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1. Introduction  
In the 1970s, Forsdahl found that poor living conditions among Norwegian children and adolescents increased the 

risk of arteriosclerotic heart disease.2 Later in the 1980s, the hypothesis of fetal origins was introduced by Barker 

and colleagues.3 These early hypotheses and epidemiological studies of early life exposures and adult diseases 

lead to the “Developmental Origins of Health and Disease hypothesis”.4  At present, there is evidence of early life 

environments as susceptible periods for the development of disease later in life.5 However, new vulnerable 

periods of life are still being examined. For instance, environmental exposure before conception could also be 

susceptible to health problems and diseases in their children.5  

Despite much research in etiology, the development and progression of asthma are not fully elucidated.6 During 

the last two decades, several epidemiologic studies have investigated the impact of prenatal psychosocial stress 

on asthma in children. Recent reviews and meta-analyses7–10 have scrutinized a link between prenatal and early-

life psychological stress and risk for childhood asthma. Some studies of perinatal stress and asthma show dose-

response relationships as well as differences related to the sex of the child and the exposure window.9 It is 

suggested that during the prenatal period, boys are more vulnerable to stress, whereas girls are more affected by 

postnatal and cumulative stress across both periods.11 The quality of the studies included in the reviews and meta-

analyses, however, varies considerably. One of the most important methodological issues concerns the quality of 

the exposure and outcome assessments,7 including the fact that existing studies most often assess the effects of 

either stress at work or stress in private life solely. New vulnerable periods of life are still explored; a recent study 

suggests that occupational exposure to welding in young men influences the respiratory health of their children 

born many years later.12 Altogether, there is a need to examine private life and work exposures as well as 

exposures not only during pregnancy or early life but also even before the conception of a child. 

Three of the studies (Study 2, 3, and 4) in this thesis use detailed and large-scale register-based health information 

of adverse life events to determine negative life stressors on an individual basis. Furthermore, two of the studies 

(Study 2 and 3) concerning prenatal stress are linked to job exposure matrices (JEMs) of psychosocial work 

exposures to account for the multiple stressors faced in life. Another study is based on a two-generation 

population (study 1) that uses self-reported parental information combined with a JEM concerning occupational 

agents known to be risk factors for asthma. Finally, Study 5 uses self-reported and clinical data to examine the 

validity of self-reported data to define allergy among asthmatics.     
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1.1 Overall aim and research questions 
With this thesis, I aimed to extend the current knowledge of preconception, prenatal, and early life exposures and 

the risk of childhood asthma. The objectives are to examine the occupational exposures of parents before 

conception and the association with children’s risk of asthma. Furthermore, I explore the association between 

maternal stressors during pregnancy, including both stressors at work and in private life, and the development of 

asthma in their children. Finally, stressful adverse experiences in early childhood and the risk of asthma are 

explored. Extending the current knowledge could help to understand the complexity of asthma when it comes to 

susceptibility windows, combined effects of stressors in private life and at work, and differences in sex.  

In the thesis, I specifically address the following research questions: 

 

• Are parental occupational exposures pre- and post-conception associated with asthma in their 

offspring? (Study 1) 

 

• Are maternal life and work stressors during pregnancy associated with asthma in their offspring? (Study 

2 and 3) 

 

• Are adverse childhood experiences early in life associated with childhood asthma? (Study 4)  

 

• Are there sex differences in the vulnerability to exposures before conception, prenatal, or in early life and the risk of 

childhood asthma? (Study 1, 2, 3, and 4)   

 

• What are the age-dependent asthma phenotypes in Danish children? (Study 4)   

 

• Can self-reported information be used to define allergy among asthmatics? (Study 5) 
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2. Background  
This section provides a brief introduction of childhood asthma, JEMs, a conceptual model of psychosocial work 

stressors, as well as potential risk factors, susceptible windows for exposures, and possible underlying mechanisms 

of asthma. Finally, a description of previous studies on preconception, prenatal, and early life exposures and 

childhood asthma will follow.  

2.1 Childhood asthma  
Definition of Childhood asthma  
Asthma is a heterogeneous disease, often characterized by chronic airway inflammation.13 Based on International 

guidelines, asthma in children 6-11 years of age is diagnosed by a history of attacks of shortness of breath, 

wheezing, chest tightness, and/or coughing combined with a confirmed variable expiratory airflow limitation.13 

Diagnosing asthma in younger children is challenging, especially in those 0-2 years old.13–15 Symptoms such as 

coughing and wheezing in the first few years of life are common. Although asthma often originates as wheezing, 

not all children who wheeze will be diagnosed with asthma later on, which complicates the diagnosis of asthma.16 

The diagnosis of young children is further challenged by the absence of a gold standard of a diagnostic test.17 

International guidelines suggest the use of a probability-based approach, aiming at individual decisions to avoid 

over- or under-treatment.13 Symptoms suggestive of asthma are also provided for children five years and younger 

by the Global Initiative for Asthma.13 Nonetheless, no gold standard for asthma definitions is available at any age 

in epidemiological studies.18  

 

Phenotypes of asthma  
Clusters of different pathophysiological and/or clinical characteristics of asthma are referred to as “asthma 

phenotypes.” Some of the most common phenotypes are age at onset of asthma and sensitizer or non-sensitizer 

induced asthma, also referred to as allergic versus non-allergic asthma, as used in this thesis. Allergic asthma often 

originates in childhood and is associated with earlier and/or family history of allergic diseases, e.g., food allergy, 

eczema, allergic rhinitis, or drug allergy.13 Skin prick testing or measurements of the specific immunoglobulin E 

(sIgE) can be used to identify atopic status.13 Allergic asthma is characterized by activation of T-cells (T-helper type 

2),19 leading to the release of inflammatory cytokines (e.g., interleukin 4, 5, and 13), and synthesis of IgE. The IgE 

receptor, FcεRI, is expressed on mainly the mast cell and basophils, leading to degranulation at the next encounter 

with an allergen.19 No clear definition of the age cut-off for early and late-onset asthma is defined. Asthma 

diagnosed before or after the age of three years is, however, often suggested to reflect different asthma 

phenotypes.20,21 

 

The burden of childhood asthma  
Asthma is the most common chronic disease in children throughout the world.22–24 During the last decades, the 

prevalence of asthma has overall increased; however, with large differences worldwide.6,25,26 Awareness and 

changes in diagnosis practice may explain part of the increase.25 In some countries, mainly high-income countries, 

the prevalence has reached a plateau or even decreased, although at a higher prevalence than in the 1960s.6,25,26 
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The International Study of Asthma and Allergies in Childhood (ISAAC) was established to allow comparison of time 

trends and prevalence of asthma worldwide.27 From phase I (1994-1995) to phase III (2001-2003), the prevalence 

of “current wheezing in the last 12 months” among 13–14-year-old children differed slightly from 13.2% to 13.7% 

and in the 6–7 year age group from 11.1% to 11.6%.27 “Ever asthma” varied from 2.6-30.5% in 13–14-year-old 

children, and 1.8–27.4% in 6–7-year-old children in phase III, with large regional variations.27 In Denmark, 

approximately 16% of 15-year-old children have had “ever asthma”.28 Asthma is more frequent in boys than girls 

before puberty, but more frequent in women than men after puberty.29,30  

 

Asthma is rarely fatal in affluent countries, and the mortality has been decreasing in Europe in recent years;25 

however, severe childhood asthma is a strong risk factor for chronic pulmonary disease,31,32 which is a leading 

cause of death worldwide.33 Asthma can be considered as a lifelong disease associated with reduced quality of life 

and is responsible for a substantial burden with direct, indirect, and intangible costs.25,34,35 Asthma-related direct 

costs are globally high, with great variations between countries depending on the health system, insurance, and 

several other factors.36 One of the main causes of hospitalization among children is asthma, especially in children 

aged < 5 years.25 Indirect costs of childhood asthma are often measured in lost school days or caregivers’ lost 

working time.  An exacerbation of asthma is considered on average to account for 3-5 school days, and similarly 

in lost working days of the caregiver.37 Intangible costs are hard to measure, as they affect the quality of life, 

reduces study performance and physical activities.25   

 

2.2 Job Exposure Matrices (JEMs)  
Assessment of occupational exposures can be challenging, especially if life-long occupation history is wanted, as 

people tend to work in multiple occupations during their work life. High reliance is, therefore, placed on 

participants’ ability to recall their work history along with remembering employment duration, multiple exposures, 

and sometimes even the intensity of these. Retrospectively assessing occupational exposures can, therefore, be a 

challenge. Two common approaches to access this information in large epidemiological studies are either based 

on self-reported occupational histories or where the job titles are used as a proxy for exposure assessment, e.g., 

linked to a JEM.38 

In the late 1970s, occupational epidemiologists began to develop JEMs to improve the assessment of exposures, 

only by using job titles to assess occupational exposures.39,40 The JEMs is a tool to assign exposures based on job 

title-specific classified exposures. The JEMs can be based on expert-evaluations such as specific chemicals or 

pesticides41 as exposures for each job title, physical measurements such as dust, or based on self-reported 

information such as psychosocial work stressors.42–44 A simplified description of JEMs constructed from self-

reported information is that each exposure is calculated based on a mean of all participants’ answers within each 

job title. Some JEMs account for several other factors as well, making the JEMs specific to, e.g., calendar time, sex, 

or age. These variables are included to adjust for possible changes such as concentrations of exposures over time, 

or, sex or age differences in exposures.42–45  

One of the advantage of using JEMs compared to individual self-reported data is that JEMs do not rely on the 

individual’s subjective ability to recall and to know whether or not they have been exposed, what type of exposure, 
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and at which intensity. Although, if the JEM is based on self-reported data, some recall bias might exist within the 

JEM. JEMs are widely used for surveillance or intervention reasons in the health sector as they are cost-effective 

and efficient to use, and therefore applicable in large epidemiological studies. A major advantage of JEMs is that 

they are independent of the disease status of an individual, which eliminates the possible risk of different 

information bias.      

2.3 From “stress” to psychosocial work stressors    
There is no universally recognized way of defining “stress”; and the term is ambiguous, and often referring to 

several aspects, e.g., from daily life stress to more severe stress, and measured as both acute or chronic stress. 

Studies published on maternal pre- and postnatal exposures and offspring asthma show that “stress” within this 

research field is broadly operationalized: adverse life experiences, job strain, or multiple or single stressors such 

as negative life events (NLEs), and bereavement, or co-correlated conditions as anxiety and depression (often 

called distress). In general, “stress” can cover three subcategories; 1) factors in the environment affecting the 

individual, called stressors, 2) interaction between the individual and the environment, called perceived stress, 

and 2) the individual condition called a stress reaction.46 The main focus of this thesis is on the stressors.  Stressors 

will often lead to an experience of stress which in turn can cause a stress reaction.46 However, whether the 

exposure to stressors actually causes stress reactions are also dependent on the vulnerability of the person, coping 

strategies and way of acting as well as external elements.46 In addition, these factors also influences the stress 

response that will be triggered and finally the health consequences of stress.46  

Until now, maternal prenatal stress and asthma in the offspring have mainly focused on private life stressors, while 

psychosocial stressors at work are often ignored. Workplace stressors must be assumed to be preventable, in 

contrast to different life stressors such as loss of a close relative. A study found that women had a higher blood 

pressure and cortisol level at night compared to men. This could indicate that women are struggling to find the 

time to rest at home after work, pinpointing the importance of examine both private life and work stressors 

combined.47  

Psychosocial work stressors are often operationalized as components of the job strain model, i.e., job control and 

psychological job demands based on an adapted version of the Job Content Questionnaire originally designed by 

Karasek and colleges.48,49 This is one the most used work stress model,50 making it somewhat comparable to earlier 

studies. The model operates with two dimensions: psychological job demands consisting of 3 items and job control 

consisting of decision authority (4 items), and skill discretion (4 items). The idea of the job strain theory is a joint 

effect of the two dimensions, described initially as an interaction between these two, later modified to accept also 

only additive effects.51 If psychological job demands are high and job control is low, this is assumed to be the most 

stressful quadrant of the model and associated with a higher risk of diseases. This model, as all other models, is a 

simplification of reality, and methodological shortcomings do exist. An often critic of the use of the quadrant 

model is the lack of interaction, which stresses the importance of examining job control and psychological job 

demands separately, and conduct a test of interaction.51   
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2.4 Preconception, prenatal and early life risk factors for childhood asthma 
Despite much research, the etiology of childhood asthma is still not fully elucidated.6 A multi-factorial model 

consisting of complex relationships between genes and the environment contributing to the disease has been 

suggested.25 Asthma often starts early in life, indicating that factors causing asthma may be present early in life, 

even in utero building on the hypothesis of “early life programming” by Forsdahl and Barker stressing the 

importance of examining early life exposures.2,3 In recent years, there has been an increasing interest in 

epigenetics, where environmental exposures modify genes expression, which might even be transferred in 

generations proposing a susceptible environment before conception.5,26,52 Environmental exposures could affect 

the early development of germ cells in a fetus, which directly could affect one or two generations, referred to as 

intergenerational inheritance, see figure 2.1 (A – F1, F2; B – F1).52 Additionally, epigenetics that cannot be 

explained by direct effect passed via the germline extending beyond two generations are referred to as 

transgenerational inheritance where epigenetic information is transmitted across generations, see Figure 2.1 (A – 

F3; B – F2).52 The underlying mechanisms of transgenerational inheritance are still far from clear, and it is 

questioned whether transgenerational inheritance indeed occurs in mammals.5,52  
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Figure 2.1. Illustration of two ways of passing epigenetic information in generations. “Principles of intergenerational and 

transgenerational epigenetic inheritance. A, If a pregnant woman (F0) is exposed to an environmental stressor, her son or 

daughter (F1; green), and his or her germ cells that will form the F2 generation (yellow) are also directly exposed, and this 

might result in intergenerational effects. The third generation (F3; blue) is the first generation that could represent 

transgenerational epigenetic inheritance. B, if a man or a woman (F0) and their germ cells to the F1 generation (yellow) are 

directly exposed to an environmental stressor, the F2 offspring (blue) is the first generation that could represent 

transgenerational epigenetic inheritance.” (Figure reproduced from [52] under the terms of Creative Commons Attribution 
License (CC BY) https://creativecommons.org/licenses/by/4.0/). 
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The inclusion of an effect of preconception exposures proposes at least three susceptible exposure windows 

where exposures could affect the development of asthma in children: The preconception, prenatal, and early life 

environment see Figure 2.2.   

 

 

Figure 2.2 Maternal, paternal, and offspring lifeline illustrating the preconception, prenatal, and early life environment proposed 
to be possible susceptible periods for affecting the development of offspring childhood asthma. (The figure is an extension of 
a model originally designed by F. Gómez/A. Villén, used in [5], under the terms of Creative Commons Attribution License (CC 
BY) https://creativecommons.org/licenses/by/4.0/). 
 

Genetics, epigenetics, and atopy of the host and environmental factors such as air pollution and reduced microbial 

exposure are all suggested to be substantial risk factors for childhood asthma, and tobacco smoke is universally 

recognized as a major risk factor.25 Several other risk factors with more conflicting findings such as parental 

occupational exposures and psychosocial stress are also suggested to be associated with childhood asthma, where 

a more in-depth understanding could provide an insight into asthma etiology.7,8,10,12,53,54 In this thesis, I will focus 

on the three possible susceptible environments, although only on a few of the potential risk factors within each 

vulnerable life period, which is a simplified approach. The chosen risk factors are essential in the attempt to close 

knowledge gaps, as I have selected some of those with more sparse or conflicting evidence.   

2.5 How can exposure preconception, prenatal, or early in life increase the 

risk of asthma?   
Recent literature reviews5,26,52 suggests a susceptibility window before conception, which possibly can affect the 

health of future generations. This emerging evidence, as mentioned above, suggests epigenetic changes that alter 
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expression levels of genes, without altering the DNA sequence as the underlying mechanisms that may later be 

transferred to the offspring (inter or transgenerational inheritance, Figure 2.1).5,26,52 It is suggested that these 

effects are transmitted through germ cells, which develop differently in men and women, which could explain 

differences in effects through the two different paternal and maternal lines.55 This highlights the need not only to 

examine maternal exposures occurring during pregnancy but also to examine the environment even before the 

conception of a child of both the father and mother investigating a broad range of occupational exposures. As 

mentioned, the specific underlying mechanisms are still far from clear, particularly with respect to 

transgenerational inheritance.5,52  

How can a mother's emotional state during pregnancy affect her unborn child’s health later in life? Even though 

the pathophysiology of asthma is complex and still not fully understood, our understanding has evolved in different 

research fields.9 The first idea that emotions could affect asthma dates back to the 12th century56, and in the early 

20thcentury, asthma was mainly considered as a psychogenic disease treated with “talking cures,” such as 

psychoanalysis.57 In the 1960s, the understanding of asthma evolved in a more biomedical way of recognizing 

asthma as a physical disease. However, in the 1990s, the idea of psychological effect on asthma pathophysiology 

was reconsidered – again.58,59 Today this has led to several animal and epidemiologic studies during the last two 

decades establishing a link between prenatal maternal psychosocial stress and increased risk of asthma.7,9,10,60   

The specific underlying mechanisms remain unclear. Several possible hypotheses have been proposed for the 

mechanisms underlying stress and asthma, pinpointing the high complexity. Disturbance of the hypothalamic-

pituitary-adrenal (HPA) axis is one of the potential mechanisms, where cortisol levels increase.61,62  Cortisol can 

diffuse across the placenta, suggesting prenatal stress to cause dysregulation of the immune system in the 

offspring. However, the mechanisms linking prenatal stress through the HPA axis and childhood asthma remain 

unclear.61–63 One suggested pathway is that high cortisol levels might increase the T-helper 1 and T-helper 2 cell 

differentiation.64 Other studies have hypothesized that autonomic imbalance or dysfunction, independent of the 

HPA axis, could be just as important.49,50 Furthermore, epigenetic changes by DNA methylation (e.g., adding a 

methyl group) have also been proposed as a possible pathway for stress during pregnancy to change gene 

expressions in the placenta, causing asthma in the offspring; however, without clear evidence so far.67 Finally, the 

offspring’s microbiota is also hypothesized to be susceptible to prenatal stress and an increased risk of asthma.68 

As suggested possible multifaceted and complex relationships between genes and the environment are 

contributing to the disease.25 The underlying mechanisms of exposures early in childhood are likewise suggested 

to be multifaceted65,66,69 and the mechanisms still remain to be elucidated. The dysregulation of the immune 

system is suggested to be a key biological pathway.65,66,69  

2.6 Previous studies of parental occupational exposures preconception or 

prenatal and offspring asthma 
A recent study suggests that occupational exposure to welding in young men influences the respiratory health of 

their children born many years later, see a short overview of the study in Table 2.1.12 This study12 is so far the 

only one examining occupational exposures’ preconception and the risk of asthma. A few studies have suggested 

maternal occupational exposures during pregnancy to affect their unborn children’s later risk of asthma, 
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however with inconsistencies.53,70–72 Two of the studies adjust for or combine prenatal with postnatal exposures 

and find attenuation of the prenatal estimates, advocating for a carrier-home effect.53,70



 

 
 

  

Table 2.1 Overview of studies of parental environmental, occupational exposures preconception or prenatal and risk of offspring’s childhood asthma  
First author, 
year & 
country Design Population  

Exposures, timing  
(Measurement)  

Asthma Outcome, 
timing (Measurement)  Findings  

Occupational exposures starting preconception 
Svanes et al., 
201612 
 
Norway  
 

A multi-
country, 
population-
based cohort  
study 

24,168 offspring and 
their father or mother 
participating in the 
Respiratory Health In 
Northern Europe 
(RHINE) study.  
 
Random population 
samples of men and 
women born in 1945–
73, followed until 2010-
2012.  

Life-course occupational 
exposures to welding and 
metal fumes before 
conception. 
 
(Self-reported)  

Offspring’s asthma 
before/after age 10 
yrs.  
 
(Reported by the 
parent who 
participated in the 
study) 

Father’s preconception welding was associated with 
non-allergic early-onset asthma in his offspring 
(adjusted OR 1.80, 95% CI 1.29–2.50). There was no 
effect if the father started welding after birth (adjusted 
OR of 1.15, 95% CI 0.55–2.38).  
 
Too few women welded to conduct meaningful 
analyses.   

Occupational exposures starting prenatal 
Christensen et 
al., 201370 
 
Denmark  

Population-
based cohort 
study 

41,724 mother-child 
pairs from the DNBC 

Job title in pregnancy and 
also assessed by an 
asthma specific JEM 18 
months after birth. 

Offspring asthma at 
age 7yrs.  
 
(Maternal-reported)  

Combined prenatal and postnatal occupational 
exposure to low molecular weight agents, was 
associated with asthma (adjusted OR 1.34, 95% CI 1.19-
1.51) as well as postnatal alone (OR 1.15, 95% CI 1.04-
1.28), and borderline findings of prenatal (OR 1.17, 95% 
CI 0.95-1.44). Farming, high molecular weight agent or 
mixed weight agents were not associated with asthma.  
  

Tagiyeva et 
al., 201053 

Population-
based cohort 
study 

13,971 children and one 
or two of their parents 
participating in ALSPAC.  

Self-reported job titles, 
pre- and postnatal, linked 
to a JEM of occupational 
sensitizers.  

Offspring asthma 
doctor-diagnosed at 
91 months 

No association between parental occupational 
exposure to diisocyanates, dyes, glues/resins, animal 
dust, enzymes, solder, or wood dust and childhood 
asthma.  
Maternal occupation exposure to high-intensity 
biocides/fungicides was not associated with asthma 
prenatal (adjusted OR 1.20, 95% CI 0.98–1.47); 



 

 
 

however, increased odds were found with postnatal 
exposure (adjusted OR 1.47, 95% CI 1.14-1.88) and in 
combination (adjusted OR 1.41, 95% CI 1.04-1.91).   
Maternal occupational exposure prenatal to high-
intensity latex was associated with an increased 
likelihood of asthma (adjusted OR 1.22, 95% CI 1.01–
1.48), as well as postnatal (adjusted OR 1.46, 95% CI 
1.15-1.85) adjustment for postnatal exposures 
attenuated the effect (adjusted OR 1.36, 95% CI 1.01–
1.81).  

Li et al., 
200972 
 
 
Sweden 

Register- and 
population-
based cohort 
study 

47,019 first hospital 
diagnoses of asthma in 
children (<10yrs) and 
9,032 adolescents (10-
19yrs).  

Register-based 
information on parental 
occupation (Period of 
occupation is not clearly 
mentioned). Mothers’ 
occupation was used, 
however, if missing the 
fathers’ occupation was 
used.  

Register-based, 
hospital diagnosis of 
asthma in children and 
adolescents.  

Seven parental occupational groups were associated 
with increased risks in children and adolescents: 
“nurses,” “assistant nurses,” “drivers,” “chemical 

process workers,” “cooks and stewards,” “home 

helpers,” and “building caretakers and cleaners.” 
Additionally two occupational groups in adolescents 
and eight more in children.  

Magnusson et 
al., 200671  
 
Denmark 

Population-
based cohort 
study 

7,844 children born in 
Odense or Aalborg, 
Denmark, between 
1984 and 1987.  

Maternal self-reported 
job titles prenatal, 
specific job titles were 
linked with organic 
solvent, based on 
occupational specialist’s 
evaluation. 

Parental report of a 
physician’s diagnosis 
of asthma. 

No clear associations of organic solvent exposures 
prenatal and offspring asthma.  
 
Some specific occupational groups were found to be 
associated with an elevated risk of asthma, however, 
with inconsistent patterns.   

Abbreviations: ALSPAC = Avon Longitudinal Study of Parents and Children, DNBC = Danish National Birth Cohort, OR = odds ratio, CI = confidence interval, Yr = year.  
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2.7 Previous studies of maternal stress during pregnancy and offspring 

asthma 
A systematic search for previous systematic reviews resulted in three systematic reviews,7,10,60 including two meta-

analyses8,10 of prenatal stress and offspring asthma. Due to the focus of the thesis, this literature overview will 

concentrate on the specific studies from the systematic reviews of maternal life and work stressors during 

pregnancy and offspring childhood asthma. Studies focusing on anxiety and depression or offspring wheeze, 

allergic dermatitis, and atopic rhinitis described in the reviews will not be further addressed here. A search for 

new studies of prenatal maternal stress and offspring childhood asthma revealed one additional study.73  

In total, nine cohort studies11,73–80 and one cross-sectional study81 were identified; see an overview in Table 2.2. 

Three of the studies were based on register data, using bereavement as a prenatal stressor, while the last seven 

studies were based on maternal self-reported data (NLEs or psychosocial work stressors). In general, the studies 

suggest an association between maternal life stressors (bereavement or NLEs) during pregnancy and offspring 

childhood asthma.11,29,71,75–79 The associations were dependent on the sex of the offspring and the definition of 

offspring childhood asthma (incidence/prevalence and age of asthma onset).  

The three register-based cohort studies of maternal bereavement showed an increased risk of offspring childhood 

asthma.75–77 In one of the studies, the association was only found among boys,77 in another only among children 

0-3 years of age.75 In two of the studies, the associations were increased if bereavement was due to the loss of a 

spouse,76 or a child.77  

Six studies examined maternal stressors during pregnancy, defined as NLEs and offspring childhood 

asthma.11,73,74,78,79,81 However, these studies showed inconsistent results mainly with an increased risk of asthma.  

The inconsistency may occur due to the different definitions and assessments of the stressors, timing of exposures, 

and definition of childhood asthma. Two studies suggested that boys were more vulnerable to stress during the 

prenatal period compared to girls.11,77 Contradictorily, the study from Project Ice Storm only found an increased 

risk of childhood asthma in girls but not boys.78 This study, based on a natural disaster, may contain the best 

exposure contrast. However, the study is limited by a small sample size, n = 68.   

The two studies focusing directly on psychosocial work stressor and offspring asthma are inconsistent.73,80 The 

study from Larsen and colleagues, 2014, showed that children, born to mothers, categorized as having “active 

jobs” (high job control and high psychological job demands) during pregnancy according to Karasek’s job-strain 

model,48 were associated with an increased risk of asthma at age seven. On the other hand, the most recent study 

from Magnus and colleagues, 2018, showed no evidence of an increased risk of asthma in children due to maternal 

work stress during pregnancy. The study73 of Magnus and colleagues is, to my knowledge, the first one to consider 

both private life stressors and work stressors in the same study, but not in the same model.  None of these studies 

account for both private life stressors and psychosocial work stress at the same time, the exception being job loss, 

which was included in the combined measure of NLEs. 



 

 
 

 Table 2.2. Overview of studies on maternal bereavement, negative life events, and work stress during pregnancy and offspring’s childhood asthma 
First author, 
year & country Design Population  

Prenatal exposures, timing  
(Measurement)  

Asthma Outcome, timing 
(Measurement)  Findings  

Bereavement  

Liu et al.,  
201575 
 
Denmark  

A register-
based, 
nationwide 
cohort study 

750,058 mother-
child pairs. Live-born 
singletons born 
between 1996 and 
2007. 

Maternal bereavement: a child, 
parent/spouse, a parent, or a 
sibling. One year before 
pregnancy and until childbirth. 
 
(Assessed from registers)  

Asthma onset.  
 
(Assessed from registers 
based on medication 
prescriptions.)  

Maternal bereavement was associated with 
offspring asthma 0-3 yrs.: adjusted HR 1.04 
(1.00-1.07); however, not 4-15 yrs.: adjusted 
HR 1.02 (0.96-1.09). Sudden bereavement was 
associated with higher risk 0-3yrs (adjusted HR 
= 1.13, 95% CI: 1.02–1.24).  

Khashan et al., 
201276 
 
Sweden  

A register-
based, 
nationwide 
cohort study 

3,019,003 mother-
child pairs. Live-born 
singletons born 
between 1973 and 
2004.  

Maternal bereavement: loss of 
spouse or child. Half a year 
before pregnancy and until 
childbirth.   
 
(Assessed from registers)  
 

Asthma 0-9 yrs. 
 
(Assessed from registers 
based on diagnoses.) 

Maternal bereavement was associated with 
offspring asthma (adjusted RR 1.20, 95% CI: 
1.03-1.39). The association was increased 
when exposure during pregnancy (adjusted RR 
1.43, 95% CI: 1.06-1.92) and bereavement 
specific of a spouse (adjusted RR 1.59, 95% CI: 
1.10-2.30).    

Fang et al., 
201177 
 
Sweden  

A register-
based, 
nationwide 
cohort study 

920,147 mother-
child pairs from 
Swedish registers.  
 
Cohort 1 (born 2004-
2008): 426,334 
mother-child pairs.  
 
Cohort 2 (born 1997-
2002): 493,813 
mother-child pairs. 

Maternal bereavement, one yr. 
before pregnancy, and until 
childbirth. 
 
(Assessed from registers)  
 

Cohort 1: incident asthma 
1–4 yrs.  
 
Cohort 2: current asthma 
7-12 yrs.  
 
(Assessed from registers 
based on diagnoses, or use 
of at least two asthma 
medications.)  

Bereavement during the second trimester was 
associated with a significantly higher risk of 
asthma event at 1–4 yrs. in boys (HR: 1.55, 95% 
CI: 1.19, 2.02) and asthma attack at 7–12 yrs. 
among boys if bereavement was of an older 
child (OR: 1.58, 95% CI: 1.11, 2.25).  
No association was suggested for girls. 
  

Negative life events (NLE) 
Bandoli et al., 
201674 
 
USA  

A population-
based cohort 
study  

1,193 mother-child 
pairs born 2013, 
from the UCLA 
Environment and 
Pregnancy 
Outcomes Study and 

Chronic stress four questions 
from the Perceived Stress Scale.  
 
Acute stress due to NLEs: loss of 
car/job/home, serious arguments 
with partner, health, drug or 

Current asthma 0-7 yrs.  
 
(Maternal-reported doctor-
diagnosed asthma – Using 
the ISAAC questionnaire.) 

Maternal chronic stress was not clearly 
associated with current asthma (Moderate vs. 
low stress: adjusted RR 0.75, 95% CI 0.49-1.14; 
High vs. low stress: adjusted RR 1.11, 95% CI 
0.67-1.86.  
 



 

 
 

followed in the UCLA 
Environment and 
Child Health 
Outcomes Study.  

legal problems, bereavement of 
a close relative, threats of 
violence, racism.  
 
(Maternal-reported)  

Maternal acute NLEs was not clearly associated 
with offspring current asthma: 1 NLE: adjusted 
RR 1.21, 95% CI 0.80-1.83; 2+ NLEs: adjusted 
RR 0.96, 95% CI 0.58-1.57.  
  

Lee et al.,  
201611 
 
USA  
 

Cohort study  765 mother-child 
pairs from the 
Asthma Coalition on 
Community, 
Environment, and 
Social Stress project, 
recruited from 
August 2002 to 
September 2009. 

Maternal NLEs: financial, legal, 
career, relationships, home 
safety, community safety, own 
and other medical issues, home 
issues, authority, and prejudice, 
at any time during pregnancy. 
 
(Maternal-reported)  

Asthma at the age of 6 yrs.  
 
(Maternal-reported doctor 
diagnosed asthma.)  

Maternal NLEs prenatal is in general associated 
with asthma onset, adjusted:  
1-2 NLEs: OR 1.05, 95% CI 0.59-1.88 
3-4 NLEs: OR 1.60, 95% CI 0.88-2.92 
≥5 NLEs: OR 2.02, 95% CI 1.05-3.87 
Continuous: OR 1.31, 95% CI 1.07-1.60.  
Prenatal boys were more vulnerable to stress 
(Continuous: OR 1.38 (1.06-1.79) than in girls 
(Continuous: OR 1.17 (0.84-1.63)).  

Turcotte-
Tremblay et al., 
201478 
 
Canada 

Cohort study  68 children of 
women pregnant 
during the January 
1998 Quebec Ice 
Storm.  

Maternal posttraumatic stress 
disorder occurring at any time 
during pregnancy. 
 
(Maternal-reported)  

Current asthma at age 
12yrs.   
 
(Maternal-reported doctor-
diagnosed asthma, or 
asthma medications.) 

Maternal subjective distress during pregnancy 
was associated with doctor-diagnosed asthma 
in girls adjusted OR 1.09, 90% CI 1.00–1.19; 
however, not in boys (OR 0.88; 90% CI 0.78-
0.99). 
  
Maternal stress is associated with asthma 
medication in girls adjusted OR 1.12, 90% CI 
1.01-1.25, not when girls and boys are 
combined: OR 0.95, 90% CI 0.87-1.02.  

Hartwig et al., 
201479 
 
Australia  

Cohort study  994 mother-child 
pairs from the 
Western Australian 
Pregnancy Cohort 
(Raine) Study. 
Pregnant women 
were recruited in 
1989-1991; children 
were followed to the 
age of 14 yrs.  

NLEs during the 2nd and 3rd 
trimester: separation/divorce, 
marital problems, problems with 
children, pregnancy problems, 
own job loss, partner’s job loss, 
money problems, a residential 
move, bereavement (death of a 
close relative, or close friend).  
 
(Maternal reported) 

Current asthma at 6 and 14 
yrs.  
 
(Maternal reported doctor-
diagnosed asthma.) 

Maternal exposures to NLEs during the 2nd 
half of gestation were associated with asthma 
at age 14 yrs. One NLE: adjusted OR 2.08, 95% 
CI: (1.22-3.54) Stronger associations among 
mothers without asthma. No dose-response 
was confirmed.  
  



 

 
 

De Marco et 
al., 201281 
 
Italy  

Cross-
sectional 
population-
based 
study 

3,854 mother-child 
pairs from the 
Viadana study, of 
children aged 3-14 
yrs.  
 

Maternal stressful life events 
during pregnancy: mourning, loss 
of a job, or husband’s job loss, 
separation/divorce.  
 
(Self-reported questionnaire. 
Assessed during any trimester) 

Ever asthma 3-14 yrs. 
 
(Maternal-reported 
questionnaire-based 
asthma.)  

Exposure to any stressful life events was 
associated with asthma: adjusted OR 1.71 95% 
CI: (1.02-2.89) 
 

Magnus et al., 
201873 
 
Norway  

Cohort 
Study 

63,626 mother-child 
pairs from the 
Norwegian Mother 
and Child Cohort 
Study. Children born 
in 2000-2007.  

NLEs were reported at 30 weeks’ 
gestation using eight different 
events.  
 
(Self-reported)  

Asthma at age 7yrs.  
 
(Assessed from register-
based on medication 
prescriptions.) 

Maternal NLEs during pregnancy (adjusted RR 
= 1.10, 95% CI: 1.06, 1.13) and 6 months after 
delivery (adjusted RR = 1.14, 95% CI: 1.11, 
1.18) were associated with asthma. 
  

Psychosocial work exposures 

Magnus et al., 
201873 
 
Norway  

Cohort 
Study 

63,626 mother-child 
pairs from the 
Norwegian Mother 
and Child Cohort 
Study. Children born 
in 2000-2007.  

Work stress was reported at 18 
weeks’ gestation using eight 
questions 
  
(Self-reported)  

Asthma at age 7yrs.  
 
(Assessed from registers 
based on medication 
prescriptions.) 

No evidence of an association with maternal 
work stress was suggested.  

Larsen et al., 
201480 
 
Denmark  

Cohort 
Study 

32,271 mother-child 
pairs from the DNBC, 
Children born in 
1996-2002. 

Job strain at 2nd trimester  
 
(Self-reported) 

Current asthma 0-7 yrs. 
 
(Maternal-reported and/or 
maternal reported doctor-
diagnosed asthma – Using 
the ISAAC questionnaire.) 

Maternal exposure active jobs were associated 
with asthma among 7-yrs. old children 
(adjusted OR 1.13, 95% CI 1.03–1.24). 

Abbreviations: Yr = year, HR = Hazard ratio, CI = Confidence interval, OR = Odds ratio, RR = Relative risk, UCLA = University of California, Los Angeles, DNBC = Danish 
National Birth Cohort, ISAAC = International Study of Asthma and Allergies in Childhood.  
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2.8 Previous studies of adverse childhood experiences and childhood asthma  
A literature search revealed three systematic reviews, see Table 2.3. The most recent review by Oh and colleges,82 

2018, examined ACE and children’s health outcomes in general, hereof three studies on asthma, which will be 

addressed here. The review by Exley and colleges,54 2015, is based on 12 studies of ACE and asthma. Finally, 

Tibosch and colleges,83 2010, examine the relationship between child-specific (n=6 studies), or their caregivers’ 

(n=14 studies) psychological characteristics, respectively, and the onset and course of asthma in prospective 

studies.  

Childhood adversity is suggested to be associated with increased risk of asthma;84–88 however, no association was 

found of maternal postpartum distress or short-term stress.84 It is further shown that studies of multiple and 

chronic stressors in the perinatal or early life indicate strong associations.54 Two of the included studies89,90 found 

an association between ACE and asthma, although combined with air pollution, suggesting a synergistic effect. 

The evidence linking ACE independently with asthma onset remains inconsistent, and the generalizability is limited 

as the studies are mainly from the UK, USA, and Canada. Tibosch and colleagues83 found inconsistent evidence of 

an increased risk of asthma onset by child-specific psychological characteristics, which could be due to the broad 

definition they used for the exposure. Most of the studies on psychological problems of caregivers are 

inconsistently associated with increased risk of asthma in children. The majority of all the reviewed studies have 

methodological limitations such as the parental report of ACEs and asthma outcomes in their children, small 

sample sizes, and cross-sectional designs.  



 

 
 

Table 2.3. Overview of systematic reviews of  adverse childhood experiences and childhood asthma  
First author, 
year & country 

Design and number of 
articles Population  ACE exposures Outcome  Findings  

Oh et al., 
201882 
 

A systematic review of 
35 studies; hereof 
three regarding 
asthma.  
 
(1179 articles 
screened, 97 articles 
read and 35 articles 
included) 

20,847 
individuals 
 
(only 
based on 
the three 
studies of 
asthma) 

Maternal distress, maternal 
depressive symptoms, maternal 
depressive symptoms, and 
maltreatment.  

Asthma at age 7 yrs. (physician 
visit, hospitalization or 
prescriptions)  
 
Asthma at age 1 yrs. (symptoms 
or hospitalization)  
 
Asthma at age 3 yrs. (physician 
visit, emergency department, 
hospitalization or prescriptions)  

Adversity in childhood is associated 
with an increased risk of asthma; 
however, no associations for 
postpartum distress or short-term 
stress.  

