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Abstract Abstract 

Background: Psychosocial factors are supposed to play a central role in the development of 

allergic diseases. Associations with seasonal and perennial forms of allergies have not been 

investigated, yet. Objectives: The aim of the study was to investigate the associations of 

psychosocial factors (social status, depression, generalized anxiety, psychosocial stress, Type-

D personality) with seasonal, perennial, and other forms of allergies in adults. Method: The 
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analysis of self-reported data of the KORA FF4 study was performed with SAS 9.4. The sample 

consisted of 1,782 study participants in the study region of Augsburg (39–88 years, 61 years, 

51.1% female). Descriptive bivariate statistics and multinomial logistic regression models were 

performed. Age, sex, family predisposition, and smoking status were considered possible 

confounders. Moreover, several sensitivity analyses were carried out to check whether missing 

values distorted the results. Results: A positive association between generalized anxiety and 

seasonal allergies was found in the multivariate model. Depression was positively, and anxiety 

negatively, associated with perennial allergies. No association between the analyzed 

psychosocial factors and other forms of allergies could be found. Conclusion: The results 

support the relevance of psychosocial factors in association with allergies. Looking at the 

psychosocial factors, a separate consideration of seasonal and perennial allergies seems 

reasonable. Further longitudinal studies should investigate the direction of the associations, the 

underlying mechanisms, and other psychosocial factors, such as coping mechanisms, in 

confirmed allergies. 
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Body  

Introduction 

Most allergy patients report more severe symptoms under psychosocial stress or they 

remember life events as trigger factors for allergy pathogenesis. Nevertheless, allergy 

researchers often focus on biological and physical influencing factors. It is assumed that 

allergies can be explained by a biopsychosocial disease model [1]. Therefore, psychosocial 

factors should be investigated as well. 

A bidirectional relationship between psychosocial factors and allergic or atopic diseases 

was found in many studies [2]. This means that there are associations in both directions, but 

molecular pathways and underlying mechanisms are still unclear. Allergies, for example, are 

one of the few diseases that occur more often in high socioeconomic status groups (reversed 

social gradient) [3]. Explanations for the phenomenon are as multiple as diverse. One reason 

for this fact might be a protective effect of a larger number of siblings and early childhood 

infections, which is found to be more common in lower socioeconomic status groups [4]. 

Depression and anxiety also seem to be associated with allergies [5]. Mental stress, especially 

chronic stress, is associated with allergic reactions [6], which can be explained by interactions 

between the nervous system, the endocrine system, and the immune system [7]. The possibility 

to treat allergic symptoms through psychosocial interventions (e.g., self-hypnosis or stress 

management) [8–10] points to the importance of psychoneuroimmunologic interactions in 

allergies. 

Most studies conclude that personality types are not linked to specific diseases. 

Nevertheless, personality patterns might be associated with the perception of diseases, coping 

mechanisms, and therefore with disease persistence. A personality pattern, which gained 

attention in the field of cardiovascular diseases, is the Type-D personality [11]. The Type-D 

concept embraces negative affectivity and social inhibition. It is a depression-related concept, 
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but it still represents another dimension of distress than depression [12]. Promising results have 

shown that symptom control and quality of life in asthma patients are associated with Type-D, 

although it was not distinguished between allergic and non-allergic asthma [13]. It is not 

investigated yet whether seasonal or perennial allergies are associated with this personality 

pattern. 

On the basis of the high and increasing prevalence of allergic diseases [14, 15] (at the 

moment 28.1% in adults in Germany [16]), there is a public health relevance to further 

investigate the associations between psychosocial factors and allergies. The investigation of 

associations between psychosocial factors and allergies as well as the finding of underlying 

molecular mechanisms with potential therapy options might not only help to improve the quality 

of life of the respective patients. It might also help to reduce the economic costs arising from 

health care costs, a lower performance at work, or absence from work due to allergies [17–19]. 

Most current studies about allergies and psychosocial factors refer to atopic diseases like 

allergic rhinitis, asthma, and atopic dermatitis. Other aspects of allergies are often disregarded. 

A division into seasonal and perennial allergies is reasonable to allow for a more detailed 

analysis.  

