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Abstract
Introduction: Although many epidemiological studies have investigated the relationship between smoking and immunoglobulin E (IgE) 

levels, few have reported a relationship with the intake of trace elements. Therefore, this epidemiological study examined the relationship between 
smoking and IgE antibody titers, with the factor of trace element intake, in middle-aged and elderly inhabitants living in Shika town, Ishikawa, Japan.

Methods: Participants comprised 771 inhabitants of Shika town and included 363 males and 408 females with mean ages of 61.93 years 
and 62.13 years, respectively. Non-specific IgE was obtained from the medical checkups. Smoking status was asked using the questionnaire. Trace 
element intakes were investigated using the brief-type self-administered diet history questionnaire.

Results: Trace elements that showed interactions in a two-way analysis of covariance were copper and manganese. A post hoc analysis using 
the Bonferroni method demonstrated that copper intake was significantly higher in the low-IgE group than in the high-IgE group of current smokers 
only. A multiple logistic regression analysis showed that copper and manganese significantly contributed to higher IgE levels in current smokers only.

Conclusions: Our cross-sectional study of middle-aged and elderly community residents, among males, revealed lower manganese and 
copper intakes in the high-IgE group of current smokers only, suggesting that IgE levels are more easily increased by allergens in smokers with low 
manganese and copper intakes.
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Ishikawa, Japan.
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Introduction
Although the prevalence of allergic diseases, such as bronchial 

asthma, allergic rhinitis, atopic dermatitis, and food allergy, is 
approximately 20% [1,2], it has rapidly increased in recent decades 
[3,4]. The causative agents of allergic diseases are allergens, such as 
pollen, microorganisms, dust mites, house dust, or pets. Exposure 
to airborne particulates, such as environmental chemicals and 
tobacco, may also exacerbate allergic reactions [3]. In recent 
years, increases in these chemicals in the environment have been 
suggested to aggravate allergic diseases [5]. Since most cases of 
allergic rhinitis and asthma are genetically predisposed to produce 
immunoglobulin E (IgE) antibodies to common environmental 
allergens, allergy is known as an IgE-mediated disease [6].

Tobacco tar or polycyclic aromatic hydrocarbons [7,8], which 
are involved in allergic reactions, may increase the number of 
memory B cells, which are the source of IgE production, through 
the effects of nicotinic receptors, including the alpha4 and alpha7 
subunits, in B cell lines [9], and exacerbate the IgE-mediated 
symptoms of allergic rhinitis, such as sneezing, itching, nasal 
congestion, and rhinorrhea [10]. Epidemiological studies reported 
a dose-dependent relationship between the number of cigarettes 
smoked and IgE antibody titers [11] and demonstrated that IgE 
levels increased with not only active smoking, but also passive 
smoking [12]. On the other hand, a cross-sectional study on 
untreated patients diagnosed with allergic rhinitis showed that 
nasal obstruction in patients with moderate to severe symptoms 
and quality of life due to rhinitis did not significantly differ between 
smokers and non-smokers [13]. Therefore, the relationship 
between smoking and IgE levels remains unclear.

Although few epidemiological studies have investigated the 
relationship between trace element intake and IgE levels, Tsuji, et al. 
[14] reported a negative correlation between animal dander-specific 
IgE and blood manganese levels in pregnant women. Furthermore, 
Oluwole et al. [15] revealed that serum concentrations of manganese 
negatively correlated with asthma in schoolchildren. A clinical 
study on healthy adults also demonstrated that a low-copper diet 
increased the percentage of circulating B cells, the source of IgE  

 
production [16]. This mechanism is supported by findings showing 
a marked increase in B lymphocytes in the spleens of copper-
deficient rats [17]. Although adequate intakes of manganese and 
copper may inhibit increases in IgE antibodies and B cells, which 
produce IgE antibodies, the findings of epidemiological studies  
have been inconclusive. Combining the above-mentioned previous 
studies, we hypothesized that smokers who have insufficient 
intake of the trace elements elevate IgE antibody which is related 
to various allergic diseases. Therefore, this epidemiological study 
investigated the association of immunoglobulin E levels with and 
without smoking and trace elements intake in middle-aged and 
elderly inhabitants.