Exley et al., 
201554  
 
UK 

A systematic review of 
12 articles; hereof 
nine regarding asthma  
 
(1021 articles 
screened, 49 articles 
read and 12 articles 
included)   

31,524 
individuals 

Parental stress, parental mental 
health difficulties, violence 
exposure, maternal anxiety (note: 
during pregnancy), maternal distress 
(note: during pregnancy), parenting 
difficulties, maternal distress, 
parental stress, inter-partner 
violence, housing disarray.   

Physician Diagnosis  
 
 
 

Chronic stress in early life is associated 
with an increased risk of childhood 
asthma. ACEs are found to increase the 
impact of traffic-related air pollution. 
Evidence of ACE independently 
associated with increased asthma is 
inconsistent. 

Tibosch et al., 
201083 
 
The 
Netherlands  

A systematic review of 
20 studies (6 of 
children and 14 of 
caregivers); hereof 5 
plus 9 regarding 
asthma or asthma-
relevant inflammatory 
markers.  
 
 
(711 articles screened, 
68 articles read and 20 
articles included)    

28,380 
children 

Children’s psychological 

characteristics: Internalizing 

symptoms, behavioral problems, 

acute and chronic (psychological) 

stress, and child’s mental health.  

Caregivers' psychological 

characteristics: Maternal: 

depression, prenatal anxiety, mental 

health. Parental: depression, anxiety, 

perceived stress. Parenting 

difficulties. Caregiver: perceived 

stress, mental health. 

Asthma: Maternal report, parent 
report, peak-flow diary, parent 
report, physician diagnosis, 
emergency department   
 
Asthma-relevant Inflammatory 
markers 

Inconsistent evidence regarding child 
psychological problems and the risk of 
developing asthma.  
 
All studies of caregivers’ self-reported 
stress and psychological problems 
found an increased risk of childhood 
asthma in their offspring.  

Abbreviations: Yr = year.   
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3. Material and methods  

3.1 Introduction to birth cohorts in Northern Europe, Spain and Australia, and 

Danish registers 
This thesis is based on nationwide registers in Denmark and the following birth cohorts: Respiratory Health in 

Northern Europe, Spain and Australia (RHINESSA) generation study, Melbourne Atopy Cohort Study (MACS), 

Tasmanian Longitudinal Health Study (TAHS), and Danish National Birth Cohort (DNBC). Below is a short 

description of the different cohorts and registers. Table 3.1 summarizes these cohorts and registers and the 

variables used in the thesis. 

RHINESSA is a cohort of adult offspring (18-52 years, n = 8204) of parents, who previously participated in the 

longitudinal European Community Respiratory Health Survey (ECRHS), which was initiated in 1989-1992. The study 

was established to estimate the variation in the prevalence of asthma and allergy in young adults in Europe and 

other parts of the world in a randomized general population sample aged 20 to 44 years (see www.ecrhs.org for 

detailed information). The ECRHS was performed in three stages (1992, 2002, and 2012), whereas the RHINESSA 

study of the offspring was performed in 2013-2016 and is ongoing. Ten centers from Northern Europe, Spain, and 

Australia are included in the RHINESSA study. 

MACS is a longitudinal study of a high-risk birth cohort, as only children with a family history (a parent or older 

sibling with allergic diseases) were eligible for the study.91 The cohort was established from 1990 to 1994 by the 

recruitment of 620 unborn babies (probands) and their family members (1234 parents and 617 siblings). The 

cohort focused on the natural history, causes, and consequences of allergic diseases (eczema, food allergy, 

asthma, and allergic rhinitis). The MACS probands was followed up by telephone surveys 18 times during the first 

two years of life. Skin prick tests were performed at 6, 12, and 24 months, and annual telephone surveys were 

conducted at three to seven years of age. Clinical tests and surveys were performed again at 12 years of age and 

at the 18- and 25-years’ follow-up, where parents and siblings were invited as well.  

TAHS is a longitudinal cohort study of all school children (7 years of age) born in 1961 in Tasmania, Australia, 

established to examine the natural history of childhood asthma.92  At baseline, both probands, siblings, and their 

parents were examined. Probands have been followed up several times between 7 and 55 years of age; siblings 

and parents have been followed in later phases as well.   
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The DNBC is a nationwide cohort study of pregnant women and their children.93 From March 1, 1996, to November 

1, 2002, pregnant women were recruited from week 6 to week 12 of gestation by their general practitioners. 

Around half of all Danish practitioners in Denmark invited pregnant women, and around 60% of the invited women 

agreed to participate. A total of 101 042 pregnancies were enrolled. Enrolled women were asked to complete a 

self-administrated questionnaire and five telephone interviews (at 12 and 30 weeks of gestation, and when the 

child was 6 and 18 months and again at 7 years of age, respectively)    

Study 2, 3, and 4 of the thesis build upon the following Danish registers in combination, as multiple other Danish 

register studies do as well. Table 3.1 summarizes registers used in the different studies of the thesis. 

The Danish Civil Registration System was established on April 2, 1968, for administrative use 94. All Danes are 

assigned a unique 10-digits personal identification number (CPR-number) at birth or immigration. This unique 

number enables the linkage of other nationwide administrative registries and the DNBC, as well as identification 

of siblings using the maternal or paternal CPR-number. This register contains information about sex, date of birth, 

the identity of parents, immigration, and emigration. The validity and quality of the information are very high.    

The Danish National Medical Birth Registry was likewise established in 1968 and computerized since 1973.95  The 

register contains information on the health of pregnant women and their offspring. Information on age and 

personal identification of mother and child is of good quality. In 1997, the register underwent large changes in 

construction and content, which should be considered in studies using data from different periods.  

The Danish National Patient Register holds information regarding all hospital admissions since 1977 and also 

outpatient and emergency treatment from 1995 and onwards.96 Diagnoses are coded based on the International 

Classification of Diseases, 8th revision (ICD-8) during 1977-1993, and the 10th revision (ICD-10) from 1994 and 

onwards.  

The Danish Psychiatric Central Research Register contains information about all in-patients treated at a psychiatric 

department since 1969, including out-patients and emergency contacts from 1995. In 1995, the register also 

became part of the Danish National Patient Register.97  

The Danish Cancer Register98 contains information on the incidence of cancer since 1943. The register underwent 

a comprehensive modernization from 2004 to 2008, when it switched from paper form to electronic reporting 

and also became part of the Danish national patient register.  



Material and methods 

21 
 

The Danish National Prescription Registry99 encompasses all claimed prescriptions since 1995 from Danish 

pharmacies classified according to the Anatomical Therapeutic Chemical (ATC) classification system.100  

The Employment Classification Module (AKM) contains information on economic and employment conditions for 

each individual’s most important employment activity during the year.101 The validity and coverage of the register 

are considered to be high. Employment is coded according to the Danish International Standard Classification of 

Occupations (DISCO), which is the official Danish version of the international professional classification, the 

International Standard Classification of Occupations (ISCO).  In Denmark, the ISCO-codes is extended from four to 

five levels to meet the needs for further division of labor functions in the Danish labor market. The first revision 

of the codes is from 1968, the second from 1988, and the newest revision from 2008, which was updated in light 

of the labor market changes during the decades.  

The Population Education Register102 classifies the educational level using the International Standard Classification 

of Education.103 Only 4% of the Danish population between 15–69 years had in 2008 missing education information 

in the register. Both the validity and coverage of the Danish educational registers are in general considered to be 

very high.102 

The Danish Register of Causes of Death covers all deaths of citizens in Denmark. It was established in 1871 and 

computerized since 1970.104 Between 1970 and 1993, the classification of causes of death is coded according to 

the ICD-8 codes and ICD-10 codes since 1994.   
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Table 3.1 Overview of the cohorts and registers used in the thesis    
  Established  Study  1 Study  2 Study  3 Study  4 Study  5 

Cohorts                 

RHINESSA offspring 2013-2016  ● 
    

RHINESSA parents  1992   ●     
DNBC  1996-2002  

 
● 

   

MACS  1990-1994   
    

● 
TAHS 1961  

    
● 

Registers   Variables            

The Danish Civil 1968 For each person (by CPR) 
     

Registration System 
 

Sex 
 

● ● ● 
 

  
Date of birth 

 
● ● ● 

 
  

Date of emigration 
 

● ● ● 
 

        
The Danish Medical  1968 For each child (by CPR)           
Birth Register   Mother's CPR   ● ● ●   
    Father's CPR   

● ● ●   
    Date of childbirth  

● ● ●   
    Gestational age   

● ● ●   
    Singleton/multiple births ● ● ●  

    Live birth/stillbirth  
● ● ●   

    Parity  
● ● ●   

    Place of living   
● ● ●   

    For each mother (by CPR)          

    Offspring's CPR  
● ● ●   

    Mother's CPR  
● ●     

    Father's CPR   
● ●     

    Smoking during pregnancy  ● ●     

    For each grandmother (by CPR)         

    Offspring's CPR   ● ●     

The Danish National 1977 For each person (by CPR) 
     

Patient Register 
 

Date of admission 
 

● ● ● 
 

  
Main diagnosis (ICD-8    
and ICD-10 codes) 

 

● ● ● 

 

The Danish National 1995 For each person (by CPR) 
     

Prescription Registry 
 

Date of a prescription claim   ● ● ● 
 

  
Prescription (ACT-code)  

 
● ● ● 

 

The Employment  1976 For each mother (by CPR) 
     

Classification Module 
 

Date of registration  
  

● 
  

  
DISCO-88 code 

  
● 

  
  

For each father (by CPR) 
     

  
Date of registration  

  
● 

  
  

DISCO-code 
  

● 
  

The Population 1910 For each mother (by CPR) 
     

Education Register  
 

Date of registration  
 

● ● ● 
 

  
Educational level (ISCED code) ● ● ● 

 
  

For each father (by CPR) 
     

  
Date of registration  

 
● ● ● 

 
  

Educational level (ISCED code) ● ● ● 
 

The Danish Register  1871 For each person (by CPR) 
     

of Causes of Death 
 

Date of death 
 

● ● ● 
 

Abbreviations: RHINESSA, Respiratory Health in Northern Europe, Spain and Australia generation study; ECRHS, European Community 
Respiratory Health Survey; DNBC, Danish National Birth Cohort; MACS, Melbourne Atopy Cohort Study; TAHS, Tasmanian Longitudinal 
Health Study; CPR, Personal identification number; ICD-8, International Classification of Diseases 2008; ICD-10, International Classification 
of Diseases 2010; ACT, Anatomical Therapeutic Chemical classification codes; DISCO-88, Danish International Standard Classification of 
Occupations, revision 1988; ISCED, International Standard Classification of Education. 



 

 
 

3.2 Study population and follow-up  
Table 3.2 summarize the study population, design, follow-up period, statistics, exposures, outcomes, covariates, and exclusion criteria according to study 

1-5.  

Table 3.2. Overview of key characteristics of the six studies in the thesis.     

Study    Study population 
Study design/ 
follow- up Statistics Exposure Outcome Covariates Exclusion criteria 

1. Parental 
occupational 
exposures 
pre- and post-
conception 
and 
development 
of asthma in 
their offspring 

  3985 eligible offspring > 
18 years of age, 
participating in the 
RHINESSA generation 
study, 2013-2016, and 
one of their parents (N = 
2931) participating in 
ERCHS II, 1999-2002.                     
                                                             

A two-
generation 
cohort study.         
                                           
Followed from 
date of birth to 
their 15th 
birthday.                                                    
                                                                       

Odds ratios 
by using 
multivariable 
logistic 
regression 
models.  

Parental 
occupational 
exposure to 
microorganisms, 
pesticides, allergens, 
or reactive chemicals 
preconception or 
both pre- and post-
conception  

Offspring 
childhood 
asthma, 0-15 
years of age, 
subsequent  
0–3  and 4–
15 years  of 
age 

Cluster by family                      
                                                  
Adjusted for study center, 
offspring sex, parent’s 
characteristics (age, 
early/late asthma onset, 
place of upbringing, smoking 
and educational level), 
educational level of the 
grandparents                       
                                          
Separated by offspring 
asthma onset, atopic status, 
and sex.  

Parents; missing 
information on job history, 
only exposed to other 
occupational exposures 
than those of interest, no 
exposure in the relevant 
exposure windows, missing 
information about the 
timing of exposures. Missing 
information about offspring; 
asthma or the late debut of 
asthma (>15years of age). 
Missing co-variables.  

         
2. Maternal 
life and work 
stressors 
during 
pregnancy 
and offspring 
asthma 

  All eligible live-born 
singletons enrolled in the 
DNBC.                                                                                                                              
N = 75,156 mother-child 
pairs. 

A population-
based cohort 
study.                                                                                
Followed from 
three years of 
age to first 
hospital contact 
or prescription 
for asthma, 
emigration, 
death, or their 
10th birthday, 

Hazard ratios 
by Cox 
proportional 
hazards 
regression 
models 

Maternal stressors in 
private life 
(bereavement, life-
threatening illness, 
suicide attempt, and 
alcohol or drug 
abuse of a close 
relative) and work 
stressors (job 
control, 
psychological job 
demands, emotional 
job demands, 

Offspring 
childhood 
asthma, 3-10 
years of age.  

Cluster by family  
                                                              
Adjusted for maternal age, 
comorbidity, parity, and 
parental highest educational 
level.          
                                                                                 
Separated by offspring sex, 
parental atopic status, 
maternal smoking, high/low 
job demands.                                                            

Those with no ID number. 
Those with gestational age 
<154 or >315 days.  
Those who emigrated or 
died before their 3rd 
birthday.   
Those born to mothers who 
did not participate in the 
first interview or without a 
job title.   
Those who could not be 
linked to registry data or 



 

 
 

whichever came 
first.     

violence and threats 
of violence) during 
pregnancy.  

who had missing co-
variables. 

         
3. Risk of 
childhood 
asthma 
following 
prenatal 
exposure to 
negative life 
events and job 
stressors: A 
nationwide 
register-based 
study in 
Denmark. 

  All eligible live-born 
singletons born in 
Denmark during 1 
January 1997 and 31 
December 2008.                  
                                                                                                                      
N = 547,533 mother-
child pairs. 

A nationwide 
register-based 
study.                                                  
                                           
Followed from 
date of birth to 
first hospital 
contact or 
prescription for 
asthma, 
emigration, 
death, or their 
6th birthday, 
whichever came 
first.                                       
                                                                                                                            

Prevalence 
ratios by log-
binomial 
regression 
models 

Prenatal exposures 
to negative life 
events 
(bereavement, life-
threatening illness, 
suicide attempt, and 
alcohol or drug 
abuse of a close 
relative) and job 
stressors (low job 
control or high 
psychosocial job 
demands) 

Offspring 
asthma 
phenotypes: 
early-onset 
transient (0-3 
years of age), 
early-onset 
persistent (0-
6 years of 
age) and late-
onset asthma 
(4-6 years of 
age). 

Cluster by family                       
                                          
Adjusted for maternal age, 
maternal highest education 
at conception, smoking 
during pregnancy, chronic 
disorders, parity, parental 
atopic disorders, and 
calendar year of birth.                                              
                                            
Separated by offspring sex, 
maternal highest educational 
level, parental atopic status, 
maternal smoking, and age, 
and high/low job demands.                                                            
                                                   

Children who could not be 
linked to their fathers, had a 
gestational age <154 or 
>315 days, had a mother 
where no JEM is available 
for military work, emigrated 
or died before their 6th 
birthday.  

                  
4. Asthma 
Trajectories in 
a National 
Cohort: 
Adverse 
Childhood 
Experiences 
and Asthma 

  All eligible live-born 
singletons born in 
Denmark during 1 
January 1997 and 31 
December 2004.                                  
                                                                                                                      
N = 466 556 mother-
child pairs. 

A nationwide 
register-based 
cohort study.                                                             
                                                                      
Followed from 
date of birth to 
first hospital 
contact or 
prescription for 
asthma, 
emigration, 
death, or their 
10th birthday, 
whichever came 
first.   

Trajectories 
by Group-
Based 
Trajectory 
Modelling 
and odds 
ratios by  
multinomial 
logistic  
regression 
models 

Adverse childhood 
experiences early in 
life (0-2years) 
including; a. 
bereavement 
defined as the death 
of a parent or sibling, 
b. parental chronic 
somatic illnesses 
(except asthma), and 
c. mental illnesses.   

Offspring 
asthma 
phenotypes, 
early-onset 
transient, 
early-onset 
persistent 
and late-
onset 
asthma.  

Adjusted for maternal age at 
delivery (years), parental 
highest educational level at 
conception, maternal 
smoking during pregnancy, 
maternal place of living at 
delivery, parity, and calendar 
year of birth.                                                           
                                          
Separated by offspring sex, 
number of ACE, type of ACE, 
and parental atopic status.  

Children with missing or 
extreme gestational age, 
not linkable to their fathers, 
or emigrated/died before 
their 10th birthday.  

         



 

 
 

5. Validity of 
allergic 
asthma based 
on self-
reports versus 
skin prick 
tests.  

  All eligible probands, 
siblings, and parents 
participating in either 
MACS 18 years follow-
up, TAHS 2007 or 2012 
follow-up with current 
asthma.                                       
N = 1 293 probands, 
siblings or parents  

A cross-
sectional study.                                                          

Sensitivity, 
specificity, 
positive and 
negative 
likelihood 
ratio, and 
diagnostic 
odds ratios. 

Self-reported 
hayfever and/or 
eczema vs. skin pick 
test. 

None  Cluster by family  Invalid skin prick test, 
missing information.  

Abbreviations: RHINESSA, Respiratory Health in Northern Europe, Spain and Australia generation study; ECRHS, European Community Respiratory Health Survey; DNBC, Danish 
National Birth Cohort, MACS, Melbourne Atopy Cohort Study; TAHS, Tasmanian Longitudinal Health Study. 
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3.3 Assessment of exposures 
 

Parental occupational exposures pre- or post-conception (Study 1)  

Parental occupational exposures was assessed by a) information about their job history from either the RHINE-II 

or ECRHS-II questionnaire, and b) linkage of the job history to an Occupational Asthma-specific Job Exposure 

Matrix (OAsJEM) encompassing information about exposure to specific agents.41 For each of these agents, three 

experts evaluated the level of exposure for each ISCO-88 job code into three categories: ‘high’ (high probability of 

exposure and moderate-to-high intensity), ‘medium’ (low-to-moderate probability or low intensity), and 

‘unexposed.’ Twenty agents was grouped into four main exposure groups: 

• Microorganisms (molds, endotoxin) 

• Pesticides (herbicides, insecticides, fungicides) 

• Allergens (animals, flour, house dust mites, storage mites, plant mites, enzymes, latex, fish/shellfish) 

• Reactive chemicals (high-level chemical disinfectants, isocyanates, acrylates, epoxy resins, 

persulphates/henna, aliphatic amines, bleach). 

Parental occupational exposures (yes = low and high /no = unexposed) was considered in three different 

susceptible exposure windows (see figure 3.1.); 1) preconception only (exposures ended ≥ two years before the 

birth of their offspring); 2) both pre- and post-conception or 3) post-birth only. The latter was not included in study 

1 due to power issues.  
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Figure 3.1. Exposure windows. 1) Preconception only (exposures ended ≥ two years before the birth of their offspring); 2) both 

pre- and post-conception; 3) post-birth only (not included due to power issues); 4) Unexposed. (Study 1)   

Maternal life and work stressors during pregnancy (Study 2 and 3)  

In this thesis, prenatal stress is defined as both life and work stressors to account for the multiple stressors in life. 

This focus was chosen both since maternal prenatal stress and asthma in the offspring have mainly focused on 

private life stressors, while psychosocial stressors at work are often not accounted for. Moreover, workplace 

stressors are preventable, opposite to some life stressors such as loss of a close relative.  

Life stressors were assessed by register-data. Bereavement (loss of a close relative), was chosen as an independent 

measure, as it is the most stressful event.105 To further account for multiple stressors in life, an index of multiple 

presumable negative life events in a close relative of the mother (a child, the father of the index child, a parent, 

or a sibling, see figure 3.2) was conducted. The index consisted of events of life-threatening illness, suicide 

attempt, and alcohol or drug abuse of a close relative, measured one year preceding or during pregnancy.  

Information on these stressors was obtained from Danish registers (Study 2 and 3). Information on bereavement 

was obtained from the Danish Register of Causes of Death, while life-threatening illness (cancer - I CD-10 codes: 

C00-97; acute myocardial infarction - ICD-10 codes: I21-23), suicide attempt (ICD-10 codes: X60–84, and Y87.0), 

and alcohol and drug abuse (ICD-10 codes: F10–19) was obtained from the Danish National Patient Register. 
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FIGURE 3.2 Close relatives of the mother (apart from the index child) linked via the Danish Civil Registration System (Study 2 and 

3). 

Psychosocial work stressors were operationalized as components of the job strain model, i.e., job control and 

psychological job demands based on an adapted version of the Job Content Questionnaire originally designed by 

Karasek and colleges.48,49 To minimize reporting bias, we applied JEMs to the mother's job title and obtained an 

independent measure of exposures. We examined job control and psychological job demands separately as 

independent effects and tested for interactions. A second measure of work stressors was used to account for a 

range of multiple psychosocial work stressors by combining five stressors where JEMs were available: 1) job 

control, 2) psychological job demands, 3) emotional job demands, 4) work-related violence, and 5) threats of work-

related violence. 

All work stressors was assessed based on maternal job history from either the DNBC questionnaire data (Study 2) 

or the Danish version of the International System for Classification of Occupation (DISCO-88) from Statistics 

Denmark’s Integrated Database for Labour Market Research (Study 3) at the time of pregnancy. In both cases, 

DISCO-88 codes were then linked to a JEM generated from the Danish Work Environment Cohort Study (DWECS), 

collected in 2000, encompassing information about psychosocial work environment exposures.  

Mother’s 

mother 

Index 

mother 

Mother’s 

father 

Index 

father 
Mother’s 

siblings  

Mother’s     

other children  

Index 

child 
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Adverse childhood experiences early in life (Study 4) 

Adverse childhood experiences (ACE) early in life (0 to < 2 years of age) were defined as bereavement, life-

threatening illness, suicide attempts, and alcohol or drug abuse of a close relative (a parent, or a sibling, see figure 

3.3). Information on bereavement was obtained from the Danish Register of Causes of Death, while life-

threatening illness (cancer - ICD-10 codes: C00-97; acute myocardial infarction - ICD-10 codes: I21-23), suicide 

attempt (ICD-10 codes: X60–84, and Y87.0), and alcohol and drug abuse (ICD-10 codes: F10–19) were obtained 

from the Danish National Patient Register. 

 

FIGURE 3.3. Close relatives of the child linked via the Danish Civil Registration System (Study 4). 

 

3.4 Assessment of outcomes  
Asthma  

Asthma defined using registers (Study 2, 3, and 4): We identified asthma cases using the Danish National Patient 

Register and the National Prescription Register in study 2, 3, and 4. Asthma was defined as a hospital contact for 

asthma or at least two anti-asthmatic medication prescriptions redeemed within one year, whichever came first. 

We used the ICD-10 codes: J45-J46 for hospital contact, and inhaled b2-agonists (R03AC02-04, R03AC12, and 

R03AC13), inhaled glucocorticoids (R03BA01, R03BA02, and R03BA05), fixed-dose combination of inhaled b2-

agonists and glucocorticoids (R03AK06 and R03AK07), leukotriene receptor antagonists (R03DC03), and anti-IgE 

therapies (R03DX05)37) for anti-asthmatic medication. In Study 2, we included asthma after the child’s third 

birthday, whereas asthma was included from the date of birth in Study 1, 3, and 4. Follow-up periods are shown 

in table 3.2.   

Child’s 

mother 

Index child  

  

Child’s 

father 

Child’s 

siblings  
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Self-reported asthma (Study 1 and 5): Asthma cases were identified from questionnaire data. From the RHINESSA 

generation study (Study 1), asthma was assessed through the following questions: “Do you have or have you ever 

had asthma?” and if so: “How old were you when you first experienced asthma symptoms?” Follow-up periods 

are shown in table 3.2. In study 5, asthma cases were defined as current asthma, identified by self-reported doctor-

diagnosed asthma: “Have you ever had asthma?” and if so: “Was this asthma confirmed by a doctor?” This was 

followed by self-reported concurrent episodes of asthma, wheezing breathing, or any asthma medication use 

within the last 12 months.  

Allergy  

Self-reported allergy (Study 5): Questionnaire data from MACS and TAHS was used to identify cases of allergy. 

Operationalization of hayfever ever and eczema ever were based on self-reported episodes in MACS and slightly 

more broadly defined in TAHS. When examining hayfever, any nasal allergies were also included in the hayfever 

definition as well as any kind of skin allergy were included when defining eczema in the questionnaire of TAHS.  

Clinically defined allergy (Study 5):  Besides self-reported data, cases of allergy were also identified by using a 

positive skin prick test, defined as mean wheal diameter at least 3 mm wider than the saline control for one or 

more of the following allergen extracts: dust mite (D.pteronyssinus), cat, Alternaria, Penicillium, mixed grasses or 

ryegrass pollen. If the histamine control reaction was below 3 mm and no other reaction above 3 mm to any 

allergen wheals, the results were identified as invalid.  

3.5 Assessment of co-variables  
In the specific studies, potential confounders of the relationship between exposures and outcomes were identified 

through consideration and discussions of the underlying relations, based on prior knowledge using directed acyclic 

graphs (DAGs).106 The models are simplifications and not completely exhausting; however, they state the 

underlying assumptions for the statistical analysis and serves as the basis for the discussion of residual 

confounding.    

The specific co-variables of each study are stated in Table 3.2. In Study 1, co-variables were assessed by self-

reported data. In Study 2, co-variables were assessed through register-data, except parental atopic status and 

maternal smoking, which were obtained through the DNBC as first priority and if missing imputed from registers. 

Study 3, and 4 used exclusively co-variables assessed through registers. The specific registers and 

operationalization of the specific co-variables are described in detail in the last chapter of thesis “Study 1, 2, 3, 4, 

and 5”, where also DAGs are available as appendix.  
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3.6 Statistical analysis  
Data were analyzed in STATA version 15 (StataCorp, College Station, TX, USA), R Studio version 3.6.1 (R Studio, 

Inc., part of the R statistical software package, Development Core Team, Boston, MA), or SAS version 14 (SAS 

Institute, Inc., Cary, NC). Potential co-variates were identified based on evidence from literature, and direction 

and relationships of co-variates were considered using Directed Acyclic Graphs (DAGs). The significance level was 

set at a p-value of <0.05, and 95% confidence intervals (CIs) were calculated. 

 

Parental occupational exposures, pre- and post-conception, and development of asthma in their 

offspring (Study 1)  

The association between parental occupational exposures and offspring asthma was estimated by multivariable 

logistic regression models using PROC GENMOD function in SAS. Analyses were performed separately for each of 

the four different exposure groups. Working parents who were not exposed to any of the 30 agents from the 

OAsJEM were used as references.  

It was a priori decided to separate the analyses by sex of the parent and to adjust for the study center. Due to 

multiple offspring from the same parent, clustering by family was included. We further adjusted for the parent’s 

characteristics (age, early/late asthma onset, place of upbringing, educational level, and smoking) and educational 

level of the grandparents. Subgroup analyses were a priori included, examining if offspring age at asthma onset, 

offspring atopy, or offspring sex modified the associations.  

Multinomial logistic regression models were used to estimate the impact of offspring age on asthma onset (0-3 

and 4-15 years of age) using PROC GEE function in SAS. Subgroup analyses were only performed for exposure to 

allergens and chemicals due to power issues.  

Maternal life and work stressors during pregnancy and offspring asthma (Study 2)  

Cox proportional hazard regression was used to estimate hazard ratios (HRs) for offspring childhood asthma by 

exposure to maternal stressors during pregnancy. Bereavement was dichotomized (0/≥1). Job control and 

psychological job demands were included in the models as continuous variables since linear splines with knots at 

tertiles (case distributed) did not differ from a linear model (Model 1). The Negative Life Events (NLE)-index was 

dichotomized (0/≤1); the JEM-index was categorized as 0-5 events (Model 2). Exposure variables were mutually 

adjusted for and tested for interaction on a multiplicative scale in both models. Analyses were conducted with 

delayed entry from the child’s third birthday, using right censoring at the age of 10 years, and robust standard 
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errors were used to account for mothers with more than one child in the DNBC. A priori, all analyses were stratified 

by the offspring’s sex. We adjusted for maternal age at delivery, parity, and comorbidity in the main analyses, and 

additional controlled for parental educational level in a sensitivity analysis. Subgroup analyses separately 

examined the impact of parental atopic status, maternal smoking, and offspring asthma before the age of three 

years.  

 

Risk of childhood asthma following prenatal exposure to negative life events and job stressors: A 

nationwide register-based study in Denmark (Study 3)  

For each asthma phenotype, log-binomial regression was used to estimate prevalence ratios (PR) by maternal 

exposure to NLE, high psychological job demands, and low job control during pregnancy. On a multiplicative scale, 

an interaction term was included for job demands × job control, and mutual adjustment for NLE, job demands and 

job control are applied. To account for some mothers with multiple children, robust standard errors to account 

for clustering by family was applied. Imputation using the Markov Chain Monte Carlo technique was applied to 

account for missing values.107 Adjustment for pre-pregnancy body mass index (BMI), maternal age at delivery, 

education at conception, and smoking during pregnancy, parity, comorbidity before delivery, parental atopic 

status, and calendar year of birth (1997–2000) was used. Subgroup analyses were applied to separately account 

for parental atopic status, educational level, and highest versus lowest quintiles of job demands and job control. 

Finally, for early-onset of transient asthma, separate analyses of smoking status and maternal age were applied.1 

Asthma Trajectories in a Nationwide Cohort: Adverse Childhood Experiences in Early Life and Risk 

of Childhood Asthma (Study 4)  

Group-based Trajectory Modelling (GBTM)69 was used to identify clusters of asthma patterns in children 0-10 years 

of age using the SAS PROC TRAJ macro.108 Bayesian Information Criterion (BIC) was used to select the best model 

fit.109 Based on the highest probability of membership, each child was assigned a trajectory.110 To evaluate the 

quality of the correct trajectory assignment, the posterior probability was calculated.  

Multinomial logistic regression was used to examine the association between ACE and asthma phenotypes. 

Adjustment for maternal characteristics (age at delivery, smoking during pregnancy, place of living at delivery, 

parity), calendar year of birth, and parental highest educational level at delivery was used. Adjustment for the 

season of birth was included in the sensitivity analyses. A sensitivity analysis of the number of ACEs was conducted. 

In subgroup analyses, separate analyses by each category of ACE and parental atopic status were performed. 
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Imputation by chained equations using the fully conditional method was applied to account for missing values 

using PROC MIANALYZE in SAS. Based on a priori hypothesis, all analyses were separated by the sex of the child.  

Validity of allergic asthma based on self-reports versus skin prick tests (Study 5)  

Sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratios 

(DOR) were calculated to examine the validity of allergic asthma based on self-reports versus skin prick tests. 

Separate analyses were performed for probands, siblings, and parents as well as pooled analysis. Clustering by the 

family was applied to account for multiple members from the same family using the PROC GENMOD procedure in 

SAS. 
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4. Summary of results  
This section presents a summary of the findings for each exposure and outcome in the five studies. Additional 

information is available in the appended manuscripts.  

4.1 Are parental occupational exposure during pre- and post-conception associated with 

asthma in their offspring? (Study 1)   

In the two-generation study of 3,985 eligible offspring (Study 1), we found that parental occupational exposure to 

microorganisms, pesticides, allergens, or reactive chemicals preconception or pre- and post-conception combined 

was not related to offspring asthma 0-15 years of age (Figure 4.1).  

These results were confirmed in subgroup analyses separated by offspring, atopic status, and offspring sex. In 

subgroup analyses by asthma onset, early-onset offspring asthma was associated with maternal occupational 

exposures during pre- and post-conception periods to allergens and chemicals, which was the only positive finding 

in the study.  
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Figure 4.1: Parental occupational exposures and odds of offspring asthma (0-15years) using multivariable logistic regression of 

3985 offspring. Adjusted for study center, offspring sex, parent’s characteristics (age, early/late asthma onset, place of 

upbringing, and smoking), and educational level of the grandparents. Cluster by family. (Study 1) 
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4.2 Are maternal life and work stressors during pregnancy associated with asthma in their 

offspring? (Study 2 and 3)   

In both the population-based cohort study of 75,156 mother-child pairs (Study 2) as well as in the nationwide 

register-based study of 547,533 mother-child pairs (Study 31), we found no associations between maternal life 

stressors (defined both as bereavement alone or as multiple negative life events) and offspring asthma, see figure 

4.2 and 4.4, respectively.     

In Study 2, we did not find associations of maternal work stressors during pregnancy with offspring asthma 3-10 

years (Figure 4.2), except that lower job control was associated with reduced odds for asthma 3-10 years of age. 

We found similar results in analyses separated by low and high psychological job demands (Figure 4.3), and found 

no multiplicative interaction between psychological job demands and job control. Furthermore, we did not identify 

sex differences.  

In Study 3, examining different phenotypes of asthma, low job control and high psychological job demand during 

pregnancy were associated with increased risk of early-onset transient (0-3 years of age) and persistent asthma 

(0-6 years of age), (Figure 4.4). We identified multiplicative interaction between job control and psychological job 

demands, and separate analyses showed that in women with low psychological job demands, low job control was 

associated with all offspring asthma phenotypes, whereas, in women with high psychological job demands, low 

job control was not associated with increased offspring asthma, except a reduced risk of early-onset persistent 

asthma, see figure 4.5. The results do not differ by offspring sex or parental atopic history.1  

  



 

 
 

 

Figure 4.2. Maternal life and work stressors during pregnancy and hazard ratio of asthma in their offspring (n = 75 156) using Cox proportional hazard regression (adjusted 

for maternal age, comorbidity, and parity). In model 1, bereavement (0/>1), job control (10 units decrease), and psychological job demands (10 units increase) are mutually 

adjusted, as NLE-index and JEM-index in Model 2. HR = Hazard Ratio, CI = Confidence Interval, NLEs = Negative Life Events, JEMs = Job Exposure Matrices, (Study 2).  



 

 
 

                                                              

 

Figure 4.3. Maternal bereavement and job control during pregnancy and hazard ratio of asthma in their offspring (n = 75 156) using Cox proportional hazard 

regression separated by psychological demands. Models are adjusted for maternal age, comorbidity, and parity. Bereavement and job control (10 units 

decrease) are mutually adjusted, (Study 2). 
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Figure 4.4. Maternal life and work stressors during pregnancy and prevalence ratio of asthma phenotypes in their offspring (n = 

547 533) using log-binomial regression. Models are adjusted for maternal highest education at conception, smoking during 

pregnancy, chronic disorders, parity, parental atopic disorders, and calendar year of birth. Negative life events, job control, 

and psychological demands are mutually adjusted (Study 3).1 

 



Summary of results 

41 
 

 

Figure 4.5. Maternal job control during pregnancy and prevalence ratio of asthma phenotypes in their offspring (n = 547 533) 

using log-binomial regression separated by high/low psychological demands. Models are adjusted for maternal highest 

education at conception, smoking during pregnancy, chronic disorders, parity, parental atopic disorders, and calendar year 

of birth. Negative life events and job control are mutually adjusted (Study 3).1  
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4.3 Are adverse childhood experiences early in life associated with childhood asthma? (Study 

4)  

In the register-based nationwide cohort of 466 556 Danish children born between 1997 and 2004, who were 

followed to the age of 10 years, we found that ACEs early in life were associated with all asthma phenotypes (early-

onset transient/persistent and late-onset asthma), see Figure 4.6. The results were similar in separate analyses by 

number and type of ACE. Furthermore, we found no sex differences.  

 

Figure 4.6. Adverse childhood experiences early in life and childhood asthma 0-10 years in a population of 466 556 

Danish children born 1997-2004, using multivariable logistic regression. Models are adjusted for maternal age, 

parental education, maternal smoking during pregnancy, maternal place of living at delivery, parity, and calendar 

year of birth, (Study 4).  
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4.4 What are the age-dependent asthma phenotypes in Danish children?   

In the register-based cohort of 466 556 Danish children born between 1997 and 2004, three asthma phenotypes 

were identified using group-based trajectories models (Study 4). The four trajectories identified both in boys and 

girls were: non-asthma, early-onset transient asthma, early-onset persistent asthma, and late-onset asthma, see 

figure 4.7. At the age of 10 years, more boys had asthma compared to girls, with small variations in the percentages 

of each phenotype by sex (early-onset transient asthma: 8.9% boys, 6.1% girls, early-onset persistent asthma: 2.8% 

boys, 1.6% girls, late-onset asthma: 3.2% boys, 2.1% girls).  
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Figure 4.7. Asthma phenotypes identified by group-based trajectories models using register data from a 
nationwide cohort of children born in Denmark between 1997 and 2004 by sex (Girls, n = 227 156, Boys, n = 
239 400), (Study 4).  
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4.5 Can self-reported information be used to assign asthmatics with allergy? (Study 5) 

In the cross-sectional validation study of probands, siblings, and parents in two Australian cohorts (n=1,293), we 

found a high diagnostic odds ratio (DOR ≥20.5) of self-reported ever hayfever “and/or” ever eczema compared to 

skin prick test (SPT). When using ever hayfever alone, the DOR was at least 4.13, while the DOR of ever eczema 

alone was ≥ 0.74, and if requiring both ever hayfever “and” ever eczema, the DOR was ≥0.19. We found similar 

patterns for sensitivity and specificity, positive and negative likelihood ratio (Study 5).  

4.6  Overview of the main results 

The main results of the five studies of preconception, prenatal, and early life exposures and the risk of childhood 

asthma are summarized in table 4.1, concerning the examined hypotheses.  

Table 4.1. Overview of the main results from the studies on preconception, prenatal, and early life exposures and 

the risk of childhood asthma and allergy. 

