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Does Comorbid Obesity Impact Quality of Life Outcomes in 
Patients Undergoing Endoscopic Sinus Surgery?
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M. Soler, MD, MSc3, and Timothy L. Smith, MD, MPH1

1Division of Rhinology and Sinus/Skull Base Surgery, Oregon Sinus Center, Department of 
Otolaryngology – Head and Neck Surgery; Oregon Health and Science University, Portland, 
Oregon, USA

2Department of Surgery, Division of Otolaryngology-Head & Neck Surgery, University of 
California San Diego, San Diego, CA., USA

3Department of Otolaryngology – Head and Neck Surgery, Division of Rhinology & Sinus Surgery, 
Medical University of South Carolina, Charleston, SC, USA

Abstract

Background—Both obesity and chronic rhinosinusitis (CRS) are characterized by inflammation. 

Furthermore, both disease processes are independently associated with decreases in quality-of-life 

(QOL). We sought to investigate the role of comorbid obesity in QOL outcomes in CRS patients 

undergoing endoscopic sinus surgery (ESS).

Methods—Adult patients with medically refractory CRS (n=241) were prospectively enrolled 

into a multi-institutional treatment outcomes investigation. Body mass index (BMI) calculations 

were used to differentiate patient weight groups (normal weight: 18.5–24.9, overweight: 25.0–

29.9; and obese: ≥30.0). Preoperative and postoperative QOL (Rhinosinusitis Disability Index 

(RSDI) and the 22-item Sinonasal Outcome Test (SNOT-22)) were evaluated compared across 

BMI groups and obesity subclasses.

Results—The prevalence of comorbid obesity was 41% (n=99). Higher prevalence of comorbid 

disease was found across increasing BMI groups including diabetes mellitus, asthma, and 

depression. No significant differences were found in mean preoperative QOL measures between 

any BMI groups. Significant improvement between preoperative and postoperative QOL mean 

scores (p≤0.050) was found for all BMI groups. Despite no significant difference in mean QOL 

improvement between BMI groups (p≥0.142), overweight and obese patients reported reduced 

relative mean percentage (%) improvement compared to normal weight participants on the RSDI 
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total score (33% and 37% vs. 55%, respectively) and SNOT-22 total score (29% and 40% vs. 

48%, respectively).

Conclusions—Patients with comorbid obesity experience significant improvement in average 

QOL gains following ESS though the percentage of relative improvement in QOL may be 

decreased in patients with comorbid obesity and CRS as compared to those without.

MeSH Key Words

Sinusitis; endoscopy; chronic disease; quality of life; obesity; overweight; body mass index

INTRODUCTION

The World Health Organization defines obesity as an abnormal or excessive accumulation 

of fat that leads to negative health consequences.1 Regardless of age, race, sex, and 

socioeconomic status, the prevalence of obesity is increasing in the United States.2 Over 

30% of Americans are obese and more than two-thirds are overweight.3 While the numbers 

in the United States may be staggering, the prevalence of obesity is increasing in nearly 

every country with reported data.4 Well-documented health risks directly related to obesity 

include chronic kidney disease, osteoarthritis, diabetes, sleep apnea, nonalcoholic fatty liver 

disease, hypertension and cardiovascular disease. Obesity also leads to a greater degree of 

functional impairment, reduced quality of life5,6 and increased mortality.7

Recent evidence suggests adipose tissue acts as an endocrine organ capable of contributing 

to and maintaining metabolic and inflammatory pathways.8 Obesity is characterized by a 

low-grade systemic inflammation induced by different inflammatory mediators such as IL-6, 

TNF-alpha, IL-1, and adipokines.8,9 The association between chronic rhinosinusitis (CRS) 

and obesity has garnered recent attention. Bhattacharyya demonstrated that increasing body 

mass index (BMI) was significantly associated with the presence of both allergic rhinitis and 

CRS.10 Chung et al. established obesity as one of the most common comorbidities for 

subjects with CRS, surpassing other common CRS comorbidities such as migraine and 

depression.11 Although it is unclear whether a true causal relationship exists between 

obesity and CRS, both share a predisposition to chronic inflammation.

