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Abstract 

Asthma is one of the most prevalent inflammatory disorders among children in Saudi Arabia. This study 

aimed to determine the correlation between the serum levels of vitamin D, immunoglobulin E (IgE), and 

cytokine (interferon-gamma (IFN-γ), interleukin (IL)-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37) in 

relation to the severity of disease in patients with asthma. This case-control study was carried out at King 

Abdullah Specialist Children’s Hospital, Saudi Arabia, and included 48 patients with asthma and 

47 matched controls, aged 6-14 years. A validated questionnaire was administered to the participants, after 

which each patient with asthma underwent pulmonary function tests. The serum levels of vitamin D, IgE, 

IFN-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37 of each participant were also measured. Patients 

with asthma demonstrated significantly higher IgE and cytokine (IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, 

and IL-37) levels compared to the control group (p-value < 0.001). The levels of IL-1β, IL-4, IL-10, and 

IL-13 were consistently positively correlated with the serum levels of IgE among patients with asthma. 

However, the IgE levels in patients with asthma were consistently negatively correlated with IL-35 and 

IL-37. We found significantly higher levels of eosinophils, IgE, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, 

and IL-37 in patients with asthma compared to the controls, but no relationship between vitamin D and 

asthma. 

Keywords: asthma; vitamin D; IgE; cytokines; KSA  
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Introduction 

Asthma is a chronic airway inflammatory disorder that affects children and adolescents, is 

commonly associated with atopy, and has a higher prevalence in males (1). Globally, it is a major 

cause of morbidity and a health-care burden (2). Several national studies have reported a dramatic 

increase in the prevalence of asthma in specific populations within Saudi Arabia (KSA) (3–6). 

Inflammation is a pivotal founder effect required for the development of asthma. Patients with 

asthma typically present with a cough, recurrent episodic wheeze, and breathlessness. 

Immunoglobulin E (IgE) is essential for the pathogenesis of many allergic diseases and is the 

antibody that mediates type I hypersensitivity (7). In humans, IgE receptors are located on the cell 

membrane of basophils, eosinophils, mast cells, monocytes, macrophages, and platelets (7). In 

asthma, inflammation involves infiltration of the airway walls with different immune cells such 

as mast cells, eosinophils, neutrophils, and macrophages. Besides, variable inflammatory 

mediators exist, including interferon-gamma (IFN-γ), interleukin (IL)-1β, IL-4, IL-6, IL-10, IL-

13, IL-35, and IL-37 (8, 9). 

Furthermore, Vitamin D has been recently linked to several immune-related disorders, including 

asthma, allergy, and autoimmunity (10). In KSA, vitamin D deficiency is an emerging problem, 

and higher serum levels of vitamin D have been associated with reduced asthma attacks, 

improved lung function, enhanced glucocorticoid effects, and reduced airway hyperactivity (11, 

12). Further studies need to be conducted that evaluate all possible factors responsible for 

uncontrolled asthma among children, particularly due to the evident involvement of cytokines 

and vitamin D in asthma at different levels. Therefore, this study aimed to determine the serum 

levels of vitamin D, IgE, and cytokines (IFN-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37) 

in children with asthma and correlate these levels with the severity of disease according to the 

Global Initiative for Asthma guidelines and pulmonary function tests. 
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Materials and methods 

Study population 

Ninety-five children at King Abdullah Specialist Children’s Hospital were enrolled in this case-

control study. These included 61 (64%) females and 34 (64%) males aged between six and 

14 years. The patients were classified into two groups: Group I (healthy control; n = 47) and 

Group II (the patients with asthma; n = 48). Children with chronic pulmonary conditions, chronic 

diseases, and a history of developmental delay were excluded. 

Questionnaires 

The parents of each participating child completed a slightly modified version of the guidelines of 

the Global Initiative for Asthma, which can be retrieved online using this link: 

https://ginasthma.org/wp-content/uploads/2016/01/GINA_Pocket_2015.pdf 

The questionnaire was designed to assess the presence or absence of asthma symptoms, use of 

bronchodilators and nutritional supplements, and activity limitations. Based on these criteria, in 

addition to the pulmonary function tests, asthma control was assessed and classified as well-

controlled or uncontrolled. 

Pulmonary function tests 

Spirometry was performed only on children with asthma using Spirobank II
®
 BLE (Medical 

International Research). The following parameters were measured in each child with asthma: the 

forced expiratory volume in the first second, the forced vital capacity, forced expiratory volume 

in the first second/forced vital capacity ratio, and the forced expiratory flow collected between 

25% and 75% of the vital capacity. 

