filali-Mouhim A, Desro-
siers M. Association of IL1A, IL1B, and TNF gene polymorphisms 
with chronic rhinosinusitis with and without nasal polyposis: a rep-
lication study. Arch Otolaryngol Head Neck Surg 2010;136:187-
92. https://doi.org/10.1001/archoto.2009.219

10.	 Yilmaz G, Eyigor H, Gur OE, Kalkan T, Gur N, Selcuk OT, et al. 
The role of TAS2R38 genotype in surgical outcomes and cultur-
able bacteria in chronic rhinosinusitis with or without nasal polyps. 
Rhinology 2023;61:54-60. https://doi.org/10.4193/Rhin22.118

11.	 Katotomichelakis M, Gouveris H, Tripsianis G, Simopoulou M, 
Papathanassiou J, Danielides V. Biometric predictive models for 
the evaluation of olfactory recovery after endoscopic sinus surgery 
in patients with nasal polyposis. Am J Rhinol Allergy 2010;24:276-
80. https://doi.org/10.2500/ajra.2010.24.3476

12.	 Algahtani S, Alhajlah A, Abuharb AI, Alzarroug AF, Almughira AI, 
Alsywina N, et al. Outcomes of functional endoscopic sinus sur-
gery in chronic rhinosinusitis: a systematic review and meta-analy-
sis. Cureus 2024;16:e53952. https://doi.org/10.7759/cureus.53952

13.	 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA state-
ment. BMJ 2009;339:b2535. https://doi.org/10.1136/bmj.b2535

14.	 Adappa ND, Howland TJ, Palmer JN, Kennedy DW, Doghramji L, 
Lysenko A, et al. Genetics of the taste receptor T2R38 correlates 
with chronic rhinosinusitis necessitating surgical intervention. 
Int Forum Allergy Rhinol 2013;3:184-7. https://doi.org/10.1002/
alr.21140

15.	 Adappa ND, Farquhar D, Palmer JN, Kennedy DW, Doghramji 
L, Morris SA, et al. TAS2R38 genotype predicts surgical outcome 
in nonpolypoid chronic rhinosinusitis. Int Forum Allergy Rhinol 
2016;6:25-33. https://doi.org/10.1002/alr.21666

16.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated guide-
line for reporting systematic reviews. BMJ 2021;372:n71. https://
doi.org/10.1136/bmj.n71

17.	 Wu CL, Lee TJ, Huang CC, Chang PH, Fu CH. Clinical predictors 
of revision surgery for chronic rhinosinusitis with nasal polypo-
sis within 5-year follow-up. Am J Otolaryngol 2020;41:102654. 
https://doi.org/10.1016/j.amjoto.2020.102654

18.	 Lilja M, Koskinen A, Hammarèn-Malmi S, Laulajainen-Hongisto 
A, Numminen J, Myller J, et al. Radiological score, asthma and 
NSAID-exacerbated respiratory disease predict relapsing chronic 
rhinosinusitis. Clin Transl Allergy 2025;15:e70043. https://doi.
org/10.1002/clt2.70043

19.	 Abuduruk SH, Sabb Gul BK, AlMasoudi SM, Alfattani EH, Mo-
hammad MA, Alshehri HM, et al. Factors contributing to the recur-
rence of chronic rhinosinusitis with nasal polyps after endoscopic 
sinus surgery: a systematic review. Cureus 2024;16:e67910. https://
doi.org/10.7759/cureus.67910

20.	 Brescia G, Marioni G, Franchella S, Ramacciotti G, Giacomelli 
L, Marino F, et al. A prospective investigation of predictive pa-

rameters for post-surgical recurrences in sinonasal polyposis. Eur 
Arch Otorhinolaryngol 2016;273:655-60. https://doi.org/10.1007/
s00405-015-3598-5

21.	 Jeruzal-Świątecka J, Borkowska EM, Borkowska M, Pietrusze-
wska W. TAS2R38 bitter taste receptor polymorphisms in patients 
with chronic rhinosinusitis with nasal polyps preliminary data 
in Polish population. Biomedicines 2024;12:168. https://doi.
org/10.3390/biomedicines12010168

22.	 Veloso-Teles R, Cerejeira R. Endoscopic sinus surgery for chronic 
rhinosinusitis with nasal polyps: clinical outcome and predictive 
factors of recurrence. Am J Rhinol Allergy 2017;31:56-62. https://
doi.org/10.2500/ajra.2017.31.4402

23.	 Matsuwaki Y, Ookushi T, Asaka D, Mori E, Nakajima T, Yoshida 
T, et al. Chronic rhinosinusitis: risk factors for the recurrence of 
chronic rhinosinusitis based on 5-year follow-up after endoscopic 
sinus surgery. Int Arch Allergy Immunol 2008;146 Suppl 1:77-81. 
https://doi.org/10.1159/000126066

24.	 De Corso E, Settimi S, Tricarico L, Mele DA, Mastrapasqua 
RF, Di Cesare T, et al. Predictors of disease control after en-
doscopic sinus surgery plus long-term local corticosteroids in 
CRSwNP. Am J Rhinol Allergy 2021;35:77-85. https://doi.
org/10.1177/1945892420936196

