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ABSTRACT

Background: Polycyclic aromatic hydrocarbons (PAHs) have become common pollutants 
with industrial development. Although the effect of exposure to PAHs on allergic disease in 
humans has been evaluated, evidence of an association is sparse. The association between 
PAH exposure and serum total immunoglobulin E (IgE) levels was evaluated in Korean adults.
Methods: In total, this study included 3,269 participants in the Third Korean National 
Environmental Health Survey (2015–2017). Four urinary PAH metabolites were used to 
assessed exposure to PAHs: 1-hydroxypyrene, 1-hydroxyphenanthrene, 2-naphthol, and 
2-hydroxyfluorene. The analyses were performed on 3 cutoff levels (100 IU/mL, 114 IU/
mL, and 150 IU/mL) set as the total IgE elevation. Prevalence of total IgE elevation by PAH 
exposure group and general characteristics (age, sex, BMI, smoking, alcohol drinking, and 
occupation) were analyzed using the Rao–Scott χ2 test. Multiple logistic regression analyses 
were conducted to calculate adjusted odds ratios (ORs) for total IgE elevation by PAH 
exposure groups.
Results: Total IgE elevation differed significantly by age, sex, smoking status, alcohol 
drinking status, and occupation. For 2-hydroxyfluorene, the fourth quartile showed a 
significant association with IgE elevation compared to the first quartile in the analyses of 
cutoff-level 100 IU/mL (OR: 1.372, 95% confidence interval [CI]: 1.007–1.869) and 114 IU/mL 
(OR: 1.643, 95% CI: 1.167–2.312). In the analysis of cutoff-level 150 IU/mL, the adjusted ORs 
of the third and fourth quartile of 2-hydroxyfluorene were significantly higher than the first 
quartile (3rd quartile: OR: 1.478, 95% CI: 1.034–2.113; 4th quartile: OR: 1.715, 95% CI: 1.161–
2.534). However, there were no significant positive associations for the other metabolites.
Conclusions: This study implied that PAHs exposure is associated with total IgE elevation in 
Korean adults. More research is needed to confirm the effect of exposure to PAHs on serum 
IgE and allergic diseases.
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BACKGROUND

Polycyclic aromatic hydrocarbons (PAHs) have become common pollutants which exist 
everywhere with industrial development.1 PAHs are a group of toxic chemicals consisted of 
several benzene rings.2 For example, naphthalene, fluorene, pyrene, benzo[a]pyrene and 
many other PAHs consist of PAHs complex. They are produced as a result of incomplete 
combustion of various organic material.3 Industrial operations, power generation, waste 
incineration, and residential heating are the major sources of PAHs.4 They are absorbed by 
inhaling diesel exhaust particles (DEPs), smoking cigarettes, and eating grilled foods.5,6 
When PAHs are absorbed into the body, they are mainly metabolized by liver and kidney. The 
metabolites of PAHs are excreted through bile and urine, and their half-life in the body are 
within several hours.7,8

There are lots of studies about the effect of PAHs on various organ of human body. For 
example, occupational PAH exposure can increase serum liver enzyme levels.9 The fact that 
PAH exposure increases the risk of various cancers has been well known. PAHs exposure can 
induce lung cancer, skin cancer, and bladder cancer.10,11 Exposure to PAHs is also associated 
with cardiovascular diseases like hypertension and heart attack.12 PAHs exposure is not only a 
problem for adults but also a problem for children. Prenatal exposure to PAHs can adversely 
affect fetal growth and children’s cognitive development.13,14

The role of PAHs exposure on causing allergic diseases is relatively little known. They may 
induce allergic diseases such as allergic rhinitis, allergic dermatitis, and asthma.15 The 
prevalence of allergic diseases is higher among people living in polluted cities than in those 
living in rural areas.16,17 In other case, Chinese government restricted the emission of air 
pollutants to improve air quality during 2008 Beijing Olympics, and outpatient visits for 
asthma decreased during that period.18 In that study, ambient concentrations of PM2.5 and 
O3 were associated with outpatient visits for asthma. PAHs are major components of PM2.5 
which cause air pollution.19 In addition, there is a study which shows significant association 
between various pollutants including PM2.5 and allergic rhinitis.20 These studies suggest 
the possibility of association between PAHs and allergic disease. Also, a study showed that 
urinary PAH metabolites are significantly associated with allergic sensitization to several 
allergens in the US population.21

