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Abstract

Background

Asthma is a heterogeneous disease of a complex etiology in which genetic, environmental

and personality variables are important factors determining the development of complicated

strategies related to coping with stress and temperament traits. Our thesis is that coping

styles in asthmatic patients are modified by the environment (chronic inflammation and

stress) which affects individual temperament traits in the course of time. Thus, patient age is

one of factors which determine the clinical image of asthma and its natural history.

Aim

The aim of the study was to evaluate the variables describing stress coping styles and tem-

perament in young (18 to 35 years old) and elderly asthmatics (aged�60 years).

Material and methods

A total of 200 patients, 104 elderly and 96 young asthmatics were enrolled in the study.

Apart from medical examination, the following tests were performed in all subjects: the For-

mal Characteristics of Behavior- Temperament Inventory (FCB-TI), Coping Inventory for

Stressful Situations (CISS), Beck Depression Inventory, State-Trait Anxiety Inventory, and

Borg Rating of Perceived Exertion (RPE) Scale.

Results

Elderly patients with asthma exhibited higher intensity of anxiety as a trait, a higher level of

depression and experienced dyspnea, as well as higher levels of stress coping strategies

such as Avoidance-Oriented Coping (AOC), Distraction Seeking (DS) and Social Diversion

(SD) compared to young asthmatics. In elderly patients, Perseverance and Sensory Sensi-

tivity traits have been observed to decline with the duration and development of asthma at
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later life stages as opposed to young asthmatics, in whom these temperament characteris-

tics are elevated.

Conclusions

Asthma is a heterogeneous disease of a complex etiopathogenesis that has a complex

interplay with mental health. The present study confirms a relationship between age and

stress coping strategies as well as temperament traits.

Introduction

Chronic respiratory diseases (CRD), including asthma, pose a real challenge to modern medi-

cine, psychiatry and psychology [1–5]. Hence, there is a need to identify the mechanisms

responsible for an occurrence of extrasomatic disease complications, including induction of

fear, depression, adoption of different stress coping strategies and changes in the tempera-

ment. [6–11]. The above psychopathological variables are genetically conditioned at the DNA

level (deoxyribonucleic acid). Via biological mediators, they affect the activation of the limbic

system, which co-determines the set of personality traits (psychoticism–P, extraversion–E and

neuroticism–N)–PEN theory (Eysenck’s concept of three broad traits) [12–14]. Numerous lab-

oratory analyses confirmed an effect of many genetic determinants of CRD and inflammatory

proteins in asthma on the change of the structure of the PEN traits and the taxonomy of per-

sonality. The authors revealed that the number of glucocorticoid receptors (GR) in cells as well

as their function are limited in patients with mood disturbances [15–18]. GR expression is

determined and regulated by the GR gene NR3C1 (nuclear receptor subfamily 3, group C,

member 1 gene; glucocorticoid receptor gene) [19–21]. A relationship between the NR3C1

gene haplotype and depression and fear was also confirmed [22]. Inflammatory mediators are

known to be a significant factor contributing to the development of mood disturbances in the

course of inflammatory somatic diseases. Exacerbation of mood disturbances correlates with

the level of many inflammatory markers: C reactive protein (CRP), IL-1, IL-2, IL-5, IL-6, IL-

12, IL-13, TNF- α, Interferon-α [23–31]. It has been scientifically proven that chronic inflam-

mation, typical for asthma, through inflammatory mediators (cytokines) secondarily reduces

the CREB (Cyclic adenosine monophosphate Response Element-Binding protein) activity, the

level of TRK (Tyrosine Receptors Kinases) protein and release of BDNF (Brain-Derived Neu-

rotrophic Factor) in frontal lobes and the limbic system, which results in damage to the hippo-

campus and a reduced level of cerebral monoamines [23–25]. Also some drugs, such as

theophylline, used in asthma therapy, contribute to an increased level of cAMP (cyclic Adeno-

sine MonoPhosphate), but do not increase the level of the CREB protein activity, which might

stimulate the limbic system and increase the release of catecholamines. This results in signifi-

cant clinical changes in mood and behavior, starting with panic attacks and finishing with

morbid thoughts. [32]. According to the monocyte-T-lymphocyte hypothesis, the key role in

determining personality and temperament is played by the immune system via synthesis,

release and uptake of monoamines in the central nervous system [25,33,34]. Decreased or

increased expression of synaptic plasticity, neurogenesis, and neuromodulation via basal gan-

glia, the frontal cortex and the activity of the hypothalamus-pituitary axis (HPA) affect the lim-

bic system and its activity [26,27,35–38].

Changes in the immune system, immunopathology of allergic and non-allergic asthmatic

reactions, function of adrenergic and cholinergic receptors, different gene expressions,
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involvement of neuropeptides, as well as kinin systems are different in young and elderly asth-

matics. All these factors cause anxiety disorders, which have been described in over 60% of

asthma patients, and result in depressive disorders that affect 28% to 60% of these patients.

The above elements induce the formation of a specific personality profile in patients, depend-

ing on age [11–16]. Some personality dimensions can play an important role in modeling the

course of the disease, affecting the frequency of exacerbations, effectiveness of treatment, con-

trol of asthma signs and symptoms, quality of life, ways of coping with stress, everyday func-

tioning in society, cooperation with a doctor and compliance with medical recommendations.

The chronic nature of asthma significantly limits the physical, emotional and social function-

ing of patients. Temperament as a component of personality depends on biological conditions

of the central nervous system and manifests itself early. Numerous genetic and physiological

factors play an important role in creating temperament. According to the Moruzzi and

Magoun activation theory, the biological basis of temperament may consist in the non-specific

activation of the cerebral cortex by the brain stem reticular formation [12–30]. The above the-

ses have been confirmed by a number of studies conducted with the use of electroencephalog-

raphy and demonstrate that the characteristics of alpha waves and evoked potentials, which

are indicators of the action potentials in the cerebral cortex, can be treated, according to

Eysenck’s postulates, as physiological correlates of temperament dimensions[12,13,31–35].