Materials and Methods
Participants

We utilized cross-sectional data from the Shika study [18-20]. 
Participants were recruited between October 2013 and January 
2017. The target population was residents living in 4 model 
districts (Horimatsu, Higashimasuho, Tsuchida, and Togi districts) 
in Shika town, Ishikawa prefecture, Japan (population, 21,061, 
population aged 65 years and older on 1 September 2020, 8499 
(aging rate 42.2%)) [21]. The 4 districts were randomly selected, 
and approximately 50% of the population of the town live in these 
districts. A total of 5013 residents aged 40 years and older live in 
the model districts. Written informed consent was obtained from 
all 5013 participants. Among the participants who underwent a 
medical examination, 1184 agreed to take part in this study. Among 
the participants who underwent a medical examination, 1184 
agreed to take part in this study. Four hundred and thirty patients 
were excluded for the following reasons: IgE levels were not 
examined, the questionnaire was not answered, or energy records 
were not within 600–4000 Kcal on the brief-type self-administered 
diet history questionnaire (BDHQ). Figure 1 shows inclusion 
criteria. In total, 771 participants (363 males and 408 females with 
mean (SD) ages of 61.93 (11.01) years and 62.13 (11.07) years, 
respectively) were included in the analysis. No one received the 
treatment with anti-IgE antibodies (Figure 1).

Keywords: Cigarette smoking; Serum immunoglobulin; Copper; Manganese; Cross-sectional study

Abbreviations: ANCOVA-Analysis of covariance; BDHQ-Brief-type self-administered Diet History Questionnaire; BMI-Body Mass Index; CI-
Confidence Interval; IgE-Immunoglobulin E; OR-Odds Ratio; SD-Standard Deviation
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IgE levels

Blood samples were collected during medical checkups in 
the Shika study mostly from December to January annually. Non-
specific IgE levels were measured by SRL Inc. (Tokyo, Japan) using 
a Phadia5000 instrument (Thermo Fisher Scientific/Phadia AB, 
Uppsala, Sweden) according to the manufacturer’s instructions.

BDHQ

Trace elements were assessed using the BDHQ [22,23]. The 
BDHQ is a four-page structured questionnaire that assesses the 
consumption frequencies of 58 foods and beverages commonly 
consumed by the general Japanese population. The BDHQ also 
estimates dietary intake in the last month using an ad hoc computer 
algorithm. The validity of the BDHQ has been demonstrated in 
previous studies [22,23]. To analyze nutrient data, the density 
method was employed for estimations of intake per 1000 Kcal.

Questionnaire on demographics

Participants completed a self-administered questionnaire on 
their lifestyle and medical history, including age, sex, BMI, lack of 
exercise, sleep deprivation, current drinker, and current smoker.

Statistical analysis

Participants were classified as current and non-smokers. The 
two IgE groups were classified into the low- and high-IgE groups 
based on the median of participants in the present study. [24] IBM 
SPSS Statistics version 25 for Windows (IBM, Armonk, NY, USA) was 
used for statistical analyses. The Student’s t-test was performed to 
examine relationships between continuous variables, while the chi-
squared test was conducted to investigate relationships between 

categorical variables. A two-way analysis of covariance (ANCOVA) 
was performed to examine the main effects and interactions 
between the two smoking groups and two IgE groups on trace 
element intake. Adjustments were performed for the following 
confounding factors: age, lack of exercise, sleep deprivation, 
current drinker, and BMI. In order to confirm the trace elements 
that showed an interaction between the two smoking groups and 
the two IgE groups, we performed multiple logistic regression 
analysis stratified by smoking status with IgE as the dependent 
variable. The forced input method was used for variable selection. 
The significance level was set to 5%.