Based on evidence that implicates obesity as a hyper-inflammatory state, we hypothesized 

that patients with increasing BMI would demonstrate increased disease severity measures at 

baseline. Furthermore, we hypothesized that patients in the overweight and obese groups 

would demonstrate less postoperative improvement in disease specific and general quality of 

life measures following endoscopic sinus surgery (ESS).

MATERIALS and METHODS

Inclusion criteria and study population

Adult patients (≥18 years) were recruited from Oregon Health & Science University 

(OHSU, Portland, OR) and the Medical University of South Carolina (MUSC, Charleston, 

SC) as part of a multi-site, observational, prospective investigation to evaluate treatment 

outcomes following ESS. All patients were diagnosed with CRS following criteria currently 
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endorsed by both The European Position Paper on Rhinosinusitis and Nasal Polyps 

(EPOS2012) and the American Academy of Otolaryngology12,13 and self-selected ESS as 

the next treatment option. All patients had previously taken medical therapies including at 

least one course (≥14-days) of broad spectrum or culture-directed antibiotics and at least one 

trial of topical corticosteroids (≥21-days) or a 5-day course of oral corticosteroids.

Enrolled study participants provided informed consent in English and agreed to complete all 

study-related evaluations. Participants were asked to provide medical history, social history, 

and personal demographic information. Study involvement was completely voluntary and 

standard of care was not altered during the study duration. The Institutional Review 

Boards(IRB) at OHSU (eIRB #7198) and MUSC (IRB #12409) granted study approval and 

annual review of safety protocols and enrollment progression. Consenting participants were 

followed for a total of 18-months postoperatively with follow-up assessments 6-month 

intervals either during routine, physician-directed clinical appointments or via follow-up 

mailings. Concurrent follow-up clinical examinations were also collected at 6-month 

intervals when feasible. Previous results from this investigation have been published.14–18

Clinical measures of disease severity

Clinical measures of disease severity, collected during preoperative evaluations, were used 

simultaneously for investigational purposes. The paranasal sinuses were evaluated 

bilaterally using fiberoptic endoscopes (SCB Xenon 175, Karl Storz, Tuttlingen, Germany) 

and endosopic exams were staged by the enrolling physician at each site (RJS, ZMS, TLS) 

using the bilateral Lund-Kennedy scoring system (score range: 0–20) which quantifies 

pathologic states within the paranasal sinuses using a Likert scale.19 Endoscopic 

examinations were collected during concurrent 6-month intervals during standard clinic 

follow-up visitations.

High resolution computed tomography (CT) with bone and tissue windows was utilized to 

evaluate preoperative sinonasal disease severity using 1.0mm contiguous images. Images 

were staged by the enrolling physician in accordance with the Lund-Mackay bilateral 

scoring system (score range: 0–24) which quantifies the severity of image opacification 

using a Likert scale.20 Postoperative CT evaluations were not collected due to risks 

associated with elevated radiation exposure and divergence from the standard of care. 

Higher scores on both staging systems reflect worse disease severity.

Olfactory function was evaluated using the Brief Smell Identification Test (BSIT) screening 

tool during QOL survey evaluations. The BSIT is a validated 12-item, non-invasive test of 

olfactory function that uses microencapsulated odorant strips in a ‘scratch ‘n sniff’ format.21 

Participants are instructed to identify each odorant using a method of ‘forced choice’ (score 

range: 0–12). Higher total scores represent better olfactory status whereas both male and 

females can be categorized as having “normal” (score ≥9) or “abnormal” olfactory function.

Disease-specific quality of life measures

Study participants completed two QOL surveys during both preoperative evaluation and at 

all subsequent follow-up time points. The Rhinosinusitis Disability Index (RSDI) is a 30-
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item survey instrument comprised of 3 subdomains to assess the impacts of CRS on a 

participants physical, functional, and emotional status.22 Higher subdomain and total RSDI 

scores (score range: 0–120) represent worse QOL and greater impact of CRS on patients’ 

daily function. The 22-item Sinonasal Outcome Test (SNOT-22) is a validated survey 

developed to evaluate symptom severity in rhinosinusitis (©2006, Washington University, 

St. Louis, MO).23,24 Previous exploratory factor analysis of SNOT-22 scores using this 

cohort identified 5 distinct subdomains.18 Subdomains include rhinologic symptoms, extra-

nasal rhinologic symptoms, ear and/or facial symptoms, psychological dysfunction, and 

sleep dysfunction. Higher subdomain and SNOT-22 scores (score range: 0–110) represent 

worse QOL and symptom severity. Enrolling physicians were blinded to all survey 

responses during the study duration.

