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1 Introduction 

1.1 Tuberculosis 

Tuberculosis (TB) is an infectious bacterial disease caused by the bacillus Mycobacterium tuberculosis 

(Mtb). It is a severe public health problem worldwide (1), which has affected humans for ages (2). TB is 

transmitted when sick people with TB expel bacteria into the air, which are inhaled by others and reach 

the lungs and become internalized to finally invade the respiratory epithelium. Pulmonary TB is the most 

common type of TB. However, TB can affect other body sites causing extrapulmonary TB. The common 

locations of extrapulmonary TB infection are lymph nodes, serous membranes, meninges, bones, and 

liver, among others (3). 

The incidence of TB in a community may be affected by many factors, including the density of the 

population, the extent of overcrowding, the general standard of living, and the health care (4). Certain 

groups have a high risk of developing TB, mainly nursing home residents, people who have HIV, people 

with physical and psychological stress, and socially marginalised people (5). Age is also an essential 

determinant of the risk of developing TB after infection, and the incidence of TB is highest during late 

adolescence and early adulthood (6). 

1.1.1 Global burden of TB 

TB is the leading cause of death as caused by any infectious disease (7). It is the most common cause of 

death due to a single organism among persons over five years of age in low-income countries (8). The 

World Health Organization (WHO) estimates that in 2020, almost 10 million people were infected with 

TB. As per the report by WHO, TB caused 1.3 million deaths among patients who are HIV-negative and 

214 000 deaths among those who are HIV-positive in 2020. Among the total infected with TB worldwide 
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in 2020, 56% were men and 33% were women above 15 years of age, and 11% were children below 15 

years of age (9). The incidence of TB has slowly decreased in the WHO European Region, nearly reaching 

the 2020 milestone set by The End TB Strategy with a reduction of 19% in the TB incidence rate between 

2015 and 2019 (3). Figure 1 illustrates the estimated TB incidence rate (per 100 000 population) 

worldwide in 2020. 

 

Figure 1: Estimated TB incidence rate in 2020 (per 100 000 population), by region (9) 

 

1.1.2 TB in the Nordic region 

TB was endemic in the Nordic region until the 1950s. In Norway, in the 1900s, every fifth death was 

caused by TB (10). The situation was similar in Sweden, where 25% of all deaths were linked to TB (11). 

The mortality due to TB was also high in Finland and Denmark, accounting for about 170 and 50 deaths 

per 100 000 population, respectively (12) (13). In Iceland, TB was responsible for 217 deaths per 100 000 

people in 1911, which later decreased to 20 deaths per 100 000 in 1950 (14). In the early 1990s, the 
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incidence of TB was 4.1 in Denmark, 3.2 in Iceland and Sweden, 3.8 in Norway, and 10.0 in Finland per 

100 000 persons, for persons born in the corresponding country. However, the incidence was 6-14 folds 

higher for people born outside the respective countries (15). 

Due to advancements in the medical sector and improved lifestyles, cases declined in all Nordic regions 

after the 1950s (12) (16). According to the Norwegian Institute of Public Health, 100 to 300 cases of TB are 

diagnosed every year in Norway. Almost two-thirds of these cases are pulmonary TB. As shown in Figure 

2, the incidence has decreased in recent years, with most of the actual cases occurring among immigrants, 

accounting for approximately 85% of new TB cases. Norwegian-born persons diagnosed with TB are 

predominantly older adults, which suggests they possibly were infected when tuberculosis was more 

common in Norway (16). 

 

 

Figure 2: Tuberculosis cases in Norway 1984-2020 by place of birth; Norskfødte:  born in Norway, Totalt: total, and 
Utenlandsfødte: born in foreign countries (17) 
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1.1.3 Pathogenesis of TB 

Inhalation of a single tubercle bacillus can lead to infection, however, only about 15% to 20% of infected 

people go on to develop the disease. (18). The first infection with Mtb is known as primary TB infection 

which is usually subpleural. The bacilli arrive at the draining lymph nodes at the hilum of the lung within 

an hour of reaching the lungs, and few bacilli make it into the bloodstream. The bacteria are ingested by 

alveolar macrophages in the initial response, where bacteria proliferated. As a response macrophage 

releases chemokines and cytokines, that draw neutrophils, granulocytes, monocytes, and other 

inflammatory cells. To further build cellular immunity, macrophage presents the antigen to the T 

lymphocytes. Subsequently, the tissue necrosis occurs as a result of a delayed hypersensitivity reaction 

which is the classical pathology of TB (19). 

The development of a mass of granulomas (Figure 3) close to an area of caseation leads to the 

appearance of the primary lesion in the lung, which is known as ‘Ghon focus’. If the bacilli spread before 

immunity is established, secondary foci may be found in other organs. The organisms gradually lose 

viability, and these foci resolve after an immune response is fixed. Nevertheless, infection of Mtb may 

persist for many years (20). 
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Figure 3: Granuloma formation and pathology in tuberculosis infection (21) 

 

Post-primary TB occurs after a latent period which could be years following primary infection. 

