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Co-morbid anxiety and depression impacts on the 
correlation between symptom and radiological severity in 
patients with chronic rhinosinusitis*

Abstract
Background: Previous studies have reported that there is little correlation between sino-nasal outcome test (SNOT-22) score 

in chronic rhinosinusitis (CRS) and objective radiological scoring, although conclusions vary. We aimed to investigate whether 

comorbid anxiety and depression, which are highly prevalent in patients with CRS may cause symptom amplification and account 

for the lack of correlation in previous studies. 

Methodology: 100 patients with CRS were evaluated using the General Anxiety Disorder-7 (GAD-7), Patient Health Question-

naire-9 (PHQ-9) and SNOT-22 questionnaires as well as the Lund Mackay Score (LMS).

Results: Overall correlation analysis did not show a significant  relationship between SNOT-22 and LMS scores. Subgroup analysis 

of patients who do not suffer with anxiety and depression showed a significant correlation between SNOT-22 and LMS scores. The 

nasal domain of the SNOT-22 showed strongest correlation to LMS in this patient group. We also observed a significant difference 

in both median SNOT-22 and LMS between patients who suffered both anxiety and depression and patients without either co-

morbidity.

Conclusion: When CRS patients who do not have anxiety and depression are analysed in isolation, or when these conditions are 

controlled in a multivariable regression, there is a significant correlation between radiological findings and symptom score. This 

correlation is absent in patients with co-morbid anxiety and depression.  Anxiety and depression should be considered in patients 

in whom there is a mismatch in symptom and radiological disease severity as it is associated with symptom amplification. 
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Introduction
Rhinosinusitis can be defined as inflammation of the mucosal 

lining involving the nose and paranasal sinuses (1), and when 

symptoms persist for longer than 12 weeks it is categorised as 

chronic. Chronic rhinosinusitis (CRS) is a highly prevalent disease 

affecting around 10% of the adult population in the United 

Kingdom(1). CRS is associated with significant healthcare costs, 

reduced quality of life (QOL) and absenteeism (2,3). A large group 

of patients suffer from recurrent or persistent symptoms despite 

optimum medical treatment and surgical intervention. 

In patients who suffer with CRS, there is evidence that the seve-

rity of their reported symptoms is impacted by patient-specific 

factors such as age, gender, tobacco use, mental and physical 

co-morbidities (4-6). These factors may also influence patient’s 

perceived benefit from surgical management. There is also 

evidence that comorbid anxiety and depression may impact 

reported symptom severity (4,7,8).

Depression and anxiety are the two most predominant mental 

health conditions worldwide (9). The Office of National Statistics 

reports that 19.1% of adults in the UK showed symptoms of 

anxiety or depression (10). In the US, depression is a leading cause 

of disability and its economic burden is estimated to be around 
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$83 billion annually (11). There is also evidence that the rate of 

anxiety and depression is higher in those who suffer from CRS 
(4,7,8) with the estimated prevalence of depression in CRS patients 

is between 20-36% (11-13). 

A number of previous studies exploring the correlation between 

CRS symptomatology and radiological scoring have concluded 

that there is little correlation (14,15). We hypothesize that the lack 

of correlation found may be due to the modification of symp-

tom severity by patient factors such as co-existing anxiety and 

depression. This study aims to evaluate whether the correlation 

between sino-nasal outcome test (SNOT-22) scores and the 

radiological severity of disease, measured by the Lund Mackay 

CT scores (LMS) of CRS patients is changed by the presence of 

comorbid anxiety and depression and compare them to the sco-

res in those who do not suffer from either anxiety or depression.