However, there have been no studies on the importance of temperament factors (distinguished

according to the concept developed by Strelau and Zawadzki) and strategies of coping with

stress in young and elderly asthmatics with regard to their psychopathological profiles, asthma

severity, number of disease exacerbations and degree of its control. All these factors have a cog-

nitive and clinical significance, as psychopathological problems are closely associated with

weakening of cognitive functions, worse control of the underlying disease and intensity of its

symptoms. A detailed description of the temperament characteristics as personality dimen-

sions related to psychopathological variables would be a valuable cognitive tool enabling clini-

cians to take appropriate preventive actions. In this study, the authors present the phenotypes

of temperament and stress coping styles in young and elderly asthmatics, which significantly

differ in different age groups [1–3,10,36–39].

Aim

The aim of this study was to compare psychopathological and personality variables (including

temperament) in young and elderly patients with asthma, as well as to attempt to determine

the significance and strength of these variables in the clinical picture of both disease

phenotypes.

Material and methods

Ethical approval

The study was approved by the local Ethics Committee (Consent of the Research Review

Board of the Medical University of Lodz, Łódź, Poland; no. RNN/133/09/KE). At the begin-

ning of the study, the participants were invited to attend it voluntarily, and prior to enrolment,

written informed consent was obtained from each patient. The clinical examination was per-

formed by two investigators who were unaware of the participants’ phenotypes.

Two hundred participants were included in the study (104 elderly and 96 young asth-

matics). The mean age in the group of patients was 27.6 (4.9) for young asthmatics (18–35

years old) and 66.4 (5.6) years for elderly patients (aged�60 years) [53].

Patients with asthma were selected from asthmatics of the Department of Internal Medi-

cine, Asthma and Allergy, the Department of Pneumology and Allergology, and the Specialist
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Outpatient Clinic of Pulmonary Diseases and Allergology of the Norbert Barlicki Memorial

University Teaching Hospital No. 1 in Łódź, Poland by non-probability convenience sampling

[9–11,19–22,40]. Posters and leaflets informing of the scientific study, approved by the Bioeth-

ics Committee of the Medical University in Lodz, were distributed all over the hospital and its

outpatient clinics. Besides, the information on the study was also commonly available for

Internet users (www.pta.med.pl). Potential respondents were not contacted by e-mail or text

message.

The patients who had been diagnosed with chronic obstructive pulmonary disease, cardiac

failure of III and IV class according to the NYHA Functional Classification, renal failure, liver

insufficiency, diabetes, autoimmune diseases, neoplastic diseases, unstable angina pectoris and

other severe systemic diseases were excluded from the study [9–11,19–22,40]. Functional tests

of the respiratory system were conducted in compliance with the European Respiratory Society

(ERS)/American Thoracic Society (ATS) guidelines. In the group of young and elderly asth-

matic patients, all levels of asthma severity were assessed according to the Global Initiative for

Asthma (GINA) guidelines [41]. Skin prick tests were carried out in compliance with the

EAACI guidelines [42]. In order to evaluate the level of asthma control, the authors used the

Asthma Control Test (ACT™), recommended by the GINA Report [43,44]. Temperament was

assessed with the application of the Formal Characteristics of Behavior (Briskness, Persever-

ance, Sensory Sensitivity, Emotional Reactivity, Endurance, Activity) -Temperament Inven-

tory (FCB-TI) (STRELAU) [45]. Coping Inventory for Stressful Situations (CISS: TOC—Task-

Oriented Coping, EOC—Emotion-Oriented Coping, AOC—Avoidance-Oriented Coping, DS

—Distraction Seeking, and SD—Social Diversion strategies) was used to evaluate the degree of

coping with stress [46]. In all subjects, the authors applied the Beck Depression Inventory in a

version recommended by Pużyński and Wciórka [47,48]. Trait and state anxiety were mea-

sured by the Spilberger State–Trait Anxiety Inventory (STAI), a version modified by Wrześ-
niewski et al. and issued by the Psychological Test Laboratory of the Polish Psychological

Association [49]. The level of dyspnea was measured with the use of 10-score Borg Rating of

Perceived Exertion (RPE) Scale [9–11,50]. The body weight was assessed with the standard

BMI Index [51–53].

Statistical analysis

Descriptive statistics included means and standard deviations (SD) or absolute and relative fre-

quencies, if not stated otherwise. Comparisons between young and elderly people with asthma

were performed with Student’s t-test, Welch’s t-test (in case of severe violation of variance

equality assumption), Mann-Whitney U test (in case of severe violation of normal distribution

assumption and for ordinal variables), χ2 test (for dichotomous variables) or two-tailed Fish-

er’s exact test (for dichotomous variables when the expected values within a cell was below

five). Although not all psychometric variables were found normally distributed, they were

compared between young and elderly asthma people with Student’s t-test and other general

linear model analyses to allow for multivariate modeling. Each time, if possible, however, cor-

responding non-parametric tests were performed and they all yielded very similar results to

the parametric ones. As a substantial amount of data for psychometric variables was missing,

data missingness pattern was tested by comparing the means or frequencies of all other vari-

ables between the observed and missing values in each psychometric variable. Apart from

complete-case analysis, missing psychometric data was imputed with multiple imputation by

the chained equations technique to perform sensitivity analysis of psychometric data. Addi-

tionally, the analyses adjusted to some covariates were performed. The false discovery rate for

all the comparisons was controlled at the level of 0.05 with the Benjamini and Hochberg
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correction for testing multiple hypotheses. P-values below 0.05 were considered statistically

significant. The analysis was performed using STATISTICA 13.1 software (StatSoft, Tulsa, OK,

USA) and R Software version 3.6.1 (R Core Team 2019).