Hypothesis Hypothesis confirmed Hypothesis not confirmed  
Parental occupational exposures 
pre- or pre- and post-conception are 
associated with the development of 
offspring asthma  

 Not confirmed (Study 1)  

Maternal life and work stressors 
during pregnancy are associated 
with the development of offspring 
asthma  

 Maternal life stressors are not confirmed 
to be associated with offspring asthma 
(Study 2, 3)  
 
 
 
 
 
 
 
 
 
 
 
 

Adverse childhood experiences are 
associated with the development of  
childhood asthma  

Confirmed (Study 4)  

Sex differences in vulnerability are 
associated with the development of 
childhood asthma  

 Not confirmed (Study 1, 2, 3, 4)   

 

Results of maternal work stressors and offspring 

asthma are not consistent. Study 2 only finds 

low job control to be associated with a lower 

risk of asthma independent of psychological job 

demands, while Study 3 finds associations of 

both job control and psychological job demands 

with asthma. The association of job control with 

offspring asthma depends on psychological job 

demands.   
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5. Discussion  
In this chapter, the main findings of the studies included in the thesis are compared with previous studies on 

similarly preconception, prenatal, and early life exposures and childhood asthma. Furthermore, the internal and 

external validity are discussed, followed by the main conclusion and perspectives for future research.  

5.1. Main findings  
Overall, our findings do not support the hypothesis that parental preconception or prenatal exposures have an 

impact on offspring asthma, except for a suggested effect of job control. Exposure to adverse life experiences in 

childhood was, however, related to increased risk of asthma.  

• Parental occupational exposures before conception were not associated with the development of 

offspring asthma (Study 1). The results of subgroup analyses of exposures during pre- and post-conception 

combined were inconsistent, however maternal occupational exposures to allergens and chemicals were 

suggested to be associated with early-onset offspring asthma.  

• Maternal life stressors during pregnancy were not associated with offspring asthma (Study 2, 3). Findings 

of maternal work stressors and asthma in the offspring were inconsistent. In Study 2 we found low job 

control to be associated with a lower risk of asthma, independently of psychological job demands. In 

contrast, in Study 3 we found mothers with low job control and low psychological job demands to be 

associated with increased risk of offspring asthma. However, among mothers with high psychological job 

demands, low job control was not associated with asthma in the offspring, besides a lower risk of early-

onset persistent asthma.  

• Adverse childhood experiences were associated with an increased risk of asthma in the child (Study 4).  

• No sex differences were found in any of our studies (Study 1, 2, 3, and 4).   

• Three trajectories of childhood asthma were identified in a nationwide Danish population; early-onset 

transient, early-onset persistent, and late-onset asthma (study 4).  

• Self-reported information of ever hay fever and/or ever eczema, in combination, is useful to assign 

asthmatics with an allergy status, in settings where clinical measures are not available (Study 5).  

5.2. Methodological considerations 
Several methodological aspects need to be considered when discussing the implication of the findings. The 

classical sources of bias will be discussed, followed by considerations of external validity.  

Measures of exposure and outcome 

This work on preconception, prenatal, and early life exposures relative to the risk of childhood asthma differs from 

most previous studies by using register-based information and JEMs instead of parental self-reported information 

of exposures. Hence, all studies used either job titles linked to JEMs or register-based data to define exposures. 

Asthma, the outcome, was in Study 2-4 obtained through register-based data as well. Study 1 used self-reported 

information about childhood asthma, while the parental exposures were assessed by the parent's self-reported 
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job title that was subsequently linked to JEMs to provide measures of exposures. It is, therefore, reasonable to 

assume that the determination of asthma is independent of the determination of the parent's exposures.  

Using “objective” information, in the Danish studies, was mainly possible due to the unique personal identification 

number that is given to all citizens in Denmark and enables linkage of several national registers (including 

information on job titles and family status) as well as survey data from the DNBC. We were able to establish a 

nationwide sample of mothers and children in Study 3 and 4. The completeness of register-based data 

furthermore minimizes the risk of non-response and loss to follow-up, thus, reducing the risk of selection bias. 

Additionally, limited recall bias is assumed to be present. 

Selection bias 

Selection bias may occur if the study participants are not representative of the target population, and the 

association between exposure and outcome is different in the two groups.111 This may distort the measure of 

association and the direction of the effect is not always easy to determine. 

Study 1 was based on a cohort using self-reported data from the RHINESSA study, where the loss to follow-up was 

among the offspring substantial, approximately 70%. A non-negligible loss to follow-up were also present among 

the parents of the RHINESSA offspring, participating in the RHINE and ECRHS.  Thus, the lost to follow-up after ten 

years was 25% in RHINE and 36% in ECRHS; and after 20 years 47%, and 51% respectively. Fortunately, several 

exposure-outcome associations remained largely unchanged between baseline and follow-up participants 

(“predictors sex, age and smoking; outcomes wheeze, asthma and rhinitis“).112 This is reassuring for our results, 

but selection bias cannot be ruled out.  

In Study 2, we included mother-child pairs from the DNBC. Only 50% of the Danish general practitioners, and 31% 

of the invited women, participated overall. If the choice of participation depended on the socioeconomic status 

of the women and this at the same time was related to their health behavior, e.g., how likely they were to take 

their children to the doctor and hence the risk of the children getting a diagnosis of asthma, this could result in 

selection bias. A previous study has shown that participants in the DNBC have a higher socioeconomic status 

measured by education, occupation, and income compared to the Danish background population.113 A study of 

the impact of low participation rates and the possible inducing of bias shows, however, reassuring results as the 

exposure-risk associations were not biased by nonparticipation.114 We used JEMs and register-based data to obtain 

information on exposure and outcome, which do not minimize the risk of loss to follow-up, but the use of register 

data ensures that our definition of outcome does not rely on the follow-up of the cohort.  

The two studies based on register data (Study 3 and 4) are not subject to severe selection bias. Since the register 

of death and emigration is almost complete, selection bias due to loss to follow-up would only be minor.  

Information bias  

The use of register-based data, as well as linkage of JEMs, eliminates recall bias. However, there is a potential risk 

of misclassification of exposure, outcome, and confounders arising from measurement error, which will be 

discussed in this section.  
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Misclassification can be differential and non-differential as well as dependent and non-dependent, according to 

definitions by Rothman and colleagues.111 Differential misclassification occurs when the classification error rests 

on the actual value of other variables.111 If the classification error does not rest on the value of other variables, 

the error is referred to as non-differential misclassification.111 If the classification error is dependent on the 

measurement or classification of another variable, the error is referred to as a dependent error, if not a non-

dependent error.111      

Misclassification of exposure  

Misclassification by JEMs  

Occupational exposures were in Study 1 assessed by an updated version of a JEM originally developed in the late 

1990s.41 The JEM was updated, as the number of suspected and recognized asthmagens had tripled since the first 

version. Also, the understanding of the etiological role of irritants in asthma and methodological insights in the 

application of JEMs had increased. The update may have strengthened the validity of the JEM. However, due to 

the lack of a gold standard, a formal validation of the revised version of this JEM is not available.41,115,116 

Psychosocial work stressors were also assessed by a JEM developed on the basis of the Danish Work Environment 

Cohort Study (DWECS) in year 2000.117 This JEM was constructed from data obtained via a telephone survey based 

on a random, representative population sample of 5 387 employees, with complete occupational and 

demographical records. The JEM has previously been used in other studies,43,44 but again, its use has not been 

validated. As we used job title as a proxy for exposure, we also assigned all employees within a specific job title 

the same level of a given exposure. Even though an independent exposure measure was used, we would have 

introduced non-differential misclassification. This is especially true for the psychosocial exposures, where large 

differences in exposure levels exist between employees within the same occupation. However, JEMs use group 

average exposures and not individual values and thus are mainly affected by the Berkson type error.  Berkson type 

error causes nearly unbiased effect estimates but at the expense of loss of statistical power in the studies.118,119 

Therefore, we do not anticipate our results to be prone to considerable bias. 

 

Misclassification of life stressors  

Information on life stressors was assessed by register-based data, which are collected for administrative purposes. 

The validity of data varies among different registers, as described in the Material and Method section.  

The Danish Register of Causes of Death was used to assess bereavement. Every year 0.3-0.6% of all deaths in 

Denmark are not fully reported. The quality of the Danish Register of Causes of Death relies mainly upon the 

correctness of the physicians’ notification and the coding, which have changed over the years.104 Bereaved could 

then have been coded as non-bereaved. This misclassification is marginal and would make the exposed and control 

group more similar, and thus underestimates the effect of bereavement.  

The Danish National Patient Register was used to assess life stressors, i.e., life-threatening illness, suicide attempts, 

and alcohol or drug abuse among close relatives. Since the year 2000, the Danish National Patient Register has 

formed the basis for payment to public hospitals, and registrations are therefore assumed to be complete since 



Discussion 

50 
 

then. Although it has been mandatory for all private hospitals and clinics to report all of their activities since 2003, 

their registrations may not be comprehensive.96 A study examining the validity of diagnoses of myocardial 

infarction in the Danish National Patient Register versus experts’ valuation showed that the positive predictive 

value is 75% (95% CI 64-84).120 They concluded that studies using only register-based diagnoses are likely to 

misclassify and underestimate the prevalence of this disease. Results of a validation study of the Danish Cancer 

Register are generally satisfying, revealing low proportions of errors and few missing reports of lung and breast 

cancer. Another validation of deliberate self-harm, including suicide attempts, conclude that there may be 

substantial under-recording, even if a standardized and consistent registration is encouraged by the Danish 

National Board of Health.121 In general, there is a need for more validation studies of the Danish National Patient 

Register.  

As life stressors were examined related to the parent’s health, there is a risk of potential differential 

misclassification. As the parents exposed to negative life events may be more likely to seek medical help 

themselves and therefore also take their offspring to more often to the doctor. The offspring may then be of 

higher risk to be diagnosed with asthma and/or to receive antiasthma medication, or at least to be diagnosed with 

asthma at an earlier age than offspring whose parents do not have health problems.    

Misclassification of outcome  

In study 1, asthma was based on self-reports by the offspring themselves, when they were at least 18 years-old. 

This self-reported information is susceptible to recall bias, concerning both the diagnosis and the age at onset. As 

the exposure was based on their parent’s self-report of job titles linked to a JEM, which is independent of asthma 

diagnosis, the misclassification is likely to be non-differential.  

In Study 1 and 6, we had self-reported information on asthma, and in Study 2, 3, and 4, information of children 

who have been diagnosed or treated for asthma, captured based on register data. The agreement between self-

reported asthma and clinical diagnosis of asthma has only been studied to a limited degree, but the available 

literature suggests good agreement (k=0.78).122 A validation study of asthma diagnoses recorded for male 

conscripts in the Danish National Patient Register versus a formal verification or consultation at a physician showed 

a sensitivity of 44% and a specificity of 98%.123 A study of the Danish National Prescription Registry for asthma 

treatment including all children aged 0-14 years in Denmark124 showed that the sensitivity of having two separate 

asthma medications prescribed within one year is 59%, with a positive predictive value (PPV) of 80.2% when 

validated compared to hospital discharge information and from their treating general practitioners. We used both 

the Danish National Prescription Registry and the Danish National Patient Register to define asthma cases in Study 

2, 3, and 4, why we may have higher sensitivity, but lower specificity compared to only using one register. 

Confounding 

This thesis determined confounding based on the definition by Hernán and Robins,125 where confounding is the 

“bias resulting from common causes of exposure and outcome.” Literature was used to identify potential 

confounders, and DAGs were used to choose the minimal sufficient adjustment, to minimize the risk of over- 

and/or inappropriate adjustment.125 Ideally, the estimate of childhood asthma risk in exposed, compared to non-

exposed, participants would be causal interpretable. However, to reach this conclusion, full exchangeability 
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between exposed and non-exposed individuals should be fulfilled.125 As this is not the case in observational 

studies, adjustment for possible confounding is used to approximate exchangeability.   

 

Unmeasured or residual confounding  

Data in the used registers were not collected for specific research purposes, and some essential covariates are 

missing in the registers. One of the possible unmeasured confounders in Study 2, 3, and 4 are environmental 

exposures, e.g., air pollution. Air quality could have affected both the parent's health and also the children’s risk 

of developing asthma.126 However, adjustment of other possible confounders, including place of living at birth did 

not largely change the associations in any of the studies. In study 3, analyses were further stratified by educational 

level, as it was assumed that women with low education or working in jobs with low control and low demands 

possibly also lived in areas with poorer air quality compared to highly educated women, which could lead to an 

overestimation of the associations. The stratified analyses revealed similar associations, suggesting that residual 

confounding cannot explain the result alone.  

Misclassification in confounding variables compromises the effect of the adjustment, which leads to residual 

confounding.118 In Study 1, we used the offspring’s self-report of ever hay fever and/or ever eczema as a proxy for 

allergy. Stratified analyses by offspring allergic status revealed similar results for allergic and non-allergic 

asthmatics. The findings of Study 5 showed that self-reported information of ever hay fever and/or eczema is a 

useful proxy to assign an allergy status to asthmatics when clinical measures are not available. This is reassuring. 

However, as the sensitivity and specificity were considerably below 100%, misclassification still inevitably exists, 

leaving room for some residual confounding. 

  

Other methodology considerations  

Reverse causation  

A major limitation in Study 4 is that ACE (exposure) was measured from birth of the child until the age of two 

years, while asthma (outcome) was measured from birth to 10 years of age, resulting in a temporal overlap. 

Reverse causation is therefore possible, as the children assigned to the early-onset asthma phenotype could have 

developed asthma before they experienced ACE. Nonetheless, it is unlikely that these exposures, such as 

bereavement, would occur because the child developed asthma.  

 

Stressors, perceived stress or a stress reaction   

Whether perceived stress, the stress reaction, or environmental stressors constitute the most reliable measure of 

“stress” are discussed.7 In this thesis, stress is operationalized and assessed as stressors. Stressors are suggested 

to be the most robust measure, as perceived stress is a subjective measure that is influenced by personality traits, 

traits that could also potentially affect the reporting of offspring asthma if obtained through self-reported 

information.7 In addition, self-reported perceived stress highly depends on how people are asked about their 

stress, e.g., directly “do you feel stressed?” or through a scale such as the “Perceived stress scale.”127 Bereavement 

is considered to be one of the most stressful experiences in life, suspected to cause both acute and more chronic 
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effects.105 Work stressors, on the other hand, are often interpreted as a natural part of life, where less exposure 

contrast would exist.7 Research within life events, was initiated by rating major life events according to how severe 

an impact people assumed marriage to have.128 No distinction between positive (e.g., getting married) or negative 

(loss of a close friend) events were applied in the rating. It was assumed that these events would be stressful, even 

if it was regarded a positive event.128 However, it is speculated whether positive or negative events similarly impact 

later health effects.46 In this thesis, life events were operationalized as events that must be assumed to be 

negative; bereavement, illness, abuse. However, as we did not measure perceived stress, and therefore did not 

include the individual vulnerability, coping strategies and way of acting, or earlier life experiences, the individual 

impact of these exposures is unsure.46 No association of private life stressors and offspring asthma was identified 

in this thesis, which could possibly be due to the fact that some of the exposures are not causing a specific stress 

reaction or not to a degree where it could possibly lead to health problems.7 Studies using biomarkers as an 

objective measure of the stress reaction have, been shown difficult to interpret.129,130 

 

Generalizability of our findings   

Study 2, 3, and 4 are based on population-based cohorts of mothers participating in the labor market. This limits 

the generalizability of our findings to women outside of the labor market. In study 3, women working at the Danish 

military were not included, as no JEMs were available for their type of work, hence our results should not be 

generalized to this population. Finally, the studies were based on singletons, who, in several ways, differ from 

multiple births, i.e., in mortality and morbidity.131 The studies based on Danish populations also share the common 

trait that health care services are free of charge in Denmark, which advocates for the completeness of the register-

data, but when it comes to generalizability there could be some differences in a country without free healthcare. 

Study 1 does hold the same restrictions of limited generalizability to parents outside of the labor market, but in 

contrast to the Danish studies, this study is based on ten centers from seven European countries and Australia, 

yielding higher external validity according to different healthcare systems, and exposures at workplaces across 

different countries.  Study 5 is solely based on an Australian population, which is one of the countries in the World 

with the highest rates of atopy. The rates of allergy are higher in this study compared to other counties; however, 

it is unlikely that this would affect the validity of the comparison between self-reported allergy and skin prick tests.  

5.3. Main findings in light of previous studies  
The literature on occupational exposures before conception is limited, and only one previous study has examined 

the relationship between parental occupational exposures before conception and offspring asthma. This study 

reports that fathers' welding before conception is associated with increased risk of offspring non-allergic asthma.12 

In contrast, our findings of parental occupational exposures only before conception were not associated with 

offspring asthma (Study 1). Studies on maternal occupational exposures during pregnancy report inconsistent 

results.53,70–72 Two of the studies adjust for or combine prenatal with postnatal exposures and found attenuation 

of the prenatal estimates, advocating for a carrier-home effect.53,70–72 Subgroup analyses in Study 1 suggest that 

maternal occupational exposures to allergens and chemicals during the pre- and post-conception periods 

combined are associated with early-onset offspring asthma. Our findings for maternal pre- and postnatal 

exposures, therefore, support earlier observations that some specific occupational exposures might be associated 
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with offspring asthma. However, our findings could also be a result of multiple comparisons, and further studies 

are needed, preferably based on multiple exposure windows, before firm conclusions can be drawn.  

As reviewed, several studies have addressed stress during pregnancy and offspring childhood asthma, using a 

variety of stress definitions.11,73–81  Bereavement was in these studies found to be associated with offspring asthma, 

however with restrictions to timing, type of bereavement, and offspring sex.75–77 Our findings of bereavement do 

not support these earlier conclusions. Previous studies on NLEs are inconsistent but generally report an increased 

risk of asthma. Our results do not support these findings, as none of the measured maternal life stressors adjusted 

for work stressors were associated with offspring asthma. The two earlier studies on work stress during pregnancy 

are inconsistent.73,80 Findings of maternal work stressors and offspring asthma are in our studies, likewise not 

consistent. In Study 2 we found low job control to be associated with a lower risk of asthma independently of 

psychological job demands, whereas results in study 3 suggest the opposite – namely an increased risk of 

childhood asthma in relation to low control, especially among women with low psychological job demands. Our 

studies add knowledge to the research field by examining work and private life stressors in combination and by 

using objective measures. Further studies, possibly taking even more domains of life into account, would be 

beneficial to fully understand the complexity of the relation between maternal stress during pregnancy and 

offspring asthma.  

Earlier studies on maternal stress during pregnancy and offspring childhood asthma have suggested sex 

differences.11,77,78 All analyses were, therefore, a priori decided to be separated by offspring sex; however, we did 

not observe any sex differences (Study 1, 2, 3, or 4).  

Previous studies, in general, shows stress during the early life of the child to be associated with an increased risk 

of asthma,84–88 however with some inconsistent with regard to short-term versus chronic stress.84 Some studies 

suggest a synergistic effect between ACE and air pollution in the increased risk of asthma.89,90 Making the evidence 

of an independent association of ACE and increased asthma inconsistent. Our findings showed that ACE early in life is 

associated with increased odds for early-onset transient, early-onset persistent, and late-onset asthma. This is 

further supported by the results of similar associations for each of the individual ACE types. Interaction between 

air pollution and ACE was not examined. However, adjustment for the place of living did not change the 

associations. An earlier study identified three asthma phenotypes in a population-based Canadian cohort, also 

using group-based trajectory modeling.132 Our findings, based on a nationwide Danish population, showed 

comparable trajectories as those of the Canadian cohort, which strengthens the external validity (Study 4). 

Furthermore, this study adds to the current literature by also demonstrating trajectories separated by sex. 

To our knowledge, no previous studies have addressed the validity of using self-reported information regarding 

allergy among asthmatics compared to clinical tests. Our findings suggest that self-reported ever hay fever 

and/or ever eczema in combination can be useful to define asthmatics with or without allergy, when clinical 

measures are not available (Study 5). 
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6. Conclusion  
In this thesis, I aimed to extend the current knowledge of preconception, prenatal, and early life exposure and 

childhood asthma. This was accomplished by examining parental occupational exposures pre- and post-

conception, maternal private life and work stressors during pregnancy combined, and stressors early in childhood 

and childhood asthma by mainly using objective measures for exposure and outcome. Furthermore, possible 

differences in relation to sex of the child were examined, and asthma phenotypes were identified. Finally, the 

validation of self-reported allergy among asthmatics were explored.  

The findings in this thesis suggest that parental occupational exposures preconception or combined pre- and post-

conception do not support an increased risk of childhood asthma in the offspring. Until further observational and 

mechanistic studies are conducted, these results should be interpreted and generalized with caution.  

Maternal life stressors during pregnancy do not appear to influence the risk of offspring asthma. Maternal work 

stressors during pregnancy are not consistently associated with asthma in the offspring. Low job control seems to 

be associated with offspring asthma; however, inconsistent in relation to the direction, and furthermore possibly 

modified by maternal psychosocial job demands. Further exploration of the relation between combined maternal 

stressors during pregnancy and risk of offspring asthma is needed, in addition to increased knowledge of the 

possible underlying mechanisms. Adverse childhood experiences early in life is, however, suggested to be 

associated with childhood asthma, supporting earlier findings. Caution should be taken when interpreting the risk 

of early-onset asthma, as reversed causation cannot be ruled out. Overall, no sex differences in relation to the 

vulnerability were found to be related to the development of childhood asthma in any of the studies in this thesis.  

Nationwide Danish population data were used to identify three trajectories of childhood asthma; early-onset 

transient, early-onset persistent, and late-onset asthma. This adds insight into the classification of transient and 

persistent asthma, by also distinguish between early and late-onset asthma. The use of self-reported information 

about allergy to assign asthmatics with an allergic/non-allergic status was shown to be useful when clinical 

measures are not available.  
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7. Perspectives  
In this thesis, several exposures known to possibly impact childhood asthma, were examined. Earlier studies have 

mainly focused on single exposures in single exposure windows. Viewed from a life-course perspective, this could 

appear too simplified.46,133 Parents occupational exposures were in this thesis examined preconception and pre- 

and post-conception combined. A single signal of an associated was revealed in the combined window. This finding 

underline the needs for studies with an even greater resolution in exposure windows. 

Ideally, a study of risk factors of childhood asthma should look into both preconception, prenatal, and early life 

periods, and possibly even further back in generations to account for possible inter- and transgenerational effects. 

Furthermore, multiple domains of life should be covered by taking both occupational exposures, as well as private 

life exposures, and finally, other environmental exposures.  

The impact of preconception exposures on health in future generations is a new and emerging field, and more 

studies are definitely needed to explore this specific time window in more detail. The transgenerational and 

intergenerational inheritance of epigenetic information is far from understood. A better understanding of 

epigenetic mechanisms might ultimately contribute to the development of preventive strategies and treatment 

with a stronger focus on adolescents. Causal factors for asthma is complex and consists of not only genes or 

environmental factors but also their interactions. Therefore, future studies should take this complexity into 

account to better understand how genetics and environmental factors, in combination, influence the risk of 

childhood asthma. 

Validations of measures for job stressors using JEMs are warranted. A gold standard is missing, although data of 

job strain variables in DNBC could be used to compare individual measurements against the JEM measures of job 

control and psychological job demands. A measure that could take multiple stressors into account would probably 

overcome some of the limitations.  Perceived stress is an example, but has other limitations due to its subjective 

nature. So in the future it will be a big challenge to identify better measures of stress to be used in epidemiological 

studies. However, there is a need for standardization of definitions, in order to be able to compare findings across 

studies.  

In conclusion, this thesis adds to the current knowledge on how preconception, prenatal, and early life exposures 

affect childhood asthma; by examining different exposures, different periods of life as well as possible sex 

differences, mainly by using objective measures of exposures and outcomes. Overall only few of our hypothesis 

were confirmed. However, absence of evidence is not necessarily evidence of absence. Further studies are still 

needed to understand the complexity the etiology of asthma entirely.  
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8. Abstract 
Asthma is the most common chronic disease in children, and despite much research, the etiology is poorly 

understood. This thesis aimed to extend the current knowledge of preconception, prenatal, and early life 

exposures and the risk of childhood asthma. This was examined by addressing occupational exposures of parents 

before conception and the association with the risk of asthma in their children. Followed by the examination of 

the association between maternal stressors during pregnancy (at work and in private life) and the development 

of asthma in the child. Finally, stressful experiences in early childhood relative to the risk of developing asthma 

were explored. Across studies, the impact of sex on the risk of asthma was investigated. Furthermore, trajectories 

of childhood asthma phenotypes and validation of self-reported allergy among asthmatics were explored.  

Four cohort studies and one validation study were conducted, based on the Danish National Birth Cohort (DNBC), 

the Respiratory Health in Northern Europe, Spain and Australia (RHINESSA) generation study, the Melbourne 

Atopy Cohort Study (MACS), the Tasmanian Longitudinal Health Study (TAHS) and nationwide registers in 

Denmark.    

Study 1. Parental occupational exposure pre- and post-conception and development of asthma in the offspring. We 

included 3 985 offspring from the RHINESSA study. Parental occupational exposures did generally not seem to 

influence offspring asthma neither during the preconception only period nor the pre- and post-conception 

periods. The study was based on self-reported information from the parents and the offspring.  

Study 2. Maternal life and work stressors during pregnancy and offspring asthma. From DNBC, we included 75 156 

live-born singletons, born 1996–2002. Overall, neither job nor life stressors were related to childhood asthma, 

apart from lower levels of job control, which was associated with a slightly lower risk. Exposure and outcomes 

were obtained through job exposure matrices (JEMs) and Danish register data.  

Study 3. Risk of childhood asthma following prenatal exposure to negative life events and job stressors: A 

nationwide register-based study in Denmark. We identified 547 533 live-born singletons, born 1997-2008. 

Maternal stressors at work or in private life during pregnancy did not seem to influence offspring asthma. 

However, in contrast to Study 2 low job control was associated with increased risk of asthma, however only among 

women with low psychological demands. Exposure and outcome were obtained through JEMs and Danish register 

data.  

Study 4. Asthma Trajectories in a National Cohort: Adverse Childhood Experiences and Asthma. We identified 466 

556 children, born 1997-2004, in Danish registries. Four phenotypes were identified, and adverse childhood 

experiences early in life were associated with increased odds for all asthma types. Exposure and outcome were 

obtained through Danish register data.  

Study 5. Validity of defining "allergic asthma" based on self-reports versus skin prick tests. We included 1 293 

participants with current asthma from MACS/TAHS studies. In the absence of clinical data, self-reported hayfever 

“and/or” eczema provides a useful proxy of allergic asthma. 



 

 
 

 

 

In conclusion, the results from this thesis do not support a strong link between preconception or prenatal 

exposures and development of asthma in childhood, neither for boys nor girls, although job control during 

pregnancy was associated with asthma, however our results are inconsistent. Adverse childhood experiences 

might increase childhood asthma. This thesis adds to the current knowledge on how preconception, prenatal, and 

early life exposures might affect childhood asthma by examining several exposures, and time windows, using 

mainly objective measures of both exposures and outcomes.   

  



 

 
 

9. Resume  
Astma er den hyppigste kroniske sygdom hos børn, og til trods for megen forskning er årsagerne til børneastma 

dårligt belyst. Denne afhandling havde til formål at øge den nuværende viden om betydningen af eksponeringer 

før undfangelse, under graviditeten samt de første leve år for risikoen for astma hos børn. I denne ph.d. afhandling 

blev sammenhængen mellem forældres erhvervsmæssige eksponeringer inden befrugtningen og/eller under 

graviditet og risikoen for astma hos deres børn undersøgt. Dette blev efterfulgt af et studie, hvor sammenhængen 

mellem gravides eksponering for stressfaktorer (på arbejde og i privatlivet) og udviklingen af astma hos deres barn 

blev undersøgt. Endelig blev betydningen af små børns tidlige negative livsbegivenheder for deres risiko for senere 

at udvikle astma undersøgt. På tværs af studierne blev betydningen af køn på risikoen for astma undersøgt. 

Fænotyper for astma blev identificeret, og endelig blev der fortaget en validering af selvrapporteret allergi blandt 

astmatikere. 

De fire kohorte studier og valideringsstudiet tog udgangspunkt i den danske mor-barn kohorte Bedre Sundhed i 

Generationer (BSIG), samt i kohorterne ”The Respiratory Health in Northern Europe, Spain and Australia 

(RHINESSA) generation study”, ”the Melbourne Atopy Cohort Study (MACS)”, ”the Tasmanian Longitudinal Health 

Study (TAHS)” samt landsdækkende registre i Danmark. 

Studie 1. Parental occupational exposure pre- and post-conception and development of asthma in the offspring. 

Vi inkluderede 3 985 børn fra RHINESSA-undersøgelsen. Forældres erhvervsmæssige eksponeringer syntes 

generelt ikke at have indflydelse på deres børns astma, hverken målt som eksponeringer før eller efter undfangelse 

af barnet. Forældrenes erhvervseksponering blev målet med en job eksponerings matrices (JEMs), og børnenes 

astma diagnose var baseret på selvrapporteret information fra forældrene. 

Studie 2. Maternal life and work stressors during pregnancy and offspring asthma. Fra BSIG inkluderede vi 75 156 

levnefødte børn (enkeltfold fødsler mellem 1996-2002). Samlet set var stressfaktorer fra job- eller privatliv under 

graviditeten ikke relateret til astma hos deres børn. Eneste undtagelse var lav jobkontrol, som var forbundet med 

en lidt lavere risiko for astma. Stressfaktorer på arbejdet blev målt med JEMs. Stressfaktorer i privatlivet og astma 

blev defineret på baggrund af danske registerdata. 

Studie 3. Risk of childhood asthma following prenatal exposure to negative life events and job stressors: A 

nationwide register-based study in Denmark. I danske registre identificerede vi 547 533 levnefødte børn 

(enkeltfoldsfødsler) mellem 1997-2008. Mødres stressfaktorer fra job- eller privatliv under deres graviditet så ikke 

ud til at have indflydelse på deres børns astma. Til forskel fra studie 2 var lav jobkontrol forbundet med øget astma 

risiko blandt børnene, men kun for kvinder med lave jobkrav. Stressfaktorer på arbejdet blev målt med JEMs. 

Stressfaktorer i privatlivet og astma blev defineret på baggrund af danske registerdata. 

Studie 4. Asthma Trajectories in a National Cohort: Adverse Childhood Experiences and Asthma. Vi identificerede 

466 556 børn, født 1997-2004, i danske registre. Fire fænotyper blev identificeret, og negative begivenheder tidligt 

i livet blev forbundet med øgede odds for astma. Stressfaktorer og astma blev opnået gennem danske registerdata. 

 



 

 
 

 

 

Studie 5. Validity of defining "allergic asthma" based on self-reports versus skin prick tests. Vi inkluderede 1 293 

deltagere med aktuel astma fra MACS og TAHS studier. Ved manglende klinisk test for allergi er selvrapporteret 

høfeber “og / eller” eksem en godt proxymål for allergisk astma. 

Samlet set tyder resultaterne fra denne afhandling ikke på, at eksponeringer før undfangelse eller under 

graviditeten har stor betydning for udvikling af astma i barndommen, hverken for drenge eller piger. Job kontrol 

under graviditet var forbundet med astma, men vores resultater var inkonsistente. Negative begivenheder tidligt 

i barndommen var relateret til øget risiko for astma. Denne afhandling bidrager med ny viden om, hvordan 

eksponering før undfangelse, under graviditeten og tidligt i liv kan påvirke astma hos børn ved at undersøge flere 

eksponeringer og tidsvinduer ved hjælp af hovedsageligt objektive mål for både eksponeringer og outcome. 
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ABSTRACT  

Background: While direct effects of occupational exposures on an individual’s respiratory health are evident, 

a new paradigm is emerging on the possible effects of pre-conception occupational exposure on respiratory 

health in offspring. We aimed at studying the association between parental occupational exposure starting 

before conception and offspring asthma (0-15 years of age). Methods: We studied 3985 offspring participating 

in the Respiratory Health in Northern Europe, Spain and Australia (RHINESSA) generation study.  Their mothers 

or fathers (n=2931) previously participated in the European Community Respiratory Health Survey (ECRHS). 

Information was obtained from questionnaires on parental job history pre- and post-conception which was 

linked to an Asthma-specific Job-Exposure Matrix. We assessed the association between parental occupational 

exposure and offspring asthma applying logistic regression models, clustered by family and adjusted for study 

center, offspring sex, parental characteristics (age, asthma onset, place of upbringing, smoking), and 

grandparents’ level of education. Results: Parental occupational exposure to microorganisms, pesticides, 

allergens, or reactive chemicals pre-conception or both pre- and post-conception was not related to offspring 

asthma; in general, subgroup analyses confirmed this result. However, maternal exposure both pre- and post-

conception to allergens and reactive chemicals was associated with increased odds for early-onset asthma in 

offspring (0-3 years of age); odds ratio 1.70 (95% CI: 1.02-2.84) and 1.65 (95% CI: 0.98-2.77), respectively. 

Conclusions: This study did not find evidence that parental occupational exposure, defined by an asthma JEM 

before conception only or during pre- and post-conception versus non-exposed, was associated with offspring 

asthma. 

Keywords: epidemiology; asthma; generation study; occupational exposure; air pollutants, occupational; job 

exposure matrices;  

Key messages 

• Parental occupational exposure to microorganisms, pesticides, allergens, or reactive chemicals pre-

conception or both pre- and post-conception does not seem to have a major impact on offspring 

asthma.  

• Maternal occupational exposure during both pre- and post-conception periods to allergens and 

reactive chemicals might be associated with an increased risk for early-onset offspring asthma.  

• Paternal occupational exposure pre-conception or during both pre- and post-conception periods did 

not seem to impact the development of asthma in offspring. 
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BACKGROUND  
In the early 1990s, associations were found 
between low birth weight or preterm birth and 
increased risk of ischemic heart disease in 
adulthood (1,2). These findings led to the theory 
that exposures in utero could affect offspring 
health in adulthood (3,4), the Barker Hypothesis 
(1,2) and further developed into the 
Developmental Origins of Health and Diseases, 
including the role of early life environmental 
exposures such as chemicals in the etiology of adult 
disease (5).   

During the last 30 years, the incidence of 
asthma has increased considerably (6,7), and 
asthma is now one of the most common global 
chronic diseases in children and adolescents (6–8). 
Occupational exposures to e.g. chemical and 
biological agents are known to affect respiratory 
health in adult workers (9–12), and a substantial 
number of agents have been linked to 
occupational-related asthma (13). It is estimated 
that approximately 15% of adult asthma cases 
could be prevented if occupational exposures were 
avoided (14). A few studies (15,16) have also 
suggested that maternal occupational exposures 
to e.g. low molecular weight agents during 
pregnancy can pose a risk for asthma in offspring.  
Furthermore, a recent study using data from the 
Respiratory Health in Northern Europe (RHINE) 
study (17) found that paternal pre-conception 
exposure to occupational welding may influence 
the risk of asthma among their children born years 
after this exposure. These results suggest that 
exposures after the age of 15 years and before 
conception may constitute a ‘window of 
susceptibility’ among males to have future 
offspring with asthma (17). Evidence from mainly 
animal studies suggests that pre-conception 
environmental exposures  in males may induce 
epigenetic alterations or damage sperm DNA, 
which may later be transferred to the offspring 
through the male germline (18,19).  

This study aimed to investigate whether a 
range of parental occupational exposures 
influenced the risk of asthma in offspring, relative 
to the timing of exposure (pre-conception only vs. 
both pre- and post-conception), and parental sex. 
We hypothesized that parental sex modifies the 
development of offspring asthma through pre-

conception exposures in fathers and around 
pregnancy in mothers.   

METHODS  
Study Population. The study population was adult 
offspring ≥18 years of age from 10 centers who 
provided self-reported information collected in the 
RHINESSA generation study (n = 8204) – 
Respiratory Health in Northern Europe, Spain and 
Australia (www.rhinessa.net). Either the father or 
the mother (total n = 6026) of each offspring in the 
RHINESSA study had previously participated in the 
longitudinal European Community Respiratory 
Health Survey (ECRHS) initiated in 1989-1992 
(www.ecrhs.org). The ECRHS was initially 
conducted to estimate variations in the prevalence 
of asthma and allergy in young adults in Europe and 
other parts of the world in a randomized sample of 
the general population aged 20 to 44 years. The 
ECRHS was performed in three stages; we used the 
second stage (ECRHSII) where information is 
available on parents’ previous total job history. A 
detailed description of the RHINESSA generation 
study can be found elsewhere (20,21). 

In this two-generation, population-based 
cohort study, we used information from the 3985 
eligible adult offspring (18-52 years - collected in 
RHINESSA, 2013-2016) with information on one of 
their parents, n = 2931 (26-54 years - collected in 
ECRHSII, 1999-2000). Information about the 
parents was obtained from parent’s self-reported 
data and the offspring’s information was obtained 
from the offspring’s self-reported data. We also 
obtained information about the educational level 
of the parents’ parents. 

Data collection. For the seven Northern European 
ECRHS centers (Reykjavik (Iceland), Bergen 
(Norway), Umeå, Uppsala and Göteborg (Sweden), 
Aarhus (Denmark) and Tartu (Estonia)), parental 
information was available from a detailed self-
administered questionnaire survey, RHINE II (the 
Respiratory Health in Northern Europe (RHINE) 
study, www.rhine.nu).  Melbourne (Australia), and 
Huelva and Albacete (Spain) used interviewer-
administered questionnaires from ECRHSII. 
Importantly, offspring information was obtained 
directly from the offspring themselves and 
available from the RHINESSA questionnaire. All 



 
 

 

questionnaires are available online from the 
study’s webpages listed above.  

Eligibility and exclusion criteria. The eligibility 
criteria for inclusion were: offspring ≥18 years of 
age when they participated in the RHINESSA study, 
with a parent who had earlier participated in the 
ECRHS II/RHINE II. A flowchart of the study 
population is provided in Figure 1. We excluded 
2439 parents and their 3288 offspring due to i) 
missing information of job history, ii) exposures to 
other occupational exposures than those of 
interest, iii) no exposure in the relevant exposure 
windows, or iv) missing information about the 
timing of exposures. Furthermore, 344 offspring 
and their 168 parents were excluded due to 
missing information about offspring asthma or the 
late debut of offspring asthma (>15years of age) to 
avoid contamination of data by offsprings’ 
occupational exposures. Information on the 
parental educational level was not available for the 
centers in Melbourne, Huelva, and Albacete. To 
keep these centers in our analysis, we applied two 
different adjustment models of co-variables, 
performing analysis both with and without 
adjustment for education level.  Due to missing co-
variables (except parental educational level), we 
excluded 597 offspring and 488 parents; and due 
to missing information on parental educational 
level, we excluded 246 offspring and 165 parents 
in our fully adjusted model. A comparison of those 
included in the study versus those excluded is 
available in the supplementary material (Table S1). 
Those excluded had a lower educational level and 
a higher percentage was smokers compared to 
those included in the study.   

