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Background and Objectives   Metabolic syndrome is a medical problem featured by the co-
existence of several risk factors such as, heart disease, stroke, and diabetes. The association 
between metabolic syndrome and incidental paranasal sinusitis has not been definitely proved 
yet. This study was established to prove if metabolic syndrome might be related to incidental 
paranasal sinusitis.
Subjects and Method   Of 5682 patients who had undergone brain MRI for regular check-
ups between 2011 and 2018 at Kangbuk Samsung Health Care Center, we analyzed 2882 cases 
with normal sinus and incidental paranasal sinusitis that had been deciphered by specialized 
radiologists. Data of various components of metabolic syndrome were also used. Multivari-
able logistic regression analysis was performed to calculate the odds ratio (OR) of having inci-
dental paranasal sinusitis between subjects with metabolic syndrome components and those 
without.
Results   Of 2882 patients aged over 18 years (mean age, 51.8±9.47 years; 55.4% male), 353 
incidental paranasal sinusitis subjects (232 male with mean age of 51.39±9.27 years and 121 
female with mean age of 52.43±9.69 years) were identified. Metabolic syndrome was identi-
fied in 554 patients. The adjusted OR of having incidental paranasal sinusitis was 3.03 (95% 
confidence interval [CI]: 1.58-5.83) in female with metabolic syndrome. In female, the adjust-
ed OR of having incidental paranasal sinusitis was 2.10 (95% CI: 1.20-3.67) in those with low 
high density lipoprotein (HDL) cholesterol (<50 mg/dL) and 1.83 (95% CI: 1.06-3.16) in those 
with higher body mass index (BMI) (≥25 kg/m2).
Conclusion   Results of this study suggest that female with metabolic syndrome, low HDL 
cholesterol, and high BMI have higher risks for incidental paranasal sinusitis.
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Introduction

Incidental paranasal sinusitis has been increasingly report-
ed because of the diagnostic use of brain MRI for head and 
neck disease is becoming more frequent.1,2) It might be expect-
ed that if incidental paranasal sinusitis detected earlier, the 
faster the management could be taken. However, clinical causes 
of incidental sinusitis remain unknown.3-7) Asymptomatic in-
cidental sinusitis patients have been mostly regarded as non-
significant cases.3) Several recent studies have revealed that 
diabetes and body mass index (BMI) are associated with in-
cidental sinusitis.8,9) It has also been shown that hypertension 
is associated with incidental sinusitis in female.10)

Metabolic syndrome is a group of components resulting from 
overnutrition, sedentary modern lifestyle, and excessive adi-
posity.11) The prevalence rate of metabolic syndrome in Korea 
has increased continuously from 24.9% in 1998 to 31.3% in 
2007.12,13) It has become to the fore in the modern society be-
cause metabolic syndrome is well known to increase the risk 
of cardiovascular diseases and type 2 diabetes.11,12) Metabolic 
syndrome is diagnosed when there are three positive results 
for the following five criteria: high waist circumference, high 
blood pressure (BP), high triglyceride (TG), high fasting glu-
cose, and low high density lipoprotein (HDL) cholesterol.12,14)

As described earlier, diabetes, BMI, and hypertension as 
components of metabolic syndrome criteria all have been re-
ported to be associated with incidental paranasal sinusitis. 
However, the association between metabolic syndrome and 
incidental paranasal sinusitis has not been definitely proved 
yet. Thus, the purpose of this study was to clarify if metabolic 
syndrome might be related to incidental paranasal sinusitis.