Reactivation may be in response to different triggers, such as weakening of the immune system 

secondary to HIV infection. Though it can affect any part of the body, post-primary infection typically 

affects the lungs (4) (22). 

1.2 Asthma 

Asthma is a common chronic disease that affects people of all ages, including children and young adults. 

The Global Initiative for Asthma (GINA) defines asthma as “a chronic inflammatory disorder of the 

airways in which many cells and cellular elements play a role. Chronic inflammation causes an associated 
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increase in airway hyperresponsiveness that leads to recurrent episodes of wheezing, breathlessness, 

chest tightness, and coughing, particularly at night or in the early morning. These episodes are usually 

associated with widespread but variable airflow obstruction that is often reversible spontaneously or with 

treatment” (23). 

The global burden of asthma has increased in the past 20 years as asthma cases have sharply increased 

in recent years (24). It is estimated that currently, approximately 300 million people worldwide have 

asthma. Furthermore, its prevalence has increased by 50% in the last decade (25). 

People with asthma suffer from narrowing airways and airflow limitation, with difficulty breathing. The 

most common asthma symptoms are shortness of breath, wheezing, or cough. These symptoms are 

mainly secondary to the inflammation of bronchial tubules (26). Figure 4 illustrates the inflammation 

and thickening of bronchial tubules in the asthmatic lung compared to the normal lung. 

 

Figure 4. Airways in the normal lung as compared to the asthmatic lung (27) 

Asthma can be caused and triggered by a myriad of factors, which are not completely understood. 

Generally, when asthma is triggered by allergens, it is classified as allergic asthma (28). If the asthma is 
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not related to allergens, it is referred to as non-allergic asthma. Today, non-allergic asthma and allergic 

asthma appear to be approximately equally common, also among children (29). 

A complex multicellular process is involved in airway inflammation in people with asthma, yet many 

aspects are not fully understood. As seen in Figure 5, central cells involved in the pathology of asthma 

are eosinophils, CD4 T-lymphocytes, and mast cells (30). To trigger the asthma attacks associated with 

allergen exposure, the airways may recognize environmental allergens and generate specific Th2 

cytokines in response to them. These allergens are captured and processed by dendritic cells and later 

presented as antigens to T cell receptors, which causes sensitization and the subsequent immune (31). 

Earlier, it was believed that asthma was a typical Th2-mediated disease, however, results from recent 

research indicate that Th2, Th17, and Th9 cells subset play an essential role in the pathophysiology of 

asthma (32). 

 

Figure 5. Factors limiting airflow in acute and persistent asthma (30) 
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1.3 Literature review 

TB may cause damage to the airways and lung tissue as described above. On the other hand, it has been 

suggested that the immunological changes from TB might also have a beneficial impact. The hygiene 

hypothesis proposed in 1989 by Strachan, states that the decrease in infectious diseases in developed 

countries is associated with the increase in allergic and autoimmune diseases (33). The causes behind 

this assumption are not entirely understood, which has led to several studies trying to prove the 

hypothesis in different settings (34).  

Several studies have been carried out to investigate the relationship between tuberculosis and the 

further presence of respiratory diseases, including asthma and Chronic Obstructive Pulmonary Disease 

(COPD) (35-48). Included in Table 1, the most important evidence has been gathered to summarize the 

diverse efforts to shed light on the above-mentioned relationship. 

Some studies show evidence that partially supports the “hygiene hypothesis”. A study conducted in 

Sudan compared the prevalence of asthma in patients with and without TB and concluded that infection 

with TB might possibly decrease the prevalence of asthma (35). Similarly, a study by Erika von Mutius et 

al. among children aged 13-14 years suggested that previous TB infection might decrease the lifetime 

prevalence of wheezing and asthma (36). In a study from India, Karahyla J. reported that among 

participants with asthma and TB, 69.6% developed asthma after having had TB, while 30.4% of the 

patients developed TB after the onset of asthma. The study emphasised that only 2.9% of participants 

who developed asthma after TB infection had a positive family history of asthma (37). 

On the other hand, a multinational population-based cross-sectional study conducted in 18 different 

countries found a positive association between TB infection and obstructive pulmonary diseases (38). 
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Likewise, another cross-sectional study conducted in India also has similar findings and concluded that 

pulmonary TB infection could be one of the risk factors for COPD (39). 