Surgical intervention

Surgery consisted of either unilateral or bilateral maxillary antrostomy, partial or total 

ethmoidectomy, sphenoidotomy, middle turbinate resection or inferior turbinate reduction, 

septoplasty, or frontal sinusotomy (Draf I, IIa, IIb, or III) and involved judicious use of 

image guidance. Study participants were either primary or revision surgery cases. The 

approach to endoscopic sinus surgery was contingent upon and directed by intraoperative 

physician’s discretion on a case-by-case basis.

Body Mass Index

Study participants undergoing surgical management of chronic sinusitis were considered for 

cohort inclusions if they had height (inches (in.)) and weight (pounds (lb.)) measurements on 

the day of surgery as part of the peri-operative standard of care. Body Mass Index (BMI) 

was calculated for each patient using the standard formula: BMI = (weight (lb.) × 703) / 

(height (in.)2). Participants were then categorized into conventionally defined adult groups 

using the International Classification of Diseases (9th edition; ICD-9) including: normal 

weight (BMI: 18.5–24.9), overweight (BMI: 25.0–29.9; ICD-9: 278.02), and obese (BMI: ≥ 

30.0). Participants categorized as obese were further divided into Class I (BMI: 30.0–34.9; 

ICD-9: 278.0), Class II (BMI: 35.0–39.9; ICD-9: 278.0), and Class III (BMI: ≥ 40.0; ICD-9: 

278.01) and evaluated for subclass differences.1

Exclusion Criteria

Patients with exacerbations of recurrent acute rhinosinusitis and either comorbid 

sarcoidosis25 or ciliary dyskinesia26 / cystic fibrosis were excluded due to possible 

variations in treatment and potential associations with BMI measures. Additional subjects 

were excluded if they had not yet entered the initial follow-up period (≤6-months) or were 

categorized as underweight with a BMI less than 18.5. Any participants who failed to 

provide any study-related evaluations within the 18-months after ESS were considered lost 

to follow-up.

Data management and statistical analyses

Statistical analyses were completed using SPSS v.22 software (IBM Corp., Armonk, NY). 

All data was de-identified and manually entered into a relational database (Microsoft 
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Access; Microsoft Corp., Redmond, WA). Baseline study population characteristics, clinical 

measures of disease severity, disease-specific quality of life scores, and measures of surgical 

extent were descriptively evaluated across BMI categories and obese subclasses. Primary 

outcomes of interest included mean postoperative improvements in endoscopy, BSIT, RSDI, 

and SNOT-22 scores operationalized by subtracting last available score from preoperative 

scores. Last available RSDI and SNOT-22 scores were used due to historical consistency 

between 6, 12, and 18 month follow-up.27,28 Significant improvement over time was 

evaluated using either matched pairing t-tests or Wilcoxon signed rank testing. Two-sided 

Pearson’s chi-square (χ2) and Fishers exact testing were used to compare all prevalence 

measures across BMI categories and obese subclasses using either 2×2 or 2 × 3 omnibus 

contingency tables when appropriate. Pearson’s correlation coefficients (Rp) were used to 

evaluate linear associations between BMI and all QOL measures. Differences between BMI 

categories were evaluated using Kruskall-Wallis or analysis of variance (ANOVA) omnibus 

test statistics with adjustments for multiple comparisons. All comparisons were reported 

with Type I error probability determined at the 0.050 level for significant differences. 

Potential variation in baseline QOL status was considered further when evaluating 

postoperative improvements by calculating the mean percentages (%) of absolute relative 

improvement in QOL outcomes determined for each participant using the algorithm: [(mean 

preoperative score − mean postoperative score) / mean preoperative score] × 100.

RESULTS

Preoperative characteristics

A total of 290 study participants were enrolled between March, 2011 and July, 2014. 241 

participants were selected for final analyses, after exclusion of patients without peri-

operative height and weight measurements (n=9), sarcoidosis (n=2), ciliary dyskinesia / 

cystic fibrosis (n=9), recurrent acute rhinosinusitis (n=27), and a BMI of less than 18.5 

(n=2). The final study cohort consisted of 66 participants with normal weight (27%), 76 

participants categorized as overweight (32%), and 99 participants defined as obese (41%). 

