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Abstract
Purpose of Review In an era where prevention is paramount, understanding social factors for chronic rhinosinusitis (CRS) may
facilitate preventive interventions that mitigate risk factors associated with the initiation or progression of the disease.
Recent Findings Both passive and active smoking are clearly and unequivocally associated with both the incidence and the
severity of rhinosinusitis, while there an increasing body of evidence linking social deprivation and low socioeconomic status
with rhinosinusitis and its complications. However, overall, only a handful of studies were longitudinal, while the available
studies suffer from lack of standardized definitions of rhinosinusitis.
Summary In this systematic review, we assessed the available evidence linking CRS with social factors, such as socioeconomic
status and class, educational status, family status, living and working location and conditions, and use of toxins or recreational
drugs as well as exercise and diet. Thirty studies from 1995 onwards fulfilled our inclusion criteria and were used for this review.
Social deprivation and low socioeconomic level seem to be directly associated with rhinosinusitis, as there are pollutants in living
or working environment. A clear and direct association between smoking (both active and passive) and rhinosinusitis was also
shown. However, the link between rhinosinusitis and education level, and exercise and diet, if any, seems to be more complex.

Keywords Chronic rhinosinusitis . Social factors . Social deprivation . Education level . Smoking . Pollutants . Occupational
exposure . Exercise . Diet

Introduction

Chronic rhinosinusitis (CRS) is a common disease worldwide
affecting persons of all age groups. CRS is estimated to affect
about 13% of the population in the USA [1] and 10.9% of the
population in Europe with an incidence of 1.13 per 100
person-years [2]. According the European Position Paper on
Rhinosinusitis and Nasal Polyps (EPOS), CRS is defined by
using both subjective symptoms and objective evidence by
endoscopy or sinus CT scan [3].

There are two subtypes in chronic rhinosinusitis, with
(CRSwNP) and without (CRSsNP) nasal polyps, and its
incidence and prevalence between countries differs [3].
This has been explained in terms of the different genetic
makeup and different phenotypes of CRS while less em-
phasis has been placed on the role played by social and
exposure factors [4]. However, in an era where prevention
is paramount, a social health problem should also be an-
alyzed in social health terms and we feel that not enough
light has been shone on the ways that CRS could be po-
tentially altered or prevented. Understanding social factors
for CRS may facilitate preventive interventions that miti-
gate risk factors associated with the initiation or progres-
sion of the disease.

In this systematic review, we try to describe and assess the
available evidence that links CRS with social factors, such as
socioeconomic status and class, educational status, family sta-
tus, living and working location and conditions, and use of
toxins or recreational drugs (smoke, alcohol, or recreational
drugs) as well as exercise and diet.
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Methods

We searched PubMed of the U.S. National Library of
Medicine using the following terms: socioeconomic status,
class, education, family status, living and working location
and conditions, use of toxins or recreational drugs (smoke,
alcohol, or recreational drugs), exercise, and diet, including
all possible combinations. We only analyzed studies from
1995 onwards.

We included articles if “sinusitis” or “rhinosinusitis” or
“nasal polyps” and either one of the previous terms were men-
tioned in the title or abstract. We excluded single-case reports
or small case series or publications that, following review of
the full article, were deemed to not explicitly fulfill our
criteria.

We abstracted information from the final set of articles
across CRS definition, results, and the country in which the
study took place. Then, we categorized the abstracts following
the factors assessed (socioeconomic status and class, educa-
tional status, family status, living and working location and
conditions, use of toxins or recreational drugs, exercise, and
diet).

There was very little between-study consistency so we
did not perform any meta-analysis of reported associa-
tions across studies. We also did not address publication
bias using funnel plot as there were not enough studies
with common methods to warrant the evaluation of pub-
lication bias.

Results

We found 30 studies of CRS prevalence/incidence which ful-
filled our inclusion criteria, most of which assessed more than
one factors. Eleven articles assessed socioeconomical, educa-
tion, and marital status; 12 living/working environment con-
ditions; 14 the use of toxins; 5 diet and exercise while only 1
assessed family/marital status.