A review by Malay Sarkar et al. stated that TB infection could be an essential risk factor for COPD. The 

authors emphasised that to reduce the burden of COPD, early diagnosis and proper treatment of TB are 

crucial. Chronic airflow obstruction is reported in people with past TB infections and may develop during 

TB infection or after the treatment of TB (40). Further, infection with TB may cause scarring and 

bronchiectasis, which might contribute to the development of airflow obstruction (41). 
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Table 1: List of relevant literatures that have discussed/studied the association between asthma and TB 

 

S.no Author(s)/Journal Title Sample Result/Conclusion in the study 

1 Erika von Mutius, et al. 

Thorax, 2000, Vol.55 (6), 

 p.449-453 

 

International patterns of  

tuberculosis and the 

prevalence of symptoms of 

asthma, rhinitis, and 

eczema 

Answer to questionnaire on 

respiratory symptoms from  

235 477 children aged 13–14 

years from 85 centres in 23 

countries; analysed with TB 

notification rate from the WHO 

 

TB notification rate was associated with  

a decrease in lifetime prevalence of 

wheeze and asthma (36) 

2 Shirtcliffe P, et al., 

Respirology (Carlton, Vic.),  

2002, Vol.7 (2), p.153-155 

  

 

An inverse correlation between 

estimated tuberculosis 

notification rates and asthma 

symptoms 

Estimated TB incidence rate 

and prevalence data of asthma 

and allergies for 6–7 and 13–14 

years age groups in 38 and 55 

countries respectively 

An inverse relation between estimated 

TB incidence and prevalence of key 

asthma symptoms in the age 6-7 years 

old whereas in the age group 13-14, an 

inverse relationship  

was only found for “asthma ever” (42) 

3 Pasipanodya JG, et al.,  

Chest. 2007;131(6):1817-24. 

Pulmonary impairment after 

tuberculosis 

Case-control study; 107 patients 

with pulmonary TB and 210  

latent tuberculosis infection 

Pulmonary TB patients have 5.4 times 

more likely to have abnormal pulmonary 

function compared to those with latent  

TB infection (43) 



 11 

4 Flohr C, et al., 

Pediatric Allergy and 

Immunology. 2012 Volume 23, 

Issue 4 p. 324-331 

 

Tuberculosis, bacillus Calmette-

Guérin vaccination, and allergic 

disease: findings from the 

International Study of Asthma  

and Allergies in Childhood 

Phase Two 

Cross sectional study; 23 901 

school children aged  

8–12 years from 20 centres 

 

Allergic diseases were linked with a 

history of TB (44) 

 

5 Simone de Sousa Elias Nihues, 

et al. 

The Brazilian journal of 

infectious diseases, 2015-09, 

Vol.19 (5), p.492-497 

Chronic symptoms and  

pulmonary dysfunction in post-

tuberculosis Brazilian patients 

Cross sectional study; 120 

participants aged 18-65 years 

diagnosed with TB 

High prevalence of chronic respiratory 

symptoms and pulmonary dysfunction in 

post-TB patients (45) 

6 Amaral AFS,  et al.,  

European Respiratory Journal. 

2015;46(4):1104-12. 

Tuberculosis associates with  

both airflow obstruction and low 

lung function: BOLD results 

Cross sectional study; 14 050 

adult participants aged 40 years 

and older from 19 sites  

 

History of TB was found to be 

associated with airflow obstruction (38) 

7 Bashir A, Abdallah IE,  

Musa O.  

European Respiratory Journal. 

2016;48(suppl 60):PA2706. 

TB infection decreases asthma 

prevalence and severity of 

symptoms 

322 adult participants with TB  The prevalence of asthma in TB patients  

was found to be lower as compared to  

the control group (35) 

https://onlinelibrary-wiley-com.pva.uib.no/journal/13993038
https://onlinelibrary-wiley-com.pva.uib.no/journal/13993038
https://onlinelibrary-wiley-com.pva.uib.no/toc/13993038/2012/23/4
https://onlinelibrary-wiley-com.pva.uib.no/toc/13993038/2012/23/4
https://pubmed.ncbi.nlm.nih.gov/?term=Nihues+Sde+S&cauthor_id=26254689
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8 Kranti Garg,  

Jai Kishan Karahyla 

 Int J Res Med Sci. 2017 

Aug;5(8):3566-3569 

Association between  

tuberculosis and bronchial  

asthma 

69 patients (21-60 years old) of 

TB at medical college 

complaining about respiratory 

symptoms were screened 

Asthma and TB can occur together, 

asthma found in treated cases of TB (37) 

9 Mattila T, et al.,  

COPD: Journal of Chronic 

Obstructive Pulmonary 

Disease. 2017;14(2):143-9. 

Tuberculosis, Airway Obstruction 

and Mortality in a Finnish 

Population 

Population-based study  

including 3 125 men and 3 576 

women 

Past TB is risk factor for COPD (46) 

10 Tariq Mahmood, et al.  

Lung India, 2017, 34 (2) 

Prevalence and etiological profile  

of COPD in non-smokers 

Cross sectional study; 200 COPD 

patients older than 18 years of 

age 

Pulmonary TB infection is one of the risk 

factors for COPD(39) 

11 Basham CA, et al.,  

European Respiratory 

Journal. 2020:2000384. 