We could not classify according to ARIA guidelines into intermittent (“symptoms are 

present <4 days a week or for <4 weeks” [20]) and persistent (“symptoms are present at least 4 

days a week and for at least 4 weeks” [20]) allergies because we did not have any information 

on symptom duration and severity. Therefore, we differentiated between those, who have only 

seasonal symptoms, that is, seasonal allergies only (tree or grass pollen), those who have 

symptoms throughout the whole year, that is, perennial allergies (house dust mite and animal 

hair; including those with additional seasonal allergies), and those who have other non-

respiratory allergies (food, medicaments, insect sting; including those with additional seasonal, 

or perennial allergies).  
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The aim of the study was to investigate the associations of psychosocial factors (social 

status, depression, generalized anxiety, psychosocial stress, Type-D personality) with seasonal, 

perennial, and other allergies in adults. 

Materials and Methods 

Study Design 

Data of the second follow-up period of the KORA baseline study S4 (KORA FF4) were 

used for the analysis. The population-based KORA S4 survey was carried out in the region of 

Augsburg and refers to a cohort aged between 25 and 74 at baseline [21]. By now, there are 2 

follow-up studies, which took place after 7 and 14 years respectively.  

A sub-sample of participants who took part in the Environmental Medicine Survey, which 

was sent to all participants of the second follow-up study KORA FF4, was analyzed as these 

participants provided data about their allergy status (Fig. 1). 

The investigations were carried out in accordance with the Declaration of Helsinki, 

including the written informed consent of all participants. All study methods were approved by 

the Ethics Committee of the Bavarian Chamber of Physicians, Munich (FF4: EC No. 06068). 

Analyzed Variables 

Data about depression, generalized anxiety, personality type, smoking, as well as 

sociodemographic and socioeconomic variables were derived from the KORA FF4 study. Data 

about allergies and psychosocial stress were derived from the Environmental Medicine Survey. 

Allergies 

Only self-reported type-1 allergies were taken into account. The study differentiated 

between people without any allergy, people with seasonal allergies only (tree or grass pollen), 

perennial allergies (house dust mite and animal hair; including those with additional seasonal 

allergies) and other allergies (food, medicaments, insect sting; including those with additional 
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seasonal or perennial allergies). The information about the allergy status was gained by asking 

the study participants about their allergies and several answers were possible by choosing their 

respective allergies in the survey. 

Psychosocial Factors 

The social status of the participants was operationalized with the index of Helmert and 

Shea [22], which is based on income, education, and occupation. It ranges from 1 to 27 and 

was subdivided into lower social class (<10), middle social class (>9 and <19) and upper social 

class (>18). Depression was measured with the Brief Patient Health Questionnaire-9 [23]. The 

instrument consists of 9 items and is based on the DSM-IV criteria for major depression. The 

score ranges from 0 to 27. While 0 means “no depression,” anything between 1 and 27 means 

minimal, mild, moderate, or severe “depression” [23]. As there were only a few cases with 

depression, we did not differentiate between minimal, mild, moderate, and severe forms of 

depression. Anxiety was captured with the Generalized Anxiety Disorder Scale-7 [24], which 

consists of 7 items and is based on the DSM-IV criteria for generalized anxiety. The score 

ranges from 0 to 21 and was subdivided into “minimal and mild” (0–9) or “moderate and severe” 

(10–21) anxiety symptoms. The Type-D personality was measured with the Type-D Scale-14 

[25]. The instrument consists of 14 questions on social inhibition and negative affectivity and 

can identify the Type-D pattern. Mental stress burden was assessed with a single-item-

dichotomized measure. Study participants were asked for their risk factors and one of them was 

“too much stress and/or rush”; they could answer with “yes,” “no” or “unknown.” The answer 

“unknown” was treated like a missing value. 

Confounders 

Age (at date July 1, 2014), sex, smoking status, and a family predisposition for atopic 

diseases (allergic asthma, hay fever, atopic dermatitis, or food allergy in parents) were 

considered possible confounders. 
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Statistics 

The software SAS 9.4 was used to analyze the data. A bivariate analysis (ORs, chi-

square tests, asymptotic U tests according to Mann-Whitney-Wilcoxon and Kruskall-Wallis tests) 

as well as a multivariate analysis (multinomial logistic regression) to check for confounders were 

performed. In the multivariate model, allergy was defined as a dependent variable and the 

psychosocial factors as well as the confounders were defined as independent variables. Cases 

with missing values were excluded, first. In the sensitivity analysis, missing values were 

replaced by extremes. All results were considered significant if the p value did not exceed 0.05. 