The prevalence of allergic diseases is increasing in South Korea,22 and the socioeconomic 
burden is considerable.23,24 Because PAHs are ubiquitous in the environment, people can 
be exposed to them in their daily lives. Therefore, identifying the effect of PAHs exposure 
in allergic diseases can be significant. Though several studies have studied the effect of 
PAHs exposure on allergic disease in humans, the evidences are sparse. In particular, 
the studies on Korean adults are lacking. Therefore, further researches are needed to 
add evidences supporting the association between PAHs exposure and allergic diseases. 
Urinary PAH metabolites are widely used as a useful indicator to reflect exposure to PAHs.25 
Immunoglobulin E (IgE), a marker of allergic reaction is a key component of the immune 
response to allergens, which is called type I hypersensitivity.26 In this study, we examined the 
association between PAH metabolites and serum total IgE elevation in Korean adults using 
the Third Korean National Environmental Health Survey (KoNEHS) data.
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METHODS

Participants
National Institute of Environmental Research conducted the third KoNEHS from 2015 to 
2017. Stratified sampling based on the 2015 national population and housing census was 
used in the survey. Face-to-face interviews were conducted with biological sampling. The 
participants comprised 3,787 individuals in 233 districts selected to be proportional to 
the population. Among the 3,787 subjects, 82 subjects with missing values were excluded. 
Finally, 3,269 subjects whose urinary creatinine concentration was within the reference range 
(0.3–3.0 g/L) were included in this analysis.

Total IgE
Serum total IgE was analyzed as follows. IgE levels were measured by competitive 
immunoassay using direct chemiluminescence (ADVIA Centaur®; Siemens, Munich, 
Germany). Serum was separated from whole blood by centrifugation at 3,500 rpm. The 
antigen-antibody reaction proceeded for 30 minutes at 37°C to incubate the specimen and 
alkaline phosphatase-conjugated antibodies on beads coated with an antibody specific for 
total IgE. Luminescent reaction of chemiluminescent substrate in the presence of alkaline 
phosphatase proceeded for 5 minutes. Luminescence was measured using a photometer and 
the sample concentration was calculated.

Elevated total IgE was defined as 3 cutoff levels (> 100 IU/mL, > 114 IU/mL, and > 150 IU/
mL)27,28 and subjects were classified into elevated- and non-elevated-IgE groups.

Exposure to PAHs
Four urinary PAH metabolites were used to assessed exposure to PAHs: 1-hydroxypyrene, 
1-hydroxyphenanthrene, 2-naphthol, and 2-hydroxyfluorene. The urinary metabolites of 
PAHs were measured as follows. Random spot urine was sampled, frozen, and stored at 
−20°C. Urinary metabolites were hydrolyzed by β-glucuronidase/aryl sulfatase and derivatized 
with bistrimethylsilyltrifluoroacetamide, then analyzed using gas chromatography–mass 
spectrometry. The calibration curve by the standard addition method was used to calculate 
the concentration. The coefficient of determination (R2) was ≥ 0.995. The limits of detection 
(LODs) for each metabolite were as follows: 0.015 μg/L for 1-hydroxypyrene, 0.04 μg/L for 
1-hydroxyphenanthrene, 0.05 μg/L for 2-naphthol, and 0.04 μg/L for 2-hydroxyfluorene. 
Concentrations below the LOD were substituted with a value of LOD divided by the square 
root of 2 for each metabolite.

Exposure groups for each PAH were categorized by quartile of urinary concentration 
of metabolites: “≤ 25th percentile,” “> 25th and ≤ 50th percentile,” “> 50th and ≤ 75th 
percentile,” and “> 75th percentile.” For urinary 1-hydroxyphenanthrene, exposure group was 
classified as “< LOD,” “≥ LOD and ≤ 50th percentile,” “> 50th and ≤ 75th percentile,” and “> 
75th percentile” because 30.3% of urinary 1-hydroxyphenanthrene concentrations were below 
the LOD.