Post-tuberculosis airway disease:  

A population-based cohort study  

of people immigrating to British 

Columbia, Canada, 1985-2015 

Retrospective cohort  

including 1 005 328 people 

immigrating to Canada 

Increased risk of respiratory disease  

after TB was observed (47) 
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12 Mancuzo EV, et al.,  

J Bras Pneumol. 

2020;46(2):e20180198- 

Spirometry results after  

treatment for pulmonary 

tuberculosis: comparison  

between patients with and 

without previous lung disease: a 

multicenter study 

Cross-sectional study; 378 aged 

18-50 years 

 

Patients had spirometric changes after 

treated for pulmonary TB and chronic 

lung disease is observed after TB (48) 
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1.4 The rationale of the study 

The exact relation between TB and respiratory diseases cannot be concluded based on available 

investigations. Some studies conclude that TB may increase the risk of asthma, while others find that 

it has an apparent protective effect. Thus, it is essential to carry out novel research in a different 

setting to help disentangle this complex relationship. 

1.5 Research question 

Does prior TB infection influence the risk of developing respiratory symptoms and/or asthma later in 

life?  

1.6 Hypothesis 

Given that TB induces profound systemic immunological and inflammatory changes, we 

hypothesized that having TB may influence the risk of developing respiratory symptoms and asthma. 

2 Study objectives 

Main objective  

To investigate the association between TB and the development of asthma and respiratory 

symptoms in a Nordic-Baltic population-based study. 

Specific objectives 

1. To study the association of TB infection with subsequent asthma and respiratory symptoms. 

2. To further explore the association of TB infection more specifically with allergic and non-

allergic asthma. 
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3 Methodology 

We used the data from the Respiratory Health in Northern Europe study (RHINE) to study the 

association of TB with asthma and respiratory symptoms. The RHINE study is a follow-up study of the 

participants that participated in stage 1 of the European Community Respiratory Health Survey 

(ECRHS, www.ecrhs.org) in 1990. In ECHRS I, young adults between 20 to 44 years were randomly 

selected from the population registry in respective centres. They were later followed for 10, 20, and 

30 years in 2000, 2010, and 2020/2021 respectively. 

3.1 Study design and data sources 

The RHINE study (www.rhine.nu) is based on a standardized questionnaire (Appendix I and II) from 

seven study centres in the Nordic-Baltic countries: Bergen (Norway), Aarhus (Denmark), Reykjavik 

(Iceland), Umeå, Uppsala, and Gothenburg (Sweden), and Tartu (Estonia) (Figure 6). The information 

about participants' general characteristics, disease conditions, habits, and respiratory symptoms 

were collected using the questionnaire.  

The analyses presented in this thesis are based on the questionnaires from RHINE III and RHINE IV.  

The question about our exposure was included in RHINE IV, completed recently and data from all the 

participants from all the centres were not ready by the time of analyses. Thus, the data in this study 

are preliminary, with a few participants yet to be included in each centre.  
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Figure 6: Study centres of the Respiratory Health in Northern Europe (RHINE) study (Source: RHINE www.rhine.nu) 

 

 
3.2 Operational definitions 

Exposure 

Definition of Tuberculosis 

A question on TB, “Have you ever had tuberculosis? (yes/no),” was included in the RHINE IV 

questionnaire. Those who answered “yes” to the question were considered to have TB. Those who 

answered yes to the above question were asked “When were you treated (for the first time) for 

tuberculosis?” Based on this the age of the participants when first treated for TB was calculated. 

Outcomes 

Asthmatic symptoms score: 

During the RHINE IV study, participants were asked about asthma-like symptoms in the previous 12 

months. A new variable, “asthma symptoms score,” was created based on the following five 

questions. 

http://www.rhine.nu/index.htm
http://www.rhine.nu/
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1. Have you had wheezing and whistling in your chest at any time in the last 12 months? 

(yes/no) 

2. Have you woken up with a feeling of tightness in your chest at any time in the last 12 months? 

(yes/no)? 

3. Have you been woken by an attack of shortness of breath at any time in the last 12 months? 

(yes/no). 

4. Have you been woken by an attack of coughing at any time in the last 12 months? (yes/no)? 

5. Do you walk slower than people of the same age on the level because of breathlessness, or 

do you have to stop for breath when walking on your own pace on the level? (yes/no). 

For each of the questions answered “yes,” a score of 1 was given.  If the asthma symptoms score was 

≥ 3, then the symptoms score was considered high, and if the symptoms score was < 3, the symptoms 

score was considered low. 

Definition of Asthma 

In this research, asthma is defined in three different ways: 

 Definition 1: Participants who answered yes to the questions “Have you had an attack of 

asthma in the last 12 months?” or “Are you currently taking any medicine (including inhalers, 

aerosols, or tablets) for asthma?”  were considered as having asthma (current asthma 

medication/ asthma attack). 