Materials and methods
Patient group

In this study, 100 consecutive patients referred to rhinology out-

patient department at Guy’s hospital with CRS (diagnosed accor-

ding to the EP3OS criteria) were invited to participate. From 8th 

October to 2018 to 7th June 2019, patients completed validated 

questionnaires including SNOT-22, General Anxiety Disorder-7 

(GAD-7) and Patient Health Questionnaire-9 (PHQ-9). Diagnostic 

endoscopy was performed on each patient by a senior registrar 

or consultant. Prospective evaluation of computed tomography 

(CT) imaging with Lund Mackay scoring was used for assess-

ment of the severity of the CRS.

SNOT-22 questionnaire

 The SNOT-22 is a validated patient-reported outcome measure, 

with 22 items, each scored using a Likert scale from 0 – 5. The 

total score ranges from 0-110, with higher scores representing 

greater symptom severity. Among people without CRS, SNOT-22 

score up to 7 is considered as normal (16). It is organised into 5 

domains: rhinologic, extra-nasal rhinologic, ear/facial, psycho-

logical and sleep. When compared to other patient-reported 

outcome measures, SNOT-22 has the highest psychometric 

properties and quality of development methodology as well as 

being the most widely used tool (17,18). Moreover, recent advances 

in technology enabled severity of disease to be screened using 

the mobile phone application (19). 

GAD-7

GAD-7 consists of seven questions based on the Diagnostic and 

Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) 

criteria for General Anxiety Disorder (GAD). The patient is asked 

to score their symptoms from 0-3 during the last two weeks 
(20). The scores range from 0-27, with a higher score GAD-7 was 

originally validated in a primary care setting, with a diagnostic 

score of 10 giving a sensitivity of 0.89 and a specificity value of 

0.8221. Furthermore, a more recent systemic review has shown 

cut off scores from 7-10 have similar sensitivity and specificity (22). 

A cut off of 10 was used as diagnostic of anxiety in this study.

PHQ-9

The PHQ-9 is a 9 item questionnaire based on the DSM-IV 

diagnostic criteria for depression. Patients answer questions 

based on frequency of symptoms over the past two weeks (23). 

The PHQ-9 score can range from 0-27, as each of the items can 

be scored from 0 (not at all) to 3 (nearly every day). The PHQ-9 is 

scored using simple addition with a cut-off of 10 having a sensi-

tivity of 88% and a specificity of 88% (24). A score of 10 or greater 

was used in this study as diagnostic of depression.

Lund Mackay score

The Lund-Mackay score grades the extent of opacification of 

each of the major sinus groups on CT and obstruction of the os-

tiomeatal complex, with a total score ranging from 0 (complete 

lucency of all sinuses) to 24 (complete opacity of all sinuses). A 

cut-off of 4, corresponding to the mean LMS in a healthy popu-

lation, has been proposed for patients undergoing endoscopic 

sinus surgery (25,26). 

Statistical analysis

The one-sample Kolmogorov-Smirnov test was used to test for 

normal distribution amongst the continuous data sets. The p-

value showed statistical significance and therefore the conti-

nuous data sets were not normally distributed. The quantitative 

data were expressed as means, standard deviations and medians 

and ranges.

Non-parametric Spearman's rank correlation coefficient was 

used to test for association between PHQ-9, GAD-7, LMS, SNOT-

22 as well as the domains of the SNOT-22 (nasal, extra-nasal, ear/

facial, psychological dysfunction and sleep dysfunction). This 

was done using the group as a whole (n=100) and also when the 

cohort was dichotomised into patients that suffer from anxiety 

and/or depression using GAD-7 and PHQ-9 scores of greater 

Table 1. Characteristics of 100 respondents. 

Total (n=100)

Gender (M:F, %) 58:42 (58:42)

Age (mean (SD)) 45.38 (13.38)

CRSwNP:CRSnNP (%) 76:24 (76:24)

Smoking (%) 9 (9)

Asthma (%) 20 (20)

Anxiety (%) 14 (14)

Depression (%) 27 (14)

Anxiety and depression (%) 14 (14)
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depression had significantly higher SNOT-22 scores while those 

without had higher LMS. 