Urinary creatinine was separately included in the analyses as an independent variable to 
correct for the dilution of urine samples.29 Creatinine was analyzed by compensated rate-
blanked Jaffe kinetic assay using the CREA_2 reagent (Siemens) and ADVIA 1800 (Siemens) 
instrument, and expressed in g/L.
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Covariates
The following variables were included in the analyses: age, sex, body mass index (BMI), 
smoking, alcohol drinking, and occupation. Ages from 19 to over 70 years were grouped by 
10-year intervals. BMI was categorized into 4 groups according to World Health Organization 
Asian BMI classification: underweight (< 18.5 kg/m2), normal (18.5–22.9 kg/m2), overweight 
(23–24.9 kg/m2), and obese (≥ 25 kg/m2). Smoking status was categorized as ‘current smoker,’ 
‘ex-smoker,’ or ‘nonsmoker.’ Alcohol drinking status was categorized as ‘drinking’ or ‘non-
drinking.’ Occupation was classified as white collar, blue collar, service and sales, agriculture 
and fishery, or full-time housekeeper. White-collar workers included manager, professional, 
and office worker. Blue-collar workers included technician, engineer, and laborer. Service 
and sales category included security-related service, health care service, transportation and 
leisure services, food service, and various types of sales.

Statistical analyses
In this study, the KoNEHS data was analyzed by applying strata, clusters, and sampling 
weights to address the stratified sampling design. The analyses were performed on 3 cutoff 
levels (> 100 IU/mL, > 114 IU/mL, and > 150 IU/mL) set as the total IgE elevation. Prevalence 
of total IgE elevation by PAH exposure group and general characteristics (age, sex, BMI, 
smoking, alcohol drinking, and occupation) were analyzed using the Rao–Scott χ2 test. 
Multiple logistic regression analyses adjusted for the general characteristics and urinary 
creatinine were performed to calculate adjusted odds ratios (ORs) for total IgE elevation 
by PAH exposure groups. Statistical analysis was performed using SPSS (version 25 for 
Windows; IBM, Armonk, NY, USA). The p < 0.05 was considered indicative of significance.

Ethics statement
Informed agreement to the use of data is obtained from all subjects in KoNEHS. The 
Institutional Review Board (IRB) of Inje University Haeundae Paik Hospital approved this 
study (IRB No. 2022-04-003).

RESULTS

Fig. 1 presents the distribution of the serum total IgE levels. IgE levels of 100 IU/mL, 114 IU/
mL, and 150 IU/mL, the cutoff values for elevated IgE, correspond to about the 58.5th, 62.7th, 
and 70.3th percentile in the estimated percentiles of the total IgE level.

Table 1 shows elevated total IgE by demographic characteristics. Similar results were shown 
in all 3 cutoff values. IgE elevation differed significantly by age, sex, smoking status, alcohol 
drinking status, and occupation. The prevalence of elevated IgE levels did not differ by age 
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Fig. 1. Estimated percentiles of serum total IgE level (IU/mL). 
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group and was higher in male than in female. The prevalence of elevated IgE levels was higher 
in the current smoker and ex-smoker than in non-smoker, and higher in drinking group 
than in non-drinking group. Agricultural and fishery workers had the highest and full-time 
housekeepers the lowest prevalence of elevated IgE.

Table 2 shows total IgE elevation by quartile of urinary PAH metabolite concentration. In 
the analyses of cutoff-level 100 IU/mL, the elevation differed significantly by quartile of 
1-hydroxyphenanthrene and 2-hydroxyfluorene. In the analysis using cutoff-level 114 IU/
mL, the elevation differed significantly by quartile of 1-hydroxyphenanthrene, 2-naphthol, 
and 2-hydroxyfluorene. In the analysis using cutoff-level 150 IU/mL, the elevation differed 
significantly by quartile of 2-hydroxyfluorene.