Sample size

We used the free software G-power to calculate the sample size 
and statistical power. For the F-tests of ANCOVA, the effect size, 
alpha error probability, power, number of groups, and number of 
covariates were set to 0.25, 0.05, 0.8, 4, and 5, respectively. The total 
sample size and actual power were 128 and 0.801, respectively. For 
the Z-tests for logistic regression, tails, odds ratio, mull hypothesis, 
alpha error probability, power, X distribution, X parm π were set 
to Two, 0.2, 0.25, 0.05, 0.8, Binomial, 0.5, respectively. The total 
sample size and actual power were found to be 124 and 0.800, 
respectively. Therefore, the sample size of this study was confirmed 
to be sufficient.

Ethics statement

The present study was conducted with the approval of the Ethics 
Committee of Kanazawa University (No. 1491). Written informed 
consent was obtained from all participants prior to participation.

Figure 1: Participant recruitment chart.
Note:  a This reference value was selected for the following reasons: less than 600 kcal/day is equivalent to half the energy intake required 
for the lowest physical activity category; more than 4000 kcal/day is equivalent to 1.5-fold the energy intake required for the medium physical 
activity category. Abbreviations: BMI, Body Mass Index; BDHQ, Brief-Type Self-Administered diet history questionnaire
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Results
Participant characteristics

Participant characteristics, the smoking status, IgE levels, and 
trace element intake are shown in Table 1. Among 771 participants, 
363 were male and 408 were female with mean (SD) ages of 
61.93 (11.01) years and 62.13 (11.07) years, respectively, and no 
significant sex differences. IgE levels (p < 0.001) was significantly 
higher in males than in females. Significantly more males than 

females were current smokers (p < 0.001). On the other hand, the 
intakes of iron (p < 0.001), zinc (p < 0.001), copper (p < 0.001), and 
manganese (p < 0.001) were significantly higher in females.

A comparison of IgE levels with and without allergic disease 
is shown in S1 Table. IgE levels were significantly higher in the 
100 participants of any allergic disease group than in the 648 
participants of the non-allergic disease group (p < 0.001) and in the 
67 participants of the pollinosis group than in the 681 participants 
of the non-pollinosis group (p = 0.004). 

S1 Table: Comparison of IgE levels with and without allergic disease.

 
Without disease With disease

P-value a

Mean SD Mean SD

Any allergic disease (without 648, with: 100), IU/mL 200.34 440.37 436.4 1302.8 <0.001

Allergic asthma (without 717, with: 31), IU/mL 225.04 633.87 390.59 572.39 0.115

Pollinosis (without 681, with: 67), IU/mL 213.7 458.96 416.94 1520.4 0.004

Atopic dermatitis (without 741, with: 7), IU/mL 230.02 633.13 430.59 485.74 0.465

Food allergy (without 741, with: 7), IU/mL 228.73 627.73 568.01 994.71 0.149

Notes: a One-way analysis of variance. Covariates adjusted for sex and age. Abbreviations: SD, Standard deviation  

The mean (SD) number of cigarettes smoked per day among 
current smokers was 20.35 (11.05) for males and 13.81 (7.72) for 
females. This section may be divided by subheadings. It should 

provide a concise and precise description of the experimental 
results, their interpretation, as well as the experimental 
conclusions that can be drawn (Table 1).

Table 1: Participant characteristics.