 Definition 2: Asthmatic symptoms score calculated earlier was used to define asthma. 

Definition 2, thus, consisted of having asthma symptoms score of ≥ 3 points (≥ 3 asthma 

symptoms). 

 Definition 3: participants were considered to have asthma if they met definitions 1 and/or 2 

(current asthma and/or ≥ 3 asthma symptoms). 
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Definition of Allergy 

Participants who answered “yes” to the question “Do you have any nasal allergies, including hay 

fever?”  were considered to have allergies. 

Definition of allergic asthma 

Participants who had asthma and nasal allergies were defined as allergic asthma. 

Definition of non-allergic asthma 

Non-allergic asthma was defined as asthma without nasal allergies.  

Definition of respiratory symptoms 

The respiratory symptoms were defined based on an affirmative answer to the respective questions. 

The questions used to describe these symptoms are presented in Table 2. 
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Table 2: Respiratory symptoms and their definitions 

* Questions used to create a new variable; “asthma symptoms score.” 

 

3.3 Inclusion and exclusion criteria 

We included the participants from the RHINE IV follow-up carried out in 2020/2022 from five centres 

(Bergen, Reykjavik, Umeå, Uppsala, and Gothenburg). We excluded the participants who did not 

answer the questions for TB, asthma-like symptoms, and allergies. From the five centres, a total of 4 

530 participants were included after excluding 419 participants based on exclusion criteria (Figure 

7). 

  

Respiratory symptoms Questions from questionnaire  

Wheezing* Have you had wheezing or whistling in your chest at any time in the last 12 
months?  

Wheezing with shortness of breath Have you been at all breathless when the wheezing noise was present?  

Wheezing without cold Have you had this wheezing or whistling when you did not have a cold?  

Awoken with tightness in chest* Have you woken up with a feeling of tightness in your chest at any time in 
the last 12 months?  

Awoken with shortness of breath* Have you been woken by an attack of shortness of breath at any time in the 
last 12 months?  

Awoken with attack of cough* Have you been woken by an attack of coughing at any time in the last 12 
months?  

Shortness of breath when active Do you get breathless with strenuous exercise?  

Difficult breathing when walking on 
ground level 

Do you get short of breath when hurrying on the level or walking up a slight 
hill?  

Breathlessness* Do you walk slower than people of the same age on the level because of 
breathlessness, or do you have to stop for breath when walking on your 
own pace on the level?  

Shortness of breath while walking Do you stop for breath after walking about 100 metres or after a few 
minutes on the level?  

Phlegm Do you usually bring up phlegm or do you have phlegm in your lungs which 
you have difficulty bringing up?  

Chronic phlegm Do you bring up phlegm in this way almost every day for at least three 
months every year?  

Voice tire, strain or get hoarse Does your voice tire, strain or get hoarse when you talk? 
Disregard symptoms that depend on current cold or upper-airway infection. 
The voice symptoms may vary but try to estimate an average.  

Nasal allergies Do you have any nasal allergies including hay fever?  

Attack of asthma Have you had an attack of asthma in the last 12 months?  

Currently taking asthma medication Are you currently taking any medicine 
(including inhalers, aerosols or tablets) for asthma?  
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Figure 7: Flowchart of participants in the study 

 

3.4 Covariates 

We selected potential confounders based on previous knowledge and available literature. In addition 

to that, a directed acyclic graph (DAG) was created with DAGitty software to identify the potential 

confounders that needed to be adjusted (Figure 8). The minimal adjustment set included age, sex, 

smoking, BMI, and parental education (a proxy for socioeconomic status); these variables were 

adjusted in the analyses of the associations of TB with respiratory outcomes. 

Total Participants 

N= 4 949 

n=419 excluded 

270 missing exposure data 

149 missing outcome 

Participants included 

N= 4 530 

Male= 2 227 

Female= 2 303 
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Figure 8: Direct acyclic graph linking the tuberculosis infection (exposure) to asthma (outcome) 

3.5 Statistical analyses  

The general characteristics of the participants were described including disease condition, airway 

symptoms, and asthmatic condition. Additionally, we calculated the prevalence of respiratory 

outcomes among participants with and without TB infection. Furthermore, the year of the first 

treatment for TB was also tabulated for participants who reported TB.  The associations between the 

exposure (TB) and the outcomes (asthma/respiratory symptoms) were analysed using univariate and 

multivariate logistic regression, adjusting for potential confounders (age, sex, smoking, BMI, and 

parental education). Further stratified analysis was performed based on sex. 

Stata/SE 17.0 (Stata Corp, College Station, TX, USA) software was used for the statistical analyses. 