Blood collection 
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Approximately 6 ml of venous blood was collected from each of the participants in two different 

vacutainers, one containing ethylenediaminetetraacetic acid (EDTA) and one non-additive. The 

blood samples from the EDTA vacutainers were used to ascertain the children's hematological 

profiles and baseline biochemical parameters and were processed at the King Abdullah Specialist 

Children’s Hospital laboratory on the day of blood collection. The blood in the non-additive 

vacutainers was centrifuged to separate the serum, which was stored at -70 °C until used for the 

analysis of 25-hydroxyvitamin D, total IgE, IFN-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and 

IL-37 in the King Abdullah International Medical Research Center. 

Measurement of serum vitamin D 

The serum levels of vitamin D were determined using a DIAsource 25OH Vitamin D total 

enzyme-linked immunosorbent assay (ELISA) kit (DIAsource ImmunoAssays, Belgium, cat # 

KAP1971). Vitamin D levels were considered sufficient if they were above 30 ng/ml and 

deficient if they were below 30 ng/ml. 

Total serum IgE estimation 

The total serum IgE levels were determined using the Abnova IgE ELISA kit (IgE Human 

ELISA kit, cat # KA0216). IgE levels were considered normal if they were lower than 200 IU/ml 

(15). Both vitamin D and IgE were measured in duplicate, and the mean values were calculated. 

Estimation of IFN-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37 

The serum levels of IFN-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37 were assessed using 

ELISA kits (Abcam, Cambridge, UK). Duplicate cytokine measurements were carried out in 

compliance with the company’s protocols. The sensitivity value of the ELISA kits for the 

cytokines was 0.1 pg/ml, ranging from 0.1 to 3,500 pg/ml. 
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Ethical considerations 

The parents of all the participants provided informed written consent. Individuals over eight years 

of age were directly asked to give their consent. King Abdullah International Medical Research 

Center approved and funded the study protocol (Institutional Review Board number: SP16/046). 

Statistical analysis 

Simple descriptive statistics for the quantitative values were identified and reported as means and 

standard deviations (SDs), while discrete variables were described as frequencies and percentages 

(n, %). A linear regression analysis model was used to assess the risk of cytokine concentration in 

patients with asthma. Linear regression models were used to predict each cytokine level fitted 

into a separated linear model within the unadjusted data to avoid any statistical influence on the 

result (Table 3). Unstandardized coefficient (B) was adjusted for each cytokine with sex and age 

(Table 3). A logistic regression analysis was used to assess the associations of the circulating 

levels of vitamin D, IgE, and cytokines (IFN-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37) 

in patients with uncontrolled atopic asthma compared to the group with well-controlled asthma 

(Table 4). Spearman’s correlation analysis was performed to determine the relationship between 

serum IgE and cytokine levels among patients with asthma. 

Results 

Ninety-five patients that were enrolled in this study were divided into two groups: Group I 

(healthy controls; n = 47) and Group II (patients with asthma; n = 48), as shown in Table 1. The 

mean age of the control group was 9.09 ± 2.073 (mean age ± SD) years, which was comparable 

with the asthma group (9.35 ± 2.129 years). There was a higher prevalence of female patients 

with asthma than males to a statistically significant level (p-value = 0.008; Table 1). There was 

no statistically significant difference between the patients with asthma group and the controls 
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regarding weight, height, and total white blood cell count (p-value > 0.5; Table 1). However, the 

mean eosinophil count in the patients with asthma group was significantly higher compared to the 

control group (0.39 ± 0.20 vs. 0.27 ± 0.23 [× 10
-9

 L]; p-value = 0.01; Table 1). No significant 

difference was observed among the patients with asthma regarding calcium, phosphates, and 

magnesium levels compared to the control group (p-value > 0.05; Table 5). 

Serum levels of vitamin D, IgE, and cytokines across the study groups 

The patients with asthma displayed significantly higher IgE, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-

35, and IL-37 levels compared to the healthy control group (p-value < 0.001; Table 2). 

On the other hand, there were no significant differences in the serum levels of vitamin D and 

IFN-γ among the patients with asthma compared to the controls (p-values 0.31 and 0.82, 

respectively; Table 2). 

The linear regression analysis indicated significantly increased levels of circulating IgE, IL-1β, 

IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37 among children with asthma compared to the controls. 