Subjects and Methods

Study designation and study participants
This was a cross-sectional cohort study analyzing data ob-

tained from regular health checkups performed at Kangbuk 
Samsung Medical Center, Seoul, Korea to determine the asso-
ciation between metabolic syndrome and incidental parana-
sal sinusitis. Of a total of 521848 patients with regular health 
checkups between 2011 and 2018 at Kangbuk Samsung Health 
Care Center, 5682 patients had undergone brain MRI. Of these 
5682 patient, 2882 cases with normal sinus and paranasal si-
nusitis deciphered by specialized radiologists were analyzed. 
Data for components of metabolic syndrome were also used. 
All the patient’s data were obtained by internationally stan-

dardized questionnaire survey and body compositions such 
as height and weight were measured by trained nurses with 
the participants wearing a lightweight hospital gown and no 
shoes. Blood sampling was done by highly trained nurses and 
clinical laboratory scientists with over 8 hours fasting state. 
This study had some strengths, in terms of its large sample size, 
cohort design, detailed and standardized clinical and labora-
tory data. This study was reviewed and acknowledged by the 
Institutional Review Board (IRB) of Kangbuk Samsung Hos-
pital (approval number: 2020-11-013). The requirement for in-
formed consent was exempted by the IRB because only de-
identified data collected during health-screening processes 
were used.

Metabolic syndrome as an independent variable
Metabolic syndrome was defined following the criteria of 

NCEP-ATP III, reflecting the waist measurement standard for 
Koreans. Detailed diagnostic criteria of metabolic syndrome 
are shown in Table 1.12) Following these criteria, subjects with 
three or more positive index above criteria were determined 
as metabolic syndrome group.

Paranasal sinusitis as a dependent variable
Brain MRI was performed using a 1.5-tesla scanner (SIG-

NA HDxt 1.5T; GE Healthcare, Tokyo, Japan). These images 
were deciphered by educated radiologists who did not know 
this research. Incidental paranasal sinusitis was defined as 
the existence of official readings by radiologists including 
sinusitis in at least one paranasal sinus.

Statistical analysis
Baseline characteristics of study participants are presented 

as mean±standard deviation for continuous variables and num-
ber (percentage) for categorical variables. Continuous variables 
were compared using student’s t-test. Categorical variables 
were compared using chi-square test or Fisher’s exact test. 
For continuous variables having abnormal distribution, they 
were presented as median (IQR) and compared using Mann-
Whitney U test. Graphical method (using histogram) was used 
for determining whether data had a normal distribution.

The association between metabolic syndrome and inciden-
tal paranasal sinusitis was then analyzed. Odds ratios (ORs) 
with 95% confidence intervals (CIs) of having incidental pa-
ranasal sinusitis were calculated using a multivariable logis-
tic regression analysis. ORs and 95% CIs were adjusted for 
several steps. Model 1 was adjusted for age and sex. Model 2 
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was adjusted for age, sex, regular exercise, smoking status, 
and alcohol consumption. In model 3, the final model, white 
blood cell (WBC), high sensitivity C-reactive peptide (hsCRP), 
and allergic history were further adjusted in addition to those 
adjusted in model 2. Individual components of metabolic syn-
drome diagnostic criteria were also analyzed using multivari-
able logistic regression analysis. ORs and the 95% CIs were 
calculated after adjustment. Adjusted variables were the same 
as above. All statistical analyses were performed using STA-
TA version (16.1) (StataCorp LP, College Station, TX, USA). 
p-values less than 0.05 were considered statistically significant.

Results

Baseline characteristics of study population
Of 2882 patients aged over 18 years (mean age, 51.8±9.47 

years; 55.4% male), 353 subjects (232 male and 121 female; 
mean age, 53.24±10.49 years) were identified to have inciden-
tal paranasal sinusitis.

Table 2 shows baseline characteristic of participants, includ-
ing age, sex, smoking status, alcohol intake, regular exercise, 
systolic and diastolic BP, waist circumference, BMI, total cho-
lesterol, HDL cholesterol, low density lipoprotein (LDL) cho-
lesterol, WBC count, fasting glucose, hemoglobin A1c, TG, 
C-reactive peptide (CRP), hsCRP, and allergic history. In the 
paranasal sinusitis group, age and proportion of male were 
higher compared to those in normal sinus group.