No correction of alpha was done.  

Results 

Univariate Statistics 

Men and women were distributed nearly equally (51.1% female) within the selected 

sample. Age ranged from 39 to 88 years with the mean set at 61 years. About two-thirds of the 

participants could be classified as middle socioeconomic class (58.0%), more than one out of 4 

could be classified as upper class (26.8%), and about one sixth was considered lower class 

(15.2%). Most participants were non-smokers or previous smokers (86.4%) and did not have a 

family predisposition for atopic diseases (92.9%). Overall, the prevalence of self-reported 

allergies was 27.4%. The prevalence of seasonal and perennial allergies was 7.7% and 6.1%, 

respectively, and 13.6% in the case of participants who reported other types of allergies. 

Depressive disorder or generalized anxiety was found in 3.9% and 4.0% of the participants 

respectively. About one third of the sample claimed to have a mental stress burden (32.8%). 

About one out of 6 participants could be classified as Type-D (16.9%; Table 1). 

Bivariate Statistics 
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Among the allergic subjects there were more women, young people, people with family 

predisposition and non-smokers. Tendencies (i.e., associations that were not statistically 

significant but still of importance) showed that depressive disorder was more common in allergic 

subjects. Study participants with allergies reported psychosocial stress more often than 

participants without allergies did. The Type-D personality pattern was more likely to be found in 

participants with perennial allergies compared to people with other forms of allergy or without 

any allergy. There was no difference in the social status of people without or with allergies 

(Table 2). 

Missing values were more frequent in non-allergic subjects. The age-stratified analysis of 

missing values showed no association between the allergy type and the missing values. 

Subjects of 70 years and older were more likely not to have answered the questions on 

psychosocial factors (Fisher’s exact test: p < 0.0001). 

There were higher odds for seasonal allergies in younger participants, people with a 

family predisposition, people with generalized anxiety and in participants reporting high mental 

stress levels. Higher odds for perennial allergies could be found in younger participants, people 

with a family predisposition and in participants reporting a mental stress burden. Furthermore, 

there were higher odds for other types of allergy in women, younger participants, people with a 

family predisposition, and in participants reporting generalized anxiety or mental stress burden 

(Table 3). 

Anxious people as well as participants with mental stress burden were generally younger 

than subjects without the respective psychosocial burden (U test: p = 0.02 and <0.0001 

respectively).  

Multivariate Statistics 

After fitting the model, psychosocial stress was not associated with seasonal, perennial, 

or other allergies, which is different from the results of the bivariate statistics. The association 

between family predisposition and allergies got weaker in terms of decreasing ORs. The odds 
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for depression increased in people with perennial allergies. Other ORs (sex, age, smoking 

status, Type-D, social class and any allergy, depression and seasonal /other allergy, anxiety 

and seasonal allergy) were found to be at a level that is similar to the level of bivariate statistics 

as shown in Table 3 and Figure 2. The associations of age and generalized anxiety with other 

allergies lost significance. The association of any allergy with smoking status and the 

association between anxiety and perennial allergies reached significance. 

Sensitivity Analysis 

As cases with missing values were excluded in the first model, the influence of the 

missing values on the odds ratios was investigated by coding these values either as an existing 

psychosocial burden or as a non-existing psychosocial burden. Nearly all odds ratios remained 

at the same level. Therefore, we concluded that the missing values had no influence on the 

odds ratios (online suppl. Table 1–3; for all online suppl. material, see 

www.karger.com/doi/10.1159/000499042). 

Discussion 

In this paper, we show associations between psychosocial factors and allergy. Notably, 

participants with seasonal or perennial allergies differed in their influencing psychosocial 

factors. In the KORA FF4 survey of 1,782 middle-aged subjects, it could be shown that 

generalized anxiety was positively associated with seasonal allergies, depression was positively 

and anxiety negatively associated with perennial allergies, and none of the analyzed 

psychosocial factor was associated with other allergy types. 

Besides the psychosocial factors, family predisposition was associated with all allergy 

categories. Lower age was associated with an increased prevalence of seasonal or perennial 

allergies and non-smoking with a higher prevalence of any allergy. Female sex was found to be 
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associated with a higher prevalence of other allergies. The sensitivity analysis showed that 

missing values – although being extensive – did not distort the odds ratios. 