Parental occupational exposures. The question 
about parental job history was formulated as:  

1. RHINE II - “List your jobs including branch, your 

work tasks and the period of employment. 

Periods shorter than six months need not to be 

specified. Employment also includes work done 

by people with their own company.” 

2. ECRHSII – “If employed or self-employed or a 

full time house-person go to Q28: “Q 28. If you 

had more than one job in the same company, 

or if you were doing more than one job at the 

same time, we would like to talk about them 

separately. Please start with your current or 

last job.” 
Parental job history was linked to an 

Occupational Asthma-specific Job-Exposure Matrix 
(OAsJEM) to yield information about exposure to 
30 specific agents (22). For each of these agents, 
experts have evaluated exposure for each job code 
in the International Standard Classification of 
Occupations, 1988 (ISCO-88).  We focused on the 
20 most specific agents grouped into four main 
exposure groups:  

1. Microorganisms (molds, endotoxin).  
2. Pesticides (herbicides, insecticides, fungicides).  
3. Allergens (animals, flour, house dust mites, 

storage mites, plant mites, enzymes, latex, 
fish/shellfish).  

4. Reactive chemicals (high-level chemical 
disinfectants, isocyanates, acrylates, epoxy 
resins, persulphates/henna, aliphatic amines, 
bleach).   

 
Each of the four groups of agents was 

dichotomized with respect to exposure (yes/no) for 
each of the exposure windows investigated: 1) pre-
conception only; 2) both pre- and post-conception 
3) post-birth only and 4) Unexposed was the 
reference group. However, due to statistical power 
issues, post-birth only was not included. 
Occupational exposure pre-conception only was 
chosen if the employment ended ≥ 2 years before 
the birth of their offspring. Occupational exposures 
during both pre- and post-conception periods were 
chosen if the parent was exposed both before and 
after the offspring’s year of birth (Figure 2).  

Asthma phenotypes in offspring. Adult offspring 
themselves provided information in the RHINESSA 
study on their ever asthma status through the 
following questions: “Do you have or have you ever 

had asthma?”, and if yes, information about age at 
asthma onset: “How old were you when you first 

experienced asthma symptoms?” We included 
offspring asthma with onset between 0 and 15 
years of age as the main outcome, which was 
further divided into asthma onset between 0 and 3 
years (early-onset asthma) and between 4 and 15 
years (late-onset asthma)  (23,24). An affirmative 
answer to the questions: “Do you have any nasal 

allergies including hay fever?” or “Have you ever 



 
 

 

had eczema or any kind of skin allergy?” was 
defined as offspring atopy.  

STATISTICAL PROCEDURES 
Multivariable logistic regression models were 
applied to estimate the odds ratio [OR] of the 
association between parental occupational 
exposure and offspring asthma (0-15 years of age) 
using proc GENMOD function in the software 
package SAS. Each of the four different agent 
exposure groups was analyzed separately. The 
reference group consisted of working parents not 
exposed to any of the 30 agents from the OAsJEM.  

A priori, it was decided to separate all 
analyses by sex of the parent, adjust for study 
center and include clustering by the family to 
account for multiple offspring (siblings) from the 
same parent. We identified potential co-variables 
based on literature and discussed direction and 
relationships of co-variables using Directed Acyclic 
Graphs (DAGs) (supplementary material, Figure 
S1). To be identified as a confounder in the DAGs, 
the covariate had to be a risk factor for both 
exposure and outcome. The following covariates 
were included as confounders from the DAGs: 
parent’s characteristics (age, early/late asthma 
onset, place of upbringing, educational level) and 
educational level of grandparents. Smoking and 
offspring sex was not considered as confounders 
according to the DAGs; however, smoking and 
offspring sex was included as co-variables in 
accordance with earlier studies (17,25–27). We 
applied three models:  

- Model 1: Clustered by family and adjusted for 
center 

- Model 2: Model 1 and furthermore adjusting 
for offspring sex, the parent’s characteristics 
(age, early/late asthma onset, place of 
upbringing, and smoking), and educational 
level of grandparents.  

- Model 3: Model 2 and furthermore adjusting 
for parent’s educational level.   

In the description of results, we generally referred 
to Model 2. The significance level was set at a p-

value of <0.05 (two-sided) and 95 % confidence 
intervals (CIs) were calculated.  

A priori, subgroup analyses were included to 
examine if offspring age at asthma onset, offspring 

atopy or offspring sex modified the association 
between parental occupational exposure and risk 
of offspring asthma. The impact of offspring age on 
asthma onset was investigated by multinomial 
logistic regression models (0-3 and 4-15 years of 
age) using the proc GEE function in SAS. Due to 
statistical power issues, subgroup analyses were 
only performed for allergens and chemicals. All 
statistical analyses were performed using SAS (SAS 
Institute Inc., Cary, NC, USA) version 14.1. 

RESULTS 
Baseline characteristics of 3985 offspring, 2931 
parents as well as grandparents are presented in 
Table 1. Offspring mean age was 30 years (SD 7.5) 
when they responded to the questionnaire. A 
slightly higher number of offspring of exposed 
parents developed early-onset asthma (4.5%) 
compared to the offspring of non-exposed parents 
(3.6%). Parental mean age was 43 years (SD 6.5) 
when they responded to the questionnaire. More 
women than men participated, both among 
offspring (57.0% women) and parents (59.5% 
women). Exposed parents were more likely to have 
asthma, have lived on a farm, and to have a lower 
educational level compared to unexposed parents.  
 

Multivariable logistic regression analyses (Table 2) 
showed no clear associations between parent’s 
occupational exposure and offspring asthma 0-15 
years of age, neither for pre-conception exposures 
only or for exposures both pre- and post-
conception. These findings were consistent for 
both fathers and mothers in all four groups of 
exposure agents. Of note, no results are presented 
for maternal exposure to microorganisms and 
pesticides pre-conception only, due to a very low 
number of exposed individuals. 

Subgroup analyses. Subgroup analyses of the age of 
asthma onset (Table 3) supported the main results 
(Table 2) with two exceptions. Maternal exposure 
to allergens during both pre- and post-conception 
periods was associated with increased odds for 
early-onset asthma, ORModel2 1.70 (1.02-2.84). 
Similarly, maternal exposure to chemicals both 
pre- and post-conception increased the odds for 
early-onset asthma (ORModel2 1.65 (0.98-2.77)), also 
seen in models 1 (OR 1.87 (1.12-3.13)) and 3 (OR 



 
 

 

1.82 (1.06-3.12)). However, no association was 
found for maternal allergen or chemical exposures 
and late-onset asthma, ORModel2 1.03 (0.73-1.45); 
ORModel2 1.03 (0.73-1.45), respectively.  

The subgroup analyses stratified by offspring 
allergic status (Table 4) and by offspring sex (Table 
5) showed similar results for allergic and non-
allergic asthma as well as offspring sex. No results 
are available for parental exposure to allergens 
pre-conception only and early-onset asthma due to 
very few exposed individuals. Similarly, no results 
are presented of maternal exposure to chemicals 
pre- and post-conception and early-onset asthma. 

DISCUSSION  
In this study, parental occupational exposure to 
microorganisms, pesticides, allergens, or reactive 
chemicals pre-conception only as well as both pre- 
and post-conception did not show clear 
associations with offspring development of early-
onset asthma. In general, subgroup analyses by age 
of asthma onset, offspring atopic status and 
offspring sex confirmed the negative finding except 
for increased odds for early-onset offspring asthma 
in case of maternal pre- and post-conception 
exposure to allergens and chemicals. 
 

Comparison with other studies 

Maternal occupational exposure and offspring 
asthma. We did not identify any other studies 
investigating pre-conception occupational 
exposure in mothers, but maternal exposure to 
occupational factors during pregnancy has been 
reported to be related to offspring asthma in 
previous studies. Christensen et al. found that 
combined intrauterine and postnatal occupational 
exposure to low molecular weight agents, but not 
high molecular weight agents,  might be related to 
asthma in 7-year-old children (15). We did find 
associations between mothers exposed to 
allergens both pre- and post-conception, though 
only for early-onset asthma (0-3 years). 
Christensen et al. did not distinguish between age 
at asthma onset and included only children up to 
the age of 7 years (15).  
 
Tagiyeva et al. found that maternal occupational 
exposure antenatal to latex and 

biocides/fungicides was associated with an 
increased likelihood of asthma in 7-year-old 
children (28). However, no effect was seen after 
adjustment for postnatal exposures, indicating that 
the main effect could be due to the “carrier-home” 
effect.  We wanted to include an exposure window 
for those only exposed after the birth of the 
offspring to compare with the window of those 
exposed both pre- and post-conception to examine 
possible carry-home effects. However, we did 
unfortunately not have sufficient statistical power 
to do this in the post-birth exposure window as we 
a priori used a cut-off point at age three of the 
offspring to minimize the risk of offspring 
developing asthma before the parent was 
occupationally exposed. We had too few cases to 
produce firm results for the exposure window pre-
conception only for pesticides and 
microorganisms; the results for allergens and 
chemicals did not reveal any clear results for 
offspring asthma. Due to data security at the 
European Data Protection Regulation, we are not 
allowed to show results based on microdata (<5 
persons). Data are available on request for 
authorized research units. Magnusson et al. found 
that some maternal jobs (e.g., engineering 
technicians, social workers, and librarians) during 
pregnancy were associated with an elevated risk of 
asthma in their children (14-18 years old) (29).  

In agreement with other studies, Svanes et al. 
reported that among parents of 24 168 offspring 
from the RHINE study (17), (30,31), there was an 
increased early onset of offspring asthma if 
mothers smoked around pregnancy. This is in line 
with our findings for maternal occupational 
exposure to reactive chemicals during both pre- 
and post-conception periods related to early-onset 
asthma in offspring. The parents in our study 
constitute a subpopulation of the larger study 
population used by Svanes et al.. However, we 
obtained information directly from the offspring of 
the parents themselves in the RHINESSA study. 
Similar to Svanes et al. (17), we did not find a clear 
association for mothers only exposed pre-
conception in the main analysis. These findings 
should be interpreted with caution as we had too 
few cases to produce firm results for the exposure 
window pre-conception only in relation to early-
onset asthma.   



 
 

 

Paternal occupational exposure and offspring 
asthma. We did not find any associations between 
paternal occupational exposure and offspring 
asthma. In comparison, Svanes et al. (17) 
suggested that paternal occupational exposure to 
welding as well as smoking increased the risk of 
asthma in offspring if exposed to welding pre-
conception. The association was found for only 
non-allergic asthma with an onset before the age 
of 10 years, suggesting effects on children’s lung 
function rather than allergy-related outcomes (17). 
Similarly, Accordini et al. in a study of 1964 fathers 
participating in the ECRHS study reported that 
paternal smoking during early puberty was 
associated with a higher risk of non-allergic 
offspring asthma (25).  

Males are suggested to have three 
possible vulnerability windows in sperm 
development; in utero, before completion of 
puberty, and post-puberty (reproductive cycle), 
where the pre-puberty window is suggested to be 
the most vulnerable (17–19). Even though we 
included parent’s job history throughout their 
working life, it is most likely that they entered the 
labor market after their pre-puberty years.  In 
contrast, the germ cells in women are believed to 
be more vulnerable during the period around 
pregnancy (17). This could explain why we find an 
effect of pre- and post-conceptional exposure and 
early-onset offspring asthma in mothers but not for 
fathers.   

Strengths and limitations. To our knowledge, this is 
the first study to investigate the association 
between multiple parental occupational exposures 
pre-conception and offspring risk of childhood 
asthma. An important strength of this study is that 
information about parental occupational exposure 
was collected independently and before the 
offsprings’ report of their asthma status.  

Several limitations also need to be 
considered. Parental job information of the parent 
who did not participate in the study is lacking. Even 
if there should be a tendency towards couples 
being more likely to have the same type of job, the 
associations found in mothers are unlikely to be 
explained by their partner’s exposure, as we did 
not observe associations for paternal exposure; 

however, the true contrast between the sexes of 
the parents could be larger than observed.  

Even though the study design is 
prospective, questionnaire data were collected 
retrospectively, and recall bias could have been 
introduced. Parents’ total employment history 
could thus be incomplete but it is unlikely that this 
would be different between exposed and 
unexposed parents. The use of the OAsJEM will 
leave out the risk of recall bias concerning 
exposure to specific agents at their jobs, as these 
are based on expert evaluations. However, the 
OAsJEM introduces non-differential 
misclassifications, as the job titles only constitute a 
proxy for the exposure to specific agent exposures. 
It is, therefore, uncertain whether the individual 
parents were exposed to the agents to which they 
were chosen. Hence, parents could have been 
exposed to other agents than those included in the 
OAsJEM. Even though we excluded all individuals 
exposed to any of the 30 other occupational 
asthma-specific agents from the reference group, 
other (non-occupational) exposures could have 
constituted a risk factor for the development of 
asthma, which may have contaminated the 
reference group data. However, it is unlikely that 
the findings are due to exposure misclassification 
of the JEMs. JEM-based exposure assessment is 
mainly affected by the Berkson error, which results 
in nearly unbiased effect estimates at the expense 
of loss of statistical power (32). We did not include 
measurements of air pollution, which is suspected 
to be a risk factor for childhood asthma (33) and 
this might have influenced the associations. 
However, adjustment for various possible 
confounders including place of upbringing, 
parental smoking as well as parental and 
grandparents’ highest educational level did not 
substantially alter the associations. However, we 
cannot rule out residual confounding. We used 
complete case analysis to deal with missing data, 
which potentially could have under- or over-
estimated the effect (34).  

Asthma is a heterogenetic disorder with 
multiple phenotypes, where age at asthma onset 
may define some of the heterogeneity. We 
included offspring asthma 0-15 years of age, which 
was further divided into asthma onset between 0–



 
 

 

3 years (early-onset asthma) and 4–15 years (late-
onset asthma) of age to account for possible 
different underlying mechanisms for different 
phenotypes (35). As asthma and age at asthma 
onset were assessed based on adult offsprings' 
self-report, recall bias may exist and could have led 
to misclassification. Svanes et al. (17)  found 
smoking and welding pre-conception to be 
associated with an increased risk of only non-

allergic early-onset asthma. Due to the few 
available cases, it was not feasible to stratify the 
early-onset groups of asthma into atopic status or 
sex of the offspring. We cannot rule out that having 
allergic offspring in the analysis would have biased 
the association towards the null. However, no clear 
associations were seen in the main analyses of 
childhood asthma between 0 and 15 years of age, 
and similar results were seen in the main analysis 
among atopic and non-atopic children. As an 
isolated finding, maternal occupational exposure 
to allergens and reactive chemicals during the pre- 
and post-conception period, was associated with 
increased odds for early-onset offspring asthma. 
While this finding is not supported by the other 
analyses and could be a result of multiple 
comparisons, it holds some biological plausibility 
and could be considered as hypothesis-generating 
to be further investigated in animal or 
observational studies. Current results should be 
interpreted and generalized with caution until 
further studies are conducted. 

CONCLUSION 
In conclusion, we did not find evidence to support 
the impact of only pre-conception or both pre-and 
post-conception parental occupational exposure 
measured by JEMs on childhood asthma in 
offspring in this study.  
 

LIST OF ABBREVIATIONS  
ECRHS: European Community Respiratory Health 
Survey RHINE: Respiratory Health in Northern 
Europe RHINESSA:  Respiratory Health in Northern 
Europe, Spain and Australia OR: Odds ratio  
CI: Confidence interval, OAsJEM: Occupational 
Asthma-specific Job-Exposure Matrix.   
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Figure 1: Flowchart of the exclusion process of the study population. Model 1 + 2 – full information of study center, 
offspring’s sex, parent’s characteristics (sex, age, asthma onset, place of upbringing, and smoking) and grandmother’s 
and grandfather’s educational level. Model 3 – full information of Model 1 + 2 and parent’s educational level. 
*Occupational exposures of interest: 1. Microorganisms (moulds, endotoxin), 2.Pesticides (herbicides, insecticides, 
fungicides), 3.Allergens (animals, flour, house dust mites, storage mites, plant mites, enzymes, latex, fish/shellfish), 4. 
Reactive chemicals (high level chemical disinfectants, isocyanates, acrylates, epoxy resins, persulphates/henna, aliphatic 
amines, bleach). 



 
 

 

 

Figure 2. Exposure windows. 1) Pre-conception only; 2) both pre- and post-conception 3) post-birth only (not included 
due to power issues); 4) Unexposed 

 

  



 
 

 

Table 1. Characteristics of offspring, parents, and grandparents by parents exposed to either microorganisms,  

pesticides, allergens and/or chemicals or non-exposed  

    Exposed    Non-exposed   Total  

Offspring, n   1324      2661      3985    

 Female, n (%)   743 (56.1)   1528 (57.4)   2271 (57.0)  

 Age at data collection mean, SD  28.5 (6.7)   30.3 (7.7)   29.7 (7.5)  

 Asthma 0-15 years, n (%)  198 (15.0)   377 (14.2)   575 (14.4)  

    Asthma onset 0-3years, n (%) 59 (4.5)   97 (3.6)   156 (3.9)  

    Asthma onset 4-15years, n (%) 139 (10.5)   280 (10.5)   419 (10.5)  
 Allergy, n (%)  748 (56.5)   1535 (57.7)   2283 (57.3)  

 Centre            

    Aarhus, n (%)  80 (6.0)   239 (9.0)   319 (8.0)  

    Albacete, n (%)# <5 (<0.4)   <25 (<0.9)   <30 (<0.8)  

    Huelva, n (%)# <5 (<0.4)   <15 (<0.6)   <20 (<0.5)  

    Reykjavik, n (%) 134 (10.1)   399 (15.0)   533 (13.4)  

    Bergen, n (%) 206 (15.6)   581 (21.8)   787 (19.7)  

    Gothenburg, n (%) 83 (6.3)   204 (7.7)   287 (7.2)  

    Umea, n (%) 422 (31.9)   397 (14.9)   819 (20.6)  

    Uppsala, n (%) 327 (24.7)   529 (19.9)   856 (21.5)  

    Melbourne, n (%)  6 (0.5)   117 (4.4)   123 (3.1)  

    Tartu, n (%)  57 (4.3)   155 (5.8)   212 (5.3)               
Parents, n 995       1936       2931     

 Female 572 (57.5)   1065 (55.0)   1637 (55.9)  

 Age at data collection mean, SD  42.4 (6.6)   43.8 (6.4)   43.3 (6.5)  

 Asthma <10years, n (%)  40 (4.0)   68 (3.5)   108 (3.7)  

 Asthma >10years, n (%)   81 (8.1)   149 (7.7)   230 (7.8)  

 Place of upbringing, n (%)             

     Farm  240 (24.1)   315 (16.3)   555 (18.9)  

     Village, small town, suburb of city 656 (65.9)   1317 (68.0)   1973 (67.3)  

     Inner city  99 (9.9)   304 (15.7)   403 (13.7)  

 Educational level*             

      Primary, n (%)   112 (11.6)   173 (9.6)   285 (10.3)  

      Secondary, n (%)   411 (42.5)   637 (35.4)   1048 (37.9)  

      University/College, n (%)  445 (46.0)   988 (54.9)   1433 (51.8)  

 Smokers, n (%)  510 (51.3)   1015 (52.4)   1525 (52.0)  
 Centre            

    Aarhus, n (%) 66 (6.6)   192 (9.9)   258 (8.8)  

    Albacete, n (%)# <5 (<0.5)   <20 (<1.0)   <25 (<0.9)  

    Huelva, n (%)# <5 (<0.5)   <10 (<0.5)   <15 (<0.5)  

    Reykjavik, n (%) 112 (11.3)   306 (15.8)   418 (14.3)  

    Bergen, n (%) 149 (15.0)   405 (20.9)   554 (18.9)  

    Gothenburg, n (%) 66 (6.6)   153 (7.9)   219 (7.5)  

    Umea, n (%) 304 (30.6)   276 (14.3)   580 (19.8)  

    Uppsala, n (%) 236 (23.7)   380 (19.6)   616 (21.0)  

    Melbourne, n (%)  6 (0.6)   69 (3.6)   75 (2.6)  

    Tartu, n (%)  49 (4.9)   131 (6.8)   180 (6.1)  

Grandmothers, n 995       1936       2931     

 Educational level             

      Primary, n (%)   692 (69.5)   1287 (66.5)   1979 (67.5)  

      Secondary, n (%)   216 (21.7)   470 (24.3)   686 (23.4)  

      University/College, n (%)  87 (8.7)   179 (9.2)   266 (9.1)               
Grandfathers, n 995       1936       2931     

 Educational level             

      Primary, n (%)   584 (58.7)   1019 (52.6)   1603 (54.7)  



 
 

 

      Secondary, n (%)   271 (27.2)   579 (29.9)   850 (29.0)  

      University/College, n (%)  140 (14.1)   338 (17.5)   478 (16.3)  
*Educational level, missing: Exposed n=27, Non-exposed n=138, Total n=165 
#Due to data security at the European Data Protection Regulation we are not allowed to show results 

based on microdata (<5 persons). Data are available on request for authorized research units. 

 

 

 

 

 



 
 

 

Table 2. Multivariable logistic regression analyses with repeated measurements of paternal or maternal occupational exposure in relation to asthma in 

offspring (0-15years)  

  N % asthma ORModel1  95 %  CI ORModel2  95 %  CI ORModel3 95 %  CI 

Microorganisms                 

Fathers                 

   Unexposed 1216 15.5 1.00   1.00     1.00     

   Exposed pre-conception only  40 20.0 1.22 (0.52; 2.86) 1.19 (0.49; 2.90) 1.26 (0.53; 3.01) 

   Exposed both pre- and post-conception 109 11.0 0.57 (0.28; 1.13) 0.53 (0.26; 1.06) 0.61 (0.30; 1.24) 

Mothers                 

   Unexposed 1445 13.0 1.00   1.00     1.00     

   Exposed pre-conception only*  18 0.0 -   -   -   

   Exposed both pre- and post-conception 31 12.9 0.96 (0.36; 2.60) 0.66 (0.26; 1.64) 0.56 (0.21; 1.4) 

Pesticides                 

Fathers                 

   Unexposed 1216 15.5 1.00   1.00     1.00   

   Exposed pre-conception only  51 17.6 1.12 (0.49; 2.55) 1.09 (0.46; 2.54) 1.13 (0.48; 2.65) 

   Exposed both pre- and post-conception 126 13.5 0.72 (0.39; 1.30) 0.67 (0.37; 1.22) 0.74 (0.40; 1.37) 

Mothers                 

   Unexposed 1445 13.0 1.00   1.00     1.00     

   Exposed pre-conception only*  16 0.0 -   -   -   

   Exposed both pre- and post-conception 32 9.4 0.77 (0.24; 2.42) 0.56 (0.19; 1.69) 0.46 (0.14; 1.51) 

Allergens                  

Fathers                 

   Unexposed 1216 15.5 1.00   1.00     1.00   

   Exposed pre-conception only  76 10.5 0.70 (0.31; 1.59) 0.66 (0.29; 1.51) 0.67 (0.29; 1.59) 

   Exposed both pre- and post-conception 235 12.8 0.78 (0.50; 1.23) 0.77 (0.48; 1.21) 0.83 (0.52; 1.31) 

Mothers                 

   Unexposed 1445 13.0 1.00   1.00     1.00   

   Exposed pre-conception only  118 17.8 1.36 (0.79; 2.31) 1.04 (0.59; 1.83) 0.96 (0.54; 1.70) 

   Exposed both pre- and post-conception 523 16.3 1.26 (0.95; 1.69) 1.15 (0.85; 1.54) 1.16 (0.85; 1.57) 

Chemicals                 

Fathers                 

   Unexposed 1216 15.5 1.00   1.00     1.00   



 
 

 

   Exposed pre-conception only  116 15.5 1.09 (0.65; 1.85) 0.98 (0.58; 1.66) 0.98 (0.55; 1.66) 

   Exposed both pre- and post-conception 300 14.0 0.88 (0.60; 1.31) 0.85 (0.57; 1.26) 0.86 (0.57; 1.29) 

Mothers                 

   Unexposed 1445 13.0 1.00   1.00     1.00   

   Exposed pre-conception only  112 18.8 1.49 (0.88; 2.54) 1.20 (0.69; 2.11) 1.11 (0.63; 1.95) 

   Exposed both pre- and post-conception 520 16.3 1.26 (0.94; 1.68) 1.17 (0.87; 1.57) 1.18 (0.87; 1.61) 

OR = Odds Ratio, CI = Confidence Interval  

ORModel1
 cluster by family, adjusted for study center. 

ORModel2  cluster by family, adjusted for study center, offspring's sex and parent's characteristic (age, asthma before the age of 10years, asthma after the age of 

10years, place of upbringing, and smoking) as well as grandmother and grandfathers educational level.  

ORModel3 cluster by family, same adjustment as ORModel2 + parent's educational level.  

*The category was included in the model, but due to very few exposed individuals, the result is not presented. Due to data security at the European Data 

Protection Regulation we are not allowed to show results based on microdata (<5 persons). Data are available on request for authorized research units. 

 

 

  



 
 

 

Table 3. Multinomial logistic regression models with repeated measurements of paternal or maternal occupational exposure in relation to asthma in  

offspring; sensitivity analyses of age at asthma onset (0-3years & 4-15years) 

  N % asthma ORModel1  95 %  CI ORModel2  95 %  CI ORModel3 95 %  CI 

Allergens – fathers                 

Asthma 0-3 years                  

   Unexposed 1216 4 1.00   1.00     1.00   

   Exposed pre-conception only*  76 <7 -   -   -   

   Exposed both pre- and post-conception 235 3.8 0.93 (0.43; 2.01) 0.77 (0.34; 1.78) 0.88 0.39; 1.99 

Asthma 4-15 years                  

   Unexposed 1216 11.1 1.00   1.00     1.00   

   Exposed pre-conception only  76 6.6 0.60 (0.21; 1.78) 0.59 (0.20; 1.76) 0.61 0.21; 1.81 

   Exposed both pre- and post-conception 235 8.9 0.73 (0.43; 1.24) 0.74 (0.44; 1.26) 0.79 0.46; 1.36 

Allergens – mothers                 

Asthma 0-3 years                  

   Unexposed 1445 3.0 1.00   1.00     1.00   

   Exposed pre-conception only*  118 <5 -   -   -   

   Exposed both pre- and post-conception 523 5.4 1.99 (1.20; 3.30) 1.70 (1.02; 2.84) 1.85 1.08; 3.15 

Asthma 4-15 years                  

   Unexposed 1445 10.0 1.00   1.00     1.00   

   Exposed pre-conception only  118 16.1 1.55 (0.89; 2.69) 1.21 (0.69; 2.14) 1.07 0.60; 1.90 

   Exposed both pre- and post-conception 523 10.9 1.07 (0.76; 1.49) 0.99 (0.70; 1.40) 0.98 0.69; 1.40 

Chemicals – fathers                 

Asthma 0-3 years                  

   Unexposed 1216 4.4 1.00   1.00     1.00   

   Exposed pre-conception only  116 6.9 1.90 (0.85; 4.26) 1.37 (0.57; 3.28) 1.35 0.54; 3.36 

   Exposed both pre- and post-conception 300 3.7 0.94 (0.46; 1.89) 0.77 (0.35; 1.68) 0.65 0.29; 1.47 

Asthma 4-15 years                  

   Unexposed 1216 11.1 1.00   1.00     1.00   

   Exposed pre-conception only  116 8.6 0.81 (0.41; 1.61) 0.80 (0.41; 1.55) 0.75 0.37; 1.52 

   Exposed both pre- and post-conception 300 10.3 0.87 (0.55; 1.37) 0.86 (0.55; 1.37) 0.92 0.58; 1.47 

Chemicals – mothers                 

Asthma 0-3 years                  

   Unexposed 1445 3.0 1.00   1.00     1.00   



 
 

 

   Exposed pre-conception only*  112 <5 -   -   -   

   Exposed both pre- and post-conception 520 5.2 1.87 (1.12; 3.13) 1.65 (0.98; 2.77) 1.82 1.06; 3.12 

Asthma 4-15 years                  

   Unexposed 1445 10.0 1.00   1.00     1.00   

   Exposed pre-conception only  112 16.1 1.62 (0.93; 2.84) 1.34 (0.76; 2.36) 1.18 0.67; 2.09 

   Exposed both pre- and post-conception 520 11.2 1.09 (0.78; 1.52) 1.03 (0.73; 1.45) 1.03 0.72; 1.46 

OR = Odds Ratio, CI = Confidence Interval  

ORModel1
 cluster by family, adjusted for study center. 

ORModel2  cluster by family, adjusted for study center, and parent's characteristic (age, asthma before the age of 10years, asthma after the age of 10years, place of upbringing, and 

smoking) as well as grandmother and grandfathers educational level.  

ORModel3 cluster by family, same adjustment as ORModel2 + parent's educational level. 

*The category was included in the model, but due to very few exposed individuals, the result is not presented. Due to data security at the European Data Protection Regulation we are 

not allowed to show results based on microdata (<5 persons). Data are available on request for authorized research units. 

  



 
 

 

 

Table 4. Multivariable logistic regression model with repeated measurements of paternal or maternal occupational exposure in relation to asthma in their 

offspring (0-15years); subgroup analysis by allergic and non-allergic offspring  

  N % asthma ORModel1  95 %  CI ORModel2  95 %  CI ORModel3 95 %  CI 

Allergens – fathers                 

Asthma 0-15 years atopic                   

   Unexposed 684 20.5 1.00   1.00     1.00   

   Exposed pre-conception only  51 13.7 0.72 (0.30; 1.74) 0.72 (0.29; 1.78) 0.74 (0.30; 1.80) 

   Exposed both pre- and post-conception 129 16.3 0.70 (0.40; 1.22) 0.74 (0.42; 1.29) 0.83 (0.48; 1.45) 

Asthma 0-15 years non-atopic                   

   Unexposed 532 9.2 1.00   1.00     1.00   

   Exposed pre-conception only*  - 4.0 -   -   -   

   Exposed both pre- and post-conception 106 8.5 0.89 (0.39; 1.99) 0.79 (0.34; 1.81) 0.81 (0.36; 1.82) 

Allergens – mothers                 

Asthma 0-15 years atopic                   

   Unexposed 851 16.8 1.00   1.00     1.00   

   Exposed pre-conception only  66 24.2 1.48 (0.79; 2.77) 1.28 (0.69; 2.38) 1.15 (0.62; 2.15) 

   Exposed both pre- and post-conception 292 21.6 1.32 (0.93; 1.87) 1.18 (0.82; 1.71) 1.19 (0.82; 1.75) 

Asthma 0-15 years non-atopic                   

   Unexposed 594 7.6 1.00   1.00     1.00   

   Exposed pre-conception only  52 9.6 1.29 (0.48; 3.45) 0.79 (0.27; 2.32) 0.82 (0.28; 2.40) 

   Exposed both pre- and post-conception 231 9.5 1.34 (0.77; 2.35) 1.21 (0.69; 2.13) 1.25 (0.70; 2.20) 

Chemicals – fathers                 

Asthma 0-15 years atopic                   

   Unexposed 684 20.5 1.00   1.00     1.00   

   Exposed pre-conception only  77 18.2 1.04 (0.58; 1.87) 1.01 (0.55; 1.85) 0.98 (0.52; 1.81) 

   Exposed both pre- and post-conception 175 17.7 0.82 (0.51; 1.30) 0.81 (0.50; 1.29) 0.82 (0.51; 1.33) 

Asthma 0-15 years non-atopic                   

   Unexposed 532 9.2 1.00   1.00     1.00   

   Exposed pre-conception only*  - 10.3 -   -   -   

   Exposed both pre- and post-conception 125 8.8 0.91 (0.44; 1.92) 0.80 (0.37; 1.71) 0.79 (0.36; 1.75) 

Chemicals – mothers                 

Asthma 0-15 years atopic                   



 
 

 

   Unexposed 851 16.8 1.00   1.00     1.00   

   Exposed pre-conception only  63 25.4 1.58 (0.85; 2.93) 1.45 (0.79; 2.67) 1.31 (0.71; 2.42) 

   Exposed both pre- and post-conception 291 22.0 1.35 (0.95; 1.92) 1.24 (0.86; 1.79) 1.25 (0.85; 1.83) 

Asthma 0-15 years non-atopic                   

   Unexposed 549 8.2 1.00   1.00     1.00   

   Exposed pre-conception only  44 11.4 1.45 (0.54; 3.86) 0.95 (0.33; 2.79) 0.94 (0.32; 2.74) 

   Exposed both pre- and post-conception 208 10.1 1.24 (0.71; 2.19) 1.14 (0.65; 2.01) 1.18 (0.66; 2.09) 

OR = Odds Ratio, CI = Confidence Interval  

ORModel1
 cluster by family, adjusted for study center. 

ORModel2  cluster by family, adjusted for study center, and parent's characteristic (age, asthma before the age of 10years, asthma after the age of 10years, place of upbringing, and 

smoking) as well as grandmother and grandfathers educational level.  

ORModel3 cluster by family, same adjustment as ORModel2 + parent's educational level.  

*The category was included in the model, but due to very few exposed individuals, the result is not presented. Due to data security at the European Data Protection Regulation we are 

not allowed to show results based on microdata (<5 persons). Data are available on request for authorized research units. 

  



 
 

 

Table 5. Multivariable logistic regression model with repeated measurements of paternal or maternal occupational exposure in relation to 

asthma in their offspring (0-15years); subgroup analysis by offspring sex  

  N % asthma ORModel1 95 % CI ORModel2 95 % CI ORModel3 95 % CI 

Allergens – fathers                 

Asthma 0-15 years – Boys                 

   Unexposed 519 15.4 1.00   1.00     1.00   

   Exposed pre-conception only  39 12.8 0.90 (0.34; 2.37) 0.74 (0.28; 1.96 0.80 (0.31; 2.04) 

   Exposed both pre- and post-conception 102 14.7 0.94 (0.48; 1.82) 0.82 (0.42; 1.59 0.95 (0.49; 1.84) 

Asthma 0-15 years - Girls                    

   Unexposed 697 15.6 1.00   1.00     1.00   

   Exposed pre-conception only*  - 8.1 -   -   -   

   Exposed both pre- and post-conception 133 11.3 0.66 (0.35; 1.23) 0.67 (0.35; 1.27 0.71 (0.37; 1.35) 

Allergens – mothers                 

Asthma 0-15 years – Boys                 

   Unexposed 614 14.0 1.00   1.00     1.00   

   Exposed pre-conception only  51 17.6 1.36 (0.63; 2.96) 1.05 (0.46; 2.37 0.98 (0.43; 2.22) 

   Exposed both pre- and post-conception 224 15.2 1.15 (0.75; 1.77) 1.03 (0.66; 1.61 0.98 (0.62; 1.56) 

Asthma 0-15 years - Girls                    

   Unexposed 831 12.3 1.00   1.00     1.00   

   Exposed pre-conception only  67 17.9 1.37 (0.64; 2.94) 1.05 (0.48; 2.31 0.94 (0.42; 2.11) 

   Exposed both pre- and post-conception 299 17.1 1.38 (0.92; 2.06) 1.23 (0.81; 1.86 1.29 (0.84; 1.97) 

Chemicals – fathers                 

Asthma 0-15 years – Boys                 

   Unexposed 519 15.4 1.00   1.00     1.00   

   Exposed pre-conception only  57 14.0 0.97 (0.44; 2.11) 0.81 (0.36; 1.78 0.83 (0.37; 1.87) 

   Exposed both pre- and post-conception 135 13.3 0.82 (0.46; 1.48) 0.74 (0.41; 1.33 0.76 (0.42; 1.40) 

Asthma 0-15 years - Girls                    

   Unexposed 697 15.6 1.00   1.00     1.00   

   Exposed pre-conception only  59 16.9 1.17 (0.56; 2.43) 1.11 (0.54; 2.28 1.05 (0.48; 2.27) 

   Exposed both pre- and post-conception 165 14.5 0.96 (0.57; 1.61) 0.94 (0.55; 1.59 0.94 (0.55; 1.62) 

Chemicals – mothers                 



 
 

 

Asthma 0-15 years – Boys                 

   Unexposed 614 14.0 1.00   1.00     1.00   

   Exposed pre-conception only  50 20.0 1.61 (0.77; 3.36) 1.27 (0.59; 2.73 1.24 (0.58; 2.68) 

   Exposed both pre- and post-conception 231 16.5 1.25 (0.82; 1.90) 1.15 (0.74; 1.79 1.12 (0.71; 1.76) 

Asthma 0-15 years - Girls                    

   Unexposed 831 12.3 1.00   1.00     1.00   

   Exposed pre-conception only  62 17.7 1.38 (0.63; 3.06) 1.11 (0.49; 2.54 0.97 (0.42; 2.22) 

   Exposed both pre- and post-conception 289 16.3 1.28 (0.86; 1.93) 1.16 (0.76; 1.76 1.20 (0.78; 1.87) 

OR = Odds Ratio, CI = Confidence Interval  

ORModel1
 cluster by family, adjusted for study center. 

ORModel2  cluster by family, adjusted for study center, and parent's characteristic (age, asthma before the age of 10years, asthma after the age of 10years, place 

of upbringing, and smoking) as well as grandmother and grandfathers educational level.  

ORModel3 cluster by family, same adjustment as ORModel2 + parent's educational level. 

*The category was included in the model, but due to very few exposed individuals, the result is not presented. Due to data security at the European Data Protection 

Regulation we are not allowed to show results based on microdata (<5 persons). Data are available on request for authorized research units. 

 

 



 
 

 

 

UPPLEMENTARY – Figure S1: Acyclic Directed Graph



 
 

 

SUPPLEMENTARY – TABLE S1. Characteristics of study population and those excluded.  