4 Ethical permissions 

Written consent was obtained from all the participants at each stage of the RHINE study, and the 

study was approved by all the ethical committees in each country. 

outcome ancestor of exposure and outcome Exposure 

Biasing path causal path 
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The names of the regional ethics committees in each study centre that approved the study are 

mentioned below: 

 Bergen: The Regional Ethics Committee in Western Norway (Ref. nr. 2010/759)  

 Gothenburg, Umeå and Uppsala: The Regional Ethical Review Board of Uppsala University 

(Ref. nr. 1999/313 and 2010/068) 

 Reykjavik: The National Bioethics Committee, Iceland (Ref. nr.  VSNb2011090016/03.11) 

Results  

The findings of the study are presented in the attached manuscript. 

Discussion  

A discussion of the study is presented in the attached manuscript. 
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ABSTRACT 

Background: Tuberculosis (TB) infection induces profound systemic immunological and inflammatory 

changes that could influence the risk of occurrence of other respiratory diseases for instance asthma. 

The association of TB with asthma is only partly understood.  

Objective: To study the association of TB with asthma and respiratory symptoms in a Nordic-Baltic 

population-based study. 

Methods: In this study, we included the data from five study centres (Bergen, Reykjavik, Umeå, 

Uppsala, and Gothenburg) of the fourth follow-up of the RHINE study. Information on general 

characteristics, TB infection, asthma, and asthma-like symptoms were collected using standardized 

questionnaires. Asthma was defined as a positive answer to questions on asthma medication and/or 

attack of asthma in the last twelve months (“current asthma”), and by asthma symptoms score of ≥ 

3 symptoms out of five self-reported symptoms (“≥ 3 asthma symptoms”). In addition, allergic/ non-

allergic asthma was defined as asthma with/ without nasal allergy. The associations of TB with 

asthma outcomes were analysed using logistic regressions with adjustment for age, sex, smoking, 

BMI, and parental education. 

Results: A total of 4 530 participants aged 50 to 75 years were included, of which 35 participants 

reported having had TB (32 out of these before age 25 years). Approximately 40% of participants 

with TB reported current asthma and/or ≥ 3 asthma symptoms compared to 20% among those 

without TB. In adjusted analyses, participants with a history of TB had a higher risk of current asthma 

and/or asthma symptoms (OR: 2.47, 95%CI 1.22-4.99); particularly non-allergic asthma (OR: 3.85, 

95%CI 1.85-8.01). 

Conclusion: This study suggests an association of previous TB infection with asthma and respiratory 

symptoms. This was found for non-allergic asthma while no effect or a protective effect was indicated 
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for allergic asthma, supporting both a hypothesis of lung damage due to the TB infection and a 

potential beneficial role of TB infection regarding immune maturation and type 2 responses. 

Keywords: asthma, post-tuberculosis, sequelae, allergy, RHINE 

  



 31 

INTRODUCTION 

Tuberculosis (TB) is a severe infectious disease caused mainly by Mycobacterium tuberculosis (Mtb). 

TB still represents a major global health threat, especially in low and middle-income countries, 

causing 1.5 million deaths worldwide in 2020 (1). The tubercle bacilli enter the human body mainly 

via the respiratory tract following inhalation of droplets (2). Bacilli may spread from the lungs to 

other body parts through the bloodstream, the lymphatic system, or direct extension (3). Therefore, 

TB can affect any part of the body, causing pulmonary TB where the lungs are infected and 

extrapulmonary TB,  with peripheral lymph nodes as the most typical affected site (4). 

Asthma is a chronic inflammatory disease of the airways with the common symptoms of wheezing, 

breathlessness, chest tightness, and coughing (5). When asthma is triggered by allergens, it is 

referred to as allergic asthma, otherwise, it is termed as non-allergic asthma (6). Asthma currently 

affects estimated 300 million people worldwide, with around 250 000 deaths annually (7). 

Pulmonary TB triggers lung damage and airflow obstruction by modifying parenchyma and scaring 

the lungs (8). Various research has suggested that the block of airflow following TB infection is not 

only due to the scaring of parenchyma but also because of bronchiectasis and bronchial stenosis, 

both of which can be a sequela of TB disease (9). This damage to the lungs probably may increase 

the risk of asthma and other respiratory diseases following TB. On the other hand, the immunological 

response towards TB is suspected to confer protection towards Th2 skewed reactions like in allergies. 

The exact relation between TB and respiratory diseases is not well understood from previous 

investigations, as some studies conclude that TB may increase the risk of asthma, while others find 

that it has an apparent protective effect (10-15).  Due to limited and contradictory knowledge, we 

aimed to investigate the association of TB with asthma and respiratory symptoms in a large 

community-based study in the Northern European region. 
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METHODOLOGY 

Study design, settings, and participants 

Data were obtained from standardized questionnaires where participants provided information on 

general characteristics, habits, and respiratory symptoms. These questionnaires were administered 

in the Respiratory Health in Northern Europe study (RHINE, www.rhine.nu), which is a follow-up of a 

population-based cohort that participated in stage 1 of the European Community Respiratory Health 

Survey (ECRHS, www.ecrhs.org) in 1990 from seven study centres in the Nordic-Baltic countries: 

Bergen, Aarhus, Reykjavik, Umeå, Uppsala, Gothenburg, and Tartu.  In ECHRS I, young adults aged 20 

to 44 years were randomly selected and followed up in 2000 (RHINE II), 2010 (RHINE III), and 

2020/2021 (RHINE IV). 