Results

It is worth pointing out that at least 80% of the asthma patients invited to participate in the sci-

entific study responded positively to the invitation. Table 1 presents the detailed characteristics

of the asthmatics study groups. Moreover, this Table contains the data on medications taken

by patients, comorbidities and other important clinical parameters (e.g. smoking).

The prevalence of mild asthma was 29.2% (28 patients) in young patients and 24.0% (25) in

the elderly. The prevalence of moderate, severe steroid-sensitive and severe steroid-resistant

asthma was 51.0% (49), 19.8% (19), and 0.0% (0), respectively, in young asthmatics and 40.4%

(42). 34.6% (36), and 1.0% (1) in elderly asthmatics. The studied populations appeared to be

different with regards to the time of the diagnosis of the disease (early-onset asthma vs. late-

onset asthma) and not only with regards to asthma duration only (since its diagnosis–duration

in years according to age ranges). However, no significant differences in the dose of adminis-

tered glucocorticosteroids (GCS) were observed. The group of elder asthmatics was character-

ized by a significantly higher level of complications associated with GCS treatment [28 (26.9%)

vs 12 (12.6%)]. The analyzed groups of patients did not differ in the intensity of basic treatment

[systemic GCS, inhaled GCS, long-acting beta 2-agonists (LABA), long-acting muscarinic

antagonists (LAMA), anti-leukotriene agents (anti-LT) and short-acting muscarinic antago-

nists (SAMA)]. However, the higher level of daily intake of short-acting beta-2-agonists

(SABA) in elderly asthmatics [18 (18.2%) vs 6 (6.6%)] and the more frequent use of methylxan-

thines [16 (15.4%) vs 4 (4.2%)] were recorded. Young and elderly asthmatics did not differ in

the frequency of severe asthma exacerbations. Both examined populations statistically signifi-

cantly differed in the results of spirometry parameters [FEV1 L (forced expiratory volume in 1

second, liter), FEV1% (percentage) predicted, FVC L (forced vital capacity, liter), FVC% pre-

dicted and FEV1% FVC%] and the level of asthma control (ACT—asthma control test): 17.4

(5.2) vs 19.7 (5.1). The detailed results regarding asthma severity according to the GINA

report, the medications used, treatment intensity, drug complications, lung function parame-

ters and asthma control levels according to ACTTM are presented in Table 2.

Psychopathological variables were analyzed in detail. In the population of elderly asth-

matics, higher levels of depression (Beck Scale) [12.7 (11.1–14.3) vs 6.2 (4.6–7.8)] and anxiety

as a trait in the STAI X2 questionnaire [44.6 (42.8–46.5) vs 39.0 (37.1–41.0)], as well as a higher

level of perceived dyspnea (Borg Scale) [3.51 (3.03–3.99) vs 2.02 (1.53–2.51)] were found.

Importantly, the differences were stable across various sensitivity analyses. Anxiety as a state

(STAI X1 questionnaire) did not differentiate the groups of young and elderly asthmatics. The

studied populations differed in two strategies of coping with stress: AOC [48.8 (45.6–52.0) vs
42.0 (37.4–46.6); p = 0.0198] and DS [22.0 (20.2–23.9) vs 17.3 (14.6–19.9); p = 0.0047], how-

ever, the difference in AOC did not remain significant in imputed dataset. Of all six tempera-

ment traits, Perseverance turned out to be higher in young asthmatics than in the elderly [13.7

(11.8–15.7) vs 10.8 (9.5–12.1)], but also only in complete-case analyses. The intensity of sen-

sory sensitivity was statistically significantly higher in younger than elderly asthmatics [16.6

(15.1–18.0) vs 13.6 (12.6–4.6)]. The remaining temperament traits did not differ between the

two groups. Table 3 presents a detailed analysis of the variables of Beck, STAI, Borg, stress cop-

ing strategies and temperament traits.

The missing data in the analyzed database constituted 10.8% of all the spreadsheet cells.

Psychometric data was missing in 58.3% of cells, whereas the remaining data was missing in
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Table 1. Detailed characteristics and description of young (18–35 years old) and elderly asthmatic patients (aged�60 years).

Variable Number (frequency) or mean (standard deviation)1 P-value for comparison of young vs elderly

subjects with asthmaYoung subjects with asthma (n = 96) Elderly subjects with asthma (n = 104)

Sex

Male 49 (51.0%) 28 (26.9%) 0.00055

Female 47 (49.0%) 76 (73.1%)

Age [years] 27.6 (4.9) 66.4 (5.6) <0.00016

BMI [kg/m2] 24.7 (4.5) 28.4 (4.8) <0.00017

Allergy

Seasonal 59 (61.5%) 24 (23.3%)2 <0.00015

Perennial 64 (66.7%) 28 (27.2%)2 <0.00015

Number of allergens median: 3, 1st-3rd quartile: 1–5, range:

0–20

median: 0, 1st-3rd quartile: 0–1, range:

0–11

<0.00016

Smoking

Current smokers 17 (17.7%) 7 (6.7%) 0.0175

Ex-smokers 14 (14.6%) 47 (45.2%) <0.00015

Number of pack years 1.4 (3.5), median: 0, 1st-3rd quartile:

0–1, range: 0–20

9.0 (13.9)3, median: 0.23, 1st-3rd quartile:

0–15, range: 0–80

<0.00016

Rhinitis

Rhinitis 83 (86.5%) 34 (32.7%) <0.00015

nGCs� rhinitis treatment 39 (47.0%) 9 (26.5%) 0.0415

Episodic rhinitis 10 (10.4%) 4 (3.8%) 0.0695

Chronic rhinitis 73 (76.0%) 30 (28.8%) <0.00015

Seasonal rhinitis 30 (31.3%) 12 (11.5%) 0.00065

Perennial rhinitis 53 (55.2%) 22 (21.2%) <0.00015

Medications

Anti-H1 treatment 60 (62.5%) 32 (30.8%) <0.00015

Proton pump inhibitor

treatment

10 (10.4%) 24 (23.1%) 0.0175

Anti-H2 treatment 3 (3.1%) 5 (4.8%) 0.728

Medications hypersensitivity 21 (21.9%) 23 (22.1%) 0.975

Comorbidities

Nasal polyps 2 (2.1%) 9 (8.7%) 0.0425

Neurological or neurosurgical

diseases

13 (13.5%) 22 (21.2%) 0.165

Lipid disorders 4 (4.2%) 20 (19.2%) 0.00115

Thyroid goiter 2 (2.1%) 5 (4.8%) 3 (1.3%)

Hypothyroidism 2 (2.1%) 11 (10.6%) 10 (4.5%)

Hyperthyroidism 1 (1.0%) 9 (8.7%) 12 (5.4%)

Atherosclerosis 0 (0.0%) 7 (7.1%)4 0.0148

Hypertension 3 (3.1%) 52 (52.5%)4 <0.00015

Arrhythmia 2 (2.1%) 13 (13.1%)4 0.00385

Coronary heart disease 1 (1.0%) 19 (19.2%)4 <0.00015

Myocardial infarction 0 (0.0%) 5 (5.1%)4 0.0598

Other cardio-vascular diseases 1 (1.0%) 14 (14.1%)4 0.00065

Chronic obstructive pulmonary

disease

8 (8.3%) 27 (26.2%)2 0.00095

Other pulmonary diseases� 1 (1.0%) 4 (3.9%)2 0.378

Peptic ulcer disease 2 (2.1%) 11 (10.6%) 0.0155

Duodenal ulcer disease 1 (1.0%) 3 (2.9%) 0.628

(Continued)
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0.636% of cells. Psychometric data was missing in the following number of asthmatic patients:

5.0% (10 patients) for the Borg questionnaire, 5.5% (11 patients) for the Beck Depression

Inventory and STAI, 77.0% (154 patients) for CISS and 78.0% (156 patients) for STRELAU.

Missing data resulted to some extent from unwillingness of the patient to fill in particular

questionnaire and a burden associated with a lot of time consumed.

Further analysis of the missingness pattern revealed that, apart from data on the use of pro-

ton pump inhibitors, there was no strong evidence indicating that the data was not missing

completely at random (for detailed results see S1 Table). Consequently, the abovementioned

complete-case analyses could be fairly justifiable.

Discussion

The article presents a unique study which analyses psychopathological variables in young and

elderly asthmatics. Scientific literature reports that the age when young asthmatics become

elderly asthmatics is not clearly determined [53–60]. This fact makes it difficult to provide

unequivocal definitions. The problem was more detailed in the Limitations section. Despite

these limitations, we believe that our results provide a valuable contribution to various dimen-

sions of asthma in young and elderly subjects.

In this discussion, we cannot ignore the fact that there was a disproportion between sex, age

and BMI among the studied populations. Young asthmatics also had more frequent allergies as

well as sensitivity to seasonal and perennial allergens, while the number of allergens sensitizing

elderly asthmatics was statistically significantly lower (see Table 1). Furthermore, elderly asth-

matics smoked more cigarettes for a longer period of time, which obviously resulted in signifi-

cantly lower spirometry parameters, thus affecting the feeling of dyspnea. Allergic rhinitis

(86.5%) was the most frequent comorbidity among young asthmatics. Whereas, elderly asth-

matics more often suffered from hypertension and other cardio-vascular diseases, including

coronary heart disease (19.2%). It should be highlighted that the above comorbidities and

Table 1. (Continued)

Variable Number (frequency) or mean (standard deviation)1 P-value for comparison of young vs elderly

subjects with asthmaYoung subjects with asthma (n = 96) Elderly subjects with asthma (n = 104)

Gastro-esophageal reflux

disease

8 (8.3%) 35 (33.7%) <0.00015

Neoplastic diseases 0 (0.0%) 13 (12.5%) 0.00035

Immunodeficiency 2 (2.1%) 2 (1.9%) 1.08

Allergen-specific

immunotherapy

13 (13.5%) 2 (1.9%) 0.00185

1 if not stated otherwise
2 one case with a missing value
3 two cases with a missing value
4 five cases with a missing value
5 Pearson’s χ2 test
6 Mann-Whitney U test
7 Student’s t-test
8 Fisher’s exact test

�Nasal Glucocorticosteroids

��including sarcoidosis, bronchiectasia and tuberculosis; Benjamini-Hochberg corrected significance level: 0.037; p-values marked in bold indicate statistically

significant difference; The author’s own analysis.

https://doi.org/10.1371/journal.pone.0241750.t001
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Table 2. Detailed characteristics of asthma severity, levels and frequency of using asthma medications and results of spirometry parameters in young (18–35 years

old) and elderly asthmatics (aged�60 years).