The unadjusted B (95% CI) for IgE was 5.86 (95% CI 5.49-6.24; p-value < 0.001), 41.85 (95% 

CI 41.85-42.3; p-value < 0.001) for IL-1β, 140.47 (95% CI 138.77-142.18; p-value < 0.001) for 

IL-4, 116.45 (95% CI 110.82-122.07; p-value < 0.001) for IL-6, 120.59 (95% CI 117.89-123.27; 

p-value < 0.001) for IL-10, 125.37 (95% CI 123.89-127.54); p-value < 0.001) for IL-13, 22.68 

(95% CI 19.78-25.58; p-value < 0.001) for IL-35, and 131.48 (95% CI 123.5-139.5; p-value < 

0.001; Table 3) for IL-37. A similar statistical analysis indicated significantly increased levels of 

IgE, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37 among the patients with asthma compared 

to the controls where B was adjusted for sex and age. 
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The results showed a slight decrease in vitamin D levels in children with asthma compared to the 

control group, but this was not statistically significant (-0.05; 95% CI -0.16-0.05; p-value = 0.82) 

(Table 3). IFN-γ also showed an insignificant difference between the patients with asthma and 

controls (0.36; 95% CI -2.73-3.44; p-value = 0.33; Table 3). 

Risk factors for increased circulating levels of vitamin D, IgE, and cytokines in patients with 

uncontrolled asthma compared to well-controlled asthma 

The risk factors analysis of the increased circulating levels of vitamin D, IgE, and cytokines 

(IFN-γ, IL-1β, IL-4, IL-6, IL-10, and IL-35) among patients with uncontrolled and well-

controlled asthma showed no significant association (p-value > 0.05). Our results revealed a 1.2 

unit significant increase in the levels of circulating IL-13 in patients with uncontrolled asthma 

compared to patients with well-controlled asthma (unadjusted OR = 1.22; 95% CI 1.02-1.46; p-

value = 0.03 and adjusted OR = 1.22; 95% CI 1.01-1.47; p-value = 0.04; Table 4). However, 

patients with uncontrolled asthma showed significantly decreased levels of the cytokine, IL-37, 

compared to patients with well-controlled asthma (unadjusted OR = 0.98; 95% CI 0.95-1.01; 

p-value = 0.04 and adjusted OR = 0.98; 95% CI 0.95-1.02; p-value = 0.04; Table 4). 

Correlations between the serum levels of IgE and the levels of cytokines (IL-1β, IL-4, IL-10, 

IL-13, IL-35, and IL-37) in patients with asthma 

The levels of cytokines (IL-1β, IL-4, IL-10, and IL-13) were consistently positively correlated 

with the serum levels of IgE among the patients with asthma. However, the IgE levels were 

consistently negatively correlated with IL-35 and IL-37 (Figure 1). 

Discussion 
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IL-4 and IL-13 have nearly similar functional properties and have been classically attributed to 

the pathogenesis of asthma and allergic conditions (13). Both IL-4 and IL-13 are implicated in 

the induction of the pathognomonic features associated with type II inflammation, such as IgE 

synthesis, airway hyper-responsiveness, smooth muscle contraction, mucus hypersecretion, and 

eosinophil cells recruitment (14). In this study, the IgE, IL-4, and IL-13 levels and eosinophils 

count among the patients with asthma were significantly higher than the controls. Moreover, the 

risk factors analysis revealed significantly higher levels of IL-13 in patients with uncontrolled 

asthma compared to patients with well-controlled asthma, reflecting the importance of IL-13 in 

the pathogenesis of asthma. 

Recently, a number of studies have revealed the fundamental role of IL-6 in the pathogenesis of 

asthma and showed a significant correlation of IL-6 levels with compromised lung function in 

many patients with asthma (15). Our data revealed significantly higher levels of IL-6 in patients 

with asthma, and this finding can support the potential benefit of IL-6 in the treatment of asthma 

and other allergic disorders. 