Generalized Anxiety 

Although the literature suggests an association between anxiety and allergies, 

surprisingly only seasonal allergies were positively and significantly associated with generalized 

anxiety in this sample. Perennial allergies were even negatively associated with anxiety. 

However, the existing studies either focused on asthma, allergic rhinitis, atopic dermatitis, or 

food allergy [5, 26–29] or investigated other forms of anxiety as, for example, panic disorder 

[30]. It should be further explored why the positive association was found only in seasonal 

allergies. It might be that people with perennial allergies adopted other coping strategies or 

resilience factors.  

Depression 

An association between depression and perennial allergies could be found. Trikojat et al. 

[31] talk about an “allergic mood,” as they found associations between low mood and 

inflammatory, endocrine, and allergic markers in patients with acute seasonal allergic rhinitis 

during pollen season. A population-based study reported an increase of 59% in the probability 

for depression in allergic subjects [32]. In contrast, another study showed that depression is not 

more frequent in allergic subjects, but allergies are more frequent in depressive subjects 

compared to healthy controls [33]. It could be assumed that depression might be a potential risk 

factor for allergies or that allergies might increase the vulnerability to depression. The cross-

sectional design does not allow any assumptions on the direction or causality of the 

associations. As the directions of the associations are unknown and as there are 

psychobiological mechanisms, which can explain the association in both directions, these 

results deserve subsequent prospective studies. As Type-D did not turn out to be significantly 
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associated with any allergy, it seems that personality does not have an effect on the prevalence 

of seasonal or perennial allergies. 

Psychosocial Stress 

Psychosocial stress was associated with allergies in several studies. Pathways, which 

may explain the association have widely been explored [7], for example through the 

hypothalamus-pituitary-adrenal-axis [34]. Therefore, the non-existence of a significant 

association between stress and allergies after fitting the model has not been anticipated. Age 

could be identified as a relevant confounder. On average, the participants who reported 

psychosocial stress were about 10 years younger compared to the ones without high stress 

levels. This can be potentially explained by retirement. As the age of the sample ranges from 39 

to 88, the older participants are in retirement. Retirement might also be associated with less 

psychosocial stress because retired people are relieved from work-related strain [35]. Another 

possible explanation is that stress coping skills increase with the age [36]. Moreover, it might 

represent a generational divide as younger adults rather report mental health issues than older 

adults, for example, because some older adults have a negative stereotype about mental illness 

[37] or they do not perceive their problems severe enough to report [38]. At the same time, 

younger study participants were reporting allergies more often. At first sight there seemed to be 

an association between stress and allergy, which disappeared after adjusting the model for age. 

Possibly stress does not have an influence on the fact that somebody has an allergy, but on the 

fact how severe and how often somebody experiences symptoms [6].  

Socioeconomic Status 

Although literature assumes a reversed social gradient in allergies, no association 

between the socioeconomic status and the allergies of a participant could be found within this 

study. The reason might be a social change. Although there are still differences between social 

classes, the overall level of prosperity in the Augsburg region has increased (“trickle-down 
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effect” [39]). This effect has potentially led to the loss of protective living conditions in former 

lower social classes. The proportion of families with a higher number of children, for example, 

has decreased not only in high, but especially in low socioeconomic status groups [40]. 

Moreover, the increased awareness of allergies has possibly led to more allergy diagnoses. 

This includes groups of people who have a lower grade of education or pertain to lower 

socioeconomic status groups [41]. As many studies on allergies refer to children, it might also 

be that the social status of the parents and not of the allergic subjects themselves affects the 

prevalence of allergies. Another possible explanation is that an association could not be seen 

due to rather low diversity in the socioeconomic factors as most participants were classified as 

middle or upper class in the study population (Table 1). This might be the result of an upper 

class bias (online suppl. Table 4). 

Strengths and Limitations 

One of the strengths of the study was the consideration of the separation between 

seasonal and perennial allergies. This aspect of allergies is often neglected in existing research. 

Results show that this distinction is sensible when it comes to psychosocial factors. Another 

strength is the use of validated questionnaires for depression, generalized anxiety, and Type-D 

personality. Furthermore, the results are plausible. The strength of the association between 

anxiety and seasonal allergies is similar to the one between family predisposition and allergies. 