Prevalence comparison of metabolic syndrome and 
incidental paranasal sinusitis

Table 3 shows prevalence of metabolic syndrome and inci-
dental paranasal sinusitis among total sex, female, and male 
group. Significant results were seen in total sex group (p=0.029) 
and female group (p=0.019). In male group, prevalence of 
metabolic syndrome was seemed high. However, no signifi-
cant result was seen between metabolic syndrome and inci-
dental paranasal sinusitis (p=0). Also, individual component 

of metabolic syndrome was analyzed in Table 3.

Association between metabolic syndrome and 
paranasal sinusitis according to sex

As shown in Table 2, age, sex, smoking status, systolic BP, 
total cholesterol, HDL cholesterol, WBC count, CRP, hsCRP, 
and allergic history are related to the prevalence of paranasal 
sinusitis. Supplementary Table 1 shows sex differences of 
baseline characteristics. Table 4 shows the association between 
metabolic syndrome and paranasal sinusitis. Three models 
were set according to the step-up adjustment. In multivari-
able logistic regression analysis, the adjusted OR was 1.77 
(95% CI: 1.06-2.94) in model 1, 2.60 (95% CI: 1.47-4.60) in 
model 2, and 3.03 (95% CI: 1.58-5.83) in model 3 of the fe-
male group. These results indicated that higher OR was cal-
culated if there were more adjustment variables in the female 
group. However, there was no significant tendency in the male 
group. There was no significant result in the total group ei-
ther. Furthermore, the interaction p-value by sex were 0.023 
and 0.013 in model 2 and model 3 respectively. It is assumed 
that because there were lots of sex differences of baseline char-
acteristics in Supplementary Table 1, more significant results 
were elicited after step-up adjustment. In this model, relative 
excess risk due to interaction was -0.689 (95% CI; -1.747 to 
0.370), attributable proportion due to interaction was -0.370 
(95% CI; -0.975 to 0.235), and synergy index was 0.556 (95% 
CI; 0.247-1.249).

Association between individual components of 
metabolic syndrome diagnostic criteria and 
paranasal sinusitis in female

In succession, sub-analysis was performed to reveal if there 
were associations between individual components of metabol-
ic syndrome diagnostic criteria and paranasal sinusitis. There 
were no significant results in the total sex group or the male 
group. However, in the female group, some components showed 
significant associations with paranasal sinusitis.

Table 1. Diagnostic criteria for the clinical diagnosis of metabolic syndrome

Category Details

Waist circumference ≥90 cm in male, ≥85 cm in female
BP ≥130 mm Hg systolic BP or ≥85 mm Hg diastolic BP or treatment of previously diagnosed hypertension*
Triglyceride ≥150 mg/dL
HDL cholesterol ＜40 mg/dL in male, ＜50 mg/dL in female
Fasting glucose ≥100 mg/dL or treatment of previously diagnosed type 2 DM†

*previously diagnosed hypertension: have been diagnosed with hypertension by a doctor or being treated for hypertension; 
†previously diagnosed type 2 DM: have been diagnosed with diabetes by a doctor or being treated for diabetes. BP, blood pres-
sure; DM, diabetes mellitus; HDL, high density lipoprotein
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Table 5 shows associations between individual components 
of metabolic syndrome diagnostic criteria and incidental pa-
ranasal sinusitis in female. The association between BMI and 

incidental paranasal sinusitis in female was also found. The 
final adjusted OR was 2.10 (95% CI: 1.20-3.67) in those with 
low HDL cholesterol (<50 mg/dL) and 1.83 (95% CI: 1.06-

Table 2. Baseline characteristics of participants

Variable Overall Control PNS p-value

Number (%) 2882 2529 (87.75) 353 (12.25)  
Age (years)* 51.8±9.47 51.59±9.31 53.24±10.49 0.005
Sex, male* 1597 (55.41) 1365 (53.97) 232 (65.72) ＜0.001
Smoking status*       0.014