The association between each urinary PAH metabolite group and total IgE elevation was 
shown in Table 3. For 2-hydroxyfluorene, the fourth quartile showed a significant association 
with IgE elevation compared to the first quartile in the analyses of cutoff-level 100 IU/mL 
(OR: 1.372, 95% confidence interval [CI]: 1.007–1.869, p for trend 0.057) and 114 IU/mL (OR: 
1.643, 95% CI: 1.167–2.312, p for trend 0.011). In the analysis of cutoff-level 150 IU/mL, the 
adjusted ORs of the third and fourth quartile of 2-hydroxyfluorene were significantly higher 
than the first quartile (3rd quartile: OR: 1.478, 95% CI: 1.034–2.113; 4th quartile: OR: 1.715, 
95% CI: 1.161–2.534, p for trend 0.006). The OR of the second quartile of 2-naphthol was 
significantly lower than that of the first quartile in the analysis using cutoff-level 114 IU/mL 
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Table 1. Elevation of total IgE according to general characteristics
Variables Elevation of total IgE

> 100 IU/mL > 114 IU/mL > 150 IU/mL
No Yes p-value (χ2) No Yes p-value (χ2) No Yes p-value (χ2)

Age (years) 0.049 
(16.963)

0.049 
(17.264)

0.096 
(14.933)19–29 141 (54.4) 105 (45.6) 156 (61.5) 90 (38.5) 173 (69.9) 73 (30.1)

30–39 295 (59.2) 185 (40.8) 310 (61.6) 170 (38.4) 347 (69.0) 133 (31.0)
40–49 323 (63.7) 199 (36.3) 347 (68.6) 175 (31.4) 381 (75.7) 141 (24.3)
50–59 443 (57.0) 324 (43.0) 461 (60.2) 306 (39.8) 518 (67.9) 249 (32.1)
60–69 451 (54.6) 361 (45.4) 477 (58.2) 335 (41.8) 543 (66.7) 269 (33.3)
≥ 70 248 (62.3) 194 (37.7) 265 (65.6) 177 (34.4) 295 (72.4) 147 (27.6)

Sex < 0.001 
(131.355)

< 0.001 
(127.541)

< 0.001 
(98.292)Male 673 (49.2) 837 (50.8) 730 (53.7) 780 (46.3) 864 (62.9) 646 (37.1)

Female 1,228 (68.9) 531 (31.1) 1,286 (72.7) 473 (27.3) 1,393 (78.7) 366 (21.3)
BMI (kg/m2) 0.287  

(8.208)
0.370 

(7.634)
0.428  

(6.307)< 18.5 48 (59.7) 28 (40.3) 52 (66.7) 24 (33.3) 59 (75.1) 17 (24.9)
18.5–23 606 (62.0) 376 (38.0) 637 (65.4) 345 (34.6) 708 (72.6) 274 (27.4)
23–25 471 (57.4) 355 (42.6) 504 (62.8) 322 (37.2) 567 (70.1) 259 (29.9)
≥ 25 776 (56.4) 609 (43.6) 823 (60.1) 562 (39.9) 923 (68.3) 462 (31.7)

Smoking < 0.001 
(108.148)

< 0.001 
(108.867)

< 0.001 
(79.865)Non-smoker 1,361 (65.9) 670 (34.1) 1,429 (69.9) 602 (30.1) 1,560 (76.2) 471 (23.8)

Ex-smoker 301 (47.5) 390 (52.5) 327 (52.2) 364 (47.8) 391 (61.7) 300 (38.3)
Current smoker 239 (47.6) 308 (52.4) 260 (51.5) 287 (48.5) 306 (61.4) 241 (38.8)

Alcohol drinking < 0.001 
(24.467)

< 0.001 
(21.724)

< 0.001 
(23.082)No 443 (68.5) 212 (31.5) 461 (71.9) 194 (28.1) 512 (79.2) 143 (20.8)

Yes 1,458 (56.8) 1,156 (43.2) 1,555 (61.1) 1,059 (38.9) 1,745 (68.8) 869 (31.2)
Occupation < 0.001 