Variable Number (frequency) or mean (standard deviation)1 P-value for the comparisons

Young subjects with asthma (n = 96) Elderly subjects with asthma (n = 104)

Mild asthma 28 (29.2%) 25 (24.0%) 0.0422

Moderate asthma 49 (51.0%) 42 (40.4%)

Severe asthma 19 (19.8%) 36 (34.6%)

Severe-steroid resistant asthma 0 (0.0%) 1 (1.0%)

Asthma diagnosis time < 3 years 12 (12.5%) 0 (0.0%) <0.00012

Asthma diagnosis time 3–7 years 9 (9.4%) 3 (3.0%)

Asthma diagnosis time 7–16 years 18 (18.7%) 3 (3.0%)

Asthma diagnosis time 16–40 years 57 (59.4%) 25 (24.7%)

Asthma diagnosis time > 40 years 0 (0.0%) 70 (69.3%)

Medications

No iGCS 17 (17.9%) 15 (14.4%) 0.172

iGCs <1000μg 54 (56.8%) 53 (51.0%)

iGCs�1000μg 24 (25.3%) 36 (34.6%)

Systemic GCs 20 (21.1%) 26 (25.0%) 0.513

GCs side effects 12 (12.6%) 28 (26.9%) 0.0123

Asthma exacerbations 12 (12.6%) 20 (19.4%) 0.193

LABA 63 (66.3%) 80 (77.7%) 0.0753

0x/week SABA 30 (33.0%) 30 (30.3%) 0.0332

�1x/2weeks SABA 39 (42.8%) 25 (25.2%)

>1x/2weeks to <2x/week SABA 4 (4.4%) 6 (6.1%)

�2x/week to <7x/week SABA 7 (7.7%) 11 (11.1%)

�7x/week SABA 5 (5.5%) 9 (9.1%)

�1x/day SABA 6 (6.6%) 18 (18.2%)

0x/week SAMA 88 (91.7%) 91 (87.5%) 0.272

�1x/2weeks SAMA 4 (4.2%) 1 (1.0%)

>1x/2weeks to <2x/week SAMA 2 (2.1%) 2 (1.9%)

�2x/week to <7x/week SAMA 0 (0.0%) 0 (0.0%)

�7x/week SABA 1 (1.0%) 1 (1.0%)

�1x/day SAMA 1 (1.0%) 9 (8.6%)

LAMA 5 (5.2%) 11 (10.6%) 0.163

aLT 29 (30.2%) 32 (30.8%) 0.933

MTX 4 (4.2%) 16 (15.4%) 0.00823

FEV1(L) 3.16 (0.80) 1.75 (0.68) <0.00014

FEV1(%) pred. 82.6 (18.1) 73.5 (22.3) 0.00194

FVC(L) 4.44 (1.01) 2.65 (0.83) <0.00014

FVC(%) pred. 98.8 (13.6) 91.3 (21.3) 0.00355

FEV1%FVC(%) 71.0 (11.1) 65.4 (11.6) 0.00074

FEV1%FVC(%) pred. 84.3 (12.6) 84.5 (15.0) 0.924

ACTTM 19.7 (5.1), median: 21, 1st-3rd quartile: 16–24 17.4 (5.2), median: 18, 1st-3rd quartile: 13–22 0.00112

1 if not stated otherwise
2 Mann-Whitney U test
3 Pearson’s χ2 test
4 Student’s t-test
5 Welch’s t-test; List of abbreviations: GCs-glucocorticoids, iGCs-inhaled GCs, SABA-Short-Acting Beta2-Agonists, SAMA-Short-Acting Muscarinic Antagonist,

LABA-Long-Acting Beta2-Agonists, LAMA-Long-Acting Muscarinic Antagonist, aLT-anti-leukotrienes, MTX-Methylxanthines, pred-predicted value, ACT-Asthma

Control TestTM; Benjamini-Hochberg corrected significance level: 0.039; p-values marked in bold indicate statistically significant difference; The author’s own analysis.

https://doi.org/10.1371/journal.pone.0241750.t002
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other clinical conditions presented in Table 1 are factors significantly affecting the feeling of

perceived dyspnea and the level of disease control.

Another problem is the recognition of chronic, persistent bronchial obstruction in asth-

matics which leads to the diagnosis of chronic obstructive pulmonary disease (COPD) in some

of them basing on spirometric but not clinical parameters: [27 (26.2%) elderly asthmatics vs 8

(8.3%) young asthmatics]. Taking the above data into account, as well as the disproportion in

age and duration of asthma, it should be noted that both populations did not differ signifi-

cantly in terms of the intensity of anti-inflammatory treatment of asthma according to GINA,

which is presented in Table 2. Nevertheless, elderly asthmatics took more emergency rescue

medications than young patients, which could explain their worse asthma control and lower

spirometric parameters (see Table 2). Elderly patients were more often treated with systemic

GCS (similarly result) and more often had complications after systemic therapy (statistically

significant result). Researchers’ attention was drawn to the fact that elderly patients signifi-

cantly more often used methylxanthines [16 (15.4%) vs 4 (4.2%)], which are not recommended

in primary asthma therapy. They are drugs burdened with a very narrow therapeutic index

and may induce various complications, including cardiac ones.

To overcome the potential confounding effect of some analyzed covariates, raw analyses

were enriched with adjusted sensitivity analyses. The adjusted analysis was additionally applied

to compare and verify our results, which are presented in the Table 3. After these analyses, we

found that some disproportions resulting from sex, BMI, current smoking, FVC%, number of

allergens, exacerbations, intensity of using SABA, systemic steroids, inhaled steroids up to

1000ug/d, and above 1000ug/d in the studied groups do not affect the results of psychometric

analysis [52].