    Included Excluded 

Offspring, n     3985   4219  Missing 

 Female, n (%)   
 

2271 57.0 2475 58.7  

 Age at data collection mean, SD  
 

29.7 7.5 31.1 7.8  

 Asthma 0-15 years, n (%)  
 

575 14.4 470 11.2 225 

   Asthma onset 0-3years, n (%) 
 

156 3.9 133 3.2  

    Asthma onset 4-15years, n (%) 
 

419 10.5 337 8.0  

 Allergy   2283 57.3 2434 57.7  

      
  

Parents, n   2931   3309   

 Female 
 

1637 55.9 1773 53.8 11 

 Age at data collection mean, SD  
 

43.3 6.5 43.8 6.5 12 

 Asthma <10years, n (%)  
 

108 3.7 83 3.4 865 

 Asthma >10years, n (%)   
 

230 7.8 175 7.2  

 Place of upbringing, n (%)  
    

 858 

     Farm  
 

555 18.9 452 18.4  

     Village, small town, suburb of city 
 

1973 67.3 1599 65.3  

     Inner city  
 

403 13.7 400 16.3  

 Educational level*  
    

 995 

      Primary, n (%)   
 

285 10.3 369 16.0  

      Secondary, n (%)   
 

1048 37.9 1055 46.0  

      University/College, n (%)  
 

1433 51.8 890 38.5  

 Smokers, n (%)  
 

1525 52.0 1480 60.0 824 

      
  

Grandmothers, n   2931   3309   

 Educational level  
    

 901 

      Primary, n (%)   
 

1979 67.5 1640 68.1  

      Secondary, n (%)   
 

686 23.4 583 24.2  

      University/College, n (%)  
 

266 9.1 185 7.7  

      
  

Grandfathers, n   2931   3309   

 Educational level  
    

 902 

      Primary, n (%)   
 

1603 54.7 1345 55.9  

      Secondary, n (%)   
 

850 29.0 730 30.3  

      University/College, n (%)  
 

478 16.3 332 13.8  

        

 *Educational level, missing: Exposed n=27, Non-exposed n=138, Total n=165    
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ABSTRACT 

 

Background: Maternal stressors during pregnancy are potential risk factors for offspring asthma. However, 

previous studies have been limited by self-reported data focusing on stressors either in private life or at work. 

This study examined the association between maternal stressors both in private life and work during 

pregnancy.  Methods: In the Danish National Birth Cohort, 75 156 live-born singletons born during 1996–2002 

were identified. Maternal information on job title were available at week 12-16 of gestation. Data on maternal 

bereavement, life-threatening illness, suicide attempt, and alcohol or drug abuse of a close relative and 

offspring childhood asthma (3-10 years of age) were obtained from Danish nationwide registers. Maternal 

psychosocial work stressors (job control, psychological job demands, emotional job demands, work-related 

violence, and threats of work-related violence) were estimated by the use of job exposure matrices. The 

association between maternal stress and childhood asthma was analyzed in Cox models adjusted for maternal 

age, comorbidity, and parity.  Results: Neither life nor work stressors were related to onset of asthma in the 

offspring, apart from lower levels of job control was associated with slightly lower risk for childhood asthma 

[Boys: hazard ratio (HR) 0.97, 95% confidence interval (CI) 0.94–1.00, Girls: HR 0.98, 95%CI 0.94–1.01]. 

Separated analyses by parental atopy, smoking, or offspring asthma onset supported the main findings.  

Conclusions: This study does not support an elevated risk of childhood asthma related to exposure to stress 

during pregnancy.  

 

 

Keywords: Negative Life Events; Bereavement; Stress; Occupational Exposure; Job Exposure Matrix; Childhood 

asthma 

 

 

Key messages 

• Exposure to maternal life and work stressors during pregnancy do not seem to affect the risk 

of asthma in the offspring (3-10 years of age). 

• The results were similar for boys and girls. 

• We did not identify interactions between job control and psychological job demands. 
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BACKGROUND 

Asthma is the most common chronic disease in 

childhood1–3 and the incidence has increased 

considerably during the last 30 years.1,3 Stress 

during pregnancy has been related to offspring 

childhood asthma.4–7 The underlying mechanisms 

are not elucidated in human studies.6 In animal 

studies, stress during pregnancy alters the 

offspring's immune system in a direction that 

predisposes to asthma and allergic diseases.8 

Disturbances of the hypothalamic-pituitary-

adrenal (HPA) axis and autonomic imbalance or 

dysfunction may provide key biological 

pathways.9,10  

Earlier studies of maternal exposure to stressors 

during pregnancy and asthma in the offspring have 

mainly focused on private life stressors,11–16 while 

psychosocial stressors at work are often not 

accounted for. Only three studies have directly 

examined psychosocial work stressors during 

pregnancy and offspring asthma17–19 two of them 

using the job-strain model.20 In these studies, the 

observed associations between psychosocial work 

stressors and offspring asthma were weak and 

inconsistent.17–19 

 

Studies of maternal exposure to negative life 

events, including bereavement, suggest an 

association with asthma in the children,11,13–16,19 

albeit some studies only for specific time windows 

of exposure or specific ages of the children. Two 

large population-based studies report no 

association.12,18 The association between maternal 

stress during pregnancy and offspring asthma 

might be modified by the sex of the child, and boys 

may be more vulnerable to maternal stress during 

pregnancy than girls.8,15,16 

 

Heterogeneity in results across studies is 

substantial with regards to e.g., differences in 

measures of stress exposure, time windows, 

definition of childhood asthma, and ages of asthma 

onset. Most studies rely on self-administered 

questionnaire data by the mothers and only a few 

studies, mainly on bereavement, use register-

based information.  

 

We hypothesise that maternal stressors during 

pregnancy increases the risk of asthma in the child. 

We tested the hypothesis in a large birth cohort, 

and explored a range of stressors at work as well as 

in private life using independent, register based 

measures of both maternal exposure and  asthma 

in the children. Further, we aimed to investigate 

whether the sex of the offspring modified the 

association. 

 
METHODS 

Study design and population. The study is based on 

mother-child pairs from the Danish National Birth 

Cohort (DNBC),21 where 101 042 pregnant women 

were invited to participate between 1996 and 

2002. We linked them to multiple nationwide 

administrative registries using the unique personal 

identification number assigned to all Danish 

residents at birth.22 Finally, the cohort was also 

linked with survey data (the Danish Work 

Environment Cohort Study 2000 (DWECS)).23 More 

details about the study design are available from 

the online  protocol 

https://doi.org/10.6084/m9.figshare.5868588.v1.2

4  

 

Eligibility Criteria. Mother-child pairs from the 

DNBC were eligible for inclusion if the mother 

participated in the first pregnancy interview at 

gestation weeks 12–16, had a job title or was a 

student; and the child was a live-born singleton, 

had a gestational age between 154-315 days, and 

had a personal identification number allowing 

linkage to national registry data. Mother-child pairs 

were further excluded if they emigrated before the 

age of 3 years (n = 913), died before the 3rd 

birthday (n = 307) or had missing co-variables 

(n=26). This resulted in 75 156 live-born singletons 

based mother-child pairs (Figure 1). 



 

  

 

Life stressors: Negative life events. Negative life 

event (NLE) were defined as bereavement (loss of 

a close relative),25 events of life-threatening 

illness,26 suicide attempt, and/or alcohol or drug 

abuse in a close relative of the mother (another 

child, the father of the index child, a parent, or a 

sibling), Figure 2. The window of exposure was one 

year prior to conception until the time of birth. 

Information on bereavement was obtained from 

the Danish Register of Causes of Death. 

Information on life-threatening illness (cancer - 

ICD-10 codes: C00-97; acute myocardial infarction 

- ICD-10 codes: I21-23), suicide attempt (ICD-10 

codes: X60–84, and Y87.0), and alcohol and drug 

abuse (ICD-10 codes: F10–19) was obtained from 

the Danish National Patient Register.27  

 

To examine an aggregated measure of life 

stressors, we analyzed an index of negative life 

events (NLE-index). The NLE-index includes all five 

NLEs mentioned above. Each of the NLE was 

dichotomized into none or ≥ 1 NLE. Only one event 

in each category of a NLE was counted per relative, 

i.e. multiple suicide attempts only counted one NLE 

per relative. Bereavement was also analyzed 

separately as it is considered the ultimate stressful 

life event.28 

 

Work stressors: Psychosocial Job Exposure 

Matrices. Work stressors were obtained via 

psychosocial job exposure matrices (JEM) 

generated from DWECS data.29,30 Five psychosocial 

stressor matrices were included: 1) job control, 2) 

psychological job demands, 3) emotional job 

demands, 4) work-related violence, and 5) threats 

of work-related violence. Questions regarding job 

control and psychological job demands were based 

on an adapted version of the Job Content 

Questionnaire originally designed by Karasek and 

co-workers.31 

The women’s job titles were linked to the JEMs, 

where each woman was assigned an “exposure " 

for each psychosocial work stressors based on the 

average for that specific job title. We used the job 

title held by the mothers at the first DNBC 

interview. Job titles were coded according to the 

Danish International Standard Classification of 

Occupations 1988 (DISCO88)-codes with four 

hierarchical levels.32 We used the most detailed 

available digit DISCO88-code level for each JEM. 

Participants, who were students at the time of the 

interview, were assigned a DISCO88-code of “2”, 

“Professionals”.  

The JEM for job control was based on two 

sub-scales; decision authority (four items) and skill 

discretion (four items). The JEMs for psychological 

and emotional job demands both consisted of 

three items. The JEMs for violence and threats of 

violence were based on a single question each.29,30   

Work stress is often assessed based on 

Karasek’s original job-strain model.31 However, 

considering methodological shortcomings in this 

approach (e.g. lacking interactions33) by 

dichotomizing and combining dimension scores, 

we used a total approach,34 to examine job control 

and psychological job demands separately as 

independent exposures. Further, to examine an 

aggregated measure of psychosocial work 

stressors we conducted an analysis based on a 

JEMs-index generated from all five JEMs. Job 

control, psychological job demands, and emotional 

job demands were dichotomized by the median 

while work-related violence and threats of work-

related violence were dichotomized as yes/no. The 

index was treated as a categorical variable with a 

range from zero to five. 

 

Childhood asthma. Asthma was defined as the first 

hospital contact ever due to asthma (date of first 

inpatient admission, outpatient visit or emergency 

room visit) or at least two prescriptions of any anti-

asthmatic medication within one year, whichever 

came first. It is challenging to diagnose children 

with asthma before the age of three35.  We 

therefore a priori decided only to include asthma 



 

  

in children between the age of 3 and 10 years. 

Asthma hospital contact (ICD-10 codes: J45-J46) 

was obtained from the Danish National Patient 

Register.27 Anti-asthmatic medication defined by 

the Anatomical Therapeutical Chemical 

classification codes36 (inhaled b2-agonists 

(R03AC02-04, R03AC12, and R03AC13), inhaled 

glucocorticoids (R03BA01, R03BA02, and 

R03BA05), fixed-dose combination of inhaled b2-

agonists and glucocorticoids (R03AK06 and 

R03AK07), leukotriene receptor antagonists 

(R03DC03), and anti-IgE therapies (R03DX05)37)  

were obtained from the Danish National 

Prescription Register.27  

 

Statistical procedures. In line with the study’ 

protocol,24 Cox proportional hazards regression 

models were used to estimate the hazard ratios 

(HRs) with 95% confidence intervals (CIs) of 

offspring childhood asthma by exposure to 

maternal prenatal stressors. Bereavement was 

dichotomized (0/≥1), while job control and 

psychological job demands were included as 

continuous variables, all mutually adjusted and 

tested for interactions (Model 1). Job control 

ranged from high (77.4) to low (14.2). A 10 point 

decrease was the unit used in the analysis. 

Psychological job demands ranged opposite from 

low (10.7) to high (53.3) demands. A 10 point 

increase was the unit used in the analysis. Job 

control and psychological job demands were 

included in the models as continuous variables, as 

linear splines with knots at tertiles based on the 

distribution of children with asthma were not 

different from a linear model. NLE-index was 

dichotomized (0/≤1) and the JEM-index ranged 

from 0-5 events (Model 2). Exposure variables 

were mutually adjusted and tested for 

multiplicative interaction. Cox regression analyses 

were conducted with delayed entry from the 

child’s third birthday, using right censoring at the 

age of 10 years and with repeated measurements 

for mothers with more than one child in DNBC. 

Both children with and without asthma prior to 

their three year birthday were included in the 

analysis. All analyses were stratified by sex of the 

child based on the a priori hypothesis. All variables 

were included as time-independent variables.  

 

Potential confounders were identified from 

current literature and by Acyclic Directed Graphs 

(DAGs) see Appendix – Figure A1. Based on the 

minimal sufficient adjustment, the analyses were 

adjusted for maternal age at delivery (years, 

continuous) and parity (1st/≥2) obtained from The 

National Medical Birth Registry, as well as maternal 

comorbidity before delivery measured as Charlson 

Comorbidity Index (yes/no) retrieved from the 

National Patient Register.38,39 Asthma diagnosis 

was not included as we separately examined 

parental atopic status.  

 

We conducted a sensitivity analysis where the 

highest achieved parental educational level at the 

child’s birth year was included as a proxy for 

socioeconomic status. We classified education into 

three levels: (Primary education [ISCED level 0-

2]/Secondary education [ISCED level 3]/Tertiary or 

higher education [ISCED level 4-8]) based on the 

International Standard Classification of Education 

(ISCED-2011).40,41 

 

Three subgroup analyses were conducted to test 

for possible effect modification by parental atopic 

status (yes/no), maternal smoking (yes/no) and 

whether the offspring had asthma or not before 

the age of three (yes/no).  We also included 

separate analyses of bereavement as well as job 

control separated by high and low physiological job 

demands. Paternal atopic status was defined from 

self-reports at the first interview in DNBC and if 

missing based on records of either allergic rhinitis 

without bronchial asthma (ICD-8 codes: 507 & ICD-

10 codes: J30.1, J30.2, J30.3, J30.4), asthma (ICD-8 

codes: 493, ICD-10 codes: J45-J46), and/or atopic 

dermatitis (ICD-8 codes: 691.0, ICD-10 codes: 



 

  

L20)42 obtained from the National Patient Registry. 

Maternal smoking during pregnancy was based on 

self-reports at first interview in DNBC and if missing 

on records from the Danish Medical Birth Register.  

 

RESULTS  

Baseline characteristics of the 38 490 boys and 36 

666 girls are presented in Table 1. Mothers were 

on average 29.9 years old when they gave birth to 

the offspring. There were no differences between 

the sex of the offspring except for asthma status, 

as more boys (13%) than girls (9%) developed 

asthma before the age of 10 years.  

 

All analyses were stratified by sex of the offspring 

due to the a priori hypothesis, but no interaction 

between sex and maternal stress exposures were 

found.  

Maternal bereavement status or the NLE-index 

during pregnancy was not associated to any 

differences in offspring’s childhood asthma (Table 

2). Maternal exposure to job control was slightly 

associated with a decreased risk of childhood 

asthma per 10 unit decrease: adjusted hazard ratio 

(HR) boys: HR=0.97, 95% CI 0.94–1.00; and girls: 

HR=0.98, 95% CI 0.94–1.01). Higher levels of 

psychological job demands were not associated 

with offspring asthma. No association between 

maternal exposure to psychosocial work stressors 

expressed in the JEM-index and offspring asthma 

was found. Including parents’ highest educational 

level in the analysis revealed similar results. No 

interactions were found between bereavement, 

job control or psychological job demands (all P-

values >0.05, data not shown). 

Subgroup analysis. Our main results remained 

largely similar across strata by parental atopy 

(Supplementary – Table S1), smoking 

(Supplementary – Table S2), or offspring asthma 

onset (Supplementary – Table S3).  Our main 

findings of maternal exposure to lower levels of job 

control and decreased offspring asthma were 

robust across strata of maternal exposures of 

psychological job demands dichotomized into 

“high” or ”low”, see Supplementary – Table S4. 

 

DISCUSSION  

Our results do not support our hypothesis of an 

association between negative life events and work 

stressors during pregnancy and offspring asthma. 

We did not identify interactions between life and 

work stressors. We did not find any interactions 

between job control and psychological job 

demands. No effect measure modification was 

observed between boys and girls.  

 

Life stressors. Findings in studies on maternal 

experiences of NLE during pregnancy and offspring 

asthma are inconsistent. Some studies suggest NLE 

to be a risk factor for offspring asthma, 11,13–15,19 but 

this is not corroborated by other population-based 

cohort studies apart from some sex and age 

specific findings. 12,16,18,43 

 

In a study by Liu et al. 201543, maternal 

bereavement was not associated with asthma in 

children aged 4–15 years. In Fang et al., 201112 

boys, but not girls, of bereaved mothers had a 

slightly higher risk of asthma. Magnus et al., 201819 

did find evidence of an association between NLE 

including bereavement and offspring asthma at 

age 7.  Strong associations between maternal 

bereavement and offspring asthma were observed 

by Khashan et al., 201214, defining bereavement as 

the death of a spouse or a child. In our definition of 

bereavement, we also included the death of a 

parent or a sibling of the mother. In the most 

recent meta-analysis of maternal stress and 

offspring asthma, Flanigal et al.5 showed that loss 

of a child or a spouse, but not a parent or a sibling 

of the mother was associated with higher risk of 

offspring asthma, offering an explanation for the 

differences between our study compared to earlier 

studies. In our study, including only the loss of a 

partner or a child, revealed similar estimates for 

boys (adjusted HR 1.06 [0.59-1.89]), but increased 



 

  

estimates for asthma in girls (adjusted HR 1.72 

[0.93-3.01]). This could support Flanigal et al’s 

meta-analysis of increased risk of childhood 

asthma by maternal experiences of loss of a 

partner or a child only and not for other family 

members.  

Typically, multiple stressors are faced in everyday 

life, and it seems reasonable to view negative life 

events (bereavement, life-threatening illness, 

suicide attempt, and/or alcohol or drug abuse) as 

cumulative, especially since they all could be 

associated to perceived stress. In a recent meta-

analysis,5 only anxiety (and not bereavement or 

NLE in general) was associated with increased risk 

of asthma (RR 1.28, 95% CI 1.16-1.41; I2=0%). 

Previous studies that reported associations 

between negative life events 11,13,15,19 and risk of 

offspring asthma were questionnaire-based, 

focusing more on perceived stress rather than 

exposures of “indepentdent” stressors, which 

could explain the discrepant results. Our exposure 

measure was completely independent from the 

study participants by the use of register data, 

precluding recall bias. Finally, the meta-analysis by 

Flanigal et al5 showed that only exposure during 

the third trimester of pregnancy was associated 

with increased risk of asthma, however, it is 

cautioned that this could reflect cumulative effects 

of ongoing negative events rather than the effects 

of that specific time window.  

 

Psychosocial work stressors. We observed that as 

the levels of job control decreased, so did the risk 

for offspring asthma, mainly among boys. Larsen et 

al.17 found that offspring of mothers with “active 

jobs” (high job control and high job demands) 

according to the job-strain model had a higher risk 

of asthma at age 7 years. Liu et al.18  found that 

children of mothers in “passive jobs” (low job 

control and low job demands) presented with an 

increased risk of both early and late onset asthma, 

whereas “high strain jobs” were associated with 

reduced risk of early-onset persistent asthma. We 

did not find any interactions between job control 

and psychological job demands. However, to 

compare with earlier findings, we included 

subgroup analyses of maternal bereavement and 

job control analyzed separately for mothers with 

“high” and ”low” psychological job demands 

(Supplementary - Table S4). The results remained 

largely similar to the main models and were 

therefore not in line with earlier findings indicating 

that the effect of job control depended on 

psychological job demands. Of note, there are 

substantial differences between these studies17,18 

and our study  with regard to exposure (especially 

in Larsen et al.17), outcome and statistical analyses. 

In work of Magnus et al.,19 maternal work stress 

(measured using 8 questions, with answers on a 4-

point Likert scale) were not associated with 

offspring asthma. The observed decreased risk of 

offspring childhood asthma in our study is possibly 

due to residual confounding. Parental educational 

level was used as a proxy for socioeconomic status 

of the child’s family. However, this variable does 

not account for health habits or parents' 

personality traits when it comes to, e.g., taking the 

child to the doctor to get diagnosed, which could 

have influenced the results.  

 

Sex of the offspring. In general, this study did not 

reveal evidence of differences by sex in the 

offspring as has otherwise been suggested.8,15,16  

 

Methodological considerations. It is debated which 

method provides the most reliable measure of 

maternal stress during pregnancy.44 Our study 

includes multiple life and work stressors, and 

measures on exposures completely independent 

from the study participants by the use of register 

data. However, the use of JEMs may introduce 

misclassifications of exposures. The women’s job 

titles are used as a proxy for psychosocial work 

stressors on average for that specific job title. 

However, it is unlikely that the null findings are due 

to exposure misclassification of the JEMs. JEM-



 

  

based exposure assessment is mainly affected by 

Berkson error which results in nearly unbiased 

effect estimates but at a loss of statistical power.45 

Another limitation of the study is that we 

examined asthma in children of 3-10 years of age, 

which conditions on the survival of the children to 

an age of three years. As very few children died bias 

related to selective survival is minimal. 

In conclusion, our results do not support 

that maternal exposure to stressors during 

pregnancy increases the risk of asthma during 

childhood, neither for boys or girls.  
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FIGURE 1. Flowchart illustrating the inclusion process of the study population.  

  

Exclusions 

• 5 979 children with missing ID-number  

• 6 112 children born by mothers who did not 

participate in the first interview  

• 92 children could not be linked to registry data  

• 25 children duplicates  

• 1 148 children stillborn 

• 3 883 twins 

• 319 children with gestational age <154 or >315 days 

• 238 children could not be linked to their fathers 

• 8944 children with a mother without a job title  

• 913 children who emigrated before their 3rd birthday 

• 307 children who died before their 3rd birthday 

• 26 children with missing co-variables  

103 142 children born from DNBC 1996–2002 

75 156 Live-born singletons based mother-child pair 

with full information 



 

  

                  

  

FIGURE 2. Close relatives of the mother (apart from the index child) linked via the Danish Civil Registration 

System.  
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TABLE 1. Baseline characteristics of the study population 

 

 
 

Characteristic Boys Girls  

n  38 490             36 666 

Maternal age at delivery, mean (SD) 29.9 (4.3) 29.9 (4.3) 

Parity, n (%)    

      1st  18 251 (47) 17 342 (47) 

      ≥2 20 239 (53) 19 324 (53) 

Maternal comorbidity, n (%)      

      No  37 358 (97) 35 535 (97) 

      Yes     1 132 (  3) 1 131 (  3) 

Parental educational level*, n (%)   

      Primary                   2 080 (  5) 1 904 (  5) 

      Secondary               17 162 (45) 16 418 (45) 

      Tertiary or higher  19 248 (50) 18 344 (50) 

Parental atopic status, n (%)     

      No  28 484 (74) 27 190 (74) 

      Yes 10 006 (26) 9 476 (26) 

Maternal smoking during pregnancy, n (%)    

      No  28 557 (74) 27 096 (74) 

      Yes 9 933 (26) 9 570 (26) 

Calendar year of birth, n (%)     

      1996 – 1998   4 855 (13) 4 446 (12) 

      1999 – 2000 16 814 (44) 16 079 (44) 

      2001 – 2002 16 821 (44) 16 141 (44) 

Maternal work status as a student, n (%)      

      No  34 767 (90) 33 228 (91) 

      Yes 3 723 (10) 3 438 (  9) 

Child’s asthma status 3-10 years, n (%)     

      No 33 508 (87) 33 470 (91) 

      Yes 4982 (13) 3 196 (  9) 

Child’s “asthma” status 0-3 years, n (%)     

      No 33 005 (86) 33 232 (91) 

      Yes 5 485 (14) 3 434 (  9) 

 



 

  

TABLE 2: Maternal prenatal exposures of stress and hazard ratio of developing childhood asthma (3-10 years) by offspring sex.  

Boys, n  = 38 490   

  Range  n Cases Cases per 10 000   Crude HR 95% CI   HRa 95% CI   HRb 95% CI 

Model 1        person year                 

Bereaved  ≥1  1 041 141 216.08 1.05 [0.89-1.24]  1.08 [0.91-1.28]  1.07 [0.90-1.26] 

Job control  77.4-14.2 38 490 4982 205.76 0.97 [0.94-1.00]  0.97 [0.94-1.00]  0.97 [0.94-1.00] 

Psychological  10.7-53.3 38 490 4982 205.76 1.04 [0.98-1.10]  1.04 [0.98-1.09]  1.04 [0.98-1.09] 

job demands              

Model 2                         

NLEs-index ≥1  2 925 403 220.75 1.07 [0.97-1.19]  1.09 [0.98-1.20]  1.08 [0.98-1.20] 

JEM-index  0 1 769 238 214.51  ref        

JEM-index  1 9 438 1184 198.64 0.92 [0.80-1.06]  0.92 [0.80-1.06]  0.92 [0.80-1.06] 

JEM-index  2 9 729 1256 205.59 0.96 [0.84-1.10]  0.96 [0.83-1.10]  0.96 [0.83-1.10] 

JEM-index  3 7 883 1018 204.85 0.95 [0.83-1.10]  0.95 [0.83-1.10]  0.95 [0.83-1.10] 

JEM-index  4 7 202 980 217.35 1.01 [0.87-1.16]  1.00 [0.87-1.16]  1.00 [0.87-1.16] 

JEM-index  5 2 469 297 189.40 0.88 [0.74-1.04]   0.87 [0.74-1.03]   0.87 [0.74-1.04] 

Girls, n = 36 666 

  Range  n Cases Cases per 10 000   Crude HR 95% CI   HRa 95% CI   HRb 95% CI 

Model 1        person year                 

Bereaved  ≥1  1 042 89 130.45 0.98 [0.80-1.21]  1 [0.81-1.24]  1 [0.81-1.23] 

Job control  77.4-14.2 36 666 3196 133.99 0.98 [0.94-1.01]  0.98 [0.94-1.01]  0.98 [0.94-1.01] 

Psychological  10.7-53.3 36 666 3196 133.99 1.02  [0.95-1.09]  1.02 [0.96-1.09]  1.02 [0.96-1.09] 

job demands              

Model 2                         

NLEs-index ≥1  2 814 228 123.75 0.92 [0.80-1.05]  0.93 [0.81-1.07]  0.93 [0.81-1.06] 

JEM-index 0 1 744 160 140.78         

JEM-index  1 8 493 753 136.31 0.98 [0.82-1.16]  0.97 [0.82-1.16]  0.97 [0.82-1.16] 

JEM-index  2 9 611 832 133.07 0.95 [0.80-1.13]  0.95 [0.80-1.12]  0.95 [0.80-1.12] 

JEM-index  3 7 582 667 135.24 0.97 [0.81-1.15]  0.97 [0.81-1.15]  0.96 [0.81-1.15] 

JEM-index  4 6 833 560 125.58 0.90 [0.75-1.07]  0.90 [0.75-1.07]  0.90 [0.75-1.07] 

JEM-index 5 2 403 224 143.55 1.03 [0.84-1.27]   1.03 [0.84-1.27]   1.03 [0.84-1.26] 

HR = Hazard Ratio, CI = Confidence Interval, NLEs = Negative Life Events, JEM = Job Exposure Matrices      
Bereavement is dichotomized (0/1), job control ranges from high to low levels of control by a 10 points decrease, psychological job 

demands range from low to high demands by a 10 points increase. NLEs-index includes events of bereavement, events of life-

threatening illness, suicide attempts, and/or alcohol or drug abuse. JEM-index includes job control, psychological job demands, 

emotional job demands, violence and threats of violence.  



 

  

aAdjusted for maternal: age, comorbidity (except asthma) , and parity         
b Further adjusted for parental educational level         

 

  



 

  

 

exposure,  outcome,  ancestor of outcome,   adjusted variable,    causal path,   biasing path. 

Appendix – Figure A1: Acyclic directed graphs of maternal stress during pregnancy and offspring asthma  



 

  

SUPPLEMENTARY – TABLE S1: Maternal exposures to stressors and hazard ratio (HR) for childhood asthma (3-10 years) by offspring sex and parental atopy.        
Parental atopy yes                                       

Boys, n  = 10 006    Girls, n = 9 476 
 Range n Cases Cases per 10 000 Crude HR 95% CI  HRa 95% CI   Range n Cases Cases per 10 000  Crude HR 95% CI  HRa 95% CI 

Model 1        person year             Model 1        person year           

Bereaved  ≥1   270 48 289.87 0.87 [0.65-1.16]  0.87 [0.65-1.17]  Bereaved  ≥1   273 32 181.87 0.90 [0.63-1.28]  0.91 [0.64-1.30] 

Job control  77.4-14.2 10006 1981 332.82 0.96 [0.92-1.01]  0.96 [0.92-1.01]  Job control  77.4-14.2 9476 1231 206.31 1.02 [0.97-1.08]  1.02 [0.97-1.08] 

Psychological  15.2-53.3 10006 1981 332.82 1.04 [0.95-1.13]  1.04 [0.95-1.13]  Psychological  10.7-48.6 9476 1231 206.31 0.98  [0.88-1.09]  0.98  [0.88-1.09] 

job demands            job demands           

Model 2                     Model 2                   

NLEs-index ≥1   754 162 364.98 1.09 [0.92-1.28]  1.09  [0.93-1.28]  NLEs-index ≥1   722 90 197.86 0.96 [0.77-1.19]  0.97 [0.78-1.20] 

JEM-index 0 449 106 409.17       JEM-index 0 480 57 185.32      

JEM-index 1 2410 474 329.43 0.81 [0.65-1.00]  0.81 [0.65-1.00]  JEM-index 1 2159 278 203.86 1.11 [0.83-1.48]  1.11 [0.83-1.48] 

JEM-index 2 2576 521 339.91 0.83 [0.67-1.02]  0.83 [0.67-1.02]  JEM-index 2 2504 337 214.38 1.16 [0.87-1.53]  1.15 [0.87-1.53] 

JEM-index 3 2018 384 317.92 0.78 [0.63-0.97]  0.78 [0.63-0.97]  JEM-index 3 1962 273 221.40 1.20 [0.90-1.61]  1.20 [0.90-1.60] 

JEM-index 4 1887 375 334.73 0.82 [0.66-1.02]  0.82 [0.66-1.02]  JEM-index 4 1756 202 181.08 0.98 [0.73-1.32]  0.98 [0.73-1.31] 

JEM-index 5 666 121 298.16 0.74 [0.57-0.96]   0.74 [0.57-0.96]   JEM-index 5 615 84 216.76 1.19 [0.85-1.66]   1.20 [0.85-1.68] 

Parental atopy no                                  

Boys, n  = 28 484  Girls, n = 27 190 
 Range n Cases Cases per 10 000 r  Crude HR 95% CI  HRa 95% CI   Range n Cases Cases per 10 000   Crude HR 95% CI  HRa 95% CI 

Model 1       person year             Model 1        person year           

Bereaved  ≥1    771 93 190.01 1.17 [0.95-1.44]  1.20 [0.97-1.47]  Bereaved  ≥1   769 57 112.03 1.03 [0.79-1.34]  1.05 [0.81-1.36] 

Job control  77.4-14.2 28484 3001 164.32 0.98 [0.94-1.01]  0.98 [0.94-1.01]  Job control  77.4-14.2 27190 1965 109.85 0.95 [0.91-0.99]  0.95 [0.91-0.99] 

Psychological  10.7-53.3 28484 3001 164.32 1.02 [0.96-1.10]  1.02 [0.95-1.10]  Psychological  10.7-53.3 27190 1965 109.85 1.05 [0.97-1.15]  1.06 [0.97-1.15] 

job demands            job demands           

Model 2                     Model 2                   

NLEs-index ≥1    2171 241 174.11 1.06 [0.93-1.21]  1.08 [0.95-1.23]  NLEs-index ≥1   2092 138 99.28 0.90 [0.76-1.07]  0.92 [0.77-1.09] 

JEM-index 0 1320 132 154.76       JEM-index 0 1264 103 123.88      

JEM-index 1 7028 710 156.94 1.01 [0.84-1.21]  1.00 [0.83-1.21]  JEM-index 1 6334 475 114.10 0.93 [0.75-1.15]  0.92 [0.75-1.14] 

JEM-index 2 7153 744 162.48 1.05 [0.87-1.26]  1.04 [0.87-1.25]  JEM-index 2 7107 495 105.71 0.86 [0.69-1.06]  0.86 [0.69-1.06] 

JEM-index 3 5865 634 168.44 1.08 [0.90-1.31]  1.08 [0.90-1.31]  JEM-index 3 5620 394 106.45 0.86 [0.69-1.07]  0.86 [0.69-1.07] 

JEM-index 4 5315 605 178.41 1.14 [0.95-1.38]  1.14 [0.94-1.37]  JEM-index 4 5077 358 106.99 0.87 [0.70-1.08]  0.87 [0.70-1.08] 

JEM-index 5 1803 176 151.10 0.96 [0.77-1.20]   0.95 [0.76-1.20]   JEM-index 5 1788 140 119.11 0.97 [0.75-1.25]   0.97 [0.75-1.25] 

HR = Hazard Ratio, CI = Confidence Interval, NLEs = Negative Life Events, JEM = Job Exposure Matrices                   

Bereavement is dichotomized (0/1), job control range from high to low levels of control by a 10 units decrease, psychological job demands range from low to high demands by a 10 unites increase. NLEs-index is dichotomized (0/≥1) 

and includes events of bereavement, events of life-threatening illness, suicide attempt, and/or alcohol or drug abuse. JEM-index is included as a continuous variable and includes job control, psychological job demands, emotional 

job demands, violence and threats of violence. 
aAdjusted for maternal: age, comorbidity (except asthma) & parity             

     
 

 



 

  

SUPPLEMENTARY – TABLE S2: Maternal exposure to stressors and hazard ratio (HR) for childhood asthma (3-10 

years) by offspring sex and maternal smoking.  
Maternal smoking yes                     

Boys, n  = 9 933  

  Range  n Cases 
Cases per 10 

000 
Crude HR 95% CI   HRa 95% CI HRb 95% CI 

Model 1        person year               

Bereaved  ≥1   279 44 253.52 1.14 [0.84-1.54]  1.17 [0.86-1.58] 1.13 [0.84-1.54] 

Job control  77.4-14.2 9933 1410 227.13 0.99 [0.93-1.04]  0.99 [0.93-1.04] 0.99 [0.93-1.04] 

Psychological  10.7-53.3 9933 1410 227.13 1.09 [0.98-1.21]  1.09 [0.98-1.21] 1.08 [0.98-1.20] 

job demands             

Model 2                       

NLEs-index ≥1   829 120 231.93 1.02 [0.84-1.23]  1.03  [0.86-1.24] 1.02  [0.84-1.23] 

JEM-index 0 439 71 263.24        

JEM-index 1 2402 325 215.08 0.82 [0.63-1.06]  0.82 [0.63-1.06] 0.82 [0.63-1.06] 

JEM-index 2 2552 369 231.89 0.88 [0.68-1.13]  0.88 [0.68-1.14] 0.88 [0.68-1.13] 

JEM-index 3 2069 294 225.77 0.85 [0.66-1.11]  0.85 [0.66-1.11] 0.85 [0.66-1.11] 

JEM-index 4 1863 259 221.82 0.84 [0.65-1.09]  0.84 [0.65-1.10] 0.84 [0.65-1.10] 

JEM-index 5 608 92 243.00 0.91 [0.67-1.24]   0.91 [0.67-1.24] 0.90 [0.66-1.23] 

Maternal smoking no                      

Boys, n  = 28 557 

  Range  n Cases 
Cases per 10 

000 
Crude HR 95% CI   HRa 95% CI HRb 95% CI 

Model 1        person year               

Bereaved  ≥1   762 97 201.46 1.01 [0.83-1.24]  1.04 [0.85-1.27] 1.04 [0.85-1.27] 

Job control  77.4-14.2 28557 3572 198.36 0.97 [0.93-1.00]  0.97 [0.93-1.00] 0.97 [0.93-1.00] 

Psychological  12.50-53.3 28557 3572 198.36 1.02 [0.96-1.09]  1.02 [0.96-1.08] 1.02 [0.96-1.08] 

job demands             

Model 2                       

NLEs-index ≥1   2096 283 215.92 1.09 [0.97-1.23]  1.11  [0.98-1.25] 1.11  [0.98-1.25] 

JEM-index 0 1330 167 198.27        

JEM-index 1 7036 859 192.95 0.97 [0.82-1.14]  0.96 [0.82-1.14] 0.96 [0.82-1.14] 

JEM-index 2 7177 896 198.21 0.99 [0.84-1.17]  0.99 [0.84-1.17] 0.99 [0.84-1.17] 

JEM-index 3 5814 724 197.29 0.99 [0.84-1.18]  0.99 [0.84-1.17] 0.99 [0.84-1.17] 

JEM-index 4 5339 721 215.63 1.08 [0.91-1.28]  1.07 [0.91-1.27] 1.07 [0.91-1.27] 

JEM-index 5 1861 205 171.97 0.86 [0.70-1.06]   0.86 [0.70-1.05] 0.86 [0.70-1.05] 

 Maternal smoking 

yes 
                      

Girls, n = 9 570 

  Range  n Cases 
Cases per 10 

000 
Crude HR 95% CI   HRa 95% CI HRb 95% CI 

Model 1        person year               

Bereaved  ≥1   279 34 190.78 1.30 [0.92-1.83]  1.32 [0.94-1.87] 1.33 [0.94-1.87] 

Job control  77.4-14.2 9570 935 151.14 1.00 [0.94-1.06]  1.00 [0.94-1.07] 1.00 [0.94-1.07] 

Psychological  12.5-53.3 9570 935 151.14 1.04 [0.92-1.18]  1.05  [0.93-1.19] 1.05  [0.93-1.19] 

job demands             

Model 2                       

NLEs-index ≥1   786 85 168.81 1.12 [0.89-1.40]  1.14 [0.91-1.43] 1.14 [0.91-1.43] 

JEM-index 0 474 56 183.24        

JEM-index 1 2201 225 157.85 0.87 [0.65-1.17]  0.88 [0.66-1.18] 0.88 [0.66-1.18] 

JEM-index 2 2535 258 158.16 0.87 [0.65-1.16]  0.87 [0.65-1.17] 0.87 [0.65-1.17] 

JEM-index 3 1983 179 138.67 0.77 [0.57-1.04]  0.77 [0.57-1.04] 0.77 [0.57-1.04] 

JEM-index 4 1750 157 137.79 0.76 [0.56-1.04]  0.77 [0.57-1.05] 0.77 [0.57-1.05] 

JEM-index 5 627 60 147.63 0.83 [0.57-1.19]    0.84 [0.58-1.21]  0.84 [0.58-1.21]  

Maternal smoking no                        

Girls, n = 27 096 

  Range  n Cases 
Cases per 10 

000 
Crude HR 95% CI   HRa 95% CI HRb 95% CI 

Model 1        person year               

Bereaved  ≥1   763 55 108.58 0.85 [0.65-1.12]  0.87 [0.67-1.14] 0.87 [0.66-1.13] 

Job control  77.4-14.2 27096 2261 127.97 0.97 [0.93-1.01]  0.97 [0.93-1.01] 0.97 [0.93-1.01] 