25.	 Stryjewska-Makuch G, Janik M, Kolebacz B, Ścierski W, Lisows-
ka G. Allergies, asthma or hypersensitivity to NSAIDs - are they 
an equally important risk factor for the development of a specific 
CRS phenotype? Otolaryngol Pol 2019;74:8-16. https://doi.
org/10.5604/01.3001.0013.5264

26.	 Rosati D, Rosato C, Pagliuca G, Cerbelli B, Della Rocca C, Di 
Cristofano C, et al. Predictive markers of long-term recurrence 
in chronic rhinosinusitis with nasal polyps. Am J Otolaryngol 
2020;41:102286. https://doi.org/10.1016/j.amjoto.2019.102286

27.	 Tokunaga T, Sakashita M, Haruna T, Asaka D, Takeno S, Ikeda H, 
et al. Novel scoring system and algorithm for classifying chronic 
rhinosinusitis: the JESREC Study. Allergy 2015;70:995-1003. 
https://doi.org/10.1111/all.12644

28.	 Bai J, Huang JH, Price CPE, Schauer JM, Suh LA, Harmon R, et 
al. Prognostic factors for polyp recurrence in chronic rhinosinusitis 
with nasal polyps. J Allergy Clin Immunol 2022;150:352-61.e7. 
https://doi.org/10.1016/j.jaci.2022.02.029

29.	 Asaka D, Nakayama T, Hama T, Okushi T, Matsuwaki Y, Yoshika-
wa M, et al. Risk factors for complications of endoscopic sinus sur-
gery for chronic rhinosinusitis. Am J Rhinol Allergy 2012;26:61-4. 
https://doi.org/10.2500/ajra.2012.26.3711

30.	 Juan F, Ayiheng Q, Yuqin F, Hua Z, Jun Y, Bin H. Risk factors 
of chronic rhinosinusitis after functional endoscopic sinus sur-
gery. Med Sci Monit 2017;23:1064-8. https://doi.org/10.12659/
msm.900421

31.	 Koskinen A, Salo R, Huhtala H, Myller J, Rautiainen M, Kääriäin-
en J, et al. Factors affecting revision rate of chronic rhinosinusitis. 
Laryngoscope Investig Otolaryngol 2016;1:96-105. https://doi.
org/10.1002/lio2.27

32.	 Brunet A, Milara J, Frías S, Cortijo J, Armengot M. Molecular and 
clinical predictors of quality of life in chronic rhinosinusitis with 
nasal polyps. J Clin Med 2023;12:1391. https://doi.org/10.3390/
jcm12041391

How to cite this article: Ardalan A, Adl S, Moarefvand K, 

Amirkhani E, Faridazar S, Houshmand M. Personalizing sinus 

surgery: a systematic review and meta-analysis of clinical and 

genetic predictors of outcome in chronic rhinosinusitis. J Korean 

Assoc Oral Maxillofac Surg 2026;52:58-72. https://doi.org/10.5125/

jkaoms.2026.52.2.58

https://doi.org/10.1002/alr.22487
https://doi.org/10.1017/S0022215118000543
https://doi.org/10.1017/S0022215118000543
https://doi.org/10.14639/0392-100x-n1561
https://doi.org/10.14639/0392-100x-n1561
https://doi.org/10.1002/alr.21253
https://doi.org/10.1001/archoto.2009.219
https://doi.org/10.4193/Rhin22.118
https://doi.org/10.2500/ajra.2010.24.3476
https://doi.org/10.7759/cureus.53952
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1002/alr.21140
https://doi.org/10.1002/alr.21140
https://doi.org/10.1002/alr.21666
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.amjoto.2020.102654
https://doi.org/10.1002/clt2.70043
https://doi.org/10.1002/clt2.70043
https://doi.org/10.7759/cureus.67910
https://doi.org/10.7759/cureus.67910
https://doi.org/10.1007/s00405-015-3598-5
https://doi.org/10.1007/s00405-015-3598-5
https://doi.org/10.3390/biomedicines12010168
https://doi.org/10.3390/biomedicines12010168
https://doi.org/10.2500/ajra.2017.31.4402
https://doi.org/10.2500/ajra.2017.31.4402
https://doi.org/10.1159/000126066
https://doi.org/10.1177/1945892420936196
https://doi.org/10.1177/1945892420936196
https://doi.org/10.5604/01.3001.0013.5264
https://doi.org/10.5604/01.3001.0013.5264
https://doi.org/10.1016/j.amjoto.2019.102286
https://doi.org/10.1111/all.12644
https://doi.org/10.1016/j.jaci.2022.02.029
https://doi.org/10.2500/ajra.2012.26.3711
https://doi.org/10.12659/msm.900421
https://doi.org/10.12659/msm.900421
https://doi.org/10.1002/lio2.27
https://doi.org/10.1002/lio2.27
https://doi.org/10.3390/jcm12041391
https://doi.org/10.3390/jcm12041391
https://doi.org/10.5125/jkaoms.2026.52.2.58
https://doi.org/10.5125/jkaoms.2026.52.2.58