Elderly asthmatics were characterized by a significantly higher level of anxiety as a trait,

level of perceived dyspnea and depression, as well as higher levels of three stress coping strate-

gies (AOC, DS, SD) as compared to young asthmatics (see Table 3). These results appeared to

depend on age rather than any covariates. Higher levels of anxiety as a trait can be explained in

elderly patients by their anticipation of danger from outside (inhalation of allergens leading to

an asthmatic attack) or inside the body (exacerbation of non-infectious asthma in the course

of the natural history of the disease), which is usually accompanied by additional symptoms of

mental, motor and vegetative stimulation. Unlike fear, this anticipation is an internal process

which is not associated with imminent danger but accompanied by cognitive perceptions of

experiencing danger. In evolutionary terms, anxiety as a threat signal enabled people to adapt

to changes in the environment and motivated them to take protective measures allowing to

survive [61]. In our study, young asthmatics had lower levels of anxiety, dyspnea and depres-

sion. This can be explained by the fact that the occurrence of frequent exacerbations in young

patients induced a better adaptation to a strong stressor (episode of dyspnea) than in elderly

asthmatics, thus the severity of psychopathological variables was lower in young asthmatics

than in other patients who did not have exacerbations in the past year or experienced them

very rarely. Earlier studies of the authors on depression and anxiety in patients with asthma

showed that they experience more severe depression and anxiety as compared to healthy sub-

jects [9,10,30,45,52]. Asthma as a chronic disease reduces the rate of changes in patients’

behavior in response to the changing conditions of surroundings, environment and disease

progression. Hence, more severe episodes of dyspnea and depression in elderly asthma

patients may require a change in behavioral strategy and the way of seeking help. Three styles

of coping with stress, Avoidance-Oriented Coping (AOC), Distraction Seeking (DS) and Social

Diversion Strategies (SD), were dominant in elderly asthma patients. The AOC style is the

least effective of all stress coping strategies because it is based on distracting one’s attention

from the current state. This results in a lack of confrontation with emerging difficulties and
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failure to acquire problem-solving abilities. The person using this strategy believes that the

stressful situation will be spontaneously resolved. We distinguish two sub-styles in the AOC

style: DS (e.g. sleeping) and SD. With increasing age, the number of people declaring this way

of coping with stressful situations increases (up to 31% in the 55–79 age group), which has

been also confirmed by our studies [52,62,63]. In the literature, one can also find data indicat-

ing that the style focused on avoidance is associated with the patients’ body weight and

increases with BMI index. This strategy also correlated with allergy and its value was definitely

Table 3. Detailed description of analysis, of temperament components and stress coping strategies in the studied population of young and elderly asthmatics.

Variable Raw analysis Adjusted analysis�

Mean (95% CI) P-value Mean (95% CI) P-value

Young subjects with

asthma

Elderly subjects with

asthma

Young subjects with

asthma

Elderly subjects with

asthma

Beck 6.2 (4.6–7.8) 12.7 (11.1–14.3) <0.0001 7.0 (5.3–8.6) 11.4 (9.8–13.0) 0.0005

Beck imp 6:2 ð4:6 � 7:8Þ 12:5 ð11:0 � 14:0Þ < 0:0001 6:7 ð5:1 � 8:3Þ 11:5 ð10:0 � 13:1Þ 0:0001
STAI X1 36.1 (33.9–38.3) 38.8 (36.7–41.0) 0.076 37.0 (34.5–39.5) 38.2 (35.8–40.5) 0.54

STAI X1 imp 36:1 ð33:9 � 38:2Þ 38:9 ð36:8 � 41:0Þ 0:062 36:8 ð34:4 � 39:2Þ 38:1 ð35:8 � 40:4Þ 0:47

STAI X2 39.0 (37.1–41.0) 44.6 (42.8–46.5) <0.0001 39.6 (37.4–41.7) 43.6 (41.6–45.7) 0.014

STAI X2 imp 39:0 ð37:1 � 40:9Þ 44:3 ð42:5 � 46:1Þ < 0:0001 39:6 ð37:5 � 41:6Þ 43:4 ð41:4 � 45:4Þ 0:016
Borg 2.02 (1.53–2.51) 3.51 (3.03–3.99) <0.0001 2.20 (1.67–2.73) 3.43 (2.91–3.94) 0.0028

Borg imp 2:02 ð1:53 � 2:51Þ 3:55 ð3:08 � 4:02Þ < 0:0001 2:25 ð1:72 � 2:77Þ 3:44 ð2:94 � 3:95Þ 0:0032
TOC 59.1 (54.9–63.4) 57.6 (54.7–60.6) 0.57 57.3 (52.0–63.0) 59.7 (56.0–63.4) 0.52

TOC imp 57:9 ð56:3 � 59:5Þ 57:0 ð55:4 � 58:5Þ 0:39 56:9 ð55:2 � 58:6Þ 58:3 ð56:7 � 60:0Þ 0:28

EOC 42.7 (37.7–47.6) 45.9 (42.5–49.4) 0.28 44.1 (39.0–49.2) 45.2 (41.7–48.7) 0.75

EOC imp 43:7 ð41:8 � 45:5Þ 45:5 ð43:8 � 47:3Þ 0:14 43:9 ð42:0 � 45:8Þ 45:1 ð43:2 � 46:9Þ 0:43

AOC 42.0 (37.4–46.6) 48.8 (45.6–52.0) 0.0198 38.8 (33.4–44.2) 50.5 (46.8–54.2) 0.0035

AOC imp 45:3 ð43:3 � 47:3Þ 45:6 ð43:7 � 47:5Þ 0:81 45:5 ð43:3 � 47:8Þ 45:6 ð43:4 � 47:7Þ 0:97

DS 17.3 (14.6–19.9) 22.0 (20.2–23.9) 0.0047 16.5 (13.4–19.6) 22.5 (20.4–24.6) 0.0076

DS imp 19:1 ð18:0 � 20:1Þ 21:5 ð20:5 � 22:4Þ 0:0008 19:1 ð18:0 � 20:3Þ 21:2 ð20:2 � 22:3Þ 0:016
SD 16.7 (14.6–18.7) 18.5 (17.0–19.9) 0.16 15.0 (12.4–17.6) 19.3 (17.5–21.1) 0.01996

SD imp 18:0 ð17:3 � 18:7Þ 17:9 ð17:2 � 18:6Þ 0:79 17:7 ð16:9 � 18:6Þ 17:8 ð17:0 � 18:6Þ 0:92