It has been reported that the immunosuppressive effect of IL-10 is mediated via the suppression 

of cytokine production and inhibition of cell-mediated immunity (16). Furthermore, IL-10 

modulates IgE synthesis in asthma and allergic diseases and is involved in inhibiting cytokine 

production from Th2 cells, mast cells, and eosinophils (17). However, in several studies, the level 

of IL-10 in patients with asthma was lower than in the controls and inversely correlated with the 

incidence and severity of asthma and allergic diseases, denoting the crucial role of IL-10 in 

asthma control (18, 19). In contrast, another study reported that the levels of IL-10 in children 

with asthma that had no family history of asthma were comparable to the controls (20). However, 

our findings demonstrated higher levels of IL-10 in the patients with asthma compared to the 
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healthy controls. These results are in line with the findings from a viral-induced asthma study that 

reported high levels of IL-10 during the commencement of the disease (21). Furthermore, Zhang 

et al. reported an increase in the IL-10 levels in children with asthma and mouse models 

compared to controls, consistent with our findings (22). 

High levels of IgE is a major immunological disorder in atopic diseases. IL-4 and IFN-γ 

reciprocally regulate IgE synthesis. That is, while IL-4 enhances IgE production, IFN-γ hinders 

this IL-4 effect. Moreover, IL-4 inhibits IFN-γ production at the transcription level. Therefore, 

the balance of these two cytokines appears to be essential in regulating the production of IgE 

(23). However, this study revealed no statistically significant difference in the levels of IFN-γ 

between the patients with asthma and healthy controls. IL-1β is a pro-inflammatory cytokine 

reported to be increased in stable and exacerbating asthma (24). Accordingly, our data showed a 

significant increase in the level of IL-1β among patients with asthma compared to the controls. 

Furthermore, IL-1β was positively correlated with the IgE levels in these patients. 

Our results suggest that high levels of IFN-γ are significantly associated with uncontrolled atopic 

asthma. This finding is not surprising, especially when patients with uncontrolled asthma are not 

under glucocorticoid therapy. Our finding is in line with a study by Naumov et al. (25), who 

indicated that the levels of IFN-γ were significantly increased in uncontrolled asthma compared 

with partially or fully controlled asthma. 

Recent studies have reported the abnormal expression of anti-inflammatory cytokines, IL-35 and 

IL-37, in patients with asthma, advocating their crucial role in the pathogenesis of disease (26, 

27). We also found a significantly higher plasma level of IL-35 in patients with asthma compared 

to the controls. Interestingly, we also noticed a significant negative correlation between the 

plasma levels of IL-35 and total IgE in the patients with asthma. Wong et al. (28) found that 
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patients with asthma had higher levels of IL-35 than the healthy controls, and these levels were 

positively correlated with the severity of asthma. In contrast, Wang et al. (29) observed decreased 

IL-35 levels in patients with asthma. Furthermore, Khoshkhui et al. (30) found no significant 

correlation between asthma and the level of IL-35 in children, although the level of IL-35 was 

higher in patients with asthma. The existence of different asthma phenotypes could explain this 

diversity of findings, and, as a result, IL-35 may contribute to asthma pathogenesis through 

different mechanisms depending on the phenotype of disease. However, further studies are 

required to understand the exact role of IL-35 in different asthma phenotypes, which could lead 

to a new approach to asthma therapy. 

Several inflammatory cytokines have been identified in the pathogenesis of asthma and 

inflammatory disorders, and the equilibrium between the counteractions of these cytokines can 

affect the severity of asthma (35, 36). Previous studies have indicated that IL-37 has a 

suppressive immune response and shifts the cytokine balance aside from extreme inflammation 

(36). IL-37 has been reported to alleviate skin hypersensitivity in mice following antigen 

activation, as well as enhance the production of IL-10 and inhibition of IL-1β, IL-6, and TNF-α 

(37). Following the treatment of mice with IL-37, the total count of eosinophil cells in a 

bronchoalveolar lavage fluid decreased significantly (38). However, Huang et al. observed that 

after IL-37 treatment, the number of macrophages, lymphocytes, and neutrophils in the 

bronchoalveolar lavage fluid was significantly reduced (39). In addition, Meng et al. found that 

mucus secretion was decreased in mice treated with IL-37 (31). In contrast, Lv et al. (32) 

indicated that IL-37 did not influence the production of mucus. Other studies have shown that IL-

37 increased in different immune-mediated disorders (33, 34). Increased expression of IL-37 has 

also been positively correlated with the severity of adult-onset Still’s disease, a rare type of 
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arthritis (35). However, our results revealed significantly higher IL-37 serum levels in the 

patients with asthma compared to the healthy controls. Interestingly, the risk factor analysis of 

the increased IL-37 levels showed that the patients with uncontrolled asthma had a significant 

decrease in IL-37 levels compared to patients with well-controlled asthma. Additionally, the IgE 

and IL-37 levels were negatively correlated in the patients with asthma group, which could be 

explained by the influence of IL-37 cytokine on the T-helper (Th) cell balance and suppression of 

the Th2 and Th17 reactions. This result is consistent with a recent study by Wang et al., which 

suggested that IL-37 cytokine therapy in the murine model reduces allergy symptoms and lowers 

IgE serum levels (36). In contrast, patients with no allergic asthma showed increased pro-

inflammatory IL-37 (36). These differences may be due to variations in the affected tissues, 

experimental models, and measurement methods employed between studies. 