Psychological  10.7-53.3 27097 2262 128.03 1.01 [0.93-1.09]  1.01  [0.93-1.09] 1.01  [0.93-1.09] 

job demands             

Model 2                       

NLEs-index ≥1   2028 143 106.61 0.83 [0.70-0.98]  0.84 [0.71-0.99] 0.84 [0.71-0.99] 

JEM-index 0 1270 104 124.79        



 

  

JEM-index 1 6292 528 128.74 1.04 [0.84-1.28]  1.03 [0.84-1.28] 1.03 [0.84-1.27] 

JEM-index 2 7076 574 124.15 1.00 [0.81-1.23]  1.00 [0.81-1.23] 0.99 [0.81-1.22] 

JEM-index 3 5599 488 133.94 1.08 [0.87-1.33]  1.07 [0.87-1.33] 1.07 [0.87-1.33] 

JEM-index 4 5083 403 121.30 0.97 [0.79-1.21]  0.97 [0.79-1.21] 0.97 [0.78-1.21] 

JEM-index 5 1776 164 141.81 1.15 [0.90-1.47]    1.15 [0.90-1.47]  1.14 [0.89-1.46]  

HR = Hazard Ratio, CI = Confidence Interval, NLEs = Negative Life Events, JEM = Job Exposure 

Matrices   
          

Bereavement is dichotomized (0/≥1), job control range from high to low levels of control by 10 units decrease, psychological job demands range 

from low to high demands by 10 unites increase. NLEs-index is dichotomized (0/≥1) and includes events of bereavement, events of life-

threatening illness, suicide attempt, and/or alcohol or drug abuse. JEM-index is included as a continuous variable and includes job control, 

psychological job demands, emotional job demands, violence and threats of violence. 
aAdjusted for maternal: age, comorbidity (except asthma) & parity  

b Further adjusted for parental educational level  
       

 

 

 

 

 



 

  

SUPPLEMENTARY – TABLE S3: Maternal exposures to stressors and the hazard ratio for childhood asthma (3-10 years) by offspring sex and age of asthma onset.   
Early onset persistent asthma 0-3 years  

Boys, n  = 5 485    Girls, n = 3 434 
 Range n Cases Cases per 10 000 Crude HR 95% CI  HRa 95% CI   Range n Cases Cases per 10 000  Crude HR 95% CI  HRa 95% CI 

Model 1        person year             Model 1        person year           

Bereaved  ≥1   136 67 1204,41 1.11 [0.87-1.43]  1.12 [0.87-1.43]  Bereaved  ≥1   101 43 923,65 0.97 [0.71-1.32]  0.95 [0.70-1.29] 

Job control  77.4-14.2 5485 2579 1122,25 0.98 [0.95-1.02]  0.99 [0.95-1.03]  Job control  77.4-14.2 3434 1518 1018,50 0.95 [0.90-1.00]  0.95 [0.90-1.00] 

Psychological  12.50-53.3 5485 2579 1122,25 1.02 [0.95-1.10]  1.02 [0.95-1.10]  Psychological  10.7-53.3 3434 1518 1018,50 0.97 [0.92-1.18]  0.98 [0.89-1.08] 

job demands            job demands           

Model 2                  Model 2                   

NLEs-index ≥1   420 208 1218,59 1.09 [0.94-1.26]  1.09  [0.94-1.25]  NLEs-index ≥1   267 112 917,51 0.93 [0.76-1.13]  0.92 [0.75-1.11] 

JEM-index 0 273 130 1132,42   
    JEM-index 0 152 67 219,24      

JEM-index 1 1274 589 1084,97 0.95 [0.79-1.16]  0.93 [0.77-1.12]  JEM-index 1 780 328 938,18 0.98 [0.75-1.27]  0.99 [0.76-1.28] 

JEM-index 2 1401 689 1206,6 1.03 [0.85-1.25]  1.01 [0.84-1.22]  JEM-index 2 902 403 1037,81 1.05 [0.81-1.35]  1.06 [0.82-1.37] 

JEM-index 3 1100 513 1103,25 0.97 [0.80-1.17]  0.94 [0.77-1.14]  JEM-index 3 718 311 980,50 1.02 [0.78-1.32]  1.03 [0.79-1.34] 

JEM-index 4 1065 507 1136,11 0.99 [0.82-1.20]  0.97 [0.80-1.18]  JEM-index 4 651 304 1098,44 1.10 [0.85-1.43]  1.12 [0.86-1.45] 

JEM-index 5 372 151 885,04 0.79 [0.63-1.00]   0.79 [0.62-1.00]   JEM-index 5 231 105 1035,06 1.07 [0.79-1.45]   1.08 [0.80-1.47] 
                   

Late onset asthma 3-10 years  

Boys, n  = 33 005   Girls, n = 33 232 
 Range n Cases Cases per 10 000 Crude HR 95% CI  HRa 95% CI   Range n Cases Cases per 10 000  Crude HR 95% CI  HRa 95% CI 

Model 1        person year             Model 1        person year           

Bereaved  ≥1   905 74 123,46 1.12 [0.89-1.42]  1.17 [0.92-1.47]  Bereaved  ≥1   941 46 72,08 0.97 [0.72-1.30]  1.00 [0.75-1.34] 

Job control  77.4-14.2 33005 2403 109,64 0.96 [0.92-1.00]  0.96 [0.92-1.00]  Job control  77.4-14.2 33232 1678 75,03 0.98 [0.93-1.02]  0.98 [0.93-1.02] 

Psychological  10.7-53.3 33005 2403 109,64 1.02 [0.94-1.10]  1.02 [0.94-1.10]  Psychological  10.7-53.3 33232 1678 75,03 1.02 [0.93-1.12]  1.03  [0.94-1.12] 

job demands            job demands           

Model 2                  Model 2                   

NLEs-index ≥1   2505 195 117,66 1.07 [0.92-1.24]  1.09 [0.94-1.26]  NLEs-index ≥1   2547 116 67,33 0.90 [0.75-1.09]  0.91 [0.75-1.09] 

JEM-index 0 1496 108 108,3       JEM-index 0 1592 93 86,97      

JEM-index 1 8164 595 109,78 1.01 [0.82-1.24]  1.00 [0.82-1.23]  JEM-index 1 7713 425 82,09 0.95 [0.75-1.18]  0.95 [0.76-1.19] 

JEM-index 2 8328 576 103,96 0.95 [0.78-1.17]  0.95 [0.77-1.16]  JEM-index 2 8709 429 73,13 0.84 [0.67-1.05]  0.84 [0.67-1.05] 

JEM-index 3 6783 505 112,05 1.03 [0.84-1.27]  1.03 [0.84-1.26]  JEM-index 3 6864 356 77,10 0.89 [0.71-1.12]  0.89 [0.71-1.12] 

JEM-index 4 6137 473 116,36 1.07 [0.87-1.32]  1.06 [0.86-1.31]  JEM-index 4 6182 256 61,17 0.71 [0.56-0.90]  0.71 [0.56-0.90] 

JEM-index 5 2097 146 104,28 0.95 [0.74-1.22]   0.94 [0.73-1.21]   JEM-index 5 2172 119 81,43 0.95 [0.72-1.25]   0.95 [0.72-1.25] 

HR = Hazard Ratio, CI = Confidence Interval, NLEs = Negative Life Events, JEM = Job Exposure Matrices                 

Bereavement is dichotomized (0/1), job control range from high to low levels of control by a 10 units decrease, psychological job demands range from low to high demands by a 10 unites increase. NLEs-index is dichotomized 

(0/≥1) and includes events of bereavement, events of life-threatening illness, suicide attempt, and/or alcohol or drug abuse. JEM-index is included as a continuous variable and includes job control, psychological job demands, 

emotional job demands, violence and threats of violence. 
aAdjusted for maternal: age, comorbidity (except asthma) & parity                 

 

 

  



 

  

SUPPLEMENTARY – TABLE S4: Maternal exposures of stressors and hazard ratio (HR) for childhood asthma (3-10 years) by offspring sex and by the median of "high"/"low" psychological job demands.  

High psychological job demands  

Boys, n  = 18 213   Girls, n = 17 796 

Model 1 Range  n Cases Cases per 10 000 Crude HR 95% CI   HRa 95% CI   Model 1 Range  n Cases Cases per 10 000 Crude HR 95% CI   HRa 95% CI 

        person year                      person year            

Bereaved  ≥1 493 68 220.49 1.04 [0.82-1.32]  1.05 [0.82-1.34]  Bereaved ≥1  514 45 132.66 1.01 [0.75-1.36]  1.03 [0.77-1.39] 

Job control  61.0-14.2 18213 2446 214.36 0.98 [0.92-1.04]  0.98 [0.93-1.04]  Job control 77.4-14.2 17796 1540 133.15 0.97 [0.90-1.04]  0.97 [0.91-1.04] 

Low psychological job demands  

Boys, n  = 20 277   Girls, n = 18 870 

Model 1 Range  n Cases Cases per 10 000 Crude HR 95% CI   HRa 95% CI   Model 1 Range  n Cases Cases per 10 000 Crude HR 95% CI   HRa 95% CI 

        person year                      person year            

Bereaved  ≥1 548 73 210.60 1.06 [0.84-1.34]  1.11 [0.88-1.41]  Bereaved ≥1  528 44 127.34 0.96 [0.71-1.29]  0.98 [0.72-1.32] 

Job control  77.4-15.1 20277 2536 198.05 0.98 [0.94-1.01]   0.98 [0.94-1.01]   Job control 77.4-14.2 18870 1656 134.76 0.97 [0.94-1.01]   0.97 [0.93-1.01] 

HR = Hazard Ratio, CI = Confidence Interval, NLEs = Negative Life Events, JEM = Job Exposure Matrices               
     

Bereavement is dichotomized (0/1), job control range from high levels of control to low by a 10 units decrease, psychological job demands is divided by the median into "low"/"high" demands. comorbidity & 

parity  
   

a Adjusted for maternal: age, comorbidity (except asthma) & parity                  
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Objectives   This study aimed to examine the association between negative life events, job stressors (low job 
control or high psychosocial job demands) and offspring asthma phenotypes (early-onset transient, early-onset 
persistent and late-onset asthma).
Methods   In a population-based cohort study comprising 547 533 liveborn singletons, we determined negative 
life events and offspring asthma at age six years using data from Danish nationwide registers. We assessed job 
demands and job control from gender-specific job exposure matrices. Prevalence ratios (PR) of each asthma 
phenotype were estimated using log-binomial regression.
Results   Maternal exposure to negative life events prenatally was not significantly associated with offspring asthma. 
Among mothers with low job demands, low job control was associated with increased risk for early-onset transient 
asthma [PR=1.14, 95% confidence interval (CI) 1.09–1.19], early-onset persistent asthma (PR=1.17, 95% CI 1.11–
1.23), and late-onset asthma (PR=1.06, 95% CI 1.00–1.14). Among mothers with high job demands, low job control 
was not associated with offspring asthma apart from a reduced risk of early-onset persistent asthma (PR=0.94, 95% 
CI 0.90–0.97). These associations were independent of child sex and parental atopic history.
Conclusions   Maternal stressors in private life do not seem to influence offspring asthma significantly. Low job 
control is associated with offspring asthma, which is modified by maternal psychosocial job demands. Our find-
ings warrant further exploration.
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Asthma is one of the most frequent chronic diseases in 
children (1). Asthma symptoms mostly start in early 
childhood (2), indicating that the key period for asthma 
development occurs in utero or early childhood. The 
literature suggests that early-life exposures may influ-
ence the development of asthma, and prenatal stress has 
been flagged as one of these factors (3).

Prenatal stress may impact the hypothalamic-pituitary 
axis (4), and hence, may lead to dysregulation of immune 
system function (5–7). Most published studies suggested 
that prenatal exposure to life stressors was associated with 
increased risk of asthma (8–14), whereas other studies 
reported no association (15, 16). Moreover, inconsisten-
cies exist regarding the strength of the association, prob-
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ably due to differences in the type of stress indicators, 
asthma measurement (prevalence versus incidence), and 
the inclusion of children at different ages.

Asthma is not a single disease entity but encom-
passes several phenotypes, such as early-onset transient, 
early-onset persistent, and late-onset asthma (17). So far, 
most published studies addressed private life stressors 
(8–16), and the relative importance of work-related 
psychosocial factors during pregnancy on offspring 
asthma is not well understood. Only one study extended 
the focus to maternal self-reported job strain and the 
association to parent-reported asthma with an inherent 
risk of reporting bias (18). Furthermore, this study did 
not account for private life stressors.

Asthma is more frequent among boys in early child-
hood, but the gender gap reverses after puberty (19). 
This may be partly explained by sex-specific differ-
ences in vulnerability to environmental exposures, such 
as differential fetal-placental response to cortisol (20). 
Two studies suggested that boys are more vulnerable to 
stress during the prenatal period (8, 16), while a third 
study observed increased risk only in girls (9). To our 
knowledge, no study has considered co-exposure to 
both life and job stressors and how offspring sex might 
modify the associations in one single study, probably 
due to limited sample sizes and lack of appropriate 
measurement of job stressors.

To address these unknowns, we conducted a cohort 
study through linkages of Danish nationwide registers 

in combination with job exposure matrices (JEM) for 
job stressors from the Danish Work Environment Cohort 
Study (DWECS) (21). We aimed to examine the associa-
tion between maternal exposure both to private life and 
job stressors prenatally and risk of offspring early-onset 
transient, early-onset persistent, and late-onset asthma, 
taking into account possible gender-specific interactions.

Methods

Study population

To conduct a population-based cohort study, we linked 
several Danish nationwide registers using the unique 
personal identification number, which is assigned to all 
liveborn and residents in Denmark. We identified 755 
687 live singletons born between 1 January 1997 and 31 
December 2008, recorded in the Danish Medical Birth 
Registry (DMBR) (22). We excluded 18 168 children 
with missing or extreme gestational age (<154 or >315 
days), 5340 children with missing or erroneous linkage 
to their fathers, 106 774 children whose mothers did 
not have a job title at conception, and 63 512 children 
whose mothers worked in the military where no JEM 
were available. Since the children were followed until 
their 6th birthday, we further excluded 12 352 children 
who emigrated and 2008 children who died before their 

Figure 1. Flowchart illustrating the identification of the study population. [JEM=job exposure matrices.]
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6th birthday. The final analyses included 547 533 chil-
dren (figure 1).

Life stressors and job stressors – exposure

Life stressors due to negative life events. We defined life 
stressors as negative life events occurring among the 
mothers from one year before conception until delivery. 
Negative life events included an array of events, such 
as death, life-threatening illness (cancer, ICD-10 codes 
C00–97, or acute myocardial infarction, ICD-10 codes 
I21–23), suicide attempt (ICD-10 codes X60–84, and 
Y87.0), or alcohol or drug abuse/dependence (ICD-10 
codes F10–19) in a family member on the mother’s side 
(partner, child, parent, or sibling). The mother was linked 
to her family members via the Danish Civil Registration 
System (23). Information on life-threatening illness was 
retrieved from the Danish National Patient Register (24), 
death from the Danish Civil Registration System, and sui-
cide attempt and alcohol or drug abuse/dependence from 
the Danish Psychiatric Central Research Register (25).

Psychosocial job demands and job control. Psychosocial 
JEM were used to define job stressors (26). We retrieved 
codes for the occupation held at the time of concep-
tion, coded according to the Danish version of the 
International Standard for Classification of Occupa-
tions (DISCO 88) from Statistics Denmark’s Integrated 
Database for Labor Market Research (27). This clas-
sification system is based on the required education/
skills combined with the actual job task performed. 
The DISCO code consists of four hierarchical digits, 
where each additional digit indicates a more specific 
job category. The psychosocial JEM were created from 
DWECS data and provide information on sex-specific 
level of exposure for each DISCO code. Since 1990, 
the National Institute of Occupational Health conducted 
a telephone interview regarding psychosocial work 
environment among a representative random sample 
retrieved from the Danish central population register 
every fifth year, and the JEM used in the present study 
were created based on data collected in the year 2000 
(21). We examined the components of job strain model 
(28), ie, job control and psychosocial job demands 
(hereinafter referred to as job demands) as well as the 
interactions between job control and job demands. Job 
demands consist of 3 items, and job control consists 
of decision authority (4 items) and skill discretion 
(4 items) (detailed items and response categories are 
provided in table S1, www.sjweh.fi/show_abstract.
php?abstract_id=3785). Responses were scored with 
equal weight and intervals between answer probabilities 
and transformed to a 0–100 scale (29), with low scores 
indicating low levels of the measured dimension. Then 
the score for each DISCO occupational group was calcu-

lated based on the mean value of individual scores from 
this sample. We used scores only when the job category 
was represented by at least five individuals. Otherwise, 
a score with less specific job category (ie, fewer digit 
DISCO code) was used. We dichotomized job demands 
and control by the median value. We considered the 
exposure level as low if it fell below the median and 
high if it was above the median. For job control, we 
used the high exposure level as a reference, while the 
low exposure constituted the reference for job demands.

Childhood asthma phenotypes–outcome

Outcomes of interest were early-onset transient asthma, 
early-onset persistent asthma, and late-onset asthma based 
on hospital contact or pharmacological treatment for 
asthma. Asthma hospital contact was identified based on 
ICD-10 codes (J45 and J46) in the Danish National Patient 
Register. Anti-asthmatic treatment was retrieved from the 
Danish National Prescription Registry (30). The Anatomi-
cal Therapeutical Chemical classification codes for anti-
asthmatic drugs were: inhaled β2-agonists (R03AC02, 
R03AC03, R03AC04, R03AC12 and R03AC13), inhaled 
glucocorticoids (R03BA01, R03BA02, and R03BA05), 
fixed-dose combination of inhaled β2-agonists and glu-
cocorticoids (R03AK06 and R03AK07), leukotriene 
receptor antagonists (R03DC03), and anti-IgE treatment 
(R03DX05) (31).

We defined asthma treatment as ≥2 prescriptions 
of anti-asthmatic medications within a one-year period 
or ≥1 hospital contact for asthma (31). We categorized 
children into four mutually exclusive groups: (i) No 
asthma: no asthma treatment; (ii) early-onset transient 
asthma: asthma treatment during 0–3 years of age; (iii) 
early-onset persistent asthma: asthma treatment both at 
0–3 years and 4–6 years of age; (iv) late-onset asthma: 
asthma treatment during 4–6 years of age.

Statistical analysis

We used log-binomial regression to estimate the preva-
lence ratios (PR) and 95% confidence intervals (CI) 
for each asthma phenotype by maternal exposure to 
negative life events, high job demands, and low job 
control prenatally. We then included an interaction 
term on the multiplicative scale for job demands × job 
control. Robust standard errors were used to account 
for some mothers contributing with more than one live 
singleton. The models were adjusted for a priori defined 
putative confounders: maternal age at delivery (<25, 
25–34, or ≥35 years), education at conception (voca-
tional education or below/higher education), smoking 
during pregnancy (yes/no), parity (1st/2nd or higher), 
comorbidity before delivery (yes/no), parental atopic 
status (yes/no), and calendar year of birth (1997–2000, 
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2001–2004, or 2005–2008). Mothers were considered 
to have a chronic disease if they had a disease listed in 
the Charlson Comorbidity Index (including 19 chronic 
disease categories excluding asthma) (32). We defined 
parental atopic disposition if any of the following diag-
nostic groups were recorded: allergic rhinitis without 
bronchial asthma (507 in ICD-8 and J30.1, J30.2, J30.3, 
or J30.4 in ICD-10), asthma (493 in ICD-8 and J45–J46 
in ICD-10), or atopic dermatitis (691.0 in ICD-8 and 
L20 in ICD-10). Data on these covariates were extracted 
from the DMBR, the Danish National Patient Register, 
and the Danish Psychiatric Central Research Register. 
In the adjusted models, we mutually adjusted for nega-
tive life events, job demands, and job control. About 
13.8% of the values were missing for any of the poten-
tial confounders, and we applied 20 imputations using 
the Markov Chain Monte Carlo technique for imputing 
missing values (33). To test for sex-specific associations, 
we repeated all analyses stratified by the sex of the child. 
Analyses were conducted in Stata 15 (Stata Corp, Col-
lege Station, TX, USA).

We conducted five sensitivity analyses to estimate 
the robustness of the results. First, to account for con-
founding by maternal pre-pregnancy body mass index 
(BMI), we restricted our analyses to children born 
during 2003–2008 (N=209 097) when the information 
on pre-pregnancy BMI (≤18.5, 18.5–24.9, and ≥25 kg/
m2) became available in the DMBR (22), and further 
adjusted for pre-pregnancy BMI. Second, the associa-
tion between prenatal stress and asthma varies in the 
context of parental atopic predisposition. We, therefore, 
by stratification, examined whether the associations 
were affected by parental atopic status. Third, mothers 
with higher education often had higher job demands 
and control, according to our preliminary analysis. We, 
therefore, repeated our analyses by stratification on edu-
cational status. Fourth, to test whether the associations 
were affected by the cut-offs, we repeated the analyses 
by comparing the highest quintile versus below highest 
quintile of job demands and the lowest quintile versus 
above lowest quintile of job control. Fifth, early-onset 
transient asthma may vary with maternal smoking and 
age at delivery. To test whether these two covariates 
act as modificators instead of confounders in the asso-
ciations between maternal negative life events, job 
stressors and offspring early-onset transient asthma, we 
further analyzed the data stratified by smoking status 
and maternal age.

Ethical considerations

The Danish Data Protection Agency approved the study. 
No informed consent is required for a register-based 
study with public health interest based on encrypted data 
according to the legislation in Denmark.

Results

Table 1 presents the prevalence of asthma phenotypes 
according to the characteristics. During the follow-up, 
we documented 45 755 children with early-onset tran-
sient asthma, 29 839 with early-onset persistent asthma, 
and 13 728 with late-onset asthma. Several covariates 
were associated with increased risk of prevalence of 
childhood asthma: young age, low education, smoking 
during pregnancy, chronic disorder before delivery in 
mothers as well as parental atopic history.

Table 1. Prevalence of asthma phenotypes according to baseline  
descriptive statistics of the study population.

Characteristic No asthma 
(N=458 211) 

Early-onset 
transient 
asthma a 

(N=45 755) 

Early-onset 
persistent 
asthma b  

(N=29 839)

Late-onset 
asthma c 

(N=13 728) 

N (%) N (%) N (%) N (%)

Maternal age at 
delivery (years)

<25 44 279 (80.3) 6015 (10.9) 3234 (5.9) 1601 (2.9)
25–34 334 552 (83.6) 33 538 (8.4) 22 072 (5.5) 9959 (2.5)
≥35 79 380 (86.0) 6202 (6.7) 4533 (4.9) 2168 (2.3)

Maternal 
education at 
conception

Vocational 
education or 
below

268 715 (82.6) 29 794 (9.2) 18 346 (5.6) 8370 (2.6)

Higher 
education

185 766 (85.2) 15 685 (7.2) 11 297 (5.2) 5253 (2.4)

Missing 3730 (86.6) 276 (6.4) 196 (4.6) 105 (2.4)
Maternal smok-
ing during 
pregnancy

No 334 122 (84.3) 30 975 (7.8) 21 426 (5.4) 9826 (2.5)
Yes 65 035 (78.9) 10 040 (12.2) 5305 (6.4) 2093 (2.5)
Missing 59 054 (85.9) 4740 (6.9) 3108 (4.5) 1809 (2.6)

Maternal co-
morbidity before 
delivery

No 443 215 (83.8) 43 871 (8.3) 28 515 (5.4) 13 191 (2.5)
Yes 14 996 (80.0) 1884 (10.1) 1324 (7.1) 537 (2.9)

Parity
1st 204 604 (83.6) 19 296 (7.9) 13 998 (5.7) 6868 (2.8)
≥2 251 004 (83.8) 26 187 (8.7) 15 631 (5.2) 6786 (2.3)
Missing 2603 (82.4) 272 (8.6) 210 (6.6) 74 (2.3)

Parental atopic 
status

No 431 164 (84.3) 41 725 (8.2) 26 161 (5.1) 12 228 (2.4)
Yes 27 047 (74.6) 4030 (11.1) 3678 (10.1) 1500 (4.1)

Sex of the child
Boy 227 092 (80.8) 27 798 (9.9) 18 366 (6.5) 7965 (2.8)
Girl 231 119 (86.8) 17 957 (6.7) 11 473 (4.3) 5763 (2.2)

Calendar year of 
birth

1997–2000 162 519 (85.9) 13 049 (6.9) 8682 (4.6) 5011 (2.6)
2001–2004 150 837 (83.6) 14 699 (8.1) 10 251 (5.7) 4689 (2.6)
2005–2008 144 855 (81.5) 18 007 (10.1) 10 906 (6.1) 4028 (2.3)

 a Early-onset transient asthma: asthma treatment (ie, ≥2 prescriptions of an 
antiasthma medication within one year or ≥1 hospital treatment for asthma) 
during 0–3 years but no treatment during 4–6 years; 

b Early-onset persistent asthma: asthma treatment both during 0–3 years and 
during 4–6 years.

c Late-onset asthma: no asthma treatment during 0–3 years but with treatment 
during 4–6 years.
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low job control was associated with higher risk of all 
three asthma phenotypes; the PR was 1.14 (95% CI 
1.09–1.19) for early-onset transient asthma, 1.17 (95% 
CI 1.11–1.23) for early-onset persistent asthma, and 1.06 
(95% CI 1.00–1.14) for late-onset asthma, compared 
to high job control. Among children of mothers with 
high job demands, low job control was not significantly 
associated with offspring asthma phenotypes except for 
early-onset persistent asthma where a reduced risk was 
observed (PR=0.94, 95% CI 0.90–0.97), in comparison 
to high job control (table 3). The associations above 
were not modified by child sex (table 4), parental atopic 
history (table S2, supplementary material, www.sjweh.
fi/show_abstract.php?abstract_id=3785), or maternal 
education status (table S3, supplementary material, 
www.sjweh.fi/show_abstract.php?abstract_id=3785).

The associations remained largely unchanged when 
we adjusted for pre-pregnancy BMI (data not shown). 

In the adjusted models, maternal prenatal exposure 
to negative life events was not statistically significantly 
associated with increased risk of early-onset transient 
asthma (PR=1.02, 95% CI 0.99–1.06), early-onset per-
sistent asthma (PR=1.04, 95% CI 0.99–1.08), or late-
onset asthma (PR=0.99, 95% CI 0.93–1.05) in offspring. 
Maternal exposure to high job demands or low job 
control was associated with increased risk of early-onset 
transient and persistent asthma in offspring (table 2). The 
associations mentioned above were not altered by sex 
of the child (figure 2), or parental atopic history (sup-
plementary figure S1, www.sjweh.fi/show_abstract.
php?abstract_id=3785).

In the fully adjusted models including the interaction 
term on the multiplicative scale for job demands × job 
control, there was evidence of interaction for all three 
asthma phenotypes (all P-values <0.001 for the interac-
tion). Among children of mothers with low job demands, 

Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy,
chronic disorders, parity, parental atopic disorders, and calendar year of birth. Negative life events, job control
and job demands were mutually adjusted for in the models.
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Figure 2. Prevalence ratio for asthma phenotypes according to prenatal exposure to job stressors and negative life events stratified by gender of the child. 
Adjusted for material age at delivery, maternal highest education at conception, smoking during pregnancy, chronic disorders, parity, parental atopic disorders, 
and calendar year of birth. Negative life events, job control and job demands were mutually adjusted for in the models.

Table 2. Prevalence ratio (PR) for asthma phenotypes according to prenatal exposure to job stressors and negative life events (main effects). 
[CI=confidence interval.]

Characteristic N Early-onset transient asthma Early-onset persistent asthma Late-onset asthma

Cases  
N (%)

Crude  
PR

Adjusted PR a 
(95% CI)

Cases  
N (%)

Crude  
PR

Adjusted PR a 

(95% CI)
Cases  
N (%)

Crude  
PR

Adjusted PR a 

(95% CI)

Negative life events
No 506 101 42 217 (8.3) 1 1 (ref) 27 520 (5.4) 1 1 (ref) 12 713 (2.5) 1 1 (ref)
Yes 41 432 3538 (8.5) 1.02 1.02 (0.99–1.06) 2319 (5.6) 1.03 1.04 (0.99–1.08) 1015 (2.5) 0.98 0.99 (0.93–1.05)

Job demands
Low 292 080 25 151 (8.6) 1 1 (ref) 15 815 (5.4) 1 1 (ref) 7375 (2.5) 1 1 (ref)
High 255 453 20 604 (8.1) 0.94 1.03 (1.01–1.05) 14 024 (5.5) 1.01 1.05 (1.02–1.07) 6353 (2.5) 0.98 1.00 (0.96–1.03)

Job control
Low 292 068 26 854 (9.2) 1.24 1.07 (1.04–1.09) 16 514 (5.7) 1.08 1.05 (1.02–1.08) 7482 (2.6) 1.05 1.00 (0.95–1.04)
High 255 465 18 901 (7.4) 1 1 (ref) 13 325 (5.2) 1 1 (ref) 6246 (2.4) 1 1 (ref)

a Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy, chronic disorders, parity, parental atopic disorders, 
and calendar year of birth. Negative life events, job control and job demands were mutually adjusted for in the models.
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Table 3. Prevalence ratio (PR) for asthma phenotypes in the offspring according to maternal job demands and job control. [CI=confidence interval.]

Job control Low job demands High job demands

N Cases N (%) Adjusted PR (95% CI) a N Cases N (%) Adjusted PR (95% CI) a

Early-onset transient asthma
Low job control 190 481 18 432 (9.7) 1.14 (1.09–1.19) 101 587 8422 (8.3) 1.00 (0.97–1.03)
High job control 101 599 6719 (6.6) 1 (ref) 153 866 12 182 (7.9) 1 (ref)

Early-onset persistent asthma
Low job control 190 481 11 240 (5.9) 1.17 (1.11–1.23) 101 587 5274 (5.2) 0.94 (0.90–0.97)
High job control 101 599 4575 (4.5) 1 (ref) 153 866 8750 (5.7) 1 (ref)

Late-onset asthma
Low job control 190 481 5032 (2.6) 1.06 (1.00–1.14) 101 587 2450 (2.4) 0.94 (0.88–1.01)
High job control 101 599 2343 (2.3) 1 (ref) 153 866 3903 (2.5) 1 (ref)

a Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy, chronic disorders, parity, parental atopic disorders, 
negative life events, and calendar year of birth.

Table 4. Adjusted prevalence ratio (PR) for asthma phenotypes in the offspring according to job demands and job control among children stratified 
by sex of the child. [CI=confidence interval.]

Job control Boys Girls

Low job demands High job demands Low job demands High job demands
Adjusted PR a (95% CI) a Adjusted PR a (95% CI) a Adjusted PR a (95% CI) a Adjusted PR a (95% CI) a

Early-onset transient asthma
Low job control 1.12 (1.07–1.18) 0.99 (0.95–1.03) 1.16 (1.09–1.24) 1.01 (0.96–1.06)
High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Early-onset persistent asthma
Low job control 1.17 (1.10–1.24) 0.95 (0.91–1.00) 1.17 (1.08–1.27) 0.91 (0.85–0.97)
High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Late-onset asthma
Low job control 1.01 (0.92–1.12) 0.94 (0.87–1.02) 1.13 (1.01–1.27) 0.93 (0.85–1.02)
High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref)

a Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy, chronic disorders, parity, parental atopic disorders, 
negative life events, and calendar year of birth.

When we use the quintile as the cutoffs of job demands 
and job control, the same direction of associations 
between job demands, job control, and offspring asthma 
phenotypes were observed, although the strength of 
the associations changed slightly (supplementary table 
S4). The associations between negative life events, job 
stressors and early-onset transient asthma were similar 
among children born by mothers at different age groups 
(all P-values >0.10 for the interactions of exposures 
× maternal age at delivery) (supplementary figure S2, 
www.sjweh.fi/show_abstract.php?abstract_id=3785). 
There was no strong evidence that maternal smoking 
during pregnancy modified the associations between 
negative life events, job control and offspring early-
onset transient asthma (P>0.70 for the interactions of 
negative life events × smoking and job control × smok-
ing), although maternal high job demands were associ-
ated with increased risk of early-onset transient asthma 
only among children born by nonsmoking mothers but 
not smoking mothers (P<0.01 for the interaction of job 
demands × smoking) (supplementary figure S3, www.
sjweh.fi/show_abstract.php?abstract_id=3785).

Discussion

In this large nationwide study, there is no evidence of 
increased risk of asthma among children whose mothers 
were exposed to negative life events prenatally. Maternal 
low job control was associated with increased risk of all 
three asthma phenotypes among mothers with low job 
demands. Among women with high job demands, low 
job control was not associated with offspring asthma 
phenotypes apart from a reduced risk of early-onset 
persistent asthma. These associations were independent 
of child sex or parental atopic status.

Results from published studies on the association 
between prenatal exposure to negative life events and 
childhood asthma are inconsistent. Whereas some stud-
ies found full support for increased risk of asthma after 
maternal exposure to negative life events (8–14), another 
two population-based cohort studies found no consistent 
support (15, 16). The distinct type of stress indicators, 
timing of asthma diagnosis and asthma phenotypes could 
potentially explain seemingly conflicting findings from 
previous studies (3, 14). Our study does not support 
maternal exposure to negative life events influences 
offspring asthma. These findings are in line with our 
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previous study examining different asthma phenotypes 
(15). However, the magnitude of risk estimates in our 
study was smaller than that reported by a meta-analysis 
by Flanigan et al (3), in which a relative risk of 1.15 
(95% CI 1.04–1.27) for offspring asthma was reported 
for children exposed to stress prenatally. We defined life 
stressors according to an array of negative life events, 
such as death, life-threatening illness, alcohol or drug 
abuse/dependence of family members, which may reflect 
less severe stressors than the death of a child reported in 
our previous study (15).

We found the associations between job control and 
offspring asthma phenotypes were modified by job 
demands. The modifying effect of job demands on the 
associations may be explained by the difference in occu-
pational categories, for instance, jobs with low demands 
are often manual work with physical objects and high 
demands with clients (34). Specifically, we found that 
low job control increased the risk of offspring asthma 
only among mothers with low job demands, whereas 
a reduced risk of early-onset persistent asthma was 
observed among mothers with high job demands. This 
finding did not support the hypothesized association 
with job control but is in line with an earlier Danish 
study (18), where Larsen et al found a higher risk of 
asthma among children whose mothers were exposed to 
self-reported high job demands and control but not high 
job demands and low job control. We have no adequate 
explanation of these associations and further mechanis-
tic studies are warranted. We can only speculate the pos-
sible mechanism behind our findings. Mothers with low 
job control and high job demands are suggested to have 
elevated levels of cortisol than mothers with high job 
control and low job demands (35). Maternal cortisol can 
be transmitted to the fetus (36), resulting in Th2-biased 
cell differentiation in the fetus and increased susceptibil-
ity to asthma later in life (37). The other likely explana-
tion apart from chance finding is confounding by socio-
economic status which is strongly related to job control, 
despite socioeconomic status is included in our analyses. 
Residential exposure to air pollution during pregnancy 
may be related to both offspring asthma phenotypes and 
job stressors since socioeconomically disadvantaged 
populations probably are more likely to be exposed to 
residential air pollution. It is possible that mothers with 
low job demands and low job control live in areas with 
more residential air pollution than children to mothers 
with low job demands and high job control, which would 
lead to an overestimation of the association between low 
job control and offspring asthma phenotypes as observed 
in our study. In a sensitivity analysis, we stratified by 
educational status and did see similar associations across 
the educational level, suggesting that our results cannot 
be explained by residual confounding alone.

Results from studies reporting sex-specific effect of 

prenatal stress on asthma are heterogeneous (8, 9, 16). 
Our study did not disclose any gender differences in sus-
ceptibility to asthma relative to maternal exposures. This 
ambiguity may be explained by both offspring gender 
disparities in biology and the response to the stressors. 
For instance, surfactant production begins later in male 
than female neonatal lungs, contributing to lower airflow 
rate and higher airway resistance in boys (38). A recent 
study suggested that boys are more vulnerable to pre-
natal stress, whereas stress in the postnatal period was 
more significantly associated with asthma in girls (8). 
It is likely that prenatal stressors included in our study 
may be long-lasting and continue to influence mothers 
and their children in the postnatal period and thus dilute 
differential effects caused by child sex.

Methodological considerations

Our study is a population-based cohort study and 
includes the entire Danish population during the study 
period. Information on the exposure and outcome were 
collected independently and was therefore not affected 
by recall bias. The use of registers allowed us to con-
trol for some potential confounders. The use of JEM 
to assess job stress enables us to assess job demands 
and job control independently of individual self-reports 
and thus minimizes the risk of reporting bias, but at the 
expense of accuracy in the exposure assignment.

There are also some limitations. First, we only 
included children of mothers with DISCO codes and 
hence exclude 22.1% of children whose mothers did not 
have a job title at conception or worked in the military 
from the study population. Second, the perception and 
reaction, and coping strategies of a working environment 
may vary between individuals. We assigned a mean 
value of exposure to mothers with the same job titles 
while other factors such as coping skills may influence 
job stress. Furthermore, we used the job title at con-
ception as one single measure of job stress throughout 
pregnancy. However, exposure to job stress may change 
during pregnancy since mothers may take sick leave 
or even leave the job when work-related stress is too 
intensive or causes severe health problems. Therefore, 
we may introduce non-differential misclassification and 
bias the effect estimates toward the null. Third, job con-
trol is correlated with other occupation exposures, which 
may have joint effects on offspring asthma phenotypes. 
We do not have direct information on other occupation 
exposures and thus were not able to include them in the 
models. Failure to adjust for the concomitant exposure 
would have biased our findings away from the null. 
However, similar results were obtained when we strati-
fied by maternal education status which partly reflects 
the job titles and thus other occupational exposures. 
Therefore, the associations observed cannot entirely be 
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ascribed to residual confounding by concomitant expo-
sure. In future studies, it can be considered to include 
other occupational exposures via job exposure matrices, 
for instance, noise, particles, and chemical exposures. 
Fourth, although we accounted for some covariates in 
our models, residual confounding cannot be ruled out. 
Fifth, we did not have information on the atopic status 
of asthmatic children, and we were therefore not able 
to differentiate the association of maternal prenatal 
exposure to life and job stressors with allergic and non-
allergic asthma in offspring.