The diagnosis of CRS was made by endoscopy in eight
studies, by CT scan in three studies (two using Lund-
Mackay scoring and one AFRS criteria), by Current
Procedura l Terminology (CPT) or Inte rnat ional
Classification of Diseases (ICD) codes in five studies, by
“a certified otolaryngologist” in three studies, by question-
naire based on EPOS criteria in six studies, by the 2004
American Academy of Otolaryngology, Head and Neck
Surgery guidelines in one study, by GA2LEN questionnaire
in two studies, by the administration of a standardized
questionnaire in one study, and by an affirmative answer
to the question “Do you have sinusitis diagnosed by a
health professional?” in one study. All the studies were
published between 2008 and 2016. Fifteen of them were
conducted in America, six in Europe, and nine in Asia.

Twelve studies were cross-sectional (including one strati-
fied multistage clustered probability study), eight case–con-
trol, and eight cohort studies.We included one survey research
and one comparative study.

Socioeconomic and Education Status

There is a significant association between lower income and/
or lower socioeconomical status and CRS confirmed in four
studies done in the USA, Canada, and South Korea including
a total of 4866 patients and 77,564 controls [5••, 6–8]. The
association was strong and was confirmed by the increase in
disease severity with lower social and economic status [6, 8].
In one prospective case–control study done in the UK, a sig-
nificant association between social class and CRS status was
also shown, although the difference was no longer statistically
significant (p = 0.0684) when it was adjusted for age and gen-
der [9]. However, in two smaller studies, one in South Korea
with 91 patients and one in the USA with 93 patients, the
relation between CRS and socioeconomic conditions was
not shown to be significant [10, 11]. In one cross-sectional
questionnaire survey performed in the USA, findings suggest
that children from socioeconomic minorities experience CRS
less often but this result is related to significant disparity to
access to appropriate diagnosis, subspecialty care, referral pat-
terns, or perception of disease burden [12]. The same study
showed increased prevalence of CRS in patients with less than
median household income although the results did not reach
statistical significance (Table 1).

Low educational level of the patients seems to be statisti-
cally significant factor for CRS in four studies [7, 8, 13, 17•].
More specifically, in the study by Kilty et al. [8], it was asso-
ciated with increased symptom burden but not with higher CT
Lund-Mackay scores; in the study by Kim et al. [7], it resulted
in higher CRS prevalence (as diagnosed by the EPOS criteria
including endoscopy) while in the study by Shi et al. [13],
there seemed to be a U-shaped correlation, with increased
prevalence both in the lowest and highest educational levels.
However, this study was based exclusively on the self-
reported symptoms, which could introduce reporting bias,
similarly to another study where self-reported symptoms were
used for the diagnosis where it was noted that CRS-associated
impairment in general health increased with education level
[16]. There was one study where no significant link between
disease burden and highest educational qualification achieved
was found [9] (Table 1).

Living and Working Environment

We subsequently assessed the relationship between living and
working environment, location, conditions, and CRS. We
found in four studies direct association of CRS and poor hous-
ing quality, dampness at home, living in crowded
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environment, using air conditioning in the summer, or having
a pet at home [6, 10, 19•, 20]. Also, in one study, a direct
relationship was found between the prevalence of the disease
and the pollutant levels of the cities (carbon monoxide, nitrous
dioxide, sulfur dioxide, and particulate matter) [21••]. Two
studies showed a substantial geographical variation of CRS.
The one that took place in the USA revealed the highest inci-
dence of allergic fungal rhinosinusitis (AFRS) along
Mississippi and the Southern United States (including both
the Southwest and Southeast) [22]. The other two which took
place in EU showed a substantial geographical variation of
CRS with consistently low prevalence in the Scandinavian
centers and Brandenburg, high prevalence in France and
Poland, and an isolated very high prevalence in Portugal
[23••], although two studies have revealed CRS did not
change substantially with living area [13, 24] (Table 2).