In contrast to various studies that documented an association between asthma symptoms and 

vitamin D deficiency (37), no significant relationship between vitamin D and asthma was found 

in the current study. Children with asthma did not vary substantially from children without 

asthma in their plasma vitamin D concentrations. For patients with uncontrolled asthma, vitamin 

D concentrations also did not differ significantly from those of children with well-controlled 

asthma. These findings are consistent with the study by Menon et al. (38) in the United States, 

which reported no difference in vitamin D levels between patients with asthma and healthy 

controls. Besides, two more studies, one from India by Kavitha et al. (39) and another from 

Korea by Yang et al. (40), reported similar results. Furthermore, Albar et al. (41) in Saudi Arabia 

also demonstrated no significant correlation between vitamin D levels and asthma severity. The 

absence of an association between asthma and vitamin D does not exclude the role of vitamin D 
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in the pathogenesis of asthma. However, more multicenter studies are needed to acquire more 

accurate results and make recommendations on the influence of vitamin D on asthma. 

The current study is limited in that it was only conducted in a single center. Therefore, more 

multicenter studies with a larger sample size are required to confirm our findings. 

Conclusion 

 

In conclusion, we found significantly higher levels of eosinophils, IgE, IL-1β, IL-4, IL-6, IL-10, 

IL-13, IL-35, and IL-37 in patients with asthma compared to healthy controls. Nevertheless, we 

did not find a significant relationship between vitamin D and asthma. Among the patients with 

asthma, the levels of cytokines (IL-1β, IL-4, IL-10, and IL-13) were consistently positively 

correlated with the serum levels of IgE. However, IL-35 and IL-37 were consistently negatively 

correlated with high levels of IgE among the patients with asthma. 
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Table 1: Description analysis for Sex, mean, and standard deviation of age, weight, height, 

and total white blood cell count among the study groups 

 

Controls Asthma patients 
p-value 

 

N = 47 N = 48 

Sex    

Female 

 

 

31 (66%) 

 

30 (62.5%) 

0.008 
 

16 (34%) 

 

18 (37.5%) 
Male 

Mean ± Std. Deviation    

Age (Years) 9.09 ± 2.073 9.35 ± 2.129 0.53 

Weight (Kg) 35.28 ± 13.87 38.35 ± 15.21 0.31 

Height (cm) 135.68 ± 13.39 138.09 ± 13.48 0.38 

TWBCs (x 10
-9

 L) 7.93 ± 2.12 8.054 ± 2.29 0.78 

Eosinophil (x 10
-9

 L) 0.27 ± 0.23 0.39 ± 0.20 0.01 

Lymphocyte (x 10
-9

 L) 3.03 ± 0.94 2.96 ± 0.85 0.7 

Calcium (mmol/L) 2.42 ± 0.16 2.44 ± 0.08 0.64 

Phosphate (mmol/L) 1.64 ± 0.15 1.58 ± 0.19 0.08 

Magnesium (mmol/L) 0.85 ± 0.05 0.86 ± 0.09 0.38 
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Table 2: Description of mean and standard deviation (SD) of vitamin D, IgE, and cytokines 

(INF-γ, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37) levels (pg/ml) in the different 

study groups 

Groups 
Controls 

(Mean ± SD) 

Asthma 

patients 

(Mean ± SD) 

t-value (95%CI) 
p-value‡ 

  