(65.836)
< 0.001 

(74.350)
< 0.001 

(55.187)White collar 365 (59.0) 260 (41.0) 386 (63.0) 239 (37.0) 431 (70.6) 194 (29.4)
Blue collar 376 (55.0) 320 (45.0) 399 (59.5) 297 (40.5) 458 (68.5) 238 (31.5)
Service and sales job 204 (56.0) 141 (44.0) 215 (60.0) 130 (40.0) 237 (66.6) 108 (33.4)
Agriculture and fisheries job 143 (51.2) 151 (48.8) 152 (54.3) 142 (45.7) 178 (62.5) 116 (37.5)
Fulltime housekeeper 595 (70.5) 250 (29.5) 629 (75.1) 216 (24.9) 679 (80.4) 166 (19.6)

Values are presented as number (weighted %).
IgE: immunoglobulin E.
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(OR: 0.677, 95% CI: 0.498–0.921). The ORs of 2-hydroxyfluorene groups tended to increase 
according to PAH exposure level. However, there was no dose-response relationship between 
OR and 2-naphthol exposure. There were no significant associations for 1-hydroxypyrene and 
1-hydroxyphenanthrene.
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Table 2. Elevation of total IgE according to urinary metabolites of polycyclic aromatic hydrocarbons
Metabolite Elevation of total IgE

> 100 IU/mL > 114 IU/mL > 150 IU/mL
No Yes p-value (χ2) No Yes p-value (χ2) No Yes p-value (χ2)

1-Hydroxypyrene 0.364 
(5.792)

0.461 
(4.883)

0.525 
(4.291)≤ 25th percentile 547 (61.8) 350 (38.2) 583 (65.7) 314 (34.3) 637 (72.5) 260 (27.5)

25–50th percentile 448 (56.8) 317 (43.2) 468 (61.0) 297 (39.0) 523 (68.3) 242 (31.7)
50–75th percentile 443 (58.8) 320 (41.2) 472 (62.8) 291 (37.2) 537 (71.4) 226 (28.6)
> 75th percentile 463 (56.8) 381 (43.2) 493 (61.3) 351 (38.7) 560 (69.3) 284 (30.7)

1-Hydroxyphenanthrene 0.021 
(14.400)

0.023 
(15.865)

0.238 
(6.710)< LODa 589 (60.4) 387 (39.6) 629 (64.8) 347 (35.2) 689 (70.4) 287 (29.6)

LOD–50th percentile 376 (63.3) 244 (36.7) 400 (67.5) 220 (32.5) 442 (74.0) 178 (26.0)
50–75th percentile 460 (56.8) 346 (43.2) 484 (60.5) 322 (39.5) 552 (69.9) 254 (30.1)
> 75th percentile 476 (54.3) 391 (45.7) 503 (58.6) 364 (41.4) 574 (67.9) 293 (32.1)

2-Naphthol 0.122 
(10.780)

0.029 
(17.412)

0.220 
(8.513)≤ 25th percentile 510 (59.3) 334 (40.7) 537 (62.3) 307 (37.7) 598 (70.6) 246 (29.4)

25–50th percentile 478 (62.6) 299 (37.4) 509 (68.0) 268 (32.0) 558 (73.9) 219 (26.1)
50–75th percentile 488 (57.5) 354 (42.5) 517 (62.4) 325 (37.6) 584 (69.6) 258 (30.4)
> 75th percentile 425 (54.9) 381 (45.1) 453 (58.1) 353 (41.9) 517 (67.4) 289 (32.6)

2-Hydroxyfluorene < 0.001 
(28.919)

< 0.001 
(39.433)

0.002 
(31.220)≤ 25th percentile 542 (64.0) 320 (36.0) 582 (68.8) 280 (31.2) 644 (75.7) 218 (24.3)

25–50th percentile 510 (61.0) 323 (39.0) 536 (65.1) 297 (34.9) 599 (73.2) 234 (26.8)
50–75th percentile 459 (57.8) 338 (42.2) 485 (62.6) 312 (37.4) 531 (68.4) 266 (31.6)
> 75th percentile 390 (51.5) 387 (48.5) 413 (54.3) 364 (45.7) 483 (64.1) 294 (35.9)

Values are presented as number (weighted %).
IgE: immunoglobulin E.
aThe 30.3% of urinary 1-hydroxyphenanthrene concentrations were below the limit of detection.