Concluding remarks

Maternal stressors in private life do not influence off-
spring asthma significantly, whereas low job control is 
associated with offspring asthma phenotypes, which is 
modified by maternal psychosocial job demands.
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Table S1. Items and response categories for the measure of job demands and job control 

Job stressors Items Response categories 

Psychosocial job demands Is it necessary to work very fast? 1.Always, 2.Often,3.Sometimes, 

4.Seldom, and 5.Never/almost never 

 

 How often is it impossible for you to 

finish all your work tasks? 

 It is clear what my responsibility is 1.Absolutely right, 2.Sometimes 

right, 3.Not right 

Job control   

  Decision authority Do you have much influence on 

decisions concerning your work? 

1.Always, 2.Often,3.Sometimes, 

4.Seldom, 5.Never/almost never 

  Do you have influence on who you work 

with? 

 Do you have influence on the amount of 

work tasks? 

 Do you have influence on what type of 

work tasks you perform? 

Skill discretion Does your work require that your are 

enterprising? 

1.Yes, indeed, 2.Yes, very much, 

3.To some extent, 4.Not so much, 

5.No, or very seldom  Is it possible for you to learn new things 

through your work? 

 Do you feel that your education or skills 

are of any use in your present job? 



2 
 

 Is your work varied? 

  



3 
 

Figure S1. Prevalence ratio for asthma phenotypes according to prenatal exposure to job 

stressors and negative life events among children by parental atopic history (main effects) 

 

Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy, chronic 

disorders, parity, and calendar year of birth. Negative life events, job control and job demands were mutually 

adjusted for in the models. 
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Table S2. Prevalence ratio for asthma phenotypes in the offspring according to job demands and job 

control according to parental atopic history  

Job control No parental atopic history With parental atopic history 

Low job demands High job demands Low job demands High job demands 

Early-onset transient asthma      

  Low job control 1.14 (1.09–1.19) 1.00 (0.96–1.03) 1.12 (0.97–1.28) 1.04 (0.93–1.16) 

  High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref) 

Early-onset persistent asthma      

  Low job control 1.17 (1.11–1.28) 0.93 (0.89–0.97) 1.15 (0.99–1.33) 0.98 (0.88–1.09) 

  High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref) 

Late-onset asthma      

  Low job control 1.07 (0.99–1.16) 0.95 (0.86–1.04) 0.99 (0.80–1.22) 0.87 (0.72–1.04) 

  High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref) 

Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy, chronic 

disorders, parity, negative life events, and calendar year of birth. 
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Table S3. Prevalence ratio for asthma phenotypes in the offspring according to job demands and job 

control by maternal highest education 

Job control  Vocational education or below Higher education 

Low job demands High job demands Low job demands High job demands 

Early-onset transient asthma      

  Low job control 1.18 (1.12–1.25) 1.03 (0.99–1.07) 1.06 (0.99–1.14) 0.94 (0.89–1.00) 

  High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref) 

Early-onset persistent asthma      

  Low job control 1.21 (1.13–1.29) 1.02 (0.97–1.07) 1.10 (1.01–1.20) 0.78 (0.72–0.84) 

  High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref) 

Late-onset asthma      

  Low job control 1.06 (0.96–1.16) 0.97 (0.90–1.04) 1.09 (0.97–1.23) 0.88 (0.79–1.00) 

  High job control 1 (ref) 1 (ref) 1 (ref) 1 (ref) 
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Table S4. Adjusted prevalence ratio for asthma phenotypes according to prenatal exposure to job 

stressors and negative life events (main effects) 

Exposure Early-onset 

transient asthma 

Early-onset 

persistent asthma 

Late-onset 

asthma 

Negative life events    

  No  1 (ref) 1 (ref) 1 (ref) 

  Yes 1.02 (0.99 – 1.06) 1.04 (0.99 – 1.08) 0.99 (0.93 – 1.05) 

Job demands    

  Below highest quintile 1 (ref) 1 (ref) 1 (ref) 

   ≥Highest quintile 1.05 (1.03 – 1.08) 1.12 (1.09 – 1.15) 1.06 (1.02 – 1.11) 

Job control    

   ≤Lowest quintile 1.03 (1.00 – 1.06) 0.98 (0.94 – 1.01) 1.02 (0.97 – 1.08) 

   Above lowest quintile 1 (ref) 1 (ref) 1 (ref) 

Adjusted for maternal age at delivery, maternal highest education at conception, smoking during pregnancy, chronic 

disorders, parity, parental atopic disorders, and calendar year of birth. Negative life events, job control and job 

demands were mutually adjusted in the models. 
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Figure S2. Prevalence ratio of early-onset transient asthma according to prenatal exposure to 

maternal job stressors and negative life events stratified by maternal age at delivery 
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Figure S3. Prevalence ratio of early-onset transient asthma according to prenatal exposure to 

maternal job stressors and negative life events stratified by maternal smoking during pregnancy  
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ABSTRACT  

Objective: Research has linked early adverse childhood experiences (ACEs) with asthma development; 

however, existing studies have generally relied on parent-report of exposure and outcome. We aimed to 

examine the association of early life ACEs (bereavement, parental chronic somatic illness, or psychiatric 

illness/suicide attempt) with empirically determined trajectories of childhood asthma risk, using independent 

register information of both exposures and outcome. Methods: Based on nationwide registries, we established 

a study cohort of 466 556 children born in Denmark (1997-2004). We obtained information on early ACEs age 

0-2 years (bereavement,   parental chronic somatic illnesses and  parental mental illnesses) and childhood 

asthma diagnosis or medication (age 0-10 years) from the Danish National Patient or Prescription Registry. We 

identified asthma phenotypes using group-based trajectory modelling. We then used multinomial logistic 

regression to examine the association between early ACEs and risk of asthma phenotypes. Results: We 

identified three asthma phenotypes: early-onset transient, early-onset persistent, and late-onset asthma. Girls 

with ACEs before two years of age had higher odds of early-onset transient asthma (odds ratio 1.13 [95% 

Confidence Interval: 1.04-1.24]), early-onset persistent asthma (1.27 [1.08-1.48]), or late-onset asthma (OR 

1.28 [1.11-1.48]), compared to girls without ACEs. Results were similar for boys with ORs of 1.16 (1.08-1.25), 

1.11 (0.98-1.25), and 1.34 (1.20-1.51), respectively, compared to non-exposed boys. Conclusion: In a 

nationwide-population study, we identified three asthma phenotypes and found that ACEs early in life were 

associated with increased odds for all of these asthma phenotypes among both girls and boys.  

 

KEY MESSAGES   

What is the key question?  

 What are the age-dependent asthma phenotypes in children and are adverse childhood experiences 

early in life associated with these asthma phenotypes?  

What is the bottom line?  

 Using group-based trajectory modelling we identified three asthma phenotypes (early-onset 

transient, early-onset persistent, and late-onset asthma), and that adverse childhood experiences 

early in life were associated with increased odds of all phenotypes of childhood asthma. 

Why read on?  

 This is the first nationwide population study to identify childhood asthma phenotypes. This study also 

adds knowledge to the field of adverse childhood experiences and childhood asthma by using 

independent register data of exposures and outcomes.  
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INTRODUCTION 

Asthma is the most common chronic disease in 

childhood and is associated with reduced quality of 

life and substantial direct and indirect societal 

costs [1–3]. Despite much research on the 

aetiology and risk factors, the development and 

progression of asthma is not well understood [4].  

Asthma is an umbrella term for multiple distinct 

pathophysiological mechanisms that vary in their 

clinical expression of disease. Given this 

heterogeneity, inconsistencies between previous 

studies investigating the incidence and aetiology of 

asthma are to be expected [5]. 

Findings reported in the current literature indicate 

that adverse childhood experiences (ACEs) 

influence mental and physical health later in life 

[6–8]. Experience of severe ACEs in childhood (e.g., 

abuse, bereavement, or neglect) has been linked 

with elevated rates of morbidity and mortality [9–

14]. Although the biological mechanisms linking 

ACEs with health outcomes later in life are 

undoubtedly multifaceted, recent research 

suggests dysregulation of the immune system may 

be one key underlying biological pathway [15,16]. 

A few studies have examined the influence of ACEs 

on later development of asthma [13]. Their 

findings indicate strong associations, including 

significant dose-response relationships, but the 

majority of the studies suffer from methodological 

limitations, such as parental report of ACEs and 

asthma outcomes in their children, small sample 

sizes, cross-sectional designs, and low response 

rates [13,14]. We addressed a number of these 

limitations by leveraging a nationwide cohort to 

examine, whether experience of ACEs during early 

life (0–2 years of age) is associated with asthma 

among children followed up to the age of ten years. 

We used a data-driven approach to examine 

trajectories of asthma phenotypes using Danish 

nationwide data in relation to ACEs. We 

hypothesized that exposure to ACEs would 

increase the risk of asthma. Prior research also 

suggests that both dose and type of ACE affect the 

association with asthma risk [13]. Previous studies 

have identified sex-differential effects suggesting 

that girls may be more vulnerable to maternal 

stress postnatal, whereas boys may be more 

vulnerable to maternal stress during pregnancy 

[17,18]. Given these previous findings, we also 

investigated dose-dependent exposure to ACE and 

sex-specific associations, with the hypothesis that 

girls would be more vulnerable to ACE than boys. 

MATERIAL AND METHODS 

Study subjects – study design. We used nationwide 

register data of live-born singletons in Denmark, 

born from 1st January 1997 to 31st December 2004, 

and their biological parents and siblings (based on 

records of the mother) obtained from the Danish 

National Medical Birth Registry [19]. A total of 466 

556 children were included in this register based 

cohort study after exclusion of children with 

missing or extreme gestational ages (<154 or >315 

days), children that could not be linked to their 

fathers, or children that emigrated or died before 

their 10th birthday, Figure 1.   

 

We linked the cohort to multiple nationwide 

administrative registers by the unique social 

security number (CPR-number) assigned to all 

citizens in Denmark at birth [20]. Data from the 

Danish Civil Registration System, which contains 

information about sex, date of birth, identity of the 

parents, and emigration [21] was linked with:  

 The Danish National Patient Register, 

which includes information on all hospital 

admissions (non-psychiatric) since 1977, 

and since 1995 also psychiatric inpatients, 

emergency department and outpatient 

contacts [22]. For each patient contact 

since 1994, physician-assigned diagnoses 

are recorded according to the 

International Classification of Diseases, 

10th revision (ICD-10). 



 

  

 The Danish National Prescription Registry 

[23], which includes information on all 

claimed prescriptions since 1995 from 

Danish pharmacies classified according to 

the Anatomical Therapeutic Chemical 

(ATC) classifications system [24].  

 The Danish National Medical Birth 

Registry, which includes information 

pertaining to obstetrical outcomes and 

health of the new-born [19].  

 The Population Education Register [25], 

which includes educational level based on 

the International Standard Classification of 

Education (ISCED-2011) [26].  

 The Danish Register of Causes of Death, 

which records all deaths of citizens in 

Denmark according to cause of death 

based on ICD-10 codes [27].  

 

Adverse Childhood Experiences early in life. We 

defined three categories of ACEs occurring 

between birth and the age of <2 years:  (1) 

bereavement  defined as death of a parent or 

sibling [28] identified through the Danish Register 

of Causes of Death, (2) parental chronic somatic 

illnesses [29] based on the Charlson Comorbidity 

Index (CCI) [30] but excluding diagnoses of asthma 

(ICD-10 codes: J45 and J46), using data from the 

National Patient Register, and (3) parental mental 

illnesses [29] defined as any psychiatric diagnosis 

(ICD-10: F00-F99) as well as suicide attempt (ICD-

10: X60-84 and Y87.0), obtained from the National 

Patient Register.  

For the primary analysis, we created a 

dichotomous ACE variable (0 versus ≥ 1 ACE). In a 

sensitivity analyses, we dichotomised each of the 

three categories of ACEs into 0 or ≥ 1 event before 

summing across categories (possible range: 0-2). 

Only one event in each ACE category was counted 

per family member of the child.  

 

Childhood asthma. We defined the outcome as a 

diagnosis of asthma (ICD-10: J45) or status 

asthmaticus (ICD-10: J46) obtained from the 

Danish National Patient Register, or as claim of at 

least two prescriptions of any anti-asthmatic 

medication within one year [31]. The ATC codes for 

inhaled asthma drugs were: inhaled b2-agonists 

(R03AC02-04, R03AC12, and R03AC13), inhaled 

glucocorticoids (R03BA01, R03BA02, and 

R03BA05), fixed-dose combination of inhaled b2-

agonists and glucocorticoids (R03AK06 and 

R03AK07), leukotriene receptor antagonists 

(R03DC03), and anti-IgE therapies (R03DX05) 

obtained from the Danish National Prescription 

Register [23,24].   

Statistical approach. The children were observed 

from birth to the age of ten years. We used Group-

based Trajectory Modelling (GBTM) [32] to identify 

clusters of children following similar progression 

for asthma development between birth and 10 

years of age using the SAS PROC TRAJ macro [33]. 

We examined a 4-group model based on previous 

reports in the literature, and iteratively analysed 

models with varying combinations of linear, 

quadratic, and cubic shapes. Based on previous 

findings [17,34], we a priori stratified the sample by 

sex of the child before fitting trajectories. We 

evaluated Bayesian Information Criterion (BIC) to 

select the model with the best fit [35] and assigned 

each child to the trajectory for which he/she had 

the highest probability of membership [36]. We 

also examined the posterior probability of correct 

trajectory assignment to evaluate the quality of the 

classification further. We identified potential 

confounders based on prior literature and the use 

of Directed Acyclic Graphs (DAGs) (see 

Supplementary Figure S1). The confounders 

included were: maternal age at delivery (<25/25–

34/≥35years), parental highest educational level at 

delivery (vocational education or below [ISCED 

level 0-3] or higher education [ISCED level 4-8]), 

maternal smoking during pregnancy (no/yes), 



 

  

maternal place of living at delivery (urban/rural), 

parity (nulliparous/multiparous), and calendar year 

of birth (1997–1999/2000–2002/2003–2004). In 

the sensitivity analyses, we additionally adjusted 

for season of birth.  

We used multinomial logistic 

regression to examine the association between 

ACE (0 (ref) vs ≥ 1), as well as between ACE score 

(0 (ref), vs 1, 2), and asthma phenotypes. We also 

examined each category of ACE (bereavement, 

parental chronic somatic illness, and parental 

mental illness) as dichotomous variables 

(none/any) in separate models. In all multinomial 

models, we treated the non-asthmatic trajectory 

as the reference group. Finally, in subgroup 

analyses we performed separate analyses by 

parental atopic status (no/yes). Parental atopic 

status was defined as hospital diagnosed allergic 

rhinitis without bronchial asthma (ICD-10 codes: 

J30.1, J30.2, J30.3, J30.4), allergic rhinitis with 

bronchial asthma (ICD-10 codes: J45.0, J45.8) or 

atopic dermatitis (ICD-10 codes: L20) obtained 

from the National Patient Registry. 

To account for missing data, we 

performed multiple imputations by chained 

equations using the fully conditional method using 

SAS PROC MIANALYZE. All statistical analyses were 

performed using SAS (SAS Institute Inc., Cary, NC, 

USA) version 14.1. 

Ethical considerations. The study was approved by 

the Danish Data Protection Agency. Informed 

consent is not required for a register-based study 

based on encrypted data according to the 

legislation in Denmark. 

RESULTS  

ACE-exposed children were slightly more likely to 

have either a younger (<25years) or older 

(≥35years) mother compared to non-exposed 

children (Table 1). Furthermore, exposed children 

were more likely to have lower educated parents, 

be first-born, have an atopic parent, and their 

mothers were more likely to smoke during 

pregnancy. No differences were observed for 

maternal place of living at delivery, or season of 

birth. 

Four different trajectory groups were identified 

using GBTM (Figure 2). Patterns were similar in girls 

and boys, albeit with slightly different proportions 

of children assigned to each trajectory. The four 

groups can be characterized as: 1) non-asthmatic 

(NA) (girls = 91%, boys = 87%), 2) early-onset 

transient asthma (EOTA) (girls = 5%, boys = 8%), 

early-onset persistent asthma (EOPA) (girls = 2%, 

boys = 3%), and late-onset asthma (LOA) (girls = 

2%, boys = 3%). The average posterior probability 

of group membership was 0.98 for girls and 0.97 

for boys indicating excellent classification of 

trajectory. Children assigned to the EOTA 

trajectory are characterized by a pattern of early-

life asthmatic symptoms that develops around the 

age of two years, but resolves by approximately six 

years of age. Asthma among children assigned to 

the EOPA trajectory increases until approximately 

four years of age and persists throughout the 

remainder of the study period. In children assigned 

to the LOA trajectory, asthma occurs between four 

and five years of age and increases consistently 

until approximately nine years of age nine years.    

Adjusted analyses showed that ACE exposure 

increased the odds of early-onset transient asthma 

for girls (odds ratio [OR] 1.13 [95% Confidence 

Interval [CI]: 1.04-1.24]) and for boys (OR 1.16 

[95% CI: 1.08-1.25]). Any ACE increased the odds of 

early-onset persistent asthma for girls (OR 1.27 

[95% CI: 1.08-1.48]) and boys (OR 1.34 [95% CI: 

1.20-1.51]). Girls with any ACE also had higher odds 

of being assigned to the late-onset asthma group 

(OR 1.28 [95 %CI: 1.11-1.48]). The direction of this 

association was similar in boys (OR 1.11 [95% CI: 

0.98-1.25]). Results of the sensitivity analyses 

including season of birth showed similar result as 

the main analyses.      



 

  

Subgroup analysis. Dose-dependent analysis of 

numbers of early life ACE and asthma corroborate 

the findings from the primary analyses (Table 3). 

Subgroup analysis of specific ACEs and asthma 

(Table 4) supports the main results across all three 

ACE categories. In the subgroup analyses, 

associations were generally attenuated among 

children with at least one atopic parent with the 

exception of boys assigned to the EOPA trajectory 

(OR 1.33 [95% CI: 1.02-1.87]). The results from the 

models examining children with non-atopic 

parents were similar to the main analyses (see 

supplementary Table S1) 

DISCUSSION   

In this nationwide cohort study of 466 556 children 

followed from birth to the age of ten years, we 

identified three trajectories reflecting different 

asthma phenotypes among children. Notably, the 

phenotypes were similar for girls and boys, despite 

sex differences in the overall asthma prevalence. 

ACEs early in life were associated with increased 

risk of asthma, which did not differ by the number 

of or specific type of ACE. In general, no sex 

differences were observed in the associations 

between ACEs and asthma.  

 

We used GBTM to distinguish empirically between 

trajectories of asthma, which is advantageous as it 

does not require definition of asthma phenotypes 

by a predefined age of onset. To our knowledge, 

this is the first study based on a nationwide 

population to identify asthma phenotypes by sex. 

The average of the posterior probability of correct 

group membership was high for both girls and boys 

(close to 1), indicating that the trajectories were 

well defined, and that misclassification of outcome 

was minimal. One published study identified 

similar trajectories in a population-based Canadian 

cohort with combined sex [5] and similar 

approaches have been used to identify wheezing 

phenotypes, which demonstrated comparable 

trajectories [37].  

The three asthma phenotypes identified by GBTM 

were similar for girls and boys, though with slightly 

different prevalence of asthma across sex. 

Specifically, we found that more boys developed 

asthma before the age of 10 years compared to 

girls. This is in line with existing knowledge, for 

example, in the USA the percentage of current 

asthma in boys <18 years is 9.2% versus 7.2% in 

girls [38]. Our results, showed more pronounced 

associations among girls for late onset asthma  

confirming earlier studies [17,18]. 

Our data did not confirm dose-response 

relationship suggested by previous studies [39]. 

This may be due to a lack of power in our subgroup 

analyses, as few children experienced more than 

one ACE. Our study used independent measures of 

exposures, outcomes and covariates. Furthermore 

we included only events that most children will 

perceive as an adverse event. While this provides a 

design that diminishes reporting bias, we were 

unable to capture the subjective experience of 

adverse events.  

Each specific category of ACEs was associated with 

roughly similar increased risk of childhood asthma. 

A systematic review by Exley et al. (2015) provides 

evidence that the impact of ACE on development 

of asthma may be age dependent. For example, a 

recent publication found that postnatal maternal 

depression was associated with higher odds of 

asthma at the age of 6-8 years (an age span 

included in our study), but not after 9 years [40].   

In analyses separated by parental allergic status, 

the associations were in general attenuated in 

children with an atopic parent compared to the 

main analysis. Parental atopic status was defined 

as hospital-diagnosed rhinitis, asthma and/or 

atopic dermatitis obtained from health registries, 

explaining the low prevalence of parental atopy 

(6%) compared to substantially higher prevalence 

when self-reported data are used. Probably atopic 

deposition not captured in our analysis contributes 



 

  

to the children’s asthma risk, but this can probably 

not explain our findings, but we cannot rule out 

that a higher prevalence of atopic parents among 

children with ACE can partly explain our findings.  

Methodological considerations. This study is based 

on a nationwide population, which minimizes 

selection bias. We adjusted for a wide range of 

baseline characteristics but did not include 

potential confounding factors such as direct 

measurements of air pollution or other 

environmental exposures (e.g., parental 

occupational exposure with the risk of exposing the 

children to occupational exposures via a carrier 

home-effect) that might influence the associations 

[13,39]. However, adjustment for various possible 

confounders including maternal place of living at 

birth of the child as well as parental highest 

educational level did not substantially alter the 

associations. In addition, we lacked information on 

individual-level factors (e.g., body mass index) that 

could be related to both ACEs and asthma risk.  

ACEs early in life were obtained through registry 

data of death and morbidity reflecting illness 

severe enough to seek professional help. This 

definition of ACE most likely increases the 

specificity of ACEs though also leads to a decrease 

in sensitivity. Ascertainment of asthma was based 

on a diagnosis of asthma or claimed prescriptions 

of anti-asthmatic drugs. While health care services 

in Denmark are free of charge, any interpersonal 

differences in health care seeking behaviour may 

lead to misclassification of asthma phenotypes and 

likely reflect estimates that are more conservative.  

We measured ACEs between birth and two years 

of age. It is therefore possible that children 

assigned to the early-onset asthma trajectory 

experienced ACEs after asthma onset (reverse 

causation); however, it is unlikely that the included 

ACEs would occur because the child developed 

asthma. The mechanisms by which early life 

adverse events impact on asthma still needs 

further investigation. 

Conclusion. In this large nationwide cohort study 

based on register data, three asthma trajectories 

were identified, and each of these were more 

common in those with adverse experiences early in 

life. Our results do not suggest marked differences 

in the association between sex, or differences with 

regard to type of adverse events or dose of ACE.  
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Figure 1. Flowchart illustrating the identification of the study population 

 

 

Exclusion: 

 14 202 children with missing or extreme gestational age 

 3 207 children not linkable to their fathers 

 20 502 children who emigrated and 2303 children who died 

before their 10
th 

birthday 

  

Live-born singletons born during 1997–2004 (N=506 770) 

Children (N=466 556) included in the study  



 

  

  

Figure 2: Phenotypes of asthma identified by group-based trajectories models using register data from a nationwide cohort of children born in Denmark 
between 1997 and 2004, by sex (Girls, n = 227 156, Boys, n = 239 400)     

 

 



 

  

 

 

 

  

Table 1. Baseline characteristics of girls and boys by exposed and non-exposed to ACE early in life.      

  GIRLS     BOYS      

  
Exposed 

(N=8673)  

Non-exposed 

(N=218483)  
Total  (N=227156)    

Exposed 

(N=9257)  

Non-exposed 

(N=230143)  
Total (N=239400)    

Characteristic   (%)   (%)   (%) p#   (%)   (%)   (%) p# 

Maternal age at delivery (years)           

    <25 1624 (18.7) 30994 (14.2) 32618 (14.4)  1771 (19.1) 32820 (14.3) 34591 (14.4)  

    25–34 5575 (64.3) 154868 (70.9) 160443 (70.6)  5831 (63.0) 162856 (70.8) 168687 (70.5)  

    ≥35 1474 (17.0) 32621 (14.9) 34095 (15.0) <.0001 1655 (17.9) 34467 (15.0) 36122 (15.1) <.0001 

Parents highest educational level at conception           

Vocational education or below 5797 (66.8) 126051 (57.7) 131848 (58.0)  6150 (66.4) 132562 (57.6) 138712 (57.9)  

Higher education 2834 (32.7) 91925 (42.1) 94759 (41.7)  3060 (33.1) 97016 (42.2) 100076 (41.8)  

Missing 42 (0.5) 507 (0.2) 549 (0.2) <.0001 47 (0.5) 565 (0.2) 612 (0.3) <.0001 

Maternal smoking during pregnancy            

    No  4991 (57.5) 142825 (65.4) 147816 (65.1)  5482 (59.2) 150299 (65.3) 155781 (65.1)  

    Yes  2315 (26.7) 37719 (17.3) 40034 (17.6)  2356 (25.5) 39582 (17.2) 41938 (17.5)  

    Missing 1367 (15.8) 37939 (17.4) 39306 (17.3) <.0001 1419 (15.3) 40262 (17.5) 41681 (17.4) <.0001 

Maternal place of living at delivery           

Rural  7678 (88.5) 194375 (89.0) 202053 (88.9)  8201 (88.6) 204485 (88.9) 212686 (88.8)  

Urban  981 (11.3) 23895 (10.9) 24876 (11.0)  1047 (11.3) 25406 (11.0) 26453 (11.0)  

    Missing 14 (0.2) 213 (0.1) 227 (0.1) 0.2647 9 (0.1) 252 (0.1) 261 (0.1) 0.4169 

Parity            

    1st  3475 (40.1) 93633 (42.9) 97108 (42.7)  3776 (40.8) 98459 (42.8) 102235 (42.7)  

    ≥2 5154 (59.4) 124116 (56.8) 129270 (56.9)  5445 (58.8) 130850 (56.9) 136295 (56.9)  

    Missing  44 (0.5) 734 (0.3) 778 (0.3) <.0001 36 (0.4) 834 (0.4) 870 (0.4) 0.0002 

Calendar year of birth            

    1997–1999 2772 (32.0) 81939 (37.5) 84711 (37.3)  2922 (31.6) 86465 (37.6) 89387 (37.3)  

    2000–2002 3556 (41.0) 82300 (37.7) 85856 (37.8)  3861 (41.7) 86580 (37.6) 90441 (37.8)  

    2003–2004 2345 (27.0) 54244 (24.8) 56589 (24.9) <.0001 2474 (26.7) 57098 (24.8) 59572 (24.9) <.0001 

Season of birth            

    Winter  2138 (24.7) 56040 (25.6) 58178 (25.6)  2350 (25.4) 58511 (25.4) 60861 (25.4)  

    Spring     2301 (26.5) 58129 (26.6) 60430 (26.6)  2375 (25.7) 61390 (26.7) 63765 (26.6)  

    Summer    2116 (24.4) 53727 (24.6) 55843 (24.6)  2315 (25.0) 56780 (24.7) 59095 (24.7)  

     Fall 2118 (24.4) 50587 (23.2) 52705 (23.2) 0.0272 2217 (23.9) 53562 (23.3) 55779 (23.3) 0.1186 

Parental atopic status           

    No   8036 (92.7) 206261 (94.4) 214297 (94.3)  8549 (92.4) 217653 (94.6) 226202 (94.5)  

    Yes  637 (7.3) 12222 (5.6) 12859 (5.7) <.0001 708 (7.6) 12490 (5.4) 13198 (5.5) <.0001 

Offspring asthma trajectories           

No asthma 7778 (89.7) 199857 (91.5) 207635 (91.4)  7788 (84.1) 199479 (86.7) 207267 (86.6)  

Early-onset transient asthma 532 (6.1) 11208 (5.1) 11740 (5.2)  871 (9.4) 17937 (7.8) 18808 (7.9)  

Early-onset persistent asthma 165 (1.9) 3346 (1.5) 3511 (1.5)  320 (3.5) 6140 (2.7) 6460 (2.7)  

Late-onset asthma 198 (2.3) 4072 (1.9) 4270.0 (1.9) <.0001 278 (3.0) 6587 (2.9) 6865 (2.9) <.0001 
#The p-values are computed using a chi-squared distribution.                           



 

  

Table 2. Results from sex-stratified multinomial logistic regression analyses between early-life ACEs and asthma phenotypes.  

 Girls, n = 227 156  Boys, n= 239 400  

Asthma phenotypes  n cases OR (95% CI)  ORa (95% CI)  ORb (95% CI)    N cases OR (95% CI)  ORa (95% CI)  ORb (95% CI)  

No asthma 207635 7778 1  1 1   207267 7788 1 1 1 

Early-onset transient asthma  11740 532 1.22 (1.12-1.33) 1.12 (1.11-1.23) 1.13 (1.04-1.24)   18808 871 1.24 (1.16-1.34) 1.17 (1.08-1.26) 1.16 (1.08-1.25) 

Early-onset persistent asthma  3511 165 1.27 (1.08-1.48) 1.27 (1.07-1.51) 1.27 (1.08-1.48)    6460 320 1.34 (1.19-1.50) 1.34 (1.18-1.52) 1.34 (1.20-1.51)  

Late-onset asthma 4270 198 1.25 (1.08-1.44) 1.24 (1.05-1.46) 1.28 (1.11-1.48)   6865 278 1.08 (0.96-1.22) 1.03 (0.90-1.19) 1.11 (0.98-1.25) 

The population includes children born in Denmark between 1997 and 2004. OR = Odds Ratio, CI = Confidence Interval.  ORa Adjusted for maternal age at delivery (years), parental 

highest educational level at conception, maternal smoking during pregnancy, Maternal place of living at delivery, parity, and calendar year of birth. ORb Includes adjustment and 

imputation by chained equations using a fully conditional method.  



 

  

 

 

Table 3. Results from sex-separated multinomial logistic regression analyses between ACE in early life (1 vs >1) and asthma 

phenotypes.  

  Girls, n = 227156  Boys, n = 239400  

Asthma phenotypes  n cases ORa (95% CI)    n cases ORa (95% CI)  

Children who had experienced 1 ACE         

 No asthma 207635 7413 1  207267 7430 1 

 Early-onset transient asthma  11740 508 1.12 (1.01-1.24)  18808 832 1.17 (1.08-1.27) 

 Early-onset persistent asthma  3511 155 1.25 (1.05-1.50)  6460 306 1.34 (1.18-1.52) 

 Late-onset asthma 4270 190 1.24 (1.05-1.47)  6865 267 1.04 (0.90-1.20) 

Children who had experienced >1 ACE         

 No asthma 207635 365 1  207267 358 1 

 Early-onset transient asthma  11740 24 1.08 (0.69-1.69)  18808 39 1.15 (0.81-1.64) 

 Early-onset persistent asthma  3511 10 1.77 (0.91-3.44)  6460 14 1.40 (0.80-2.44) 

  Late-onset asthma 4270 8 1.21 (0.57-2.56)  6865 11 0.96 (0.49-1.86) 

The population studied comprised children born in Denmark between 1997 and 2004. OR = Odds Ratio, CI = Confidence Interval.  

ORa Adjusted for Maternal age at delivery (years), Parents highest educational level at conception, Maternal smoking during 

pregnancy, Maternal place of living at delivery, Parity & Calendar year of birth. 

  



 

  

 

Table 4. Results from sex-separated multinomial logistic regression analyses between ACE in early life and asthma phenotypes. 

Separated by specific ACEs.  

  Girls, n = 227156  Boys, n = 239400  

Asthma phenotypes  n cases ORa (95% CI)    n cases ORa (95% CI)  

Children exposed to bereavement         

 No asthma 207635 417 1  207267 456 1 

 Early-onset transient asthma  11740 25 1.11 (1.01-1.23)  18808 40 1.17 (1.08-1.26) 

 Early-onset persistent asthma  3511 7 1.27 (1.07-1.51)  6460 15 1.34 (1.18-1.52) 

 Late-onset asthma 4270 9 1.24 (1.05-1.46)  6865 14 1.03 (0.90-1.20) 

Children exposed to chronic diseases   
   

 
  

 No asthma 207635 3391 1  207267 3995 1 

 Early-onset transient asthma  11740 269 1.14 (0.99-1.31)  18808 442 1.22 (1.09-1.36) 

 Early-onset persistent asthma  3511 88 1.37 (1.09-1.73)  6460 176 1.38 (1.17-1.64) 

 Late-onset asthma 4270 108 1.32 (1.06-1.65)  6865 147 1.04 (0.86-1.26) 

Children exposed to mental illness or suicide attempt       

 No asthma 207635 3601 1  207267 3564 1 

 Early-onset transient asthma  11740 255 1.09 (0.95-1.25)  18808 412 1.14 (1.02-1.27) 

 Early-onset persistent asthma  3511 76 1.20 (0.93-1.54)  6460 138 1.32 (1.09-1.57) 

  Late-onset asthma 4270 86 1.15 (0.91-1.46)  6865 123 1.02 (0.83-1.25) 

The population studied comprised children born in Denmark between 1997 and 2004. OR = Odds Ratio, CI = Confidence 

Interval.  ORa Adjusted for Maternal age at delivery (years), Parents highest educational level at conception, Maternal smoking 

during pregnancy, Maternal place of living at delivery, Parity & Calendar year of birth. 

 

 



 

  

exposure,  outcome,  ancestor of outcome,   adjusted variable,   causal path,   biasing path. 

Supplementary Figure S1 – Directed Acyclic Graphs  



 

 

 

Table S1. Results from sex-separated multinomial logistic regression analyses between ACE in early life and asthma 

phenotypes. Separated by family history of asthma. 

  Girls  Boys 

Asthma phenotypes  n cases ORa (95% CI)    n cases ORa (95% CI)  

Children with at least one atopic parent       

 

No asthma 10793 532 1 

 

10075 527 1 

 

Early-onset transient asthma  1131 59 1.04 (0.78-1.39) 

 

1631 87 0.92 (0.72-1.19) 

 

Early-onset persistent asthma  496 27 1.19 (0.78-1.47) 

 

842 59 1.38 (1.02-1.87) 

 

Late-onset asthma 439 19 0.79 (0.46-1.36) 

 

650 35 0.95 (0.63-1.43) 

Children without any atopic parents  

      

 

No asthma 196842 7246 1 

 

197192 7261 1 

 

Early-onset transient asthma  10609 473 1.11 (1.00-1.23) 

 

17177 784 1.18 (1.09-1.28) 

 

Early-onset persistent asthma  3015 138 1.26 (1.04-1.52) 

 

5618 261 1.28 (1.12-1.47) 

  Late-onset asthma 3831 179 1.29 (1.09-1.53)   6215 243 1.03 (0.89-1.19) 

The population studied comprised children born in Denmark between 1997 and 2004. OR = Odds Ratio, CI = Confidence 

Interval.  ORa Adjusted for Maternal age at delivery (years), Parents highest educational level at conception, Maternal smoking 

during pregnancy, Maternal place of living at delivery, Parity & Calendar year of birth. 
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SUMMARY   

This study suggests that in the absence of SPT or sIgE data, self-reported hayfever “and/or” eczema provides 

a useful definition of allergic asthma for epidemiological studies. 

Keywords. Allergic asthma, allergy, hayfever, eczema, skin prick test, validity  
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To the Editor. There is growing awareness that 

“asthma” is a clinical syndrome with multiple 

distinct pathophysiological mechanisms, or 

endotypes, leading to variable clinical expression 

of disease. Such a distinction is of increasing 

importance since the emergence of targeted 

biological therapies (1). Asthma is most often 

phenotyped as allergic or non-allergic, based on 

evidence of sensitisation to specific allergens 

measured as skin prick tests (SPT) or in vitro 

immunoglobulin E (sIgE) (2). However, in large 

scale epidemiological studies, measurement of 

sIgE or SPT is often not feasible due to cost or 

logistical constraints. However allergic asthma has 

often been classified as asthma with concurrent 

self-reported hayfever and/or eczema (3,4). 

Similarly, SPT or sIgE are uncommonly measured in 

primary care settings, with assessment of “atopy” 

in those with asthma typically based on reports of 

other allergic conditions. However, it is not clear 

how valid this approach is or how frequently 

participants are misclassified. We have examined 

the validity of using self-reported hayfever and/or 

eczema to define allergic status among asthmatics 

compared to SPT as a “gold standard”.  

 

This analysis used data from two independent 

studies: The Melbourne Atopy Cohort Study 

(MACS) (6) and The Tasmanian Longitudinal Health 

Study (TAHS) (7). MACS is a birth-cohort of 

children, with family history of allergic diseases, 

born between 1990 and 1994.  Parents and siblings 

were included in later follow-ups. TAHS is a cohort 

of children born in Tasmania in 1961, plus their 

families. Parents and siblings have been studied in 

later phases.  Participants from the MACS 18 year 

follow-up, together with TAHS probands from the 

2012 and TAHS siblings from the 2007 study were 

included if they fulfilled the criteria: (i) current 

asthma, (ii) valid skin prick tests, and (iii) complete 

information on hayfever and eczema ever 

(supplementary Figures S1, S2 and S3). 

 

Current asthma was defined by self-reported 

doctor diagnosed asthma and self-reported 

concurrent episodes of asthma, wheezing 

breathing or any asthma medication use within the 

last 12 months. Hayfever ever was based on self-

reported episodes of ever hayfever in MACS and 

slightly more broadly defined in TAHS by also 

including nasal allergies. Eczema ever was based on 

participant reports of ever eczema in MACS and 

slightly more broadly defined in TAHS by also 

including any kind of skin allergy.  

 

A positive skin prick test was defined as a mean 

wheal diameter of at least 3mm greater than the 

saline control for one or more of the following 

allergen extracts: dust mite (D.pteronyssinus), cat, 

Alternaria, Penicillium, mixed grasses or rye grass 

pollen. Results were deemed invalid if the 

histamine control reaction was below 3 mm and no 

other reaction above 3 mm, to any allergen wheals, 

was identified (8).     

 

Sensitivity, specificity, positive likelihood ratio 

(PLR), negative likelihood ratio (NLR) and 

diagnostic odds ratios (DOR) were calculated with 

95% confidence intervals (CI). Probands, siblings 

and parents were initially analysed separately, 

then probands, siblings and parents were pooled in 

each study. Clustering by family was adjusted 

within each study using the PROC GENMOD 

procedure in SAS (SAS Institute Inc., Cary, NC, USA) 

version 9.4. Due to high heterogeneity between 

MACS and TAHS, as assessed by using I2, pooled 

estimates are not shown. Of 937 participants with 

current asthma, 78% had a positive SPT and 89% 

ever had hayfever and/or eczema (Table I). 