Correlation between GAD-7, PHQ-9, SNOT-22 and LMS

Subsequently, using Spearman’s rank correlation, we evaluated 

whether there is an association between SNOT-22 scores and 

the Gad-7 and PHQ-9 scores across all patients. There was a 

statistically significant association between total SNOT-22 and 

both Gad-7 and PHQ-9 scores (q = 0.49, p<0.0001 and q = 0.64, 

p<0.0001, respectively), with higher SNOT-22 scores reported in 

patients with both higher GAD-7 and PHQ-9 scores.

Across all patients, using pairwise comparisons we did not 

observe a significant correlation between LMS and either the 

SNOT-22, PHQ-9 or Gad-7 scores, using Spearmen’s rank correla-

tion. In patients with neither depression or anxiety, there was a 

positive statistically significant correlation between radiological 

findings using LMS and symptom severity using SNOT-22 scores 

(q=0.309, p=0.008). In patients with anxiety and depression, 

there was no significant correlation between LMS and SNOT-22. 

However, there was significant correlation between SNOT-22 

and PHQ-9 (ρ=0.590, p=0.026). 

We then performed a multivariate linear regression to predict 

LMS from gender, age, smoking status, asthma status, Gad-7, 

PHQ9 and SNOT-22 score. LMS statistically significantly predic-

ted SNOT-22, F(1, 54) = 3.948, p = 0.001, R2 = 0.353, when anxi-

ety and depression scores were controlled for in the regression 

model (Figure 1). 

When breaking down the SNOT-22 into its domains, there was 

significant correlation between the nasal domain and LMS 

(ρ=0.348, p=0.003). A weak correlation was also found between 

LMS and the ear/facial pain domain and the sleep dysfunction 

domain (Table 3).

Discussion
Depression is a common medical illness that negatively affects 

how one feels, thinks and acts. Depression causes feelings of 

sadness and/or a loss of interest in activities once enjoyed. It can 

lead to a variety of emotional and physical problems and can 

than 10 (n=14) and those who suffer with neither (n=73). Me-

dian scores of SNOT-22 and LMS between those who suffer with 

anxiety and depression and those who do not where compared 

using The Mann-Whitney U test. Multivariate linear regression 

was also used to test for association between PHQ-9, GAD-7, 

LMS and SNOT-22 in the two groups.

Results
A total of 100 patients with CRS were included in our study, con-

sisting of 58 men and 42 women with mean age 45.38 ± 13.38 

years (range, 19 to 74 years). Other respondents’ characteristics 

are shown in Table 1. Of the 100 patients included, mean PHQ9 

score was 4.94 (SD=7.56), mean Gad-7 score was 3.13 (SD=5.79). 

Mean total SNOT-22 score was 43.16 (SD= 27.65). Overall mean 

LMS was 11.67 (SD=6.24) (Table 2).

Prevalence of depression and anxiety in patients with CRS

In our cohort, the prevalence of anxiety was 14% (n=14) using 

a cut-off Gad-7 score ≥10. 27 (27%) patients met the cut off for 

depression using a cut-off PHQ-9 score ≥10. Among the 27 pa-

tients screening positive for depression, 35.1% had no reported 

history of depression or psychiatric history. Two patients (2%) 

reported a history of another psychiatric illness (schizophrenia, 

anxiety). Interestingly, all 14 (14%) patients with Gad-7 score 

≥10 had also PHQ-9 score ≥10. In our group, 73% (n=73) pa-

tients scored below cut-offs for both anxiety and depression.

SNOT-22 and LMS in patients with anxiety and depression vs 

no anxiety and depression

Among patients with both depression and anxiety (n=14), 

median SNOT-22 score was 76 (range=1-96) and median LMS 

score was 6,5 (range=0-20). In patients who had neither anxiety 

nor depression (n=73), the median SNOT-22 score was 34 

(range=0-82) and median LMS score was 11 (range=0-23).

