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Abstract
Background: The extent to which gender affects outcomes in chronic rhinosinusitis (CRS) is unclear. The objective of this study 

was to examine differential outcomes between genders following endoscopic sinus surgery (ESS) among CRS patients. Methods: 

PubMed/Ovid, Embase and Cochrane databases were queried. Outcomes included disease burden on imaging and endoscopy, 

patient-reported outcome measures (PROMs) including the Sinonasal Outcome Test (SNOT-22), revision rates, and olfactory 

outcomes. Meta-analysis was performed using the Mantel-Haenszel method with random effects model. Results: Of 4,656 articles 

screened, 32 (n=103,499) were included for qualitative analysis and four (n=2,602) for meta-analysis. On qualitative analysis, 19 of 

the 32 studies noted a significant gender difference in post-operative outcomes, with five studies favoring women and 14 favo-

ring men. Nine of 18 studies with PROMs noted a difference between genders, all favoring men. Olfactory outcomes were mixed 

with studies divided on favoring men vs women. No studies noted significant gender differences of disease burden on imaging 

or endoscopy. Across four studies included in the meta-analysis, women had higher preoperative and post-operative SNOT-22 

scores. Conclusion: Meta-analysis shows that women patients have worse pre and postoperative SNOT-22 scores. Postoperative 

gender differences are most apparent in studies that examined PROMs. Further research is needed to investigate the underlying 

causes and to mitigate disparities between genders.
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Methods

Outcomes
• disease burden on 

imaging and endoscopy
• patient-reported 

outcome measures 
(PROMs) :

◦SNOT-22
◦Revision rates
◦Olfactory outcomes

Databases
• PubMed
• Embase
• Cochrane

n=103,499

show significant 
gender difference
in post-operative 

outcomes

19/32
favored
women

5 studies

favored men
14

       reported a
gender difference,

all favoring men

9

• 20% exclusively frontal
• 80% extended to anterior 

ethmoidal air cells

• 1 mucocele
• 5 radicular
• 3 dentigerous

Mantel-Haenszel method
 with random effects model

Articles 
32

18/32
used 
PROMs

No noted
gender 

difference

favorability
Mixed 4 of the studies

indicated higher 
pre & post-operative 

SNOT-22 scores
in women

◦Women had worse SNOT-22 
scores

◦Gender differences were most 
apparent in studies examining 
PROMs

◦More research is needed to:
▪ Investigate underlying causes
▪Mitigate gender disparities
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Introduction
Chronic rhinosinusitis (CRS) is characterized by prolonged 

symptomatic inflammation of the nasal mucosa and paranasal 

sinuses with or without polyps (1-3). Estimates of CRS prevalence 

in the last 10 years ranges from 2.1% to 11.9% with no overall 

difference in prevalence between genders (4,5). Disease burden 

significantly impacts patient-reported quality of life (PRQOL) 

and is responsible for considerable cost burden on the economy 
(6,7). Endoscopic sinus surgery (ESS) is an effective treatment mo-

dality for patients with CRS who have failed appropriate medical 

therapy and meet surgical indications (8). Multiple studies have 

demonstrated long-term improvement in PRQOL following ESS, 

with clinically significant improvement achieved in over 75% 

of patients (9,10). While most patients achieve some benefit from 

ESS, not all patients respond to treatment equally. Certain phe-

notypes of CRS are more severe and can lead to worse outcomes 
(11-13).

There has been growing interest in gender disparities regarding 

CRS burden and response to treatment. To date, findings on this 

topic have been controversial. Numerous studies report diffe-

rences in subjective and objective outcomes between genders; 

however, many demonstrate a trend towards poorer outcomes 

among women (14-17). Some studies suggest that women have 

higher total scores on the 22-Item Sinonasal Outcome Test 

(SNOT-22), indicating increased disease symptom burden (14,18). 

Yet, women have equivalent pre-operative Lund-Mackay ima-

ging scores and Lund-Kennedy endoscopy scores and undergo 

ESS at the same rate as men (18).

The purpose of this systematic review and meta-analysis is to 

highlight and analyze the differences in ESS outcomes between 

genders. This review evaluates for gender-specific differences 

in outcomes following ESS in CRS patients to include SNOT-22, 

other QOL measures, revision rates and complications, olfaction, 

and computed tomography (CT) and endoscopy scores. 