 
Total (n = 771) Male (n = 363) Female (n = 408)

P-value a

Mean / n SD / % Mean / n SD / % Mean / n SD / %

Age, years 62.04 11.04 61.93 11.01 62.13 11.07 0.806

BMI, kg/m2 23.09 3.02 23.66 2.95 22.59 2.98 <0.001

Lack of exercise, n 611 79.25 278 76.58 333 81.62 0.087

Sleep deficiency, n 547 70.95 248 68.32 299 73.28 0.131

Current drinker, n 365 47.34 264 72.73 101 24.75 <0.001

Current smoker, n 136 17.64 118 32.51 22 5.32 <0.001

IgE, IU/ml 229.92 623.66 334.38 821.97 136.98 341.37 <0.001

Iron, mg/1000 Kcal 4.21 1.19 3.84 1.03 4.53 1.23 <0.001

Zinc, mg/1000 Kcal 4.48 0.72 4.26 0.69 4.67 0.7 <0.001

Copper, mg/1000 Kcal 0.65 0.12 0.61 0.11 0.68 0.12 <0.001

Manganese, mg/1000 Kcal 1.63 0.45 1.57 0.42 1.69 0.46 <0.001

Notes: a p-values were calculated using the Student’s t-test for continuous variables and the chi-squared test for categorical variables. Abbrevia-

tions: BMI, body mass index; SD, standard deviation. 

Comparison of IgE levels

No significant differences were observed in mean age between 
the 550 participants in the low-IgE group and the 221 participants 
in the high-IgE group (62.15 years versus 61.76 years, respectively). 

The proportion of females (p < 0.001) and the intakes of zinc (p = 
0.003), and copper (p = 0.029) were significantly higher in the low-
IgE group than in the high-IgE group. In contrast, the proportion of 
current smokers (p < 0.001) was significantly higher in the high-IgE 
group than in the low-IgE group (Table 2).
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Table 2: Characteristics of low-IgE and high-IgE groups.

 
Low-IgE (n = 550) High-IgE (n = 221)

P-value a

Mean / n 95%CI / n Mean / n 95%CI / n

Age, years 62.15 (61.24, 63.06) 61.76 (60.27, 63.26) 0.664

Sex (female), n 330 60 78 35.29 <0.001

BMI, kg/m2 22.95 (22.70, 23.20) 23.45 (23.05, 23.86) 0.037

Lack of exercise, n 436 79.27 175 79.19 0.978

Sleep deficiency, n 397 72.18 150 67.87 0.243

Current drinker, n 223 40.55 142 64.25 <0.001

Current smoker, n 76 13.82 60 27.15 <0.001

IgE, IU/ml 54.55 (51.07, 58.03) 666.37 (528.80, 803.94) <0.001

Iron, mg/1000 Kcal 4.25 (4.15, 4.34) 4.1 (3.94, 4.27) 0.128

Zinc, mg/1000 Kcal 4.53 (4.47, 4.59) 4.36 (4.26, 4.46) 0.003

Copper, mg/1000 Kcal 0.65 (0.64, 0.66) 0.63 (0.61, 0.65) 0.029

Manganese, mg/1000 Kcal 1.64 (1.60, 1.68) 1.63 (1.57, 1.69) 0.715

Notes: a p-values were calculated using the Student’s t-test for continuous variables and the chi-squared test for categorical variables. Abbrevia-

tions: BMI, body mass index; CI, confidence interval.

Comparison of current smokers

The mean age of 635 non-smokers was significantly higher 
than that of 136 current smokers (62.94 years versus 57.80 years, 
p < 0.001). The proportion of females (p < 0.001) and the intakes 
of iron (p < 0.001), zinc (p = 0.001), and copper (p < 0.001) were 
significantly higher in non-smokers than in current smokers. In 

contrast, IgE levels (p = 0.018) was significantly higher in current 
smokers than in non-smokers. Since there were 110 male smokers 
and only 26 female smokers, two-way ANCOVA and multiple logistic 
regression analyses were performed only for the male group (Table 
3).

Table 3: Characteristics of non-smoker and current smoker groups.