Normal weight, overweight, and obese subgroups were found to have statistically similar 

frequencies (χ2=1.89, p=0.389) of postoperative follow-up (80%, 80%, and 73%). 

Comparisons of participant characteristics and preoperative clinical measures of disease 

severity across BMI subgroups are described in Table 1.

Compared to either overweight or obese participants, patients with normal weight were 

found to be significantly younger in average age (p≤0.001) after adjustments for multiple 

comparisons while obese participants were found to provide fewer mean postoperative 

months of follow-up (p=0.042) compared to normal and overweight patients. A significantly 

higher proportion of obese participants were found to be male compared to normal weight 

participants (χ2=6.17; p=0.013). Likewise, a higher prevalence of African Americans were 

categorized as obese compared to both normal weight (χ2=5.24; p=0.022) and overweight 

(χ2=6.63; p=0.010) patients. No significant differences in mean CT score or BSIT olfactory 

function scores were noted, however average endoscopy scores were significantly higher in 

obese (p=0.007) and overweight (p=0.019) subgroups as compared to normal weight 

participants.
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Comparing overweight and obese patients (n=175) with normal weight patients (n=66) 

found patients within the overweight/obese group to be significantly older on average 

(54.2[14.3] vs 47.0[17.2] years, respectively; p=0.001), were more predominantly male 

(47% vs. 65.2%; p=0.014), had a higher prevalence of both revision ESS (53% vs. 39%; 

p=0.068) and nasal polyposis (39% vs 27%; p=0.080). Overweight and obese patients 

reported a lower prevalence of alcohol consumption compared to normal weight participants 

(46% vs 61%; p=0.047) and significantly worse average endoscopy scores (6.8[3.6] vs 

5.1[3.7]; p=0.001).

Obese study participants were further categorized into subclasses and evaluated across all 

cohort characteristics and preoperative clinical measures of disease severity. Participants 

with Class I (n=58), Class II (n=24), and Class III (n=17) obesity were found to have mean 

BMI measures of 32.1[1.5], 37.4[1.4], and 45.8[5.5], respectively. There was a significantly 

higher prevalence of males in the Class I obese subgroup compared to Class II (67% vs. 

42%, respectively, χ2=4.62; p=0.032) and Class III subgroup (67% vs. 29%, respectively, 

χ2=7.76; p=0.005). Participants in the Class III obese subgroup were found to have a higher 

prevalence of a history of allergies (n=7; 41%) compared to both Class I (n=8; 14%; 

χ2=6.16; p=0.013) and Class II (n=3, 13%; p=0.063). Participants in the Class I obese 

subgroup also reported a higher prevalence of alcohol use (n=31; 53%) compared to the 

Class II (n=5; 21%; χ2=7.33; p=0.007) subgroup. Participants in the Class I obese subgroup 

were found to have significantly worse preoperative endoscopy scores (7.8[3.9]) compared 

to the Class II (6.0[2.8]; p=0.046) and Class III (4.8[2.6]; p=0.004). Similarly, participants 

in the Class I obese subgroups had worse preoperative CT scores (13.5[6.7]) compared to 

both Class II (10.8[5.1]; p=0.059) and Class III (9.7[4.3]; p=0.021).

Preoperative quality of life measures

No significant differences were found in average preoperative QOL measures between any 

BMI subgroups as measured by the RSDI or SNOT-22 survey total scores or subdomains 

scores (p≥0.067; Table 2). Comparing overweight and obese patients (n=175) with normal 

weight patients (n=66) found patients in the overweight and obese group to report 

significantly worse SNOT-22 rhinologic domain scores (16.8[6.5] vs. 14.6[6.6] p=0.020). 

All other mean preoperative QOL scores were similar between weight groups.

Study participants in the Class II obese subclasses were found to have significantly worse 

preoperative QOL compared to the Class I subgroup as measured by the RSDI total mean 

score (57.5[28.3] vs. 42.9[21.2]; p=0.023), RSDI functional subdomain (18.8[9.4] vs. 