Materials and methods
Study design

A comprehensive review of the English-language literature was 

performed from the PubMed/Ovid, Embase, and Cochrane da-

tabases from inception to April 2023. Search criteria included all 

occurrences in the title or abstract of the terms: chronic sinusitis, 

surgery, polypectomy, sinusotomy, gender expression, male, 

female, SNOT-22, quality of life, recurrence, or relapse. Inclusion 

criteria for the literature search were defined using the Popula-

tion, Intervention, Control, and Outcome (Table 1) approach. The 

systematic search was performed in accordance with the Prefer-

red Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) standard. 

Two reviewers (M.R., K.P.) independently performed eligibility 

assessment of data in a standardized manner. Duplicate records 

were removed. The abstract of each citation was then screened 

for relevance and irrelevant citations were excluded. The full 

texts of the remaining citations were obtained along with ad-

ditional records from the reference lists of the published articles. 

MeSH terms and keywords used for the search included various 

combinations of the following: Sinusitis, CRS, endoscopic sinus 

surgery, ESS, polypectomy, gender, women, woman, man, men, 

sex, male, female, outcomes, SNOT-22, MCID, quality of life. One 

example PubMed search was: ((((sinusitis [MeSH Major Topic]) 

OR (Chronic sinusitis OR chronic rhinosinusitis OR CRS)) AND 

(Endoscopic sinus surgery OR ESS OR surgery OR polypectomy 

OR sinusotomy)) AND (gender expression OR gender identity OR 

gender OR women OR woman OR men OR man OR sex OR male 

OR female)) AND (SNOT-22 OR MCID OR (sinonasal AND quality 

of life) OR outcomes).

Study evaluation and data abstraction

Full-text articles were screened by the same two independent 

reviewers (M.R. and K.P.) using the established inclusion criteria. 

Exclusion criteria include 1) pediatric population (age <18 years), 

2) case reports, 3) non-specified gender, 4) lack of postoperative 

outcomes or unclear outcomes, and 5) studies not written in En-

glish. Finally, articles in the search were screened and included in 

the synthesis if appropriate. Conflicts were evaluated by a senior 

reviewer (J.F.) and included or excluded based on the defined 

criteria. The references of all included studies were evaluated, 

and studies were included for full text review after systematic 

search if they met criteria. Data gathered from full-text articles 

included SNOT-20 or -22 scores, surgical revision rates, olfactory 

function, QOL instrument scores, Lund-Mackay Score (LMS), 

Lund-Kennedy Score (LKS), and postoperative complications. Po-

stoperative outcomes between men and women were reviewed 

and categorized by two independent reviewers, with the senior 

author weighing in for final approval. Reported interventions 

and their results are summarized in the results section.

Table 1. PICOS.

Population Adult patients undergoing endoscopic sinus surgery 
for chronic rhinosinusitis

Intervention Endoscopic sinus surgery 

Comparison Gender difference in pre and postoperative outcomes 

Outcomes Patient reported quality of life instruments, revision 
rate, olfactory function, postoperative complications, 
endoscopic sinus scores (Lund-Kennedy score), and 
radiographic sinus scores (Lund-Mackay score)

Studies Prospective and retrospective cohort, case series, case 
control, randomized control
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Level of evidence of quality assessments

Two reviewers (M.R. and K.P.) independently performed a risk 

of bias assessment using the Joanna Briggs Institute Manual 

for evidence synthesis and checklists (19). Two critical appraisal 

checklists were used for evaluation, the JBI critical appraisal 

checklist for randomized controlled trials (RCTs) and the check-

list for quasi-experimental studies. The articles were scored 

across 9 points with a final determination of include/exclude 

(Supplemental Figure 1).

Meta-analysis and statistical analysis 

Meta-analysis was performed using the Mantel-Haenszel 

method with random effects model based on heterogeneity. He-

terogeneity was assessed using I-squared statistics. Heterogen-

eity was considered present if I2 >25%. Funnel plot analysis was 

performed to assess for publication bias. Comparison between 

SNOT-22 scores was performed using standardized mean dif-

ference (SMD) and recurrence rates were measured using odds 

ratios (OR). When pooling data in studies, the means, standard 

deviations, and 95% confidence intervals (CIs) were calcula-

ted. Statistical analysis was performed using RStudio Version 

1.4.1717 (RStudio, Inc., Boston, MA, USA).