Briskness 15.7 (13.5–18.0) 12.5 (11.0–14.0) 0.022 15.7 (12.9–18.4) 12.6 (10.7–14.4) 0.11

Briskness imp 13:6 ð12:7 � 14:4Þ 12:7 ð11:8 � 13:5Þ 0:14 13:3 ð12:4 � 14:3Þ 13:1 ð12:2 � 14:0Þ 0:75

Perseverance 13.7 (11.8–15.7) 10.8 (9.5–12.1) 0.016 14.4 (12.0–16.9) 10.1 (8.4–11.8) 0.016

Perseverance imp 11:9 ð11:2 � 12:6Þ 11:2 ð10:5 � 11:9Þ 0:15 11:8 ð11:0 � 12:6Þ 11:2 ð10:5 � 12:0Þ 0:40

Sensory sensitivity 16.6 (15.1–18.0) 13.6 (12.6–14.6) 0.0015 17.6 (15.5–19.7) 13.1 (11.6–14.5) 0.0040

Sensory sensitivity imp 15:6 ð15:0 � 16:2Þ 14:3 ð13:7 � 14:9Þ 0:0031 15:5 ð14:9 � 16:2Þ 14:4 ð13:8 � 15:1Þ 0:028

Emotional Reactivity 11.9 (9.5–14.3) 11.0 (9.3–12.6) 0.51 12.3 (9.0–15.6) 10.6 (8.3–12.8) 0.45

Emotional Reactivity imp 11:8 ð11:0 � 12:6Þ 11:4 ð10:6 � 12:2Þ 0:56 11:8 ð10:9 � 12:6Þ 11:3 ð10:5 � 12:1Þ 0:46

Endurance 7.0 (4.4–9.6) 6.9 (5.1–8.7) 0.95 6.5 (2.9–10.2) 7.2 (4.8–9.7) 0.77

Endurance imp 7:8 ð6:8 � 8:8Þ 7:1 ð6:1 � 8:1Þ 0:33 7:3 ð6:2 � 8:4Þ 7:6 ð6:6 � 8:7Þ 0:67

Activity 9.1 (6.8–11.5) 7.4 (5.8–9.0) 0.23 7.7 (4.5–10.8) 8.2 (6.1–10.4) 0.79

Activity imp 9:6 ð8:7 � 10:4Þ 8:4 ð7:5 � 9:2Þ 0:056 9:4 ð8:5 � 10:4Þ 8:7 ð7:7 � 9:6Þ 0:32

CI-confidence intervals. Benjamini-Hochberg corrected significance level 0.020. Results in bold are statistically significant. Results in gray are based on imputed data.

�adjusted for: sex, BMI, current smoking, FVC%, number of allergens, exacerbations, frequency of the use of SABA, systemic GCS, inhaled GCS up to 1000ug/d and

>1000 ug/d. Abbreviations: CISS–strategies of coping with stress, (TOC—Task-Oriented Coping; EOC—Emotion-Oriented Coping; AOC—Avoidance-Oriented

Coping; DS—distraction seeking; SD–social diversion). FCB–TI–temperamental components (Briskness, Perseverance, Sensory Sensitivity, Emotional Reactivity,

Endurance, Activity). Detailed data presented in the text. The author’s own analysis.

https://doi.org/10.1371/journal.pone.0241750.t003
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lower in atopic patients, but it increased with the occurrence of large variability of symptoms,

i.e. exacerbation of allergy-related diseases. Obese patients with symptom attacks may reject

thoughts of excessive weight and disease to a greater degree than patients with lower BMI and

perennial symptoms, the former trying to repress and avoid experiencing their health prob-

lems. Nevertheless, they were intensively involved in displacement activities, which positively

correlated with patients’ age, duration of asthma, and body weight expressed by the BMI index

[9,10,30,45,52,62,63]. The AOC style grew in patients with higher values of anxiety as a trait

and was associated with taking inhaled medications (systemic GCS and LABA) [52]. The value

of the style of engaging in displacement activities was higher in older patients, perhaps due to

the greater number of medications and higher doses of anti-asthmatic agents taken, which

improved the patients’ quality of life and increased their ability to undertake various activities

of daily living, such as cleaning, sleeping, watching television, seeking friends or establishing

new social relationships (see Table 3) [45,52].

Temperament is the most inherited structural component of all personality factors. Higher

levels of personality traits such as Perseverance and Sensory Sensitivity in young asthmatics

may result from a short duration of asthma, or may be a constitutional risk factor for asthma.

Our research does not provide the answers to these questions, but both variants seem to be

possible [9,10,30,45,52]. Perseverance has been defined as a "tendency to continue or repeat

behaviors and experience emotional states after cessation of the stimulus (situation) that

induced these behaviors (states)" which seems to reflect the psychophysical states of young

asthmatics after an episode of dyspnea. These are frequent situations to which the patients are

in some way used to and are able to deal with them [11–16]. Moreover, literature data indicates

the similar situations, as Perseverance has been found to decline with the age at asthma onset

and duration of the disease. The value of this factor grew with the intensity of anxiety as a trait.

Reduced Perseverance in asthmatics, which is a temporary trait of behavior, can also be a

response to chronic inflammation and chronic symptoms [12–15,30,45,52]. Sensory Sensitivity

(ease of arousing emotions in the case of poor stimulation) was definitely higher in young asth-

matics. In the study, Sensory Sensitivity was observed to decrease with the age of patients and

time of disease onset, which might be caused by the reduced ability of the patients to respond

to sensory stimuli of low value due to the patients’ reduced excitability and sensitivity. Scien-

tific investigations reveal that this dimension grew in patients along with the intensity of

depression and anxiety as a state and trait. This may be explained by weakening of the ten-

dency to spontaneous and immediate reaction to environmental and emotional stimuli [12–

15,30,45,52].