13.4[8.0]; p=0.014) scores, and RSDI emotional subdomain (17.4[11.2] vs. 11.5[7.3]; 

p=0.022) scores. No further difference between any obese subclass was found for any of the 

preoperative SNOT-22 total or subdomain scores.

Endoscopic sinus surgery procedures

The frequency of endoscopic sinus surgery procedures was found to be similar between BMI 

subgroups for most procedural categories (Table 3). Exceptions were found for the use of 

image guidance with a significantly higher percentage of obese (χ2=6.51; p=0.011) and 

overweight (χ2=6.60; p=0.010) participants having image guidance used during ESS 
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compared to normal weight patients. Participants categorized as obese (χ2=6.47; p=0.011) 

and overweight (χ2=5.63; p=0.018) had significantly less overall sides undergoing partial 

ethmoidectomy compared to normal weight participants. Similarly, overweight participants 

were found to have a significantly higher percentage of overall sides requiring both total 

ethmoidectomy (χ2=8.17; p=0.004) and sphenoidotomy (χ2=4.93; p=0.026) compared to 

normal participants. The frequency of bilateral procedures was found to be similar between 

obese subclasses.

Postoperative quality of life improvements

A total of 186 participants (77%) completed at least 6-month follow-up QOL evaluations 

with similar prevalence (p=0.389) of follow-up between BMI subgroups categorized as 

normal weight (n=53; 80%), overweight (n=61; 80%), and obese (n=72; 73%). Significant 

improvement over time between preoperative mean scores and postoperative mean scores 

(p≤0.050) was found for all weight groups for all quality of life measures (Table 4). Obese 

participants improved, on average, to a slightly lesser magnitude compared to normal weight 

or overweight participants, however the magnitude of average improvement was statistically 

similar between all three BMI subgroups (p≥0.142). Comparing patients in overweight and 

obese subgroups (n=133) with normal weight patients (n=53) with follow-up found no 

additional significant differences between groups for any mean QOL scores improvements 

(p≥0.256).

The 72 participants (73%) categorized as obese completed at least 6-month follow-up QOL 

evaluations with similar prevalence (p=0.718) of follow-up between Class I (n=41; 71%), 

Class II (n=19; 79%), and Class III (n=12; 71%). Trends similar to Table 4 were found 

across obese subgroups with no statistical differences in the magnitude of average 

improvements between Class I, Class II, and Class III participants (p≥0.125) for any QOL 

measure. Likely due to insufficient sample size, statistically significant postoperative 

improvement over time was not identified for Class II obese patients (n=19) for the RSDI 

emotional subdomain (−3.2[8.1]; p=0.081). Likewise, significant improvement was not 

reported by Class III obese patients (n=12) for the RSDI emotional subdomain (−7.8[8.2]; 

p=0.054) and the sleep dysfunction domain (−3.7[6.0]; p=0.056) of the SNOT-22.

The prevalence of relative postoperative improvement for each BMI subgroup is delineated 

in Table 5A–B. Participants classified as obese were found to have a lesser magnitude of 

overall mean relative improvement across most QOL measures, compared to normal weight 

and overweight participants, however those differences were not statistically significant. 

Interestingly, the group of study participants with follow-up who were categorized as obese 

Class III (n=12) reported the greatest percentage of relative improvement on all RSDI total 

and subdomain scores after ESS of any BMI group or obese subclass. Similar trends were 

found when comparing normal weight participants (n=53) to overweight and obese subjects 

(n=133) as denoted in Table 6.

Postoperative improvement in disease severity measures

All three BMI subgroups were found to have significant improvement (p≤0.001) in 

postoperative endoscopy scores over time and with similar average magnitudes (Table 7). 
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Mean BSIT scores were not found to improve significantly over time for any BMI subgroup 

(p≥0.187). Relative improvements in endoscopy scores were greater for obese participants 

(53%) compared to overweight (43%) and normal weight (38%) participants. Relative 

improvements in BSIT scores were minimal for all BMI subgroups (range: −1% to 4%).

Similar trends were found between obese sub-classifications. Class I participants were found 

to have significant improvement in endoscopy exam scores (−4.4[4.3]; p<0.001; 50.4%) 

compared to Class II (−5.7[3.7]; p=0.017; 71.0%) and Class III (−1.9[1.8]; p=0.041; 

58.6%), though no significant differences in mean endoscopy score improvement were 

found between subclasses (p=0.119). The difference in magnitude in endoscopy score 

improvements between obese subclasses were statistically similar (p≥0.272). Mean BSIT 

scores were not found to improve significantly over time for any of the three obese 

subclasses (p≥0.165).