Results
The original search strategy identified 4,656 articles. After appli-

cation of inclusion criteria, 45 met criteria for full-text review. An 

additional five articles were identified via review of the reference 

lists, for full text review of 50 articles (Figure 1). After application 

of exclusion criteria, 32 articles were included (Table 2), nine 

of which looked at gender differences as a primary outcome. 

The studies collectively included 106,449 patients. All included 

studies were published between 2005 and 2023.  

Meta-analysis

SNOT-22 

Of the included studies, four reported adequate data to undergo 

meta-analysis (n=1,363) (18,20,23,28). The results favor higher pre-

operative SNOT-22 scores among women with a standard mean 

difference (SMD) of 0.31 (95% CI, 0.23–0.39) and low heterogen-

eity (I2=0%; Figure 2). Similarly, the results favor higher postope-

rative SNOT-22 scores among women with the SMD of 0.29 (95% 

CI, 0.19–0.38) and low heterogeneity (I2=7%; Figure 3). 

Revision rate

Meta-analysis for the revision rates was performed; however, 

there was a high level of heterogeneity. Funnel plot analysis 

demonstrated a significant asymmetry suggested a significant 

publication bias (Supplemental Figure 4). Given this finding, 

meta-analysis for the rates of revision was not pursued due to 

risk of bias. 

Publication bias

Publication bias was assessed using funnel plot analysis (Sup-

plemental Figures 2-4). There was significant bias based on 

graphical analysis of the funnel plots, suggesting publication 

bias may influence the overall results. In the case of the reported 

SNOT-22 scores, there were an equal distribution of small sam-

ple sized studies above and below the mean suggesting a low 

Figure 1. PRISMA. 
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effect of the bias; however, in the case of revision rates, there 

was a significant asymmetry which was outweighed by small 

sample size studies.

Qualitative review

Effect of gender on quality of life

20 included studies (n=7,013) examined postoperative gender 

differences by using QOL instruments. 14 included studies 

(n=4,904) utilized either the SNOT-22 (16,18,20-23,26,28,34,40,43,64) or SNOT-

20 (24,27) instrument whereas 11 studies (n=4,626) (20,22-23,33,34,37-

39,41,43,65) utilized other QOL instruments. Notably all studies 

demonstrated significant improvement in QOL postoperatively 

among both genders.  

Seven studies noted pre or postoperative differences in SNOT 

20 or 22 scores between the genders (16,18,20,24,26,28,43). Notably five 

studies demonstrated significantly worse preoperative SNOT-

22 scores among women (16,18,20,26,28). Reported preoperative 

SNOT-22 scores between the studies ranged from 43.96–51.1 

for women and 37.97–44.7 for men. Several studies noted worse 

postoperative SNOT-22 scores in women; however, these dif-

ferences either dissipated by the 1-year mark or were clinically 

insignificant (18,20,23,43). In Azar’s study, however, women’s SNOT-22 

scores showed significantly more improvement compared to 

their male counterparts with a mean reduction of 35.0 versus 

15.9 points from baseline at 2 years postoperatively (16). 

Among the 11 studies that utilized other QOL instruments, 

there was significant variation in the instrument used. Adams 

retrospectively examined 1,268 CRS patients and found that 

women have statistically significant but marginally worse QOL 

preoperatively and up to 5 years postoperatively than their male 

counterparts via the EQ-5D instrument (20). Van der Veen also 

noted persistently worse QOL scores 3-5 years postoperatively 

in women compared to men among 560 CRS patients via the 

SF-36 instrument, a short form survey examining health-related 

limitations to daily activities (43).

Mendolia-Loffredo and Smith published two retrospective 

analyses of CRS patients which utilized the same data set. Both 

manuscripts reported that women have worse preoperative 

QOL scores via Chronic Sinusitis Survey (CSS) and Rhinosinusitis 

Disability Index (RSDI) scores (37, 41). Using these scales, Mendolia-

Loffredo and Smith noted sex-related differences persisted for a 

mean of 1.4 years postoperatively.  