The occupational risk factors were assessed in six studies.
Two of them described a significantly higher prevalence
among blue-collar workers compared to white ones, who were
exposed to gasses, fumes, dust, or smoke [20, 28•]. In two
studies, there was a tendency towards increased CRS preva-
lence among individuals likely to be occupationally exposed
to low molecular weight agents such as highly reactive
chemicals and reactive cleaning disinfectants [26, 28•]. One
study revealed that CRS prevalence was generally elevated in
manual workers and was significantly elevated in plant or
machine operators and assemblers, elementary occupations,
and craft and related trades workers [25]. In another study,
there was no significant difference in the proportion of health
care-related jobs in subjects with and without CRS (p = 0.509
and p = 0.559 respectively) [19•] (Table 2).

Exposure to Smoke

In the third category of our study, seven papers (14 total num-
ber included) revealed a strong association between CRS and
active smoking [5••, 13, 19•, 23••, 29••, 30, 31]. Furthermore,
in two studies, there was also higher prevalence of CRS and
secondhand tobacco exposure in a dose–response fashion, in-
dependently of environmental and occupational exposures
[13, 32]. Also, the findings from a case–control study in chil-
dren suggest that both childhood and current exposure to sec-
ondhand smoking (SHS) are risk factors for developing CRS
and that current SHS exposure is related to more severe
sinonasal symptoms in CRS patients [33]. Alcohol consump-
tion was not related with CRS in one study [7]. There were no
studies assessing the association between CRS and the use of
recreational drugs (Table 3).

Diet and Exercise

In the fourth category of our study, there was an increased
prevalence of obesity in the setting of CRS in four studiesT
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[17•, 21, 35, 36]. In two studies, however, there was no such
association [7, 37] (Table 4).

Family Status

At the last category, we found, in two studies, an association
between marital status and CRS that was observed in a cross-
sectional study where divorced participants were approxi-
mately 1.75 times more likely to suffer from CRS compared
with their married counterparts (OR = 2.75, 95% CI 1.81–
4.18) [13]. In the same study, the prevalence in unmarried
people was also significantly higher than that in married peo-
ple (OR = 1.21, 95% CI 1.03–1.43), while the difference be-
tween widowed people and married people was not statistical-
ly significant (OR = 1.20, 95% CI 0.85–1.68) (Table 1).

Only one retrospective observational cohort study revealed
a significant familial risk associated with CRS in pediatric
patients [18•]. Parents of probands were also at increased risk,
although it was much more likely for one parent to be affected
than both, suggesting a genetic component of the disease
(Table 1).

Discussion

There was significant heterogeneity in the studies studied,
including the definition and diagnosis of sinusitis, the mea-
sures used to quantify socioeconomic level, and the study
design itself. That precludes the performance of a statistical
meta-analysis. However, a few conclusions can be made, rel-
atively safely.

There seems to be a clear association between low so-
cioeconomic level and the prevalence and incidence of
rhinosinusitis. This is confirmed in a number of studies,
and more importantly, it is clear in studies with significant
numbers of participants (more powered) and when access
to health care is (relatively) factored in. It seems to be the
case that the more open and equitable and accessible the
health care system is, the more prominent such discrepan-
cies become. This is expected and follows the same pat-
tern of a number of other respiratory diseases, namely
COPD [38].

The same cannot be said regarding education level—al-
though there is a clear association between education level
and socioeconomic level, the link between education and
CRS seems to be more convoluted: Studies where self-
reported diagnosis of CRS was used showed that higher edu-
cation was linked to CRS, although this could be a result of
reporting bias and greater awareness of the condition.

The link between pollutants in the living or working envi-
ronment and rhinosinusitis is also well defined and confirmed
in our review: most studies confirmed poor, crowded housing
conditions; dampness; and older housing to be associated with

increased CRS prevalence and severity, while occupational
exposure to noxious factors was also linked to CRS.

Among recreational drugs, only smoking showed a consis-
tent link with CRS, including both active smoking and sec-
ondhand smoke. This was, rather disturbingly, also shown for
earlier-childhood exposure, suggesting a long-lasting effect.
Marital status and exercise on the other hand did not show
any clear link with the prevalence of CRS.

As we focus on the effects of genetic and medical factors
(including the role of superantigens, biofilms, allergy, and
cytokines) to the pathogenesis of CRS, we have perhaps
neglected the important role played by external, preventable
factors on CRS. Smoking is an activity where a lot of focus
has been done over the last years, and with good reason—its
cessation involves a lot of health benefits—however, a similar
focus is needed to deal with the noxious health effects of poor
housing, lack of access to health care, occupational or house
exposure to noxious substances, and, of course, social depri-
vation that is very often linked with all of the above.