 

MACS and TAHS estimates of self-reported 

hayfever ever compared with SPT-defined allergic 

asthma showed relatively high sensitivity ≥0.82, 

but moderate specificity ≥0.60, and DOR >4.13, 

Figure I. The corresponding PLR was ≥1.57 and NLR 

was ≤0.23, see supplementary Table SI. The results 



 

 

varied between groups, and were higher in older 

participants (MACS parents and TAHS 

participants). Using self-reported ever eczema 

showed lower utility (DOR ≥0.74) as did combining 

hayfever and eczema ever (requiring both) (DOR 

≥0.19). In contrast, combining current asthma with 

hayfever “and/or” eczema estimates of sensitivity 

were at least 0.90, specificity ≥0.69, PLR >2.92, NLR 

of <0.14, and DOR ≥20.5. 

We found that combining self-reported hayfever 

and/or eczema ever, provided high sensitivity, 

specificity, clinically useful PLR and NLR and a large 

DOR for defining atopic asthma. Current asthma 

combined with hayfever ever alone showed an 

acceptable sensitivity, moderate specificity and 

less useful clinically PLR, NLR and DOR when 

compared with SPT-defined allergic asthma. 

Combining current asthma with eczema alone or 

hayfever and eczema showed much poorer results. 

 

This is the first study to examine the validity of 

combining self-reported hayfever as well as 

eczema to identify atopic versus non-atopic 

asthma in young to middle-aged adults. A previous 

study of Swiss school children (5) examined the 

validity of self-reported hayfever ever compared 

with SPT and showed high specificity (useful in 

including allergy), but low sensitivity. Even though 

hayfever can present in childhood, it is more 

common in adults than children (10), which may 

explain the low sensitivity observed in the Swiss 

study.   

It is a limitation that our study is based on 

an Australian population, one with the highest 

rates of atopy in the world. Furthermore MACS is a 

high-risk birth cohort based on children with a 

family history of allergic diseases resulting in a 

population with even higher rates of allergy (6). 

While the rates of allergy would be higher in this 

study, it is unlikely that this would affect the 

validity of the symptoms combinations compared 

with definitions including SPTs.  We adopted SPT as 

gold standard, and it would be useful to also 

explore the use of in vitro sIgE (2).  

Our results suggest that a history of self-

reported hayfever and/or eczema provides the 

most accurate means to define allergic asthma in 

epidemiological studies without direct assessment 

of SPT or sIgE measurements, but also in clinical 

settings where SPT or sIgE data are not readily 

available. 

Ethics approval and consent to participate.All 

participants provided written informed consent.  

The MACS project was approved by the Human 

Research Ethics Committee of the Mercy Hospital 

for Women (up to 12 years, reference numbers 

R07/20 and R88/06) and Royal Children’s Hospital 

(18 years, reference number 28035).  

The TAHS was approved by Human Ethics Review 

Committees at The Universities of Melbourne 

(approval number 040375), Tasmania (040375.1) 

and New South Wales (08094), the Alfred 

(1118/04) and Royal Brisbane and Women’s 

Hospital Health Service District (2006/037). 

 

Data Availability. The data that support the findings 

of this study are available on request from the 

corresponding author. The data are not publicly 

available due to privacy or ethical restrictions. 
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Figure I: Sensitivity, specificity and diagnostic odds ratio of hayfever, eczema and combination of these   

MACS = Melbourne Atopy Cohort Study, TAHS = Tasmanian Longitudinal Health STUDY  

NOTE: Weights are from fixed effect analysis 

  



 

 

 

 Table I Descriptive data of the study population with current asthma in the MACS 18 years follow up and TAHS 20012 and 2007 follow up 

 MACS  TAHS  TOTAL 

 18 year follow up   2002 follow up   2007 follow up      

 

Probands, n= 
89 Siblings, n= 111 Parents, n= 156 Total, n = 356  Probands, n= 225  Siblings, n= 356 Total, n= 581   n = 937 

Female 47.2 % (42/89) 50.5 % (56/111) 69.9 % (109/156) 58.2 % (207/356)  55.6 % (125/225)   53.0 % (188/355)  54.0 % (313/580)   55.6 % (520/936)  

Mean age in years (SD) 18.2 (1.4) 20.4 (6.2) 50.9 (4.4) 33.2 (16.3)  52.1 (0.9)  49.4 (5.7)  50.5 (4.7)   41.9 (11.5)  

Positive skin prick test  87.6 % (78/89) 85.6 % (95/111) 86.5 % (135/156) 86.5 % (308/356)  73.8 % (166/225)   71.6 % (255/356)  72.5 % (421/581)   77.8 % (729/937)  

Ever hayfever  73.0 % (65/89) 70.3 % (78/111) 85.3 % (133/156) 77.5 % (276/356)  83.1 % (187/225)   77.8 % (277/356)  79.9 % (464/581)   79.0 % (740/937)  

Ever eczema  56.2 % (50/89) 68.5 % (76/111) 44.9 % (70/156) 55.1 % (196/356)  61.8 % (139/225)   53.1 % (189/356)  56.5 % (328/581)   55.9 % (524/937)  

Ever hayfever and eczema  43.8 % (39/89) 50.5 % (56/111) 42.3 % (66/156) 45.2 % (161/356)  52.9 % (119/225)  43.0 % (153/356)  46.8 % (272/581)  46.2 % (433/937) 
Ever hayfever and/or 
eczema  85.4 % (76/89) 88.3 % (98/111) 87.8 % (137/156) 87.4 % (311/356)   92.0 % (207/225)   87.9 % (313/356) 89.5 % (520/581)   88.7 % (831/937) 

n = number of participants,  SD = Standard deviation, MACS = Melbourne Atopy Cohort Study, TAHS = Tasmanian Longitudinal Health STUDY   
 



 

 

 

 

 

Supplementary Figure S1: Flowchart – The Melbourne Atopy Cohort Study (MACS) participants  

  

MACS 18 years, n = 1627 probands, 
siblings or parents participated in 

survey and n = 1460  in lab test 

A. Excluded 199, who did not 
participate in boht survery and lab 

examination

n = 1428 probands, siblings or 
parents   

D. Excluded 83 without a valid skin 
prick test 

n =  1345 probands, siblings or 
parents

E. Excluded 55, who did not have 
full information about current 

asthma,  ever hayfever or  ever 
eczema 

n =  1290 probands, siblings or 
parents F. Excluded 934, who did not have 

current asthma 

n =  356 probands, siblings or 
parents



 

 

 

 

Supplementary Figure S2: Flowchart – The Tasmanian Longitudinal Health Study (TAHS) probands   

  

TAHS 2012 follow-up, n = 8583 
probands

A. Excluded 5861 who did not have 
a skin prick test. 

n = 2722 probands
D. Excluded 658 without a valid skin 

prick test incl. missing variables

n =  2064 probands

E. Excluded 19, who did not have 
full information about current 

asthma,  ever hayfever or  ever 
eczema 

n =  2044 probands
F. Excluded 1819 who did not have 

current asthma 

n =  225 probands



 

 

 

 

 

Supplementary Figure S3: Flowchart – The Tasmanian Longitudinal Health Study (TAHS) siblings  

TAHS 2007 follow-up, n = 21032 
siblings

A. Excluded 19 456 who did not 
have a skin prick test. 

n = 1576 siblings
D. Excluded 49 without a valid skin 

prick test 

n =  1531 siblings

E. Excluded 182, who did not have 
full information about current 

asthma,  ever hayfever or  ever 
eczema 

n =  1349 siblings
F. Excluded 993 who did not have 

current asthma 

n =  356 siblings



 

 

 
 
 
Supplementary table SI. Positive (PLR) and negative likelihood ratio (NLR) of self-reported allergy compared to 
skin prick tests, based on a study population with current asthma in the MACS 18 years follow up and TAHS 
2012 and 2007 follow up.  

Self-reported allergy  Relation PLR  L95 U95 NLR L95 U95 

Hayfever ever  MACS Probands  1.09 0.71 1.91 0.75 0.22 31.02 

 MACS Siblings 1.22 0.81 2.23 0.63 0.26 1.86 

 MACS Parents 2.65 1.48 5.51 0.18 0.09 0.41         
 MACS Pooled  1.57 1.16 2.28 0.38 0.23 0.69         
 TAHS Probands  2.88 1.96 4.95 0.17 0.09 0.29 

 TAHS Siblings 2.05 1.57 2.76 0.25 0.16 0.40         
 TAHS Pooled 2.33 1.84 2.99 0.22 0.15 0.31         
Eczema ever        
 MACS Probands  1.06 0.56 2.73 0.93 0.42 3.32 

 MACS Siblings 1.42 0.84 2.89 0.58 0.29 1.42 

 MACS Parents 0.61 0.45 0.98 2.66 1.03 8.00         
 MACS Pooled  0.89 0.67 1.27 1.20 0.73 2.13         
 TAHS Probands  1.45 1.00 2.27 0.65 0.42 1.00 

 TAHS Siblings 1.05 0.79 1.43 0.95 0.68 1.36         
 TAHS Pooled 1.19 0.95 1.52 0.81 0.63 1.07         
Hayfever and eczema ever         
 MACS Probands  0.54 0.38 0.81 5.64 1.54 NA 

 MACS Siblings 0.66 0.47 1.13 2.49 0.84 9.06 

 MACS Parents 0.55 0.41 0.87 3.69 1.23 12.98         
 MACS Pooled  0.60 0.49 0.78 3.10 1.55 6.60         
 TAHS Probands  1.00 0.71 1.47 1.00 0.64 1.64 

 TAHS Siblings 0.68 0.54 0.89 1.77 1.18 2.74         
 TAHS Pooled 0.79 0.65 0.97 1.41 1.04 1.93         
Hayfever and/or eczema ever        
 MACS Probands  2.43 1.26 12.03 0.18 0.05 0.53 

 MACS Siblings 2.92 1.48 7.00 0.13 0.05 0.37 

 MACS Parents 3.16 1.66 7.02 0.14 0.07 0.32         
 MACS Pooled  2.92 1.86 4.93 0.14 0.09 0.26         
 TAHS Probands  5.14 3.24 11.35 0.05 0.01 0.10 

 TAHS Siblings 4.06 2.78 6.09 0.10 0.06 0.17         
 TAHS Pooled 4.43 3.23 6.14 0.08 0.05 0.13         
MACS = Melbourne Atopy Cohort Study, TAHS = Tasmanian Longitudinal Health STUDY, PLR = Positive 
Likelihood Ratio, NLR = Negative Likelihood Ratio, L95 = Lower 95 % Confidence Interval, U95 = Upper 95 % 
Confidence Interval.  
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Abstract

Background: With increasing interest in exposure effects across generations, it is crucial to assess the validity of
information given on behalf of others.

Aims: To compare adult’s report of their parent’s smoking status against parent’s own report and examine
predictors for discrepant answers.

Methods: We studied 7185 offspring (18-51 years) and one of their parents, n = 5307 (27-67 years) participating in
the Respiratory Health in Northern Europe, Spain and Australia (RHINESSA) generation study. Information about
parent’s smoking status during offspring’s childhood and mother’s smoking status during pregnancy was obtained
by questionnaires from parents and their offspring. We calculated sensitivity, specificity and Cohen’s Kappa [κ] for
agreement using parent’s own report as the gold standard. We performed logistic regression to examine if
offspring’s sex, age, educational level, asthma status, own smoking status or parental status, as well as the parent’s
sex and amount of smoking during childhood predicted disagreement.

Results: The sensitivity for offspring’s correct report of parent’s smoking status during childhood (0-10 years) was 0.82 (95%
CI 0.81–0.84), specificity was 0.95 (95% CI 0.95–0.96) and a good agreement was observed, κ= 0.79 (95% CI 0.78–0.80).
Offspring’s report of mothers’ smoking status during pregnancy showed a lower sensitivity, 0.66 (95% CI 0.60–0.71), a
slightly lower specificity, 0.92 (95% CI 0.90–0.95) and a good agreement, κ= 0.61 (95% CI 0.55–0.67). In multivariate logistic
regression analysis, offspring not having children was a predictor for discrepant answers (odds ratio [OR] 2.11
[95% CI 1.21–3.69]). Low amount of parents’ tobacco consumption, < 10 cigarettes/day (OR 2.72 [95% CI 1.71–4.31])
also predicted disagreement compared to ≥10 cigarettes per day, and so did offspring’s reports of fathers’ smoking
status (OR 1.73 [95% CI 1.09–2.74]) compared to mothers’ smoking status. Offspring’s sex, asthma status, educational
level, smoking status or age was not related to discrepant answers.

Conclusions: Adults report their parent’s smoking status during their childhood, as well as their mother’ smoking status
when pregnant with them, quite accurately. In the absence of parents’ direct report, offspring’s reports could be valuable.

Keywords: Generation study, Validation study, Tobacco smoking, Self-report, Smoking during pregnancy, Parental
smoking, Agreement, Sensitivity, Specificity
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Background
Smoking is a major cause of respiratory diseases [1] and
information on smoking habits is crucial in health re-
search. Self-reported information on smoking is mostly
used, despite the risk of underreporting of smoking, as
measurements of biomarkers are often unavailable [2–4],
and there is evidence suggesting that self-reported smok-
ing exposure is quite accurate [4–6].
Increasing evidence suggests that exposures early in

life influence subsequent health, and emerging evidence
furthermore suggests that exposures even before con-
ception, may influence the health of future generations
[7, 8]. With increasing interest in exposure effects across
generations, it is crucial to assess the validity of informa-
tion given on behalf of others. In the absence of parents’
own report, offspring’s reports could be of major value
in studies depending on exposures associated with previ-
ous generations.
A number of studies have examined offspring-reported

parental information on history of somatic and mental
diseases [9–11]; however, only one study [4], restricted
to mother-daughter pairs from the Nurses’ Health Study
II, has examined the accuracy of offspring-reported par-
ental smoking status. The study found a high agreement
of daughter’s reports of mother’s smoking status during
pregnancy and childhood and the mother’s own report
of smoking during pregnancy [4].
The objective of this population-based study is to

examine the agreement of offspring-reported parental
smoking status prenatally and during the offspring’s
childhood, with mothers’ and fathers’ own self-reported
smoking status. Furthermore, the study also aims to in-
vestigate predictors for discrepant answers in order to
contribute to the field with knowledge of potential pit-
falls in information given on behalf of others.

Methods
Study population
The study population is from the RHINESSA generation
study - Respiratory Health in Northern Europe, Spain
and Australia (www.rhinessa.net). One parent of each
offspring in RHINESSA had previously participated in
the Respiratory Health in Northern Europe (RHINE)
study (www.rhine.nu), part of the European Community
Respiratory Health Survey (ECRHS) initiated in 1989–1992
with three study waves (www.ecrhs.org) performed ten
years apart. RHINE data was collected from seven different
centres in five countries: Reykjavik (Iceland), Bergen
(Norway), Umeå, Uppsala and Göteborg (Sweden), Aarhus
(Denmark) and Tartu (Estonia). Furthermore, offspring
with parents from three additional ECRHS centres, namely
Melbourne (Australia), and Huelva and Albacete (Spain),
were included in the RHINESSA population. Written con-
sent was obtained from each participant in all study centres.

In total, 8260 offspring from the RHINESSA cohort were
matched with one of their parents (n = 6045). We used
self-reported questionnaire information about smoking sta-
tus from the parents themselves (collected in RHINE III/
ECRHS III (2010–2012) or RHINE II/ECRHS II (1999–
2000)) as well as offspring-reported parental smoking status
(collected, among adult offspring (> 18 years), 2013–2016).
Smoking during pregnancy was assessed from a specific
women’s questionnaire in the RHINE III study. The ques-
tionnaires used have been developed in the framework of
ECRHS, RHINE and RHINESSA and are used in several
studies before. All questionnaires are available online from
the study webpages listed above.
We used information from 7185 adult offspring

(18-51 years) with information on one of their parents,
n = 5307 (27-67 years), obtained in prioritised order
from either RHINE III, ECRHS III, RHINE II or ECRHS
II with full information as the eligibility criterion. In the
centres of Melbourne, Huelva and Albacete, all smoking
data were assessed by interview-administered question-
naires while data from all other centres were mostly
assessed by a self-administrated questionnaire.
A flowchart of the study population is provided in Fig. 1.

Additionally, in the analysis of smoking during pregnancy,
we used data from women participating in Rhine III, who
also answered the questionnaire on women’s health, 807
offspring and their mothers (n = 679).

Reporting of smoking status
Parental smoking status during offspring’s childhood was
defined based on the parents’ date of birth, age of smok-
ing debut or current age and number of years they had
smoked (current smokers) or the year they had quit
(ex-smokers). Offspring’s childhood was defined as the
age period 0–10 years.

Parents’ own report of smoking status
Parents’ report of their own smoking status during their
offspring’s childhood was accessed slightly differently, do
to slightly different questions, in the different surveys
and study waves. The questions used were:

A. RHINE III: “Do you smoke? (this applies even if you
only smoke the odd cigarette/cigar or pipe every
week) (No/Yes)”, “Did you smoke previously? (No/
Yes)”, “How old were you when you started smoking?
(...years)”, “For how long have you smoked? (applies
to both smokers and ex-smokers) (...years)”, and “If
you are an ex-smoker, when did you stop smoking?
Year ...”

B. RHINE II: “Are you a smoker (this applies even if
you only smoke the odd cigarette/cigar or pipe every
week)? (No/Yes)”, “Are you an ex-smoker? (No/Yes)”,
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“Smoked for …years (applies to both smokers and ex-
smokers)”, and “Stopped smoking in … (year)”

C. ECRHS III and ECRHS II: “Have you ever smoked
for as long as a year? [‘YES’ means at least 20 packs
of cigarettes or 12 oz. (360 grams) of tobacco in a
lifetime, or at least one cigarette per day or one cigar
a week for one year] (No/Yes)”, “How old were you
when you started smoking? (Years)”, “Do you now
smoke, as one month ago? (No/Yes)”, “Have you
stopped or cut down smoking? (No/Yes)”, and “How
old were you when you stopped or cut down
smoking? (Years)”

Mothers’ own report of smoking status during pregnancy
In the “RHINE III – Women’s questionnaire”, mothers’
report of own smoking status during pregnancy was
identified through the question: “During this pregnancy
(tick if yes)… Did you smoke?” The mothers’ report of
own smoking status during pregnancy was dichotomized
according to whether or not they smoked, and correct
pregnancy (in case of siblings) was identified through
offspring’s birth year.

Offspring-reported parental smoking status
In the RHINESSA study, offspring-reported parental
smoking status during the offspring’s childhood was ob-
tained through the questions “Did your father ever
smoke regularly during your childhood? (No/Yes/Don’t
know)”, “Did your mother ever smoke regularly during
your childhood? (No/Yes/Don’t know)”. Their mothers’
smoking status during pregnancy, on the other hand,
was obtained through the question “Did your mother
smoke when she was pregnant with you? (No/Yes/Don’t
know)”. Offspring-reported parental smoking status during
the offspring’s childhood and offspring-reported ma-
ternal smoking status during pregnancy was dichoto-
mized as “Yes” or “No” and the “Don’t know”
category was treated as missing data. For 2.3% of the
fathers and 1.4% of the mothers, their offspring an-
swered “Don’t know” to the question on whether
they had smoked during the offspring’s childhood,
while 23.1% of the mothers’ smoking status during
pregnancy was categorized as “Don’t know” by the
offspring.

Predictors for disagreement
Offspring’s sex, age, educational level, asthma status
(self-reported doctor diagnosed asthma), own smok-
ing status and own parental status were included as
potential predictors for disagreement. Offspring’s sex
was included in the model to examine sex differ-
ences in reporting of their parent’s smoking; age was
included to examine the differences in time trends
and risk of recall bias as a predictor for discrepant
answers. Educational level was included to examine
if the well-studied “health-education gradient” would
be a predictor for awareness of parents’ health be-
haviour. Offspring own asthma status was included
as we hypothesise children’s own asthma status will
influence their recall of their parents smoking. Off-
spring’s own smoking status and parental status were
included to examine if their own behaviour were in-
creasing their awareness about their parents’ behav-
iour. Asthma, smoking status and own parental
status were dichotomized as “No” or “Yes”. Offspring’s age
was categorized as “< 25 years”, “≥25 < 35 years” or “≥35
years” (reference). Education was categorised as “primary
school” (reference), “secondary school/technical school”,
or “college or university”. Parents’ sex and average amount
of smoking were also included in the analyses as predic-
tors for disagreement. Parents’ sex was included in the
model to examine any sex differences, where amount of
smoking was included to examine if higher amount of
smoking had increased the awareness among the off-
spring. Parents’ amount of smoking was obtained in the
surveys based on the following questions:

Fig. 1 Flowchart of the exclusion process of the study population
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A. RHINE III: “How much do you smoke / did you
smoke? (give an average …cigarettes/day,…cigars/
week, …pkts pipe tobacco/week”

B. RHINE II: “Smoke/smoked …cigarettes/week, …
cigars/week, …pkts pipe tobacco/week”

C. ECRHS III and II: “On average of the entire time
you smoked, before you stopped or cut down, how
much did you smoke? Number of cigarettes per
day…, number of cigarillos per day…, numbers of
cigars a week…, pipe tobacco in b) grams/week…”.

The different tobacco products were converted to cig-
arettes. One cigarillo was converted to three cigarettes,
one cigar to five cigarettes, and one gram pipe tobacco
equalled one cigarette [12]. The amount of smoking was
dichotomized as 10 or more cigarettes per day or less
than 10 cigarettes per day on average.

Statistical procedures
Sensitivity and specificity were calculated with 95% con-
fidence intervals [CIs]. Cohen’s Kappa estimate [K], with
95% CIs, was calculated to estimate the agreement of
the offspring-reported parental smoking status during
childhood and pregnancy with the parent reported
smoking status during the same periods. Parents’ own
report was considered the gold standard. Cohen’s Kappa
interpretation was based on the following categories:
poor agreement, < 0.2; fair, 0.21–0.40; moderate, 0.41–
0.60; good, 0.61–0.80; and very good, 0.81–1.00 [13]
Multivariate logistic regression models were conducted

to estimate the odds ratio [OR] of whether offspring’s
sex, age, educational level, asthma status, own smoking
status or own parental status and parents’ sex and
amount of smoking were predictors for disagreement.
The regression models were performed with repeated
measurements due to multiple offspring from the same
parent using proc. GENMOD function in SAS. The
model was mutually adjusted for the included variables
and further adjusted for study centre. Disagreement was
defined as discrepant answers between offspring and
their parents. The significance level was set at a p-value
of < 0.05 (two-sided) and 95% CIs were calculated.
We performed sensitivity analyses where those ex-

cluded due to missing co-variables were included in the
calculation of sensitivity, specificity and K. Furthermore,
we performed sensitivity analyses where childhood was
expanded to cover 0–18 years. We performed analysis by
sex of the parents, and by the offspring’s own parental
status. Subgroup analyses were conducted to examine if
parents’ amount of smoking affected the sensitivity, spe-
cificity, or agreement. Further subgroup analyses were
performed to examine whether false answers from the
main analyses were false positives or false negatives.
Additionally, sensitivity analysis with a reversed priority

line (1. RHINE II, 2. ECRHS II, 3. RHINE III, and 4.
ECRHS III) of the included data from the parents was
performed to examine if the period of the data collection
and perception of smoking at that time had an impact
on the estimates. Separate analyses of centres were con-
ducted for sensitivity, specificity and K, and adjustment
for study centre was applied in the logistic regression
models. All statistical analyses were performed using
SAS (SAS Institute Inc., Cary, NC, USA) version 14.1.

Results
Baseline characteristics of the 7185 offspring and 5307 par-
ents are presented in Table 1. Offspring had a mean age of
30 years when they answered the RHINESSA questionnaire.
The parents’ mean age was 53 years. Slightly more women
than men participated, both among offspring (58%) and
parents (55%). Most of the offspring had a higher education
(60%), 12% were smokers, 16% had asthma and 41% had
children themselves. Forty-one percent of parents smoked
during the offspring’s childhood, of those 54% had on aver-
age smoked at least 10 cigarettes per day.
The sensitivity for correct offspring-reported parental

smoking status during childhood (0-10years) was 0.82 (95
% CI 0.81–0.84), specificity was 0.95 (95 % CI 0.95–0.96)
and a good agreement was observed κ = 0.79 (95 % CI
0.78–0.81) (Table 2). Offspring’s report of mothers’ smok-
ing status during pregnancy showed a lower sensitivity
0.66 (95 % CI 0.60–0.71), and a slightly lower specificity
0.92 (95 % CI 0.90–0.95) compared to the analysis during
childhood, and a good agreement κ = 0.61 (95 % CI
0.55–0.67) (Table 2).
Multivariate logistic regression analyses (Table 3)

showed that offspring’s own status as a parent was a pre-
dictor for discrepant answers, where offspring with no

Table 1 Characteristics of offspring and parents

Offspring, n = 7185

Female, n (%) 4147 (57.7)

Age, mean (SD) 30 (7.7)

Smoker, n (%) 877 (12.2)

Asthma, n (%) 1157 (16.1)

University/College, n (%) 4281 (59.6)

Secondary, n (%) 2693 (37.5)

Primary, n (%) 211 (2.9)

At least one child, n (%) 2920 (41.1)

Parents, n = 5307

Female, n (%) 2931 (55.2)

Age, mean (SD) 53 (7.2)

Smoking during offspring’s childhood, n (%) 2195 (41.4)

> 10 cig, n (%) 1191 (53.5)

< 10 cig, n (%) 1035 (46.5)
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children had a higher disagreement (OR 2.11 [95% CI
1.21–3.69]) compared to offspring with children. Youn-
ger offspring age tended to predict discrepant answers
(OR 2.03 [95% CI 0.95–4.35]) for offspring < 25 years. A
lower amount of smoking was related to more discrep-
ant answers, < 10 cigarettes per day (OR 2.72 [95% CI
1.71–4.31]) compared to 10 or more cigarettes per day.
Offspring’s report of their fathers’ smoking status was
also found to be a predictor for discrepant answers (OR
1.73 [95% CI 1.09–2.74]) compared to offspring’s report
of their mothers’ smoking status during offspring’s child-
hood. Offspring’s own sex, asthma status, educational
level or smoking status was not significantly related to
discrepant answers.

Sensitivity analyses
Sensitivity analyses including those who were excluded
due to missing covariates produce similar results, sensi-
tivity 0.82 (95% CI 0.81–0.84), specificity 0.95 (95% CI
0.95–0.96) and κ 0.79, (95% CI 0.77–0.80). When child-
hood was expanded to cover 0–18 years, similar results
were also observed, sensitivity 0.82 (95% CI 0.80–0.83),
specificity 0.96 (95% CI 0.95–0.96) and κ 0.79, (95% CI
0.77–0.80).
Analyses by sex showed largely similar results with a

slightly lower sensitivity 0.81 (95% CI 0.79–0.83) and κ 0.78,
(95% CI 0.76–0.80) and similarly specificity 0.96 (95% CI
0.95–0.97) of the fathers compared to mothers, sensitivity
0.84 (95% CI 0.82–0.86), κ 0.80, (95% CI 0.78–0.82) and spe-
cificity 0.95 (95% CI 0.94–0.96), Additional file 1: Table S1.
Analyses by offspring’s own parental status showed a lower
sensitivity 0.78 (95% CI 0.76–0.80), and κ 0.77, (95% CI
0.75–0.79) and similar specificity 0.96 (95% CI 0.96–0.97) of
the offspring without children, compared to offspring with
children, sensitivity 0.87 (95% CI 0.85–0.88), κ 0.80, (95% CI
0.77–0.82) and specificity 0.93 (95% CI 0.92–0.94).

In subgroup analyses of parents’ smoking amount, the
sensitivity 0.89 (95% CI 0.88–0.91) and κ 0.85, (95% CI
0.83–0.86) were increased when the parents had smoked
more than 10 cigarettes per day during their offspring’s
childhood compared to the main analysis and decreased
if the parents had smoked less than 10 cigarettes per
day, sensitivity 0.74 (95% CI 0.72–0.76) and κ 0.72, (95%
CI 0.70–0.74). The specificities remained unchanged.
Separate analysis of offspring and parental predictors
for disagreement produced similar results as the main
analyses with offspring and parental predictors in the
same model.
Further analyses of the 715 false answers in the main

analysis showed a higher prevalence of false negative an-
swers (n = 511, 71%) compared to false positive answers
(n = 204, 29%), meaning that the parents had reported

Table 2 Sensitivity, specificity and Cohen’s Kappa estimate of
smoking status prenatal or during offspring’s childhood

Parents’ smoking status during offspring’s childhood 0–10 years
(offspring n = 7185, parents n = 5307)

95% CI

Sensitivity 0.82 [0.81;0.84]

Specificity 0.95 [0.95;0.96]

Cohen’s Kappa 0.79 [0.78;0.80]

Mothers’ smoking status during pregnancy (offspring n = 807,
mother n = 679)

95% CI

Sensitivity 0.66 [0.60;0.71]

Specificity 0.92 [0.90;0.95]

Cohen’s Kappa 0.61 [0.55;0.67]

CI confidence interval

Table 3 Predictors for discrepant answers for offspring- reported
parental smoking status and parents own report of smoking

Predictors for disagreement

OR 95% CI

Offspring sex

Female 1.00

Male 1.06 [0.66;1.70]

Offspring asthma status

Asthma 1.00

No asthma 1.04 [0.57;1.92]

Offspring educational level

Primary 1.00

Secondary 4.32 [0.64;29.20]

University/College 5.06 [0.69;34.45]

Offspring smoker status

No 1.00

Yes 1.42 [0.69;2.91]

Offspring age

≥ 35 years 1.00

≥ 25 < 35 years 1.30 [0.72;2.35]

< 25 years 2.03 [0.95;4.35]

Offspring’s own parental status

Children 1.00

No children 2.11 [1.21;3.67]

Parents sex

Mother 1.00

Father 1.73 [1.09;2.74]

Parents amount of smoking

≥ 10 cig /day 1.00

< 10 cig /day 2.72 [1.71;4.31]

Analysis performed with multivariate logistic regression analysis. CI confidence
interval, OR Odds ratio, variables mutually adjusted and adjusted for
study centre
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smoking more often than the offspring. Characteristics
of offspring themselves who reported false negative an-
swers were similar to the total study population except
higher educational level (University/College 66% vs
60%), whereas offspring who reported false positive an-
swers were slightly older and more often females (59%
vs 58%), smokers (17% vs 12%), and asthmatics (18% vs
16%). Offspring who reported false negative were less
likely to report regarding their mothers (49% vs 55% fe-
males) compared to the total population, whereas off-
spring who reported false positive answers were more
likely to report regarding their mothers (60% vs 55% fe-
males). Parents’ mean age was slightly higher for offspring
who reported false negative as well as false positive com-
pared to the total population (54 and 55 vs 53 years).
Sensitivity analysis of the reversed data priority pro-

duced similar sensitivity, specificity and Cohen’s Kappa
as for the main analysis.
Analyses stratified by study centre with respect to sen-

sitivity, specificity and Cohen’s Kappa showed largely the
same result as for the combined analysis; however, with
wider confidence intervals with kappa ranging from 0.71
to 0.83 (Additional file 2: Table S2).

Discussion
Results from this generation-based cohort study suggest
that offspring quite correctly report their parents’ smoking
status compared to parents’ own report. Offspring-reported
parental smoking during childhood demonstrates a good
agreement as well as for reports of mothers’ smoking status
during pregnancy. Recall of childhood exposures may be a
reliable source of exposure information for studies investi-
gating generational exposures, where parental reports are
not available.
Predictors for discrepant answers in our study were

offspring’s own parental status, parents’ amount of to-
bacco consumption and sex of the parents, whereas off-
spring’s own sex, age, educational level, asthma status,
or smoking status did not predict discrepant answers.
A reasonable explanation for different levels of agree-

ments between offspring’s report of parents’ smoking
status during childhood (K = 0.79) compared to reports
of their mothers’ smoking status during pregnancy (K =
0.61) could be that the offspring have more direct infor-
mation available during their own childhood compared
to during pregnancy where the offspring solely have the
information from a second source; e.g. the mother her-
self or other family members. Of the offspring 23% re-
ported “Don’t know” to the question of whether their
mother smoked during pregnancy or not, compared to
2% of reports during childhood which also indicates a
higher uncertainty for mothers’ smoking status during
pregnancy. Another possible explanation is the mother’s
shame that she was smoking during pregnancy and

therefore incorrectly reported that she did not smoke
during pregnancy. Still, offspring’s report of the mother’s
smoking status during pregnancy is documented to be a
useful proxy for the mother’s own report of smoking
during pregnancy.
To our knowledge, this is the first study to examine

the agreement of offspring-reported parental smoking
status in a general population of both mothers and
fathers. The sensitivity, specificity and agreement for
the mothers’ smoking status during pregnancy are
roughly in line with findings of an earlier study [4] of
daughter’s reports of mother’s smoking during preg-
nancy compared to the mother’s own report. They
found a sensitivity ranging from 74 to 85%, specificity
90 to 95% and κ between 0.72 and 0.81. The study
was based on mother-daughter pairs participating in
the Nurses’ Health Study II in contrast to our popula-
tion-based cohort. The higher agreement in the
Nurses’ Health Study could reflect the participants’
occupation as nurses, which could make them more
aware of health, e.g. smoking habits, than participants
from a general population.

Sex of the parents
The offspring were more likely to give a correct answer
regarding their mothers’ than their fathers’ smoking status,
which may be explained by the fact that mothers in gen-
eral spend more time with their children, especially in
early life, and consequently the offspring are more aware
of their mothers’ smoking status. A similar argument was
used by the “National Heart, Lung, and Blood Institute -
Family Heart Study” of offspring-reported parental history
of chronic heart diseases and diabetes that demonstrated
high agreement with parental self-reported history; how-
ever, a lower agreement for asthma and hypertension [10],
where they suggested that conditions which affect “daily
routines such as medication use or diet changes” also give
relatives more contact and awareness of the diseases.
However, gender roles have changed over the years, espe-
cially in Northern Europe, and today, it is not always true
that women spend more time than men at home with
their children. However, data in the present study are
based on offspring born between 1963 and 1998, and
women are today still more likely to have custody of their
children after a divorce [14], which could be part of the
explanation of why the offspring are more aware of the
mothers’ smoking status.

Amount of parental tobacco consumption
A low amount of parental tobacco consumption predicted
discrepant answers confirming the results of Simard et al.
[4]. The more the parents smoked, the more likely it is
that children noticed their parents’ smoking habits. A
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limitation of the questions on smoking amount is that it is
not specific for the offspring’s childhood, but reported as a
long-term average, which may have varied over the life-
time of the parent’s smoking which could introduce a po-
tential for misclassification.
We found a quite high sensitivity and an even higher spe-

cificity indicating a low risk of misclassifying non-smokers,
while the risk of misclassifying smokers is higher but still
limited. In line with these findings, we could see a higher
prevalence of false negative answers compared to false posi-
tive answers among the offspring which may be due to the
increasing awareness of smoking and second-hand smok-
ing’s negative influence on health [15], and parents’ influ-
ence on children’s later smoking behaviour [16]. The use of
indirect information could, to a higher extent, introduce
misclassification of smokers compared to non-smokers and
therefore underestimate the true prevalence of smokers.

Offspring
Offspring’s own parental status was shown to be a pre-
dictor for discrepant answers. A higher sensitivity and
agreement was found among offspring with children
themselves. These results could indicate that offspring
with children are more aware of exposures in the past,
and may start to ask their parents about their own child-
hood. Even though younger participants had a shorter
recall period, the younger the offspring, the higher the
odds ratio of discrepant answers, however, this was not
significant. This could possibly be explained by the fact
that perception of smoking has changed over time in so-
ciety, e.g. greater knowledge about the harmful impacts
of smoking on health [15] and parents could have
avoided smoking in the vicinity of their children to a
greater extent for the younger offspring. We chose to
prioritize the use of the most recent data collected from
parents so that answers from both parents and children
reflected similar societal attitudes with respect to smok-
ing. The sensitivity analysis of a reversed priority in pre-
ferred data provided similar results.

Limitations and strengths
Using parents’ own self-reported information as the gold
standard probably introduces a risk of underestimation
of the true prevalence of smoking [2–4]. The numbers
of parents who smoked during the offspring’s childhood
and pregnancy were based on participants from numer-
ous Western countries as well as Australia and from
several different decades which makes it difficult to
compare the percentages of smokers with the known
prevalence of specific countries or time periods.
In our study, the analysis of the discrepant answers be-

tween offspring and their parents was primarily false
negative answers. The underestimation of the offspring’s
report in addition with the lack of a true gold standard

(e.g. saliva/urinary cotinine) will enhance the risk of
underestimating the true prevalence of smoking. A
consequence is that smoking information given on
behalf of others is not ideal if the purpose of a study
is to determine prevalence of smoking, but it can be useful
in investigations researching associations between smok-
ing and diseases, even though some misclassification can
be expected.
A limitation of the study is that the wording for par-

ents own report of smoking (which picks up a measure
of “current” use) is different to the wording for the
offspring-reported parental smoking (which picks up a
measure of “regular” use), which is not identical con-
cepts. For example, a parent who smoked very intermit-
tently may consider themselves a smoker, but the
offspring may not see this as regular use.
We do not have information on whether the offspring

who completed self-administrated questionnaires consulted
their parents to provide answers about parental smoking.
However, we are reassured by finding no clear evidence of
difference from centre specific analysis. The measures of
agreement from centres based solely on interview data
(where parental consultation was not possible) (Melbourne,
Huelva, and Albacete) did not substantially differ from cen-
tres that collected data from self-administrated question-
naires, Additional file 2: Table S2.
A major strength of our study is the large population-

based RHINESSA population, which enabled us to
examine both male and female offspring as well as both
male and female parents from a general population. A
further strength is the ability to determine predictors for
discrepant answers based on the large amount of avail-
able information from both parents and offspring.

Conclusion
This study demonstrates that adult offspring with
good agreement reported their parents’ smoking status
during their own childhood and their mothers’ smok-
ing status during pregnancy compared to their par-
ents’ own answer. Offspring’s own parental status, the
amount of parental smoking as well as sex of the par-
ents predicted disagreement while offspring’s own sex,
age, educational level, asthma status, or smoking sta-
tus did not influence the risk of discrepant answers.
Our results suggest that in the absence of smoking
information from parents themselves, offspring’s re-
ports could be valuable.
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