Asokan performed a prospective multicenter trial encompassing 

603 CRS patients. His study showed that women have signifi-

cantly worse preoperative RSDI/SF-6D scores. At 6 months po-

stoperatively, women had worse RSDI scores but no significant 

difference in SF-6D score. There was no statistically significant 

difference in degree of improvement between the genders (23).

Katotomichelakis retrospectively examined 111 CRS patients 

which demonstrated that women have better improvement 

in Questionnaire of Olfactory Deficits (QOD) scores compared 

to men at 12 months with 67.3% improvement for women 

vs. 47.5 % for men, p=0.035 but no difference in SF36 scores. 

Multivariate regression found that gender was not predictive of 

postoperative QOL improvement (33). Simmonds and Tashman 

both conducted a multivariable mixed effects model on clinical 

factors that have an impact on QoL over a period of 5 years after 

ESS. Simmonds found that sex did not impact SNOT-22 scores 

over time (p=0.342); while Tashman found that female gender 

was associated with significantly worse EQ-5D over time (64,65). 

The remaining three studies showed no difference between 

genders (22,34,38).

Effect of gender on revision surgery rate

Six studies (n=96,635) assessed the effect of gender on revision 

surgery rate (9,25,29-30,35,42). In three studies (n=91,389), female gen-

der was found to be predictive of revision surgery (9,35,42). 

Conversely the three remaining studies found female gender to 

be protective against requiring revision surgery (25,29-30).  

Effect of gender on olfaction

Three studies evaluated postoperative olfaction between 

genders (n = 1,106) with divided results (23,26,33). Katotomichelakis 

noted that all patients experienced improved olfaction scores 

via the threshold discrimination identification test with Sniffin 

Figure 3. Standardized mean difference of postoperative SNOT-22 scores 

by gender, measured at 3-6 months post-operatively. 

Figure 2. Standardized mean difference of preoperative SNOT-22 scores 

by gender.
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Table 2. Primary reported outcomes from included studies.
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Table 2 continued.  Primary reported outcomes from included studies.
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Sticks; however, a higher frequency of postoperative anosmia 

was associated with female gender (33). Alternatively, Beswick 

found worse preoperative Brief Smell Identification Test (BSIT) 

scores in men but no significant postoperative difference 

between genders (26). In contrast, Asokan found women to have 

significantly worse preoperative BSIT scores. However, their 

postoperative BSIT scores were marginally better than men with 

a 1-point difference. In this study women showed a larger within 

subject improvement following ESS than men (23). 

Effect of gender on endoscopic and radiographic disease 

burden 

Five of the included studies (n = 1,445) examined disease bur-

den as measured by postoperative endoscopic exam (LKS) or CT 

imaging (LMS) (12,23,32,37,41). Notably none of the included studies 

demonstrated a significant postoperative difference between 

the sexes. Asokan et al. did find that men had worse preopera-

tive LMS (12.3 ± 6.3 vs 11.3 ± 6.2, p=0.025). Their study sugge-

sted that men demonstrated greater intergroup improvement; 

however, this difference was not statistically significant (23). The 

other 4 studies did not find any difference between men and 

women for postoperative measures of objective disease burden 
(12,32,37,41).

Discussion
This is the first systematic review and meta-analysis of the 

published literature to assess the effect of gender differences on 

surgical outcomes for CRS patients. There is growing evidence 

within the otolaryngology community that women respond dif-

ferently than men following ESS. The present review highlights 

the considerable amount of current interest into this topic; three 

of the identified 32 articles were written within the last 10 years. 

This interest is driven by research in other surgical literature 

which has shown differences in how men and women respond 

to surgical interventions. This includes poorer outcomes for wo-

men undergoing cardiac valve repair or coronary artery bypass, 

lumbar disc herniation repair, and gastric bypass surgery (45-49).

While the data is abundant, the results are not consistent. Over-

all, 20 of the 32 studies noted a gender difference in postopera-

tive ESS outcomes. Of the studies that demonstrate a difference, 

five showed a protective effect for being female, while 15 

showed worse outcomes for women for at least one outcome 

measure. Our meta-analysis and qualitative review suggest that 

women tend to have worse pre- and postoperative SNOT scores. 