 
Non-smoker (n = 635) Current smoker (n = 136)

P-value a

Mean / n 95%CI / % Mean / n 95%CI / %

Age, years 62.94 (62.09, 63.80) 57.8 (56.11, 59.49) <0.001

Sex (female), n 382 60.16 26 19.12 <0.001

BMI, kg/m2 23.08 (22.85, 23.31) 23.18 (22.63, 23.74) 0.701

Lack of exercise, n 492 77.48 119 87.5 0.003

Sleep deficiency, n 446 70.24 101 74.26 0.336

Current drinker, n 269 42.36 96 70.59 <0.001

IgE, IU/ml 204.16 (156.33, 251.98) 350.22 (240.63, 459.81) 0.018

Iron, mg/1000 Kcal 4.27 (4.18, 4.36) 3.9 (3.70, 4.11) 0.001

Zinc, mg/1000 Kcal 4.52 (4.47, 4.57) 4.29 (4.15, 4.43) 0.001

Copper, mg/1000 Kcal 0.65 (0.65, 0.66) 0.6 (0.58, 0.62) <0.001

Manganese, mg/1000 Kcal 1.64 (1.61, 1.68) 1.6 (1.52, 1.68) 0.295

Notes: a p-values were calculated using the Student’s t-test for continuous variables and the chi-squared test for categorical variables. Abbrevia-

tions: BMI, body mass index; CI, confidence interval.

ANCOVA between two smoking groups and two IgE 
groups on trace element intake in males

Table 4 shows the results of a two-way ANCOVA with the two 
current smoking groups (non-smokers and current smokers) and 
two IgE groups (low and high) as fixed factors and adjustments for 
age, BMI, lack of exercise, sleep deprivation, and current drinkers. 

When 253 non-current smokers were subclassified, 160 were in the 
low-IgE group and 93 were in the high-IgE group. Similarly, among 
110 current smokers, 60 were in the low-IgE group and 50 were in 
the high-IgE group. The trace element that showed a main effect 
in the two IgE groups was copper (p = 0.044). The trace elements 
that showed an interaction between the two groups of current 
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smoking and IgE levels were copper (p = 0.048) and manganese 
(p = 0.007). Therefore, high intakes of copper and manganese in 
current smokers appeared to result in low IgE levels (Table 4). In 

multiple comparisons using the Bonferroni method, copper intake 
was significantly higher in the low-IgE group than in the high-IgE 
group within current smokers (Figure 2).

Table 4: Two-way ANCOVA of smoker and IgE groups in males.

Male (n = 363)

 

Non-smoker (n = 253) Current smoker (n = 110) P-value a

Low-IgE (n = 160) High-IgE (n = 93) Low-IgE (n = 60) High-IgE (n = 50)
P1 P2 P3

Mean (95%CI) Mean (95%CI) Mean (95%CI) Mean (95%CI)

Iron, mg/1000 Kcal
3.87 3.77 3.95 3.77

0.733 0.216 0.719
(3.72 - 4.02) (3.57 - 3.97) (3.70 - 4.20) (3.50 - 4.04)

Zinc, mg/1000 Kcal
4.3 4.22 4.34 4.14

0.858 0.077 0.435
(4.19 - 4.40) (4.08 - 4.35) (4.17 - 4.51) (3.96 - 4.33)

Copper, mg/1000 Kcal
0.61 0.61 0.63 0.58

0.692 0.044 0.048
(0.59 - 0.63) (0.59 - 0.63) (0.60 - 0.65) (0.55 - 0.61)

Manganese, mg/1000 Kcal
1.53 1.63 1.65 1.5

0.923 0.619 0.007
(1.46 - 1.59) (1.55 - 1.71) (1.54 - 1.75) (1.39 - 1.61)

Notes: a Two-way ANCOVA. Adjusted for age, lack of exercise, sleep deprivation, current drinker, and BMI. P1: current smoker, P2: IgE, P3: current 

smoker × IgE. Abbreviations: CI, confidence interval; ANCOVA, analysis of covariance.