Available studies on the relationship of psychopathological variables, including coping

stress strategies and temperament traits, and stressors to immunological assays as well as a

meta-analytic review do not provide information on the relationship between these processes

and the age of patients (young asthmatics vs elderly asthmatics). This fact makes an analysis of

the results considerably more difficult. In general, it should be concluded that obstructive dis-

orders are associated with considerable emotional burden of the patient, which may result in

the development of mood disturbances and anxiety disorders. However, the literature data are

contradictory, and do not take into account psychopathological changes related to the age of

the patients, the diagnosis of the disease and its duration [1,2,5,9–16,30,45,52].

The Discussion should also mention the problem of missing data, which may be a limita-

tion of the study. Scientific studies indicate that even a considerable lack of data allows for

proper interpretation of results of statistical analyses unless the lack is MNAR (missing not at

random) [64]. According to our analysis, missing completely at random pattern of data miss-

ingness was likely. However, missing not at random (MNAR) pattern could not be also ruled

out. MNAR pattern is not to be experimentally determined in a particular dataset and it may
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result from some sociodemographic and psychological features of respondents [https://

bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-020-01038-3]. Conse-

quently, the present results, particularly for the variables with many missing, may be somewhat

biased [64]. In order to evaluate potential bias resulting from missing observations of psycho-

metric data, one should not consider the amount of missingness. It was proposed that missing

as much as 90% of data may contribute to no bias (Madley-Dowd et al. 2019) [64]. The pattern

of missingness, however, plays a crucial role in evaluating potential bias. As presented in Suppl.

Table there is little evidence linking any observed covariate with missingness. Age of the sub-

jects may be to some extent linked to missingness pattern of CISS and STRELAU if Benjamini-

Hiochberg correction is to be neglected. If this association is true-positive and missingness in

these variables are not at random (which cannot be experimentally assessed), some bias may

result performing complete-case analysis or an analysis following multiple imputation. On the

other hand, this is unlikely that age links to missingness in Borg, Beck and STAI variables (S1

Table). In this case, even if not at random missingness pattern in these variables is observed,

this may cancel out due to similar amount of missingness in young and elderly asthmatics (if

only no interaction of an age and missingness pattern occurs), and no substantial bias is

expected for Borg, Beck and STAI as resulting from data missingness. This consideration was

appreciated in the discussion section and pointed as a limitation of our study [64].

Limitations

Professional literature reports that various age ranges for elderly asthmatics may make an anal-

ysis of data difficult, particularly when we compare the data with those obtained by other

authors, who adopted different age ranges for patients. The applied age limit of 60 years may

be considered questionable because the American Thoracic Society Workshop Report regards

subjects over 65 years of age as people advanced in years. However, because the processes asso-

ciated with ageing become more significant after the age of 60 and because this age cut-off has

been used in previous studies, we believe that the age of 60 years is important as a lower age

limit for elderly people. Nonetheless, there is a number of literature reports in which the age of

70 years seems to be appropriate cut-off for considering a patient to be elderly [53,57–60].

Finally, the patients with asthma were recruited from the reference care centre, which may

limit the ability to generalize outcomes of our study. Moreover, it is possible that asthma con-

trol may be more problematic in elderly patients treated in primary health care institutions by

general practitioners.

A certain limitation of the study might be high missing data, which may considerably alter

its results. However, it should be stressed there was substantial amount of missingness for

some psychometric data, particularly CISS and STRELAU. This resulted from: a lack of con-

sent of the patient to fill in such a questionnaire, insufficient time provided to give a lot of

answers to the questions, the patients’ unwillingness to fill in such questionnaires, particularly

psychological ones (the patient’s decision). However, a further analysis of the missingness pat-

tern revealed that, apart from data on the use of proton pump inhibitors, there was no strong

evidence against the missing completely at random pattern (for detailed results see S1 Table).

Consequently, the abovementioned complete-case analyses are fairly justifiable [64].

Lack of other investigations on stress coping strategies and temperament components car-

ried out in groups of similar number of young and elderly asthmatics limits our study and

potential interpretation as well as comparison of the findings. The drawn conclusions are

probably not definitive and also have some limitations. The above research should be contin-

ued on greater samples of patients with more representativeness. Therefore, our results should

be treated as preliminary, but they significantly add new cognitive values to the Regulatory
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Theory of Temperament [12–15,52]. Based on the available research, our theses seem to be

crucial in understanding the complex etiopathogenesis of asthma and personality variables

(depression, anxiety, stress coping strategies, and temperament traits according to the Regula-

tory Theory of Temperament), however, the variables we present might not be the only factors

affecting the processes described in the article [12–15,52].

Summing up, in the present study, we have confirmed the theses on the impact of individ-

ual factors (age) on stress coping styles and relationships with temperament traits (according

to the Regulatory Theory of Temperament) in patients suffering from asthma being the disease

of a complex etiopathogenesis that has a complex interplay with mental health. We have found

significant differences between young and elderly asthmatics and have shown that elderly

patients are characterized by higher levels of anxiety as a trait, and higher levels of depression

and perceived dyspnea. The elderly patients also exhibit higher levels of stress coping strate-

gies, such as AOC, DS, and SD, as compared to young asthmatics. Furthermore, we have

found that with the duration of asthma and its later development Perseverance and Sensory

Sensitivity traits are different in elderly asthma patients as opposed to young asthmatics in

whom these traits are higher. The above investigations should be continued in multi-centre

scientific research including pathway analysis which could explain the correlates observed.

While analyzing the literature data, it should be stated that genetic, individual and environ-

mental factors significantly affect the development of asthma, and formation of stress coping

styles as well as temperament factors which are components of personality.

Supporting information

S1 Table. Supplementary table presenting and comparing missing vs non-missing cases for

each covariate.
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