Never smoker 1241 (43.06) 1109 (43.85) 132 (37.39)  
Former smoker 764 (26.51) 661 (26.14) 103 (29.18)  
Current smoker 497 (17.24) 419 (16.57) 78 (22.10)  
Unknown 380 (13.19) 340 (13.44) 40 (11.33)  

Alcohol intake (g/day) 6 (1-25) 6 (1-25) 9 (1-30) 0.108
Regular exercise       0.200
＜3 times per week 2203 (76.44) 1946 (76.95) 257 (72.80)  
≥3 times per week 488 (16.93) 421 (16.65) 67 (18.98)  
Unknown 191 (6.63) 162 (6.41) 29 (8.22)  

SBP (mm Hg)* 112.40±12.92 112.18±12.96 114.00±12.60 0.013
DBP (mm Hg) 72.70±9.61 72.58±9.62 73.57±9.51 0.069
Waist circumference (cm) 83.46±8.91 83.37±8.85 84.14±9.35 0.127
BMI (kg/m2) 23.98±3.06 23.95±3.05 24.20±3.13 0.151
Total cholesterol (mg/dL)* 198.65±37.71 199.23±37.59 194.54±38.34 0.029
HDL cholesterol (mg/dL)* 57.63±15.59 57.92±15.57 55.59±15.59 0.009
LDL cholesterol (mg/dL) 128.23±34.80 128.35±34.81 127.39±34.82 0.627
WBC (×103/mm3)* 5.99±1.63 5.96±1.61 6.19±1.77 0.019
Fasting glucose (mg/dL) 99.29±18.51 99.15±18.60 100.33±17.82 0.261
HbA1c (%) 5.75±0.66 5.74±0.65 5.80±0.68 0.085
TG (mg/dL) 102 (73-148) 102 (73-148) 103 (73-145) 0.926
CRP (mg/dL)* 0.05 (0.02-0.11) 0.05 (0.02-0.10) 0.07 (0.03-0.14) ＜0.001
hsCRP (mg/dL)* 0.05 (0.03-0.10) 0.05 (0.03-0.10) 0.06 (0.03-0.13) 0.002
Allergic history*† 312 (10.83) 263 (10.4) 49 (13.88) 0.049
Data are presented as n (%), mean±standard deviation or median (interquartile range). *significant result (p＜0.05); †allergic his-
tory: allergic rhinitis, atopic dermatitis, allergic conjunctivitis, food allergy. PNS, paranasal sinusitis; SBP, systolic BP; DBP, diastolic 
BP; BP, blood pressure; BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein; WBC, white blood cell; 
HbA1c, hemoglobin A1c; TG, triglyceride; CRP, C-reactive peptide; hsCRP, high sensitivity C-reactive peptide

Table 3. Prevalence comparison of metabolic syndrome

Total Female Male
Control PNS p-value Control PNS p-value Control PNS p-value

Metabolic syndrome 0.029* 0.019* 0.706
No 2058 (88.40) 270 (11.60) 1036 (91.28) 99 (8.72) 1022 (85.67) 171 (14.33)

Yes 471 (85.02) 83 (14.98) 128 (85.33) 22 (14.67) 343 (84.90) 61 (15.10)

Metabolic syndrome component
Abdominal obesity 725 (86.21) 116 (13.79) 0.029* 257 (90.18) 28 (9.82) 0.760 468 (84.17) 88 (15.83) 0.285
High BP 753 (85.67) 126 (14.33) 0.100 261 (90.31) 28 (9.69) 0.857 492 (83.39) 98 (16.61) 0.071
TG 619 (87.80) 86 (12.20) 0.024* 166 (91.71) 15 (8.29) 0.575 453 (86.45) 71 (13.55) 0.438
HDL 415 (86.82) 63 (13.18) 0.963 225 (87.21) 33 (12.79) 0.038* 190 (86.36) 30 (13.64) 0.686
Fasting glucose 905 (87.02) 135 (12.98) 0.498 279 (89.71) 32 (10.29) 0.545 626 (85.87) 103 (14.13) 0.679

*significant result (p＜0.05). PNS, paranasal sinusitis; BP, blood pressure; TG, triglyceride; HDL, high density lipoprotein
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3.16) in those with high BMI (≥25 kg/m2). However, waist cir-
cumference, high BP, TG, and fasting glucose did not show 
significant correlation with paranasal sinusitis.