We observed a significant difference in both median SNOT-22 

(p<0.0001) and LMS (p=0.023) between patients who suffered 

both anxiety and depression and patients who reported neither 

of them using the Mann Whitney U test. Those with anxiety and 

Table 2. SNOT-22. LMS, GAD-7 and PHQ-9 results in overall cohort, patients with anxiety and depression and in patients with neither of those.  

Total (n=100) NAD (n=73) AD (n=14)

Mean (SD) Median (range) Mean (SD) Median (range) Mean (SD) Median (range)

SNOT-22 43.16 (27.65) 42 (0-105) 33.11 (21.16) 34.00 (0-82)* 66.5 (28.49) 76.00 (1-96)

LMS 11.67 (6.24) 11 (0-24) 11.85 (5.84) 11.00 (0-23)* 7.93 (5.55) 6.50 (0-20)

GAD-7 3.13 (5.79) 0 (0-21) 0.68 (1.34) 0 (0-9) 16.64 (2.82) 17.00 (11-21)

PHQ-9 4.94 (7.56) 1 (0-27) 0.67 (1.44) 0 (0-9) 18.14 (5.26) 17.50 (11-27)

* significant compared to AD (Mann Whitney U test). NAD = Neither anxiety nor depression, AD = Anxiety and depression.
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decrease a person’s ability to function at work and at home. For 

example, depression can be triggered from the loss of a spouse 

through divorce, or the perception that such a loss is immi-

nent(27). Anxiety is an emotion characterised by an unpleasant 

state of inner turmoil, often accompanied by nervous behaviour 

such as pacing back and forth, somatic complaints, and rumi-

nation. It is the subjectively unpleasant feelings of dread over 

anticipated events (28,29).

A cohort study of 48,672 patients over 11 year shows depression 

rates to be 1.51-fold higher in those with CRS (5). A meta-analysis 

has shown that depression is commonly associated with CRS but 

is likely under-diagnosed in many patients (13). The combination 

of anxiety and depression in patients with CRS has been shown 

to increase the burden on healthcare, with poorer perceived 

outcomes after treatment and increased utilisation of resources 

including primary care visits and antibiotic usage (10).

14% (n=14) of patients included in the study scored 10 or 

more on the GAD-7 questionnaire, a score highly predictive of 

clinically significant anxiety. 27% (n=27) had a PHQ-9 score of 

greater than 10 which is also highly predictive of depression. A 

depression rate of 27% in CRS is similar to that found in previous 

studies (11-13) and higher than the prevalence in the general po-

pulation of the UK (30). Over a third of patients who scored 10 or 

more on the PHQ-9 questionnaire did not have previously diag-

nosed depression, which fits with previous studies regarding the 

under-diagnosis of depression in CRS (13). Patient's total scores 

from the questionnaires were conveyed to their GP via a letter.

In our study, SNOT-22 scores were significantly higher in patients 

with anxiety and depression over those who do not have either, 

despite significantly lower radiological burden of disease. This 

differs from some previous studies that have found no signifi-

cant difference between anxiety and depression and healthy 

patients using objective scoring systems (7,12,31). Our results, 

however, are similar to those of Smith et al. who divided patients 

into different sub-groups depending on their co-morbidities. 

They found depressed patients had the least severe CRS using 

Lund-Mackay staging as an objective outcome measure (31). 

If patients with anxiety and depression experience symptom 

amplification, they will report higher levels of symptoms and 

are more likely to be referred from primary care with a lower 

burden of disease radiologically. Those without anxiety and 

depression tend to have lower SNOT-22 scores at the same stage 

of radiological disease severity, and based on symptomatology 

may be less likely to be referred and only see specialist care once 

their objective CRS is worse. How mental health illnesses and 

other co-morbidities interact and affect chronic illnesses such as 

CRS is subject to debate. As discussed, a number of patient and 

environmemental factors, including a patient’s mental health or 

acute psychological stress, can impact on symptom perception 

in CRS (Figure 2). However, there is also evidence that depressi-

on and anxiety can directly alter the pathophysiology of disease 

states. Activation of the paraventricular nucleus in depression 

directly alters the hypothalamic-pituitary adrenal axis and leads 

to the pro-inflammatory response, including raised cytokines, 

chemokines and acute phase proteins (32,33). In patients with 

anxiety and depression, brain PET scan imaging has revealed 

Table 3. Spearman’s correlation analysis between SNOT-22 and LMS in 

patients without anxiety and depression.  