Figure 2: Interaction between current smoking status and IgE on copper intake.
Notes: Post hoc Bonferroni analysis. Adjusted for age, lack of exercise, sleep deprivation, current drinker, and BMI. Error bar: 95% CI. 
Abbreviations: BMI, Body Mass Index; CI, Confidence Interval; IgE, Immunoglobulin E. 

Relationship between trace element intake and IgE 
levels stratified by the current smoking status in males

The results of a multiple logistic regression analysis stratified by 
the two groups of current smokers, with IgE levels as the dependent 
variable, are shown in Table 5. When covariates were adjusted for 
age, BMI, a lack of exercise, sleep deprivation, and current drinkers, 
and each independent factor was entered separately, copper (odds 

ratio (OR) 0.002, 95% confidence interval (CI), ≤ 0.001 - 0.206, p = 
0.008) and manganese (OR 0.252, 95% CI, 0.070 - 0.910, p = 0.035) 
were identified as significant independent variables, whereas none 
of the trace elements were significant independent variables in non-
smokers. Therefore, similar to the results of the two-way ANCOVA, 
higher copper and manganese intakes were associated with lower 
IgE levels in current smokers (Table 5).
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Table 5: Relationship between trace elements and IgE levels stratified by current smokers in males.

Male (n = 363)

 OR 95%CI P

Non-smoker (n = 635)

Iron, mg/1000 Kcal 0.897 (0.682 - 1.180) 0.438

Zinc, mg/1000 Kcal 0.825 (0.552 - 1.232) 0.347

Copper, mg/1000 Kcal 1.041 (0.076 - 14.282) 0.976

Manganese, mg/1000 Kcal 1.802 (0.958 - 3.391) 0.068

Current smoker (n = 136)

Iron, mg/1000 Kcal 0.761 (0.481 - 1.204) 0.244

Zinc, mg/1000 Kcal 0.576 (0.310 - 1.073) 0.082

Copper, mg/1000 Kcal 0.002 (0.000 - 0.206) 0.008

Manganese, mg/1000 Kcal 0.252 (0.070 - 0.910) 0.035

Notes: Adjusted for age, lack of exercise, sleep deficiency, current drinker, and BMI. Abbreviations: BMI, body mass index; CI, confidence interval; 

OR, odds ratio.

Discussion
The present results showed that IgE levels were significantly 

higher in current smokers than in non-smokers in the univariate 
analysis. Furthermore, the percentage of current smokers was 
significantly higher in the high-IgE group, classified by median IgE 
levels in participants, than in the low-IgE group. In other words, we 
found a definite relationship between smoking and IgE levels. In a 
previous epidemiological study that investigated the relationship 
between smoking and IgE levels [11], a dose-dependent relationship 
was observed between smoking and serum IgE levels in a cross-
sectional analysis of the relationship between urinary cotinine 
concentrations and serum IgE levels in adult men. A case-control 
study by Ahmed, et al. [12] revealed increases in IgE levels not only 
with active smoking, but also with passive smoking. Regarding the 
mechanism by which smoking increases IgE levels, a review by Qiu, 
et al. [9] showed that the effects of nicotinic receptors, including the 
alpha4 and alpha7 subunits, in human B cell lines may increase the 
number of memory B cells, which are the source of IgE production. 
The present results support a mechanism by which smoking is 
involved in IgE production because the percentage of smokers was 
significantly higher in the high-IgE group than in the low-IgE group.

The prevalence of allergies, such as bronchial asthma [25,26] 
and cedar pollinosis [27], is higher in smokers than in non-
smokers. A review conducted on the relationship between smoking 
and asthma by Stapleton et al. [25] showed that smoking was 
significantly and inversely associated with long-term asthma 
control and that current smoking is associated with more asthma 
attacks and nocturnal asthma symptoms. In addition, a cross-
sectional study by Kim, et al. [26] reported that asthma was also 
positively associated with e-cigarettes. An epidemiological survey 
of Japanese cedar pollinosis and smoking status by Tanigawa, et 
al. [27] indicated that lymphocyte subpopulations in smokers 
increased more than those in nonsmokers. In the case of cedar 
pollinosis, smoking is known to exacerbate IgE-mediated allergies 