Compliance with Ethical Standards

Conflict of Interest The authors declare no conflicts of interest relevant
to this manuscript.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Pleis JR, Lucas JW, Ward BW. Summary health statistics for U.S.
adults: National Health Interview Survey, 2008. Vital Health Stat
10. 2009;242:1–157.

2. Jarvis D, Newson R, Lotvall J, Hastan D, Tomassen P, Keil T, et al.
Asthma in adults and its association with chronic rhinosinusitis: the
GA2LEN survey in Europe. Allergy. 2012;67(1):91–8. https://doi.
org/10.1111/j.1398-9995.2011.02709.x.

3. Fokkens WJ, Lund VJ, Mullol J, et al. European Position Paper on
Rhinosinusitis and Nasal Polyps 2012. Rhinol Suppl. 2012;23:1–
298.

4. Benninger MS, Ferguson BJ, Hadley JA, et al. Adult chronic
rhinosinusitis: definitions, diagnosis, epidemiology, and path-
ophysiology. Otolaryngol Head Neck Surg. 2003;129(Suppl
3):S1–32.

5.•• Chen Y, Dales R, Lin M. The epidemiology of chronic
rhinosinusitis in Canadians. Laryngoscope. 2003;113(7):1199–
205. A cross-sectional study that examined 73,364 subjects
who participate in a National Population Survey conducted
from 1996 to 1997 showed that the prevalence of CRS was
higher in population of low income. https://doi.org/10.1097/
00005537-200307000-00016.

 7 Page 16 of 18 Curr Allergy Asthma Rep  (2018) 18:7 

https://doi.org/10.1111/j.1398-9995.2011.02709.x
https://doi.org/10.1111/j.1398-9995.2011.02709.x
https://doi.org/10.1097/00005537-200307000-00016
https://doi.org/10.1097/00005537-200307000-00016


6. Miller JD, Deal AM,McKinney KA,McClurg SW, Rodriguez KD,
Thorp BD, et al. Markers of disease severity and socioeconomic
factors in allergic fungal rhinosinusitis. Int Forum Allergy Rhinol.
2014;4(4):272–9. https://doi.org/10.1002/alr.21292.

7. Kim YS, Kim NH, Seong SY, Kim KR, Lee GB, Kim KS.
Prevalence and risk factors of chronic rhinosinusitis in Korea. Am
J Rhinol Allergy. 2011;25(3):117–21. https://doi.org/10.2500/ajra.
2011.25.3630.

8. Kilty SJ, McDonald JT, Johnson S, Al-Mutairi D. Socioeconomic
status: a disease modifier of chronic rhinosinusitis? Rhinology.
2011;49(5):533–7. https://doi.org/10.4193/Rhino10.298.

9. Philpott C, Erskine S, Hopkins C, Coombes E, Kara N,
Sunkareneni V, et al. A case-control study of medical, psycholog-
ical and socio-economic factors influencing the severity of chronic
rhinosinusitis. CRES Group Rhinology. 2016;54(2):134–40.
https://doi.org/10.4193/Rhin15.272.

10. Min YG, JungHW, KimHS, Park SK, YooKY. Prevalence and risk
factors of chronic sinusitis in Korea: results of a nationwide survey.
Eur Arch Otorhinolaryngol. 1996;253(7):435–9.

11. Lu-Myers Y, Deal AM, Miller JD, Thorp BD, Sreenath SB,
McClurg SM, et al. Comparison of socioeconomic and demograph-
ic factors in patients with chronic rhinosinusitis and allergic fungal
rhinosinusitis. Otolaryngol Head Neck Surg. 2015;153(1):137–43.
https://doi.org/10.1177/0194599815580978.

12. Smith DF, Ishman SL, Tunkel DE, Boss EF. Chronic rhinosinusitis
in children: race and socioeconomic status. Otolaryngol Head Neck
Surg. 2013;149(4) :639–44. ht tps : / /doi .org /10.1177/
0194599813498206.