We identified five primary categories which explored these 

gender differences in the literature: SNOT scores, revision rates, 

QOL, olfaction, and disease burden. The categories which relied 

on patient-reported outcome measures such as SNOT-22 score 

and other PRQOL instruments demonstrated the most signifi-
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cant differences between genders. Alternatively, the categories 

which relied on objective measures such as revision rates, QOL, 

and olfaction demonstrated more mixed results, without most 

of the studies reporting a significant gender difference. 

There are several theories as to why women may have poorer 

postoperative outcomes. Women with CRS who seek ESS may 

have a higher prevalence of severe disease endotypes. In studies 

by Azar et al. and Lu-Meyers et al. women with CRS have higher 

serum IgE levels than men whereas in the general population 

men tend to have higher IgE levels (16,50,51). Similarly, women in 

the Azar study were more likely to have fungal elements on 

histopathologic analysis (21.9% versus 9.1%) suggesting a dif-

ferent, more severe disease process than experienced by men. 

When looking at CRSwNP specifically, Stevens et al. found that 

women are significantly more likely to have comorbidities such 

as asthma and are 2.5 times more likely to suffer from aspirin-

exacerbated respiratory disease (52). Women are also more likely 

to exhibit aeroallergen hypersensitivity which again suggests 

a more severe disease process (52,53). Unfortunately, most of the 

included studies comprise all patients with CRS and do not diffe-

rentiate between CRSwNP and CRSsNP or phenotypes. Failure to 

differentiate among CRS endotypes could confound the results 

as genders are not equally represented between CRSwNP and 

CRSsNP and do not respond equally within the same group. Of 

the studies that did perform secondary analysis of CRS endo-

type between genders, CRSwNP occurred more commonly in 

men (20,23,53-54).

Women may be more likely to suffer from comorbid conditions 

which exacerbate the symptoms or perception of the symptoms 

of CRS. As an example, Azar et al. found that women had signifi-

cantly higher rates of migraines (19.4% versus 4.6%) and overall 

primary headaches disorders (23% versus 6.2%). Migraine 

can be a potent driver of worsened symptom scores and QOL 

among CRS patients (16). As Derbarsegian et al. demonstrated, 

the negative impact of comorbid migraine on CRS-specific QOL 

may be greater than other well-known negative CRS disease 

modifiers, such as gender, comorbid asthma and allergy, and a 

previous history of smoking tobacco (55). Specifically when consi-

dering SNOT-22, facial pain and pressure and postnasal drainage 

may lead to higher scores in the subdomains of rhinologic and 

non-rhinologic symptoms. This was echoed by Lal et al. with 

significantly worse rhinologic and non-rhinologic subdomain 

scores pre- and postoperatively at 3 and 6 months (15). Adams 

et al. found a significantly higher incidence of any headache 

disorder for female patients in their cohort (20). Therefore, it is 

important to consider the possible confounding role of primary 

headache and migraine disorders on SNOT-22 and other QoL 

surveys to determine postoperative response. The presence of 

comorbid depression and anxiety can compound CRS sympto-

mology and has been shown to be more prevalent in women 

with CRS.  Steele et al. has shown anxiety to occur in higher pre-

valence in patients with CRS and that CRS patients with anxiety 

are more likely to be female. The presence of comorbid anxiety 

is associated with worse pre- and postoperative QOL outcomes 
(56). Similarly, depression symptoms have been shown to be 

independently correlated to female gender among CRS patients 
(57). In longitudinal surveys, there are conflicting findings on 

the psychological subdomain of SNOT-22. While Lal et al. finds 

no difference at any time point between genders, Asokan et 

al. finds, in a higher-powered study, persistently higher scores 

pre- and postoperatively (20 23). Although there is some evidence 

to suggest comorbid mood disorders and symptoms may be 

higher in females, the evidence is not overwhelming. It is the 

authors’ opinion that mood disorders should not bias the pre- or 

postoperative evaluation of CRS in females.  