Discussion

This large cross-sectional cohort study showed increases of 
incidental paranasal sinusitis in patients with metabolic syn-
drome. The association between incidental paranasal sinus-
itis and metabolic syndrome has been the subject of previous 

studies. One study showed that the prevalence of paranasal 
sinusitis was higher in patients with metabolic syndrome, es-
pecially in those with a high TG level, reduced high-density 
lipoprotein level, and elevated BP than in those without met-
abolic syndrome.15) However, that study did not consider sex 
difference. Our study showed associations of paranasal si-
nusitis with low HDL (<50 mg/dL) and high BMI (≥25 kg/m2) 
in female. However, BP, TG level, and fasting glucose failed 
to show significant associations with paranasal sinusitis re-
gardless of sex.

Table 5. Association between individual components of metabolic syndrome diagnostic criteria and paranasal sinus disease in female

Subgroup
Multivariable-adjusted OR (95% CI)

Model 1 Model 2 Model 3

Waist circumference (≥85 cm in female)

Control group 1 (reference) 1 (reference) 1 (reference)

Case group 1.04 (0.66-1.63) 1.14 (0.68-1.92) 1.02 (0.55-1.86)

High BP (≥130 mm Hg systolic BP or ≥85 mm Hg diastolic BP)

Control group 1 (reference) 1 (reference) 1 (reference)

Case group 0.98 (0.61-1.57) 1.31 (0.77-2.23) 1.69 (0.92-3.10)

Triglyceride (≥150 mg/dL)

Control group 1 (reference) 1 (reference) 1 (reference)

Case group 0.83 (0.47-1.46) 1.05 (0.56-1.97) 1.12 (0.54-2.31)

HDL cholesterol (＜50 mg/dL)

Control group 1 (reference) 1 (reference) 1 (reference)

Case group 1.54 (1-2.37)* 2.33 (1.43-3.77)* 2.10 (1.20-3.67)*
Fasting glucose (≥100 mg/dL)

Control group 1 (reference) 1 (reference) 1 (reference)

Case group 1.11 (0.72-1.71) 1.34 (0.83-2.18) 1.56 (0.90-2.69)

Obesity (BMI≥25 kg/m2)

Control group 1 (reference) 1 (reference) 1 (reference)

Case group 1.43 (0.94-2.19)* 1.91 (1.19-3.06)* 1.83 (1.06-3.16)*
Model 1: adjusted for age; Model 2: adjusted for age, regular exercise, alcohol intake, smoking status; Model 3: adjusted for age, 
regular exercise, alcohol intake, smoking status, white blood cell, high sensitivity C-reactive peptide, allergic history. *significant 
odds ratio result. OR, odd ratio; CI, confidence interval; BP, blood pressure; HDL, high density lipoprotein; BMI, body mass index

Table 4. Association between metabolic syndrome and paranasal sinusitis

Subgroup
Multivariable-adjusted OR (95% CI)

Model 1 Model 2 Model 3

Total sex (n=2882)

Non metabolic syndrome group (n=2328) 1 (reference) 1 (reference) 1 (reference)

Metabolic syndrome group (n=554) 1.17 (0.89-1.54) 1.25 (0.94-1.66) 1.16 (0.84-1.61)

Female (n=1285)

Non metabolic syndrome group (n=1135) 1 (reference) 1 (reference) 1 (reference)

Metabolic syndrome group (n=150) 1.77 (1.06-2.94)* 2.60 (1.47-4.60)* 3.03 (1.58-5.83)*
Male (n=1597)

Non metabolic syndrome group (n=1193) 1 (reference) 1 (reference) 1 (reference)

Metabolic syndrome group (n=404) 1.04 (0.75-1.43) 1.05 (0.76-1.47) 0.91 (0.62-1.34)