DISCUSSION

Obesity is associated with an increased risk of a variety of comorbidities including 

cardiovascular disease, diabetes, and asthma.7 BMI is inversely correlated with QOL with 

increasing BMI associated with reductions in both the quality and quantity of life.7 Similar 

comorbidities have been associated with chronic rhinosinusitis, and patients with CRS have 

higher levels of comorbid asthma, GERD, migraine, and mental illness.11,17,29,30 We sought 

to describe baseline characteristics of patients with CRS and comorbid obesity and examine 

the influence of obesity on QOL outcomes in patients with CRS electing to undergo ESS.

Clinical measures of disease status including Lund-McKay CT score and BSIT were not 

significantly different between normal weight, overweight, and obese groups either pre-

operatively or postoperatively. Interestingly, olfactory sensitivity may be affected by BMI31, 

though no difference was seen between groups in the current study. Baseline endoscopy 

scores were found to be significantly higher in obese and overweight subgroups as compared 

to normal weight patients and may be a reflection of differential rates of revision and nasal 

polyposis. Patients with and without comorbid obesity exhibited significant improvements in 

endoscopy scores over time, though there was no difference between the two groups in the 

degree of improvement. Postoperatively, each treatment group exhibited significant 

improvement in each QOL construct; however, on average overweight and obese 

participants reported less relative percent improvement compared to normal weight 

participants on the RSDI total score (33% and 37% vs. 55%, respectively) and SNOT-22 

total scores (29% and 40% vs. 48%, respectively) though these differences were not 

statistically significant nor were subgroup analyses within obese participants. Relative 

percentage of improvement was chosen as a supplemental measure as it may best describe 

the true reflection of postoperative improvement relative to preoperative symptom 

severity.32,33

Patients with CRS and comorbid obesity were found to have a higher prevalence of 

comorbid diabetes, asthma, and depression, though these differences did not all reach 

statistical significance at the 0.050 alpha level. These associations were anticipated, as there 

is substantial data linking obesity to these chronic diseases. The long-term risk of type II 
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diabetes increases significantly with increasing weight,34 and weight loss is associated with 

a reduction in the risk of diabetes and improved diabetes control.35,36 Literature also 

supports the association between obesity and depression, though the link between the two is 

more complex. Several authors have reported that depression is more likely to increase the 

risk of subsequent obesity rather than the contrary.37–39 Increasing epidemiological data 

identify a link between obesity and asthma incidence, severity, and response to 

treatment.40,41 Obese asthmatics have been shown to utilize greater healthcare resources 

including more frequent emergency room visits and more prescribed asthma 

medications.42,43 The pathophysiologic mechanism by which asthma severity is increased is 

still under investigation; however authors have proposed that increased levels of pro-

inflammatory adipokines may modulate airway reactivity.44

Recent advances in understanding of allergic rhinitis, CRS, and asthma suggest that the 

upper and lower airways function as one system45,46. Given the link between asthma and 

CRS, the mechanisms by which obesity increases prevalence, severity, and response to 

treatment in asthmatic patients could produce similar affects in the CRS population. In the 

current study, over 41% of patients with CRS were found to have comorbid obesity which 

surpasses both statewide and national obesity rates (Oregon-26%, South Carolina-31%, 

United States-34%).3,47 This is consistent with previously reported data in which obesity has 

been significantly associated with CRS.10 Contrary to our initial hypothesis, preoperative 

disease-specific QOL measures were not significantly different between BMI groups. 

However, relative improvement was diminished in obese patients when compared to normal 

weight patients, although this difference did not reach statistical significance. Given the 

large effect size of ESS on QOL, the influence of this comorbidity may be difficult to detect. 