[10] based on the correlation between IgE levels and symptoms 
such as nasal discharge [28,29]. On the other hand, a meta-analysis 
by Saulyte, et al. [30], which investigated the relationship between 
smoking and allergic diseases, reported that those associations 
were very modest in adults, and that the associations were 
related to passive smoking in allergic rhinitis, active and passive 
smoking in allergic dermatitis, and indirect smoking in food allergy, 
respectively. This study also showed that 100 participants with 
any allergy of pollinosis, allergic asthma, atopic dermatitis, or food 
allergy, showed significantly higher serum total IgE levels as an 
indicator of the exacerbation of allergy.

The main results from the two-way ANCOVA and multiple 
logistic regression analysis in the present study demonstrated 
that manganese and copper intakes among current smokers were 
significantly lower in the high-IgE group than in the low-IgE group. 
A review by Mahfuzur, et al. [31] demonstrated that manganese 
is a trace element necessary for maintaining good health and is 
involved in various physiological functions in the body, including 
defense against oxidative stress, digestion, and immune response. 
In addition, a review by Wang, et al. [32] demonstrated that the 
abnormal metabolism of copper, which cannot be produced 
or synthesized in the body, leads to many diseases, such as 
impaired immune function, diabetes, coronary heart disease, and 
osteoporosis. Regarding the relationship between trace elements 
and IgE levels, a case-control study of 1,562 children by Oluwole, 
et al. [15] revealed that serum concentrations of manganese 
negatively correlated with asthma. Furthermore, in a clinical study 
on 11 healthy men, Kelley, et al. [16] demonstrated that a low-
copper diet increased the percentage of circulating B cells, similar 
to manganese. This mechanism is supported by the percentage 
of B lymphocytes in the spleen being significantly increased in 
experiments on copper-deficient rats by Bala, et al [17]. Therefore, 
when manganese and copper are sufficiently consumed within the 
range of appropriate intake, they may suppress increases in IgE 

http://dx.doi.org/10.33552/GJNFS.2022.03.000571
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level or B cells, the source of its production. Based on these findings, 
we speculated that IgE levels are elevated by smoking because low 
manganese and copper intakes did not inhibit IgE production. 
Although the cessation of smoking effectively suppressed smoking-
induced allergies, we consider the appropriate intake of trace 
elements to be meaningful as health guidance for those with 
difficulty quitting smoking.

Regarding the limitations of the present study, firstly, due to its 
cross-sectional nature, it was not possible to elucidate the causal 
relationship between the intake of trace elements and smoking 
on IgE production. Secondly, since the intakes of manganese and 
copper were based on a questionnaire, we did not directly measure 
their blood levels. Thirdly, participants were volunteers; therefore, 
the possibility of selection bias needs to be considered. Fourthly, 
because we did not examine a large number of subjects, we were 
unable to analyze associations in each allergy disease, namely, 
pollinosis, allergic asthma, atopic dermatitis, and food allergy. 
Fifthly, since we did not perform a two-way ANCOVA and multiple 
regression analysis because of fewer females with current smoking, 
it is unclear whether our conclusions would be true to females. 
Finally, since we analyzed the data based on current smoking status, 
the correlation between the number of cigarettes smoked and IgE is 
unclear. Therefore, further longitudinal epidemiology studies with 
a larger sample size of each allergic disease are needed.

Conclusion
In a cross-sectional study of middle-aged and elderly community 

residents, only among males, the high-IgE group of current smokers 
had significantly lower intakes of manganese and copper than the 
low-IgE group. Therefore, it is suggested that IgE levels are more 
easily increased by allergens in smokers with low manganese and 
copper intakes. Further large-scale longitudinal studies are needed 
to prove this causal relationship.
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