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is sig-

nificant at the 0.05 level (2-tailed).

NAD (n=73)

ρ p

Nasal 0.348 0.003**

Extra-Nasal 0.078 0.510

Ear/Facial 0.29 0.013*

Psychological 0.200 0.090

Sleep Dysfunction 0.243 0.038*

Figure 1. Linear relationship between LMS and SNOT-22 in patients who 

suffer with both anxiety and depression. Orange = Neither anxiety nor 

depression, Blue = Anxiety and depression.

Figure 2. Relationships between physiologic variables of disease and 

patients’ symptoms.
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significantly altered neurotransmission in the anterior cingulate 

cortex (34), the area of the brain associated with pain and mood. 

The overall cause and effect between depression and chronic 

diseases such as CRS is complex may not be one-directional. 

There is evidence that CRS predisposes to higher rates of anxiety 

and depression, while anxiety and depression may also directly 

affect patients suffering with CRS. Interestingly, this study found 

a correlation between SNOT-22 and PHQ-9 in the group when 

analysed as a whole and also when splitting into healthy and 

those with anxiety and depression. 

It is generally accepted that symptom scores for CRS using 

patient-reported outcome measures such as SNOT-22 have low 

levels of correlation with objective measures of disease severity 

such as CT imaging or nasal endoscopic scoring (14,15). Previous 

studies have found a mix of results. Some have found a correlati-

on between SNOT-22 and CT scoring while others have found no 

significant correlation (35-37). As alluded to above, this discrepancy 

may in part be due to the influence of co-morbidities such as 

anxiety and depression. When analysing the whole group in this 

study, we found no correlation between SNOT-22 and Lund-

Mackay staging scores. However, when the groups are broken 

down into those who suffer with anxiety and depression and 

those who do not, the results differ greatly. Patients who suffer 

with anxiety and depression have no correlation between symp-

tom scoring and objective measures on CT imaging. However, 

in patients who do not suffer from anxiety or depression, there 

is strong correlation between SNOT-22 and Lund-Mackay stage 

scoring. Despite it being generally accepted that anxiety and 

depression affect symptom scoring, none of the previous stu-

dies looking at correlation between symptom and radiological 

burden have divided the sample into these sub-categories for 

analysis, or looked at the proportion of patients with underlying 

anxiety and depression. This may be a contributing factor as to 

why the correlation between CT scoring and patient-reported 

outcome measures has been so varied in the past. 

Our results also suggest that when there is a mismatch between 

symptom and radiological disease severity, it is worth conside-

ring if symptom severity may be modified by other factors, such 

as anxiety and depression, which as shown in this study is com-

monly underdiagnosed. 

As has previously been shown, the SNOT-22 nasal domain sho-

wed the strongest correlation to LMS and it is also important to 

pay close attention to these subsets of questions (36,37).

Conclusion
The correlation between symptoms and radiological disease se-

verity has been extensively studied and mixed results have been 

reported in the literature. We have found that comorbid anxiety 

and depression, which are highly prevalent in patients with CRS 

may cause symptom amplification and account for the lack of 

correlation in previous studies. When CRS patients who do not 

have anxiety and depression are analysed in isolation, or when 

these conditions are controlled in a multivariable regression, 

there is a strong correlation. Anxiety and depression should be 

considered in patients in whom there is a mismatch in symptom 

and radiological disease severity.
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