The analyses presented in this study are from a preliminary dataset based on the RHINE III and RHINE 

IV from five centres (Bergen, Reykjavik, Umeå, Uppsala, and Gothenburg). Of the 4 949 participants 

from the five centres, a total of 4 530 participants were included in the study. In total, 419 

participants who did not answer the questions on exposures or outcome variables relevant for the 

study were excluded from the analyses.  

Written consent was obtained from all the participants at each stage of the RHINE study, and each 

stage of the study was approved by the local ethical committee in each study centre. 

Definition of exposure and outcomes 

Exposure 

Participants with TB were defined as people with a positive answer to the question, "Have you ever 

had tuberculosis?” Given that the question did not differentiate between active or latent TB, “TB” 
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was used indistinctively for both. Based on the question “When were you treated (for the first time) 

for tuberculosis?” the age of the participants when first treated for TB was calculated. 

Outcomes 

The respiratory outcomes were defined based on an affirmative answer to the questions presented 

in the supplementary data in Table S1. 

Asthma was defined in three different ways: i) Participants were considered to have asthma if they 

had given a positive answer to either of the questions “Have you had an attack of asthma in the last 

12 months?” or “Are you currently taking any medicine (including inhalers, aerosols, or tablets) for 

asthma?” (Definition 1, current asthma medication/ asthma attack); ii) The five self-reported asthma-

like symptoms: wheezing, awoken with tightness in the chest, awoken with shortness of breath, 

awoken with an attack of cough, and breathlessness (Table S2), were used to define an asthma 

symptom score (assigning one point to each question). Definition 2, thus, consisted of having asthma 

symptoms score of ≥ 3 points (≥ 3 asthma symptoms); iii) As per definition 3, participants were 

considered to have asthma if they met definitions 1 and/or 2 (current asthma and/or ≥ 3 asthma 

symptoms).  

Furthermore, allergic outcomes were described based on the aforementioned definitions of asthma/ 

symptoms and a positive answer to the question: “Do you have any nasal allergies, including hay 

fever?”. Similarly, non-allergic asthma was defined as having asthma without nasal allergy. 

Statistical analyses 

Potential confounders were assessed using a directed acyclic graph (DAG) based on currently 

available evidence. The minimal adjustment set included age, sex, smoking, BMI, and parental 
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education (a proxy for socioeconomic status); these variables were adjusted in the analyses of the 

associations of TB with respiratory outcomes.   

First, we calculated the prevalence of respiratory outcomes among participants with and without TB 

infection. Further, we performed logistic regression analyses to study the crude and adjusted 

association of TB with respiratory outcomes. The odds ratio (OR) with a 95% confidence interval (CI) 

were calculated for both unadjusted and adjusted models. The statistical analyses were performed 

using Stata/SE 17.0 (Stata Corp, College Station, TX, USA).  

RESULTS 

The general characteristics of the study population related to TB status are presented in Table 1. The 

analyses included 4 530 participants, of which 35 participants reported TB. Among those who 

reported having had TB, 48.6% were males, and 51.4% were ex-smoker. The participants were born 

between 1945 and 1971. 
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Table 1: Basic characteristics of participants of a Nordic-Baltic general population study according to the TB 
status (preliminary data) 

 
 All participants 

(N=4 530)  

With TB 

(n=35)  

Without TB  

(n=4 495) 

Sex, n (%)    

      Male 2 227 (49.2) 17 (48.6) 2 210 (49.1) 

      Female 2 303 (50.8) 18 (51.4) 2 285 (50.8) 

Birthyear (Range) 1945-1971 1946-1970 1945-1971 

Mean age (SD) 63.1 (7.0) 67.3 (5.8) 62.8 (6.9) 

Smoking, n (%)    

      Never 2 395 (52.9) 14 (40.0) 2 381 (53.0) 

      Current 304 (6.7) 3 (8.6) 301 (6.7) 

      Ex-smoker 1 831 (40.4) 18 (51.4) 1 813 (40.3) 

Parental education (any of the parents), n (%)    

       Primary school 1 498 (33.1) 14 (40.0) 1 484 (33.0) 

       Secondary school 1 202 (26.5) 11 (31.4) 1 191 (26.5) 

       College or university 815 (18.0) 4 (11.4) 811 (18.0) 

       Do not know of both 1 015 (22.4) 6 (17.1) 1 009 (22.5) 

Mean height (SD) 173.3 (9.4) 171.5 (9.7) 173.3 (9.4) 

Mean weight (SD) 80.6 (16.1) 81.6 (16.2) 80.6 (16.5) 