Table 3. Multiple logistic regression analysis between urinary metabolites of polycyclic aromatic hydrocarbons and elevation of total IgEa

Metabolite (by quartile group) Elevation of total IgE
> 100 IU/mL > 114 IU/mL > 150 IU/mL

OR (95% CI) p for trend OR (95% CI) p for trend OR (95% CI) p for trend
1-Hydroxypyrene 0.591 0.345 0.333

≤ 25th percentile 1.000 (reference) 1.000 (reference) 1.000 (reference)
25–50th percentile 1.175 (0.875–1.577) 1.162 (0.856–1.578) 1.194 (0.867–1.644)
50–75th percentile 0.958 (0.726–1.264) 0.940 (0.716–1.234) 0.911 (0.672–1.237)
> 75th percentile 0.987 (0.748–1.302) 0.939 (0.714–1.234) 0.952 (0.717–1.265)

1- Hydroxyphenanthrene 0.197 0.266 0.967
< LODb 1.000 (reference) 1.000 (reference) 1.000 (reference)
LOD–50th percentile 0.863 (0.659–1.131) 0.852 (0.638–1.136) 0.805 (0.602–1.075)
50–75th percentile 1.082 (0.842–1.391) 1.098 (0.853–1.414) 0.928 (0.708–1.216)
> 75th percentile 1.116 (0.856–1.456) 1.108 (0.812–1.512) 0.961 (0.702–1.315)

2-Naphthol 0.165 0.146 0.170
≤ 25th percentile 1.000 (reference) 1.000 (reference) 1.000 (reference)
25–50th percentile 0.760 (0.557–1.037) 0.677 (0.498–0.921) 0.751 (0.533–1.058)
50–75th percentile 0.871 (0.643–1.180) 0.795 (0.582–1.086) 0.850 (0.617–1.171)
> 75th percentile 0.730 (0.502–1.062) 0.693 (0.465–1.033) 0.713 (0.474–1.072)

2-Hydroxyfluorene 0.057 0.011 0.006
≤ 25th percentile 1.000 (reference) 1.000 (reference) 1.000 (reference)
25–50th percentile 1.128 (0.881–1.444) 1.206 (0.940–1.547) 1.182 (0.906–1.542)
50–75th percentile 1.211 (0.908–1.615) 1.295 (0.921–1.821) 1.478 (1.034–2.113)
> 75th percentile 1.372 (1.007–1.869) 1.643 (1.167–2.312) 1.715 (1.161–2.534)

IgE: immunoglobulin E; OR: odds ratio; CI: confidence interval.
aAdjusted for age, sex, body mass index, smoking status, drinking status, occupation, and urinary creatinine.
bThe 30.3% of urinary 1-hydroxyphenanthrene concentrations were below the limit of detection.
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DISCUSSION

The associations between urinary metabolites of PAHs and serum total IgE elevation in 
the Korean adult population were examined in this study. In the analyses adjusted for the 
demographic factors, 2-hydroxyfluorene was positively associated with total IgE elevation. It 
suggests an evidence to the association between PAHs exposure and serum total IgE, one of 
major indicator of presence of allergic disease.

Several studies have found positive associations between exposure to PAHs and IgE 
levels. Studies on DEPs showed that PAHs induced production of IgE by affecting B-cell 
differentiation.30 In humans, nasal challenge with DEPs enhanced local nasal production of 
IgE, while applying ointment containing coal tar, which contains various PAHs, to the skin of 
psoriasis patients increased their serum total IgE levels.31,32 Occupational exposure to PAHs 
also affects serum IgE levels. Non-atopic dockers exposed to DEPs in their work environment 
had higher serum IgE levels compared to non-exposed workers.33 In a birth cohort study in 
the United States, there were positive associations between several urinary PAH metabolites 
(1-hydroxyphenanthrene, 3-hydroxyphenanthrene, 2-hydroxyflourene, 3-hydroxyfluorene, and 
2-hydroxynaphthalene) and anti-mouse IgE among children aged 5 years.34

PAHs can act as adjuvants for reactions to other allergens. The production of allergen-specific 
IgE was increased by simultaneous exposure to the allergen and DEPs. In animal studies of 
allergic reactions to ovalbumin, the IgE response was elevated by inoculation of allergen 
with DEPs compared to allergen alone.35 In humans, production of ragweed-specific IgE 
was significantly enhanced in nasal provocation with both DEP and ragweed compared to 
ragweed alone.36