Family predisposition is the only variable which is consistent, strong, and dose-dependent 

associated with allergies [42].  

This study has some limitations. First, self-reported data was used without biomaterials 

(e.g., IgE) to validate the allergy status and no validated questionnaire was used to measure 

psychosocial stress. This could have led to biased results because persons with a psychosocial 

burden might report allergies in a different way than persons without psychosocial burden. On 

the other hand, the overall self-reported prevalence of allergies fits to the results in other 

German-wide studies [43]. Second, there was a reasonable number of missing values – but a 
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sensitivity analysis was performed to demonstrate that the missing values did not distort the 

results. Third, there was only a small number of participants with anxiety or depression within 

the selected dataset, which could have led to wide confidence intervals and insignificant results. 

Moreover, the age of the participants started at 39 years, while allergies and mental health 

issues seem to occur more often in younger adults [43, 44]. This might also affect the effect size 

of the odds ratios and the significance levels. Finally, the design of the study itself was a 

limitation because data collection took place at 2 different time points. The extension to 

environmental medicine was carried out 1 year after the original KORA FF4. This might limit the 

validity of the results. As the analyzed variables (allergies, mental disorders, personality, social 

class, and psychosocial stress burden) usually do not change within 1 year, we decided to 

tolerate this bias in order to analyze the respective variables. Additionally it was not accounted 

for multiple testing because this exploratory study aimed to generate hypothesis rather than 

testing them. 

Conclusion 

The results confirm the relevance of psychosocial factors in association with allergies. 

We found differences in the psychosocial factors between seasonal and perennial allergies in 

the dataset. Longitudinal studies are needed to determine the direction of the associations and 

additional research is needed to understand the underlying mechanisms of the associations. 

The measurement of allergies should not only include self-reported data but also skin prick tests 

or IgE. Other psychosocial factors, such as risk perception, resilience, or coping strategies, 

should be investigated as well.  
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Appendix after References (Editorial Comments) 

 

Legend(s) 

Fig. 1. Participant flow: From the baseline study KORA S4 to the Environmental Medicine 

Survey. The participant flow from KORA S4 to the extension of KORA FF4 to 

environmental medicine is shown in Figure 1 (from top to bottom). Between the baseline 

study KORA S4 and the second follow-up study KORA FF4 the first follow-up study (F4) 

took place between 2006 and 2008. KORA F4 is not shown in the participant flow. The 

KORA FF4 study took place from June 2013 to September 2014. The Environmental 

Medicine Survey was conducted with a self-report questionnaire, which was sent by post 

to all study participants of KORA FF4 and filled in between March and August 2015. For 

the statistical analysis only participants of the Environmental Medicine Survey were taken 

into account.  
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Fig. 2. Raw and adjusted ORs for seasonal, perennial, and other forms of allergies (multinomial 

logistic regression models). The forest plots show ORs as small boxes and CIs as 

horizontal lines. Raw ORs are grey and adjusted ORs are black. Adjusted ORs derive 

from a multinomial logistic regression model. In this model, the allergy status was defined 

as a dependent variable and psychosocial factors as well as covariates were defined as 

independent variables (sex, age, family predisposition, smoking status, social class, 

depression, generalized anxiety, stress, Type-D personality). Missing values were 

excluded. 
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Table 1. Description of the study population 

   
   
Variables n 

(n = 1,782) 

% 

Mean ± SD 

   
   
Gender   

Male .0872 48.9 

Female .0910 51.1 

Age, years 1,782 61.0±12.1 

Age groups   

<39–50 .0431 24.2 

<51–60 .0446 25.0 

<61–70 .0451 25.3 

≥71 .0454 25.5 

Family predisposition   

No 1,655 92.9 

Yes .0127 07.1 

Smoking status   

Non-smoker 1,539 86.4 

Smoker .0243 13.6 

Depression   

No 1,712 96.1 

Yes .0069 03.9 

Generalized anxiety   

Minimal and mild 1,364 76.5 

Moderate and severe .0072 04.0 

Mental stress burden   

No .0755 42.4 

Yes .0585 32.8 

Type-D personality   

No 1,141 64.0 

Yes .0301 16.9 

Social class indexa 1,782 15.1±5.0 

Social classes   

Lower class  271 15.2 

Middle class 1,033 58.0 

Upper class .0478 26.8 

Allergy status   

No allergies 1,293 72.6 

Seasonal allergies only .0137 07.7 

Perennial allergies (± seasonal) .0109 06.1 

Other allergies (± seasonal or perennial) .0243 13.6 

   
   a After Helmert and Shea (Scale from 1 to 27). 
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Table 2. Differences between non-allergic subjects, seasonal allergies, perennial allergies and other forms of allergy in sociodemographic, socioeconomic, and psychosocial factors 