13. Shi JB, Fu QL, Zhang H, Cheng L, Wang YJ, Zhu DD, et al.
Epidemiology of chronic rhinosinusitis: results from a cross-
sectional survey in seven Chinese cities. Allergy. 2015;70(5):533–
9. https://doi.org/10.1111/all.12577.

14. Bent JP 3rd, Kuhn FA. Diagnosis of allergic fungal sinusitis.
Otolaryngol Head Neck Surg. 1994;111(5):580–8. https://doi.org/
10.1177/019459989411100508.

15. Philpott CM, Javer AR, Clark A. Allergic fungal rhinosinusitis—a
new staging system. Rhinology. 2011;49(3):318–23. https://doi.
org/10.4193/Rhino10.121.

16. Fu QL, Ma JX, Ou CQ, Guo C, Shen SQ, Xu G, et al. Influence of
self-reported chronic rhinosinusitis on health-related quality of life:
a population-based survey. PLoS One. 2015;10(5):e0126881.
https://doi.org/10.1371/journal.pone.0126881.

17.• Ahn JC, Kim JW, Lee CH, Rhee CS. Prevalence and risk factors of
chronic rhinosinusitus, allergic rhinitis, and nasal septal deviation:
results of the Korean National Health and Nutrition Survey 2008–
2012. JAMA Otolaryngol Head Neck Surg. 2016;142(2):162–7.
This study analyzed 5-year cross-sectional data from the
Korean National Health and Nutrition Examination Survey
(KNHANES) 2008–2012. On a total of 35,511 participants, an
association was found between CRS and lower level of
education. https://doi.org/10.1001/jamaoto.2015.3142.

18.• Orb Q, Curtin K, Oakley GM, Wong J, Meier J, Orlandi RR, et al.
Familial risk of pediatric chronic rhinosinusitis. Laryngoscope.
2016;126(3):739–45.This retrospective cohort study established
that there is a significant familiar risk associated with CRS.
Parents of probands were also at increased risk of CRS.
https://doi.org/10.1002/lary.25469.

19.• Ahlroth Pind C, Gunnbjörnsdottír M, Bjerg A, Järvholm B,
Lundbäck B, Malinovschi A, et al. Patient-reported signs of damp-
ness at homemay be a risk factor for chronic rhinosinusitis: a cross-
sectional study. Clin Exp Allergy. 2017;47(11):1383–9. A cross-
sectional study among 26,577 subjects showed that dampness
at home is strongly related to CRS. https://doi.org/10.1111/cea.
12976.

20. Gao WX, Ou CQ, Fang SB, Sun YQ, Zhang H, Cheng L, et al.
Occupational and environmental risk factors for chronic

rhinosinusitis in China: a multicentre cross-sectional study. Respir
Res. 2016;17(1):54. https://doi.org/10.1186/s12931-016-0366-z.

21.•• Bhattacharyya N. Contemporary assessment of the disease burden
of sinusitis. Am J Rhinol Allergy. 2009;23(4):392–5. A cross-
sectional study based on extracting 1-year prevalence data
(from 1997 up to 2006) for the disease condition sinusitis from
a National Health Interview Survey found a direct relationship
between the prevalence of CRS and pollutant levels of carbon
monoxide, nitrous dioxide, sulfur dioxide, and particulate
matter. https://doi.org/10.2500/ajra.2009.23.3355.

22. Ferguson BJ, Barnes L, Bernstein JM, Brown D, Clark CE 3rd,
Cook PR, et al. Geographic variation in allergic fungal
rhinosinusitis. Otolaryngol Clin N Am. 2000;33(2):441–9. https://
doi.org/10.1016/S0030-6665(00)80018-3.

23.•• Hastan D, Fokkens WJ, Bachert C, Newson RB, Bislimovska J,
Bockelbrink A, et al. Chronic rhinosinusitis in Europe—an
underestimated disease. A GA2LEN study. Allergy. 2011;66(9):
1216–23. This GA2LEN study among 118,860 controls showed
a substantial geographical variation of CRS with consistently
low prevalence in the Scandinavian centers and Brandenburg,
high prevalence in France and Poland, and an isolated very
high prevalence in Portugal. This also showed that CRS was
associated with smoking. https://doi.org/10.1111/j.1398-9995.
2011.02646.x.