Another contributor to gender disparity could stem from 

differences in how men and women perceive or report CRS 

symptoms. Phillips et al. found that female CRS patients report 

greater CRS symptom burden on the SNOT-22 survey compared 

to male patients. Despite this there was no difference in patient 

reported symptom control between male and female partici-

pants, and, on average, females reported poor symptom control 

at higher SNOT-22 scores than men (53). These findings agree 

with most of the included articles and our own meta-analysis, 

and suggest that women, generally, exhibit higher SNOT-22 

scores. What is unclear is if this difference is secondary to how 

the genders differ in perception, reporting of symptoms, true 

disease burden, or implicate gender bias of the SNOT-22 instru-

ment. The fact that almost all articles included in this review do 

not find objective gender differences in CRS burden (Lund-Ken-

nedy, Lund-Mackay, olfaction) suggests that the difference may 

not be due to disease control. The differences may be partially 

attributed to semantic differences for sinus-related conditions 

which have previously been described among patients and pro-

viders (58,59). Nevertheless, there does not seem to be a relations-

hip between health literacy for rhinologic patients by gender (60).

Immunologic or hormonal factors may play a role in modula-

ting disease severity. Esperen et al. demonstrated that female 

patients with CRSwNP have lower estradiol levels than those 

without (61). Estradiol has been demonstrated to be involved in 

chronic diseases such as asthma by exerting anti-inflammatory 

effects via inhibition of TNF-alpha, interferon-gamma and 

natural killer cells (62,63). This finding suggests that estradiol is 

protective in the majority of the population but women with 

lower levels are more susceptible to developing severe disease 

with worse comorbidities. Stevens et al. found that polyp tis-

sues from CRSwNP women have higher levels of inflammatory 

markers and increased levels of autoantibodies compared 
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to polyp tissue from men (52). Conversely, Brescia et al. found 

that allergy rates were lower in elderly women than younger 

men and women. However, elderly women did not display 

a difference in prevalence of tissue eosinophils count, blood 

eosinophil and basophil counts, asthma, or AERD compared to 

their younger counterparts. This study would then suggest that 

postmenopausal women with lower levels of estrogen do not 

see improvement in negative disease modifiers (29).

Lastly, postoperative management may play a role. A study by 

Yoo et al. found that male patients are more likely to use saline 

irrigations in the postoperative period (44). A study by Do et al. 

found that women were more likely to require steroid irrigations 

postoperatively; however, there was no difference in the tissue 

remodeling rate between genders (31). 

While this review suffers from several limitations, it highlights 

the need for high quality research on postoperative gender dif-

ferences among CRS patients which consider disease subtypes, 

adequate follow-up, and standardized instruments. This study is 

limited by the high heterogeneity among studies, even within 

specific categories. In general, there was a lack of standardized 

survey instruments except for SNOT-22 and its variations. Our 

meta-analysis was further limited in scope by the paucity of 

data available in the published articles. Future studies utilizing 

PRQOL instruments should consider reporting changes in scores 

to allow for head-to-head comparisons and future meta-analy-

ses.

Conclusion
Pre and postoperative gender differences among CRS patients 

appear to be significant and widely reported with meta-analysis 

suggesting worse outcomes among women. These differences 

are most apparent in studies which examined patient reported 

outcome measures such as SNOT scores and other QOL surveys. 

The current literature suffers from lack of high-quality data 

and high heterogeneity in study design and outcomes. Further 

research is needed to investigate the underlying cause of these 

differences and to identify ways in which these differences can 

be mitigated. 
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SUPPLEMENTARY MATERIAL

Supplemental Figure 1. Risk of Bias Assessment. Green indicates low risk 

of bias and red indicates high risk of bias for each domain.

D1; Was the sample frame appropriate to address the target population? 

D2: Were study participants sampled in an appropriate way? D3: Was 

the sample size adequate? D4: Were the study subjects and the setting 

described in detail? D5: Was the data analysis conducted with sufficient 

coverage of the identified sample? D6: Were valid methods used for the 

identification of the condition? D7: Was the condition measured in a 

standard, reliable way for all participants? D8: Was there appropriate sta-

tistical analysis? D9: Was the response rate adequate, and if not, was the 

low response rate managed appropriately?

Supplemental Figure 2. Funnel plot for SMD of preoperative SNOT-22 by 

gender.

Supplemental Figure 3. Funnel plot for SMD of postoperative SNOT-22 

scores by gender.

Supplemental Figure 4. Funnel plot for revision rates by gender.