Several mechanisms have been suggested for the enhanced production of IgE related to PAH 
exposure, but none completely explains the relationship. Absorbed PAHs are metabolized 
by aldo-keto reductases, resulting in excessive generation of reactive oxygen species (ROS)37; 
these ROS may affect the immune response and cause allergic reactions by enhancing IgE 
production.38 DEP-induced oxidative stress may contribute to airway inflammation, which 
can lead to asthma exacerbation.39 Alternatively, cytosolic aryl hydrocarbon receptor which 
induces the expression of several enzymes and regulates immune responses can be activated 
by PAHs binding.40,41 Consequently, they may provoke allergic diseases such as allergic 
rhinitis or asthma.42,43

There have been studies which evaluated the relationship between PAH exposure and allergic 
diseases, revealing significant associations of PAH exposure with allergic rhinitis, allergic 
dermatitis, and asthma. In a study in guinea pigs, long-term intranasal exposure to PAHs 
induced exacerbation of allergic rhinitis in response to Japanese cedar pollen.44 Urinary 
PAH metabolites levels have been positively associated with childhood asthma.45 In a study 
of asthma patients and healthy controls, there were positive associations between urinary 
PAHs metabolites (1-hydroxypyrene, 1-hydroxyphenanthrene, 2-hydroxyphenanthrene, 
4-hydroxyphenanthrene, and 2-hydroxyfluorene) and the risk of asthma in adults.46

In this study, only 2-hydroxyfluorene showed a significant positive association with elevated 
total IgE. Although the PAH responsible differed among studies, exposure to several PAHs 
has been associated with serum IgE levels and allergic diseases. The different results may 
be attributed to PAHs having different mechanisms of action. However, study on individual 
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PAHs is insufficient because exposure to PAHs mostly occurs not as an individual PAH but as a 
complex of PAHs.47 Further evaluation on the effect of exposure to individual PAHs is needed.

The prevalence of IgE elevation was also differed by age, sex, smoking status, alcohol 
drinking status, and occupation. Our study showed high prevalence of IgE elevation in 
agricultural and fishery workers, and blue-collar workers. In a study of Koreans, the PAHs 
exposure level was high in the same occupational groups.48 These suggest that IgE elevation 
in these occupational groups may be related to PAHs exposure by occupational groups. 
There are studies suggesting the possibility of obesity provoking allergic diseases.49 But the 
association between obesity and allergic diseases has not yet been fully clarified. In this 
study, the prevalence of IgE elevation was not significantly different by BMI groups.

There are several limitations in this study. First, an elevated total IgE level does not 
necessarily indicate allergic disease.50 But this analysis did not exclude various non-allergic 
diseases which increase total IgE due to the limitation of the KoNEHS data. Second, 
current history of allergic diseases should be considered in the analyses due to the effect 
of preexisting allergic disease on IgE elevation. But we could not exclude it because of the 
limitations of the KoNEHS data. Third, elevated levels of a specific IgE are more sensitive for 
detecting allergic disease. However, we did not evaluate the association between exposure 
to PAHs and specific IgE levels, because such data are not part of the KoNEHS. Fourth, 
causal relationship between exposure to PAHs and IgE elevation could not be examined 
due to cross-sectional observational characteristics of KoNEHS. Fifth, we were restricted 
to evaluating only 4 urinary metabolites of PAHs. Although there are many kinds of PAH 
metabolites, other urinary PAH metabolites were not included in the KoNEHS data.

Despite several limitations, the result of this study provides evidence supporting the 
association between PAHs exposure and IgE elevation. More researches which supplement 
the limitations of this study are needed to confirm the effect of exposure to PAHs on serum 
IgE and allergic diseases.

CONCLUSIONS

This study implies that exposure to PAHs is associated with total IgE elevation in Korean 
adult population. PAH exposure can induce allergic diseases such as rhinitis, asthma, and 
allergic dermatitis. Proper preventive measures to PAHs exposure are needed because there 
are many cases of occupational exposure as well as exposure in daily life through diesel-
automobile fumes, smoking, diet, and so on.
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