24. Ahsan SF, Jumans S, Nunez DA. Chronic rhinosinusitis: a compar-
ative study of disease occurrence in North of Scotland and Southern
Caribbean otolaryngology outpatient clinics over a two month pe-
riod. Scott Med J. 2004;49(4):130–3. https://doi.org/10.1177/
003693300404900404.

25. Koh DH, Kim HR, Han SS. The relationship between chronic
rhinosinusitis and occupation: the 1998, 2001, and 2005 Korea
National Health and Nutrition Examination Survey (KNHANES).
Am J Ind Med. 2009;52(3):179–84. https://doi.org/10.1002/ajim.
20665.

26. Hox V, Delrue S, Scheers H, Adams E, Keirsbilck S, Jorissen M,
et al. Negative impact of occupational exposure on surgical out-
come in patients with rhinosinusitis. Allergy. 2012;67(4):560–5.
https://doi.org/10.1111/j.1398-9995.2011.02779.x.

27. Bernstein I, Chan-Yeung M, Malo JL, Bernstein D. Occupational
history form. In: Bernstein I, Chan-Yeung M, Malo JL, Bernstein
DI, editors. Asthma in the workplace. 3rd ed. New York: Taylor &
Francis; 2006. p. 1–8. https://doi.org/10.3109/9780849374531-2.

28.• Thilsing T, Rasmussen J, Lange B, Kjeldsen AD, Al-Kalemji A,
Baelum J. Chronic rhinosinusitis and occupational risk factors
among 20- to 75-year-old Danes—a GA(2)LEN-based study. Am
J Ind Med. 2012;55(11):1037–43. A cross-sectional study among
3099 controls revealed a significantly higher CRS prevalence
among blue-collar workers compared to white-collar workers.
In addition, there was a tendency towards increase CRS prev-
alence among individuals who were exposed to low molecular
weight agents such as highly reactive chemicals. https://doi.org/
10.1002/ajim.22074.

29.•• Berania I, Endam LM, Filali-Mouhim A, Boisvert P, Boulet LP,
Bossé Y, et al. Active smoking status in chronic rhinosinusitis is
associated with higher serum markers of inflammation and lower
serum eosinophilia. Int Forum Allergy Rhinol. 2014;4(5):347–52.
This cohort study examined patients with CRS (n = 614) who
had previously phenotyped for the purpose of pooled based
genetic association studies of CRS. It showed that active tobac-
co smoking in CRS patients is associated with increases in
markers of systemic inflammation which may partially explain
the tendency to refractory CRS seen in smokers. https://doi.org/
10.1002/alr.21289.

30. Lee WH, Hong SN, Kim HJ, Ahn S, Rhee CS, Lee CH, et al.
Effects of cigarette smoking on rhinologic diseases: Korean
National Health and Nutrition Examination Survey 2008–2011.

Curr Allergy Asthma Rep  (2018) 18:7 Page 17 of 18  7 

https://doi.org/10.1002/alr.21292
https://doi.org/10.2500/ajra.2011.25.3630
https://doi.org/10.2500/ajra.2011.25.3630
https://doi.org/10.4193/Rhino10.298
https://doi.org/10.4193/Rhin15.272
https://doi.org/10.1177/0194599815580978
https://doi.org/10.1177/0194599813498206
https://doi.org/10.1177/0194599813498206
https://doi.org/10.1111/all.12577
https://doi.org/10.1177/019459989411100508
https://doi.org/10.1177/019459989411100508
https://doi.org/10.4193/Rhino10.121
https://doi.org/10.4193/Rhino10.121
https://doi.org/10.1371/journal.pone.0126881
https://doi.org/10.1001/jamaoto.2015.3142
https://doi.org/10.1002/lary.25469
https://doi.org/10.1111/cea.12976
https://doi.org/10.1111/cea.12976
https://doi.org/10.1186/s12931-016-0366-z
https://doi.org/10.2500/ajra.2009.23.3355
https://doi.org/10.1016/S0030-6665(00)80018-3
https://doi.org/10.1016/S0030-6665(00)80018-3
https://doi.org/10.1111/j.1398-9995.2011.02646.x
https://doi.org/10.1111/j.1398-9995.2011.02646.x
https://doi.org/10.1177/003693300404900404
https://doi.org/10.1177/003693300404900404
https://doi.org/10.1002/ajim.20665
https://doi.org/10.1002/ajim.20665
https://doi.org/10.1111/j.1398-9995.2011.02779.x
https://doi.org/10.3109/9780849374531-2
https://doi.org/10.1002/ajim.22074
https://doi.org/10.1002/ajim.22074
https://doi.org/10.1002/alr.21289
https://doi.org/10.1002/alr.21289