              
              
  No allergies 

(n = 1,293), n (%) 

 Seasonal allergies only 

(n = 137), n (%) 

 Perennial allergies 

(± seasonal) 

(n = 109), n (%) 

 Other allergies 

(± seasonal or 

perennial) 

(n = 243), n (%) 

 Signifi-

cance 

p valuea 

              
              
Gender 

Male 0.673 (52.1)  0.67 (48.9)  0.49 (45.0)  0.83 (34.2)  <0.0001 

Female 0.620 (48.0)  0.70 (51.1)  0.60 (55.1)  .160 (65.8)   

Age, years, mean ± SD 062.4±11.9  55.5±11.1  54.8±10.9  59.0±11.8  <0.0001 

Age groups 

39–50 0.258 (20.0)  0.55 (40.2)  0.48 (44.0)  0.70 (28.8)  <0.0001 

51–60 0.305 (23.6)  0.38 (27.4)  0.35 (32.1)  0.68 (28.0)   

61–70 0.351 (27.2)  0.28 (20.4)  0.13 (11.9)  0.59 (24.3)   

≥71 0.379 (29.3)  0.16 (11.7)  0.13 (11.9)  0.46 (18.9)   

Family predisposition   

No 1,240 (95.9)  .119 (86.9)  0.89 (81.7)  .207 (85.2)  <0.0001 

Yes 00.53 (4.1)  0.18 (13.1)  0.20 (18.4)  0.36 (14.8)   

Smoking status 

Non-smoker 1,098 (84.9)  .122 (89.1)  0.99 (90.8)  .220 (90.5)  00.04 

Smoker 0.195 (15.1)  0.15 (11.0)  0.10 (9.2)  0.23 (9.5)   

Depression 

No 1,247 (96.4)  .131 (95.6)  .102 (93.6)  .232 (95.5)  00.4 

Yes 00.45 (3.5)  0.06 (4.4)  0.07 (6.4)  0.11 (4.5)   

Generalized anxiety 

Minimal and mild .0971 (75.1)  .112 (81.8)  0.96 (88.1)  .185 (76.2)  00.02 

Moderate and severe .0042 (3.3)  0.11 (8.0)  0.03 (2.8)  0.16 (6.6)   

Mental stress burden  

No .0569 (44.0)  0.58 (42.3)  0.41 (37.6)  0.87 (35.8)  <0.0001 

Yes .0368 (28.5)  0.59 (43.1)  0.49 (45.0)  .109 (44.9)   

Type-D personality  

No .0806 (62.3)  0.99 (72.3)  0.73 (67.0)  .163 (67.1)  00.4 

Yes .0211 (16.3)  0.22 (16.1)  0.27 (24.8)  0.41 (16.9)   

Social class indexa, mean ± SD 015.0±5.1  15.7±5.0  15.7±5.0  15.4±4.9  00.2 

Social classes 

Lower class  .0207 (16.0)  0.14 (10.2)  0.17 (15.6)  0.33 (13.6)  00.4 

Middle class .0749 (57.9)  0.86 (62.8)  0.56 (51.4)  .142 (58.4)   

Upper class .0337 (26.1)  0.37 (27.0)  0.36 (33.0)  0.68 (28.0)   

              
              a Results of chi-square tests for nominal and ordinal measurement scales or Kruskall-Wallis tests for not normally distributed variables with interval 

measurement scales (age and social class index, Kolmogorov-Smirnov test: p < 0.01 respectively). 
b After Helmert and Shea (Scale from 1 to 27). 