Interaction p-value by sex 0.147 0.023 0.013
Model 1: adjusted for age, sex†; Model 2: adjusted for age, sex†, regular exercise, alcohol intake, smoking status; Model 3: adjust-
ed for age, sex†, regular exercise, alcohol intake, smoking status, white blood cell, high sensitivity C-reactive peptide, allergic his-
tory. *significant odds ratio result; †sex was adjusted only in the total sex group. OR, odd ratio; CI, confidence interval
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Another study has reported a significant positive associa-
tion between dyslipidemia and paranasal sinusitis in patients 
with or without nasal polyp (adjusted OR: 1.36, 95% CI: 1.26-
1.47, p<0.001).16) Both dyslipidemia and paranasal sinusitis 
are associated with chronic inflammation which has nega-
tive effects on the integrity of endothelial cells.16-18) Dyslipid-
emia has been reported to be an important factor for oxidative 
stress causing endothelial dysfunction and atherosclerosis.16,19) 
This oxidative stress has been found to be associated with the 
development of paranasal sinusitis.19)

Kabeya, et al.8,9) have reported that patients with higher BMI 
are more likely to have paranasal sinus disease, consistent with 
our finding. They also reported a significant association of 
patients with diabetes and the prevalence of paranasal sinus 
disease (adjusted OR: 1.74, 95% CI: 1.12-2.71 in diabetic pa-
tients). Dales, et al.10) have reported a correlation between hy-
pertension and sinusitis in femlae (adjusted OR: 1.42, 95% 
CI: 1.04-1.95). However, fasting glucose and high BP showed 
no significant association with paranasal sinusitis in our study. 
The reason for such differences might be that numbers of pa-
tients analyzed in previous studies were relatively small. In 
addition, most studies had a cross-sectional design. To have 
more accurate results, a prospective study is needed.

Metabolic syndrome is associated with insulin resistance, 
adipose tissue dysfunction, dyslipidemia, especially high TG 
and low LDL levels.15) This condition might be linked to ab-
normal levels of inflammatory markers such as cytokines and 
adipokines. Meanwhile, the correlation between essential hy-
pertension and insulin resistance is already known.20) There-
fore, among diagnostic criteria of metabolic syndrome, dyslip-
idemia, elevated BP, and high fasting glucose level might cause 
chronic inflammatory conditions such as paranasal sinusitis.

Several hypotheses have been suggested for the development 
of paranasal sinusitis involving many environmental and host 
factors. ‘Immune barrier hypothesis’ is one of pathophysiologic 
explanations for paranasal sinusitis.21) It assumes that chronic 
inflammation can cause defects in the mechanical barrier or 
innate immune response, making sinus mucosa become vul-
nerable to having paranasal sinusitis by microbes. As men-
tioned above, metabolically unhealthy patients, including those 
with dyslipidemia, elevated BP, high glucose level could show 
increased levels of inflammatory cytokines, inflammation-sen-
sitive plasma proteins, and cellular adhesion molecules.16,22-24) 
Consequently, these proinflammatory host factors could be 
linked to the development of paranasal sinusitis.

Strength of this study included its large sample size and ran-

domized selection. As all data used in this study were from 
randomized regular health checkups, they were highly rep-
resentative without a selection bias. Sex differences were 
seen in this study. This is not surprising as sex differences 
are well known for cardiovascular and immune diseases.10,25) 
According to a previous study, female are more likely to have 
asthma25) or smoking induced lung disease, suggesting that 
female show increased susceptibility to respiratory diseas-
es.10,26-28) Female might also have smaller sinus that could in-
crease the risk of obstruction and paranasal sinus disease. De-
spite these explanations, further research is necessary to prove 
why metabolic syndrome and incidental paranasal sinusitis 
have association only in female.