Vitamin D (× 

10
3
) pg/ml 

(2.7 ± 0.23) (2.6 ± 0.3) 0.99 (-0.05 to 0.16) 0.33 

IgE pg/ml (0.97 ± 0.91) (6.83 ± 0.93) -31.03 (-6.24 to -5.49) <0.001 

IFN-γ pg/ml 
(10.94 ± 

7.24) 
(11.3 ± 7.9) -0.23 (-3.44 to 2.73) 0.82 

IL-1β pg/ml (4.92 ± 0.64) (46.78 ± 1.4) -33.73 (-42.50 to -37.77) <0.001 

IL-4 pg/ml 
(18.85 ± 

2.02) 
(159.3 ± 5.6) -47.0 (-143.30 to -131.69) <0.001 

IL-6 pg/ml 
(21.20 ± 

7.60) 
(137.65 ± 17.9) -31.67 (-121.26 to -106.95) <0.001 

IL-10 pg/ml 
(26.96 ± 

4.99) 
(147.6 ± 7.9) -43.8 (-124.07 to -113.31) <0.001 

IL-13 pg/ml 
(20.86 ± 

6.70) 
(146.2 ± 3.5) -11.17 (-127.16 to -122.69) <0.001 

IL-35 pg/ml (5.38 ± 5.54) (28.06 ± 8.39) -15.5 (-25.58 to -19.77) <0.001 

IL-37 pg/ml (2.69 ± 0.88) (134.17 ± 27.54) -32.7 (-139.46 to -123.5) <0.001 
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Table 3: Linear regression analysis of circulating vitamin D, IgE, and cytokines (IFN-γ, IL-

1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37) levels (pg/ml) in patients with asthma 

compared to the control group 

 Unadjusted*  Adjusted
¶
  

Variables B* (95% CI for B) p-value B (95% CI for B) p-value 

Vitamin D  -0.05 (-0.16–0.05) 0.33 -0.02 (-0.13–0.09) 0.67 

IgE 5.86 (5.49–6.24) < 0.001 5.83 (5.44–6.22) < 0.001 

IFN-γ 0.36 (-2.73–3.44) 0.82 -0.18 (-3.41–3.05) 0.91 

IL-1β 41.85 (41.4–42.3) < 0.001 41.80 (41.33–42.26) < 0.001 

IL-4 140.47 (138.77–142.18) < 0.001 140.27 (138.49–142.04) < 0.001 

IL-6 116.45 (110.82–122.07) < 0.001 115.92 (110.04–121.8) < 0.001 

IL-10 120.59 (117.89–123.27) < 0.001 120.21 (117.42–122.99) < 0.001 

IL-13 125.37 (123.21–127.54) < 0.001 125.16 (122.89–127.43) < 0.001 

IL-35 22.68 (19.78–25.58) < 0.001 23.14 (20.12–26.17) < 0.001 

IL-37 131.48 (123.5–139.5) < 0.001 132.14 (123.9–140.35) < 0.001 

*B represents unstandardized coefficients 

  ¶
B (95%CI) adjusted with sex and age. 
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Table 4: Logistic regression analysis of circulating vitamin D, IgE, and cytokines (IFN-γ, 

IL-1β, IL-4, IL-6, IL-10, IL-13, IL-35, and IL-37) level/µ in patients with uncontrolled 

atopic asthma compared to the patients with well-controlled asthma group 

 Unadjusted*  Adjusted
¶
  

Variables* OR (95% CI for OR) p-value OR (95% CI for OR) p-value 

Vitamin D  0.88 (0.12–6.42) 0.90 0.72 (0.8–6.2) 0.77 

IgE 1.79 (0.93–3.47) 0.08 1.78 (0.90–3.55) 0.10 

IFN-γ 1.47 (0.91–2.37) 0.12 1.59 (0.96–2.66) 0.07 

IL-1β 1.54 (0.99–2.39) 0.06 1.55 (0.97–2.46) 0.07 

IL-4 1.09 (0.97–1.22) 0.13 1.09 (0.96–1.23) 0.17 

IL-6 0.99 (0.96–1.02) 0.52 0.99 (0.96–1.02) 0.43 

IL-10 1.05 (0.96–1.13) 0.21 1.05 (0.97–1.13) 0.27 

IL-13 1.22 (1.02–1.46) 0.03 1.22 (1.01–1.47) 0.04 

IL-35 0.93 (0.87–1.01) 0.07 0.93 (0.86–1.01) 0.08 

IL-37 0.98 (0.95–1.01) 0.04 0.98 (0.95–1.02) 0.04 

*OR represents odds ratio 

  ¶
Adjustment of OR (95%CI) were performed for sex and age. 
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Figure 1: Correlations between the serum levels of IgE and cytokines (IL-1β, IL-4, IL-10, 

IL-13, IL-35, and IL-37) among the patients with asthma group only 

 

* Spearman’s rho correlation is significant at the 0.01 level (2-tailed). 
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