              
              
 

 

 



  24 

 

 

Table 3. Raw and adjusted Odds Ratios of the associations between allergies and sociodemographic, socioeconomic, and psychosocial factors (multinomial logistic regression models) 

         
         
 Seasonal allergies  Perennial allergies (± seasonal)  Other allergies 

(± seasonal or perennial) 

      raw OR 

(95% CI) 

adjusted ORa 

(95% CI) 

 raw OR 

(95% CI) 

adjusted ORa 

(95% CI) 

 raw OR 

(95% CI) 

adjusted ORa 

(95% CI) 

         
         
Gender 

Male 1.0 1.0  1.0 1.0  1.0 1.0 

Female 1.1 (0.8–1.6) 0.9 (0.6–1.4)  1.3 (0.9–2.0) 1.2 (0.7–1.9)  2.1 (1.6–2.8)*** 1.9 (1.3–2.8)** 

Age groups 

39–50 1.0 1.0  1.0 1.0  1.0 1.0 

51–60 0.6 (0.4–0.9)* 0.7 (0.4–1.2)  0.6 (0.4–1.0)* 0.6 (0.4–1.1)  0.8 (0.6–1.2) 1.0 (0.7–1.5) 

61–70 0.4 (0.2–0.6)*** 0.5 (0.3–1.0)*  0.2 (0.1–0.4)*** 0.2 (0.1–0.3)***  0.6 (0.4–0.9)* 0.8 (0.5–1.3) 

≥71 0.2 (0.1–0.4)*** 0.2 (0.1–0.8)*  0.2 (0.1–0.3)*** 0.2 (0.04–0.7)**  0.4 (0.3–0.7)*** 0.4 (0.1–1.1) 

Family predisposition 

No 1.0 1.0  1.0 1.0  1.0 1.0 

Yes 3.5 (2.0–6.2)*** 2.4 (1.2–4.5)**  5.3 (3.0–9.2)*** 2.9 (1.5–5.8)**  4.1 (2.6–6.4)*** 3.2 (1.9–5.4)*** 

Smoking status 

Non-smoker 1.0 1.0  1.0 1.0  1.0 1.0 

Smoker 0.7 (0.4–1.2) 0.5 (0.3–1.0)*  0.6 (0.3–1.1) 0.3 (0.1–0.7)**  0.6 (0.4–0.9) 0.6 (0.4–1.0)* 

Depression 

No 1.0 1.0  1.0 1.0  1.0 1.0 

Yes 1.3 (0.5–3.0) 0.9 (0.3–3.2)  1.9 (0.8–4.3) 7.6 (2.1–27.9)**  1.3 (0.7–2.6) 0.9 (0.3–2.7) 

Generalized Anxiety 

Minimal and mild 1.0 1.0  1.0 1.0  1.0 1.0 

Moderate and severe 2.3 (1.1–4.5)* 2.7 (1.0–7.1)*  0.7 (0.2–2.4) 0.1 (0.02–0.7)*  2.0 (1.1–3.6)* 1.9 (0.8–4.3) 

Mental stress burden 

No 1.0 1.0  1.0 1.0  1.0 1.0 

Yes 1.6 (1.1–2.3)* 1.1 (0.7–1.7)  1.8 (1.2–2.9)** 1.0 (0.6–1.6)  1.9 (1.4–2.6)*** 1.4 (0.9–2.0) 

Type-D personality 

No 1.0 1.0  1.0 1.0  1.0 1.0 

Yes 0.8 (0.5–1.4) 0.7 (0.4–1.3)  1.4 (0.9–2.3) 1.6 (0.9–2.7)  1.0 (0.7–1.4) 1.0 (0.7–1.6) 

Social classes 

Lower class  1.0 1.0  1.0 1.0  1.0 1.0 

Middle class 1.7 (0.9–3.0) 1.1 (0.5–2.2)  0.9 (0.5–1.6) 0.5 (0.3–1.1)  1.2 (0.8–1.8) 1.2 (0.6–2.3) 

Upper class 1.6 (0.9–3.1) 0.9 (0.4–1.9)  1.3 (0.7–2.4) 0.8 (0.4–1.8)  1.3 (0.8–2.0) 1.4 (0.7–2.7) 

         
         a The allergy status was defined as dependent variable, all psychosocial factors and all covariates were defined as independent variables in the model (sex, 

age, family predisposition, smoking status, social class, depression, generalized anxiety, stress, Type-D). Missing values were excluded (n = 992). 

* The association is significant on the level <0.05. 

** The association is significant on the level <0.01. 

*** The association is significant on the level <0.0001. 
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