This study has some limitations. First, paranasal sinusitis 
was determined according to incidental readings of brain im-
age. Therefore, it might be unclear and controversial that there 
is the clinical relation of incidental findings detected in brain 
MRI scanning system. A previous study has shown that there 
is an association between paranasal sinus abnormality on MRI 
and symptoms of an upper respiratory infection.29) However, 
some studies have suggested that there are differences between 
clinical symptoms and MRI findings.30,31) Further research is 
needed to reveal the correlation between metabolic syndrome 
and clinically proved paranasal sinusitis. Secondly, brain MRI 
deciphering was done by several radiologists. Although they 
were highly trained experts, observer bias could not be com-
pletely excluded. Thirdly, the meaningful adjusted OR results 
were concluded only in female group. 

In conclusion, this study suggests that female with meta-
bolic syndrome, low HDL cholesterol, and high BMI are as-
sociated with incidental paranasal sinusitis. As for clinical 
appliance, otorhinolaryngologists and physicians should keep 
it in mind that patients with metabolic syndrome might have 
an increased risk of paranasal sinusitis. At the society level, 
metabolic syndrome is an increasing trend due to the mod-
ern lifestyle. It could lead to excessive healthcare expenditure. 
Therefore, it is necessary to make preventive effort for reduc-
ing the risk of paranasal sinusitis by taking regular sinus en-
doscopy examination or paranasal sinus X-ray check-up. More 
prospective studies are necessary to reveal the correlation be-
tween metabolic syndrome and paranasal sinusitis.

Supplementary Materials
The Data Supplement is available with this article at https://doi.
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Supplementary Table 1. Baseline characteristics of participants

Variable Female Male p-value

Number (%) 1285 (44.59) 1597 (55.41)

Age (years)* 52.43±9.69 51.29±9.27 0.001
Smoking status* ＜0.001

Never smoker 942 (73.31) 299 (18.72)

Former smoker 56 (4.36) 708 (44.33)

Current smoker 26 (2.02) 471 (29.49)

Unknown 261 (20.31) 119 (7.45)

Alcohol intake (g/day)* 2 (0-4) 15 (4-38) ＜0.001
Regular exercise 0.333
＜3 times per week 974 (75.80) 1229 (76.96)
≥3 times per week 216 (16.81) 272 (17.03)

Unknown 95 (7.39) 96 (6.01)

SBP (mm Hg)* 108.95±13.22 115.18±11.98 ＜0.001
DBP (mm Hg)* 69.05±8.82 75.64±9.21 ＜0.001
Waist circumference (cm) 78.80±8.08 87.20±7.70 ＜0.001
BMI (kg/m2) 22.94±3.07 24.81±2.78 ＜0.001
Total cholesterol (mg/dL)* 200.13±37.76 197.46±37.64 0.059
HDL cholesterol (mg/dL)* 63.99±16.21 52.52±12.99 ＜0.001
LDL cholesterol (mg/dL) 126.80±35.05 129.38±34.58 0.048
WBC (×103/mm3)* 5.71±1.54 6.21±1.67 ＜0.001
Fasting glucose (mg/dL) 95.06±16.04 102.70±19.63 ＜0.001
HbA1c (%) 5.69±0.55 5.79±0.72 ＜0.001
TG (mg/dL) 87 (63-121) 119 (83-173) ＜0.001
CRP (mg/dL)* 0.04 (0.02-0.10) 0.06 (0.02-0.13) ＜0.001
hsCRP (mg/dL)* 0.04 (0.02-0.09) 0.06 (0.03-0.11) ＜0.001
Allergic history*† 155 (12.06) 157 (9.83) 0.055
Data are presented as n (%), mean±standard deviation or median (interquartile range). *significant odds ratio result; †allergic his-
tory: allergic rhinitis, atopic dermatitis, allergic conjunctivitis, food allergy. SBP, systolic BP; DBP, diastolic BP; BP, blood pressure; 
BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein; WBC, white blood cell; HbA1c, hemoglobin A1c; 
TG, triglyceride; CRP, C-reactive peptide; hsCRP, high sensitivity C-reactive peptide