Int Forum Allergy Rhinol. 2015;5(10):937–43. https://doi.org/10.
1002/alr.21553.

31. Houser SM, Keen KJ. The role of allergy and smoking in chronic
rhinosinusitis and polyposis. Laryngoscope. 2008;118(9):1521–7.
https://doi.org/10.1097/MLG.0b013e31817d01b8.

32. Tammemagi CM, Davis RM, Benninger MS, Holm AL, Krajenta
R. Secondhand smoke as a potential cause of chronic rhinosinusitis:
a case-control study. Arch Otolaryngol Head Neck Surg.
2010;136(4):327–34. https://doi.org/10.1001/archoto.2010.43.

33. Reh DD, Lin SY, Clipp SL, Irani L, Alberg AJ, Navas-Acien A.
Secondhand tobacco smoke exposure and chronic rhinosinusitis: a
population-based case-control study. Am J Rhinol Allergy.
2009;23(6):562–7. https://doi.org/10.2500/ajra.2009.23.3377.

34. Wentzel JL, Mulligan JK, Zachary MS, White DR, Schlosser RJ.
Passive smoke exposure in chronic rhinosinusitis as assessed by
hair nicotine. Am J Rhinol Allergy. 2014;28(4):297–301. https://
doi.org/10.2500/ajra.2014.28.4058.

35. Chung SD, Chen PY, Lin HC, Hung SH. Comorbidity profile of
chronic rhinosinusitis: a population-based study. Laryngoscope.
2014;124(7):1536–41. https://doi.org/10.1002/lary.24581.

36.•• Bhattacharyya N. Associations between obesity and inflammatory
sinonasal disorders. Laryngoscope. 2013;123(8):1840–4. This
cross-sectional study based on retrieved data from Medical
Expenditure Panel Survey (USA) using ICD9CODX field for
CRS (date 2008–2010) demonstrates an increase prevalence of
obesity in the setting of CRS. https://doi.org/10.1002/lary.24019.

37. Sidell D, Shapiro NL, Bhattacharyya N. Obesity and the risk of
chronic rhinosinusitis, allergic rhinitis, and acute otitis media in
school-age children. Laryngoscope. 2013;123(10):2360–3. https://
doi.org/10.1002/lary.24038.

38. Gershon AS, Dolmage TE, Stephenson A, Jackson B. Chronic ob-
structive pulmonary disease and socioeconomic status: a systematic
review. COPD. 2012;9(3):216–26. https://doi.org/10.3109/
15412555.2011.648030.

 7 Page 18 of 18 Curr Allergy Asthma Rep  (2018) 18:7 

https://doi.org/10.1002/alr.21553
https://doi.org/10.1002/alr.21553
https://doi.org/10.1097/MLG.0b013e31817d01b8
https://doi.org/10.1001/archoto.2010.43
https://doi.org/10.2500/ajra.2009.23.3377
https://doi.org/10.2500/ajra.2014.28.4058
https://doi.org/10.2500/ajra.2014.28.4058
https://doi.org/10.1002/lary.24581
https://doi.org/10.1002/lary.24019
https://doi.org/10.1002/lary.24038
https://doi.org/10.1002/lary.24038
https://doi.org/10.3109/15412555.2011.648030
https://doi.org/10.3109/15412555.2011.648030

	Social Factors in the Development of Chronic Rhinosinusitis: a Systematic Review
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Socioeconomic and Education Status
	Living and Working Environment
	Exposure to Smoke
	Diet and Exercise
	Family Status

	Discussion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