One possible consideration of diminished improvement could be secondary to higher rates 

of comorbid disease (e.g., diabetes mellitus, obstructive sleep apnea). Subset analysis, 

however, demonstrates that all of the domains of the SNOT-22 are impacted to a similar 

degree including a greater severity of rhinologic symptoms within the overweight and obese 

group, suggesting that there may be some validity to an increased systemic pro-

inflammatory milieu. From a clinical standpoint, these differences may not influence 

treatment decision-making, however from an epidemiology stand point, it should not be 

surprising that the differences would be small, considering all patients were required to have 

CRS by definition with sufficient disease severity to warrant surgery. Whether or not the 

low grade inflammation associated with obesity contributes to increased inflammation in the 

sinonasal passages is unclear, but the data presented above suggest that increasing 

weight/BMI may play a role in disease-specific outcomes following ESS. Additional study, 

using much larger sample sizes, will be necessary to understand whether a true association is 

present and if so, its ramifications.

There are several limitations to consider when interpreting results of the current study. BMI, 

as a viable measure of obesity, has several inherent confines. BMI cannot account for the 

potential wide variation in the nature of obesity between individuals and critics of BMI 

suggest that it fails to accurately quantify body composition.48 We have used BMI within 

this study as a general mechanism to identify individuals within a specific population who 

are at risk of increasing morbidity. It may be possible that increased sample size would 

increase power to detect significant differences between BMI subgroups and QOL 
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improvement scores. However, selecting a meaningful clinical difference for a power 

calculation would be unusually arbitrary as there is no historical standard or comparison for 

QOL in patients with CRS and comorbid obesity across BMI subgroups. This first 

publication of these data will inform future investigations and sample size/power 

calculations. Additionally, the current study population was limited to patients with 

refractory CRS recruited from tertiary rhinology centers and may not be generalizable to 

those who have less severe disease. Due to the lack of consistent and robust significant 

associations between BMI measures and primary QOL outcome measures, we opted not to 

further identify and control for potential confounding factors, such as extent of surgery, 

using multivariate analysis. This is another potential limitation of the current study and 

should be considered in future analysis if a true association between BMI and QOL can be 

clearly identified.

CONCLUSION

Both obesity and CRS are characterized in part by chronic inflammation and are associated 

with concurrent conditions marked by chronic inflammation such as allergic rhinitis and 

asthma. Regardless, patients with CRS and comorbid obesity experience significant QOL 

gains following ESS; however, relative improvement across QOL domains decreases with 

increasing BMI levels. Further investigation into the impact of BMI on sinonasal 

inflammation in CRS and QOL is warranted.
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Table 6

Comparison of mean percentages of absolute relative improvement in quality of life scores between normal 

BMI and overweight and obese subgroups

A: Quality of life measures:
Normal weight

(BMI: 18.5 – 24.9)
Overweight-Obese

(BMI: 25.0+)
T-test p-value

RSDI total score 54% 35% 1.20 0.233

  Physical subdomain 59% 40% 1.36 0.175

  Functional subdomain 56% 21% 1.08 0.280

  Emotional subdomain 35% 30% 0.32 0.750

SNOT-22 total score 48% 35% 1.48 0.141

  Rhinologic symptoms 46% 35% 1.13 0.262

  Extra-nasal rhinologic symptoms 54% 35% 1.99 0.048

  Ear and/or facial symptoms 49% 36% 1.20 0.232

  Psychological dysfunction 39% 12% 0.75 0.454

  Sleep dysfunction 42% 21% 1.14 0.257

BMI, body mass index; RSDI, Rhinosinusitis Disability Index; SNOT-22, 22-item Sinonasal Outcome Test
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Table 7

Comparison of average postoperative change in clinical measures of disease severity across BMI subgroups

Normal weight
(BMI: 18.5 – 24.9)

Overweight
(BMI: 25.0 – 29.9)

Obese
(BMI: > 30.0)

Clinical measures of disease severity: Mean [SD] Mean [SD] Mean [SD] p-value

Endoscopy score −2.6 [3.2]* −3.0 [3.9]* −4.2 [4.0]* 0.284

BSIT Olfactory function score 0.3 [2.3] 0.5 [2.7] −0.1 [2.5] 0.589

*
indicates significant postoperative improvement over time for matched pairings (p<0.001) BMI, Body mass index; SD, standard deviation; BSIT, 

Brief smell identification test. Negative mean scores indicates postoperative improvement over time. Reported p-values for mean score 
improvement comparisons represent omnibus comparison test results using Kruskall-Wallis test for nonparametric distributions.
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