Mean BMI (SD) 26.7 (4.4) 27.6 (4.7) 26.7 (4.5) 

TB: Tuberculosis, BMI: Body-mass index, SD: Standard deviation 

 

Only 2 (0.5%) participants from Gothenburg reported having had TB, whereas 18 (1.3%) participants 

from Reykjavik reported TB. Most of the participants reporting TB had been treated before the year 

1980.  Also, most of the study participants had undergone TB treatment before 15 years of age, and 

32 out of 35 were younger than 25 years old when they were first treated for TB (Table 2).  
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Table 2: Distribution of study participants with TB by study centre, year, and age when they were treated 
for the first time (N=35/ 4 530) 
 

 

 

The distribution of respiratory and nasal outcomes among participants is shown in Table 3. Overall, 

participants who reported TB had a higher prevalence of all respiratory outcomes. Approximately 

37.1% of participants who reported TB had wheezing compared to 18.6% among those without TB. 

Also, approximately 40% of participants with TB reported current asthma medication/ asthma attack 

and/or ≥ 3 asthma symptoms compared to 20% among those without TB.  

  

Number (%) of TB cases by study centre  

Bergen 6/ 806 (0.7) 

Reykjavik 18/ 1 393 (1.3) 

Gothenburg 2/ 438 (0.5) 

Umeå 3/ 523 (0.6) 

Uppsala 6/ 1 335 (0.4) 

  

Year first treated for TB  

1950-1959 16 

1960-1969 9 

1970-1979 6 

1980-1989 1 

1990-1999 0 

2000-2010 3 

 

Age at the first treatment (years)  

0-5 14 

6-10 8  

11-15 6 

16-20 2 

21-25 2  

26-39 0 

Above 40 3 
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Table 3: Respiratory outcomes according to TB status in the study population 

1: In the last twelve months; TB: Tuberculosis 
 

The association of TB infection with the risk of respiratory symptoms and asthmatic conditions is 

presented in Table 4. The risk of self-reported wheezing was 2.5 times higher among those who 

reported TB compared to those who did not report TB, and this association remained significant even 

after adjustment for confounders (OR: 2.36; 95% CI 1.14-4.88). TB was associated with a higher risk 

for asthma as per all three definitions of asthma (OR: 1.8; 95% CI 0.8-4.04, OR: 2.73; 95% CI 1.28-

5.81, and OR: 2.47; 95% CI 1.22-4.99 as per definitions 1, 2, and 3, respectively). 

 

 

 

 

  

 TB (N=35) 

n (%) 

Without TB  

(N=4 495) 

 n (%) 

Wheezing1 13 (37.1) 835 (18.6) 

Wheezing with shortness of breath1 9 (25.7) 531 (11.8) 

Wheezing without cold1 11 (31.4) 631 (14.0) 

Awoken with tightness in chest1 7 (20.0) 476 (10.6) 

Awoken with shortness of breath1 1 (2.9) 166 (3.7) 

Awoken with an attack of cough1 14 (41.7) 960 (21.3) 

Shortness of breath when active1 25 (71.4) 2 577 (57.3) 

Difficult breathing when walking on ground level1 14 (40.0) 911 (20.2) 

Breathlessness1 4 (11.4) 343 (7.6) 

Shortness of breath while walking1 4 (11.5) 130 (2.9) 

Phlegm1 7 (20) 661 (14.9) 

Nasal allergies 11 (31.4) 1 247 (27.7) 

Asthma definition 1 (current asthma medication/ asthma attack) 8 (22.8) 592 (13.1) 

Asthma definition 2 (≥ 3 asthma symptoms) 11 (31.4) 608 (13.5) 

Asthma definition 3 (current asthma and/or ≥ 3 asthma symptoms) 14 (40.0) 901 (20.0) 
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Table 4: Association of respiratory symptoms and asthmatic condition with TB infection 

*Adjusted for age, sex, smoking, education, BMI 
Abbreviations: CI: confidence interval; OR: odds ratio 

 

Finally, the association of TB infection with allergic and non-allergic asthma is presented in Table 5. 

Our results indicate a positive association between TB and non-allergic asthma with OR: 3.27; 95% 

CI 1.38-7.73 as per definition 1, OR: 3.66; 95% CI 1.63-8.17 as per definition 2 and OR: 3.85; 95% CI 

1.85-8.01 as per definition 3.  

 

 

 

  

 Crude Adjusted* 

 OR (95% CI) P value OR (95%CI) P value 

Wheezing 2.59 (1.29-5.16) 0.007 2.36 (1.14-4.88) 0.020 

Wheezing with shortness of breath  2.80 (1.36-5.76) 0.005 2.54 (1.20-5.39) 0.010 

Wheezing without cold 2.58 (1.20-5.54) 0.015 2.31 (1.05-5.1) 0.030 

Awoken with tightness in chest 2.11 (0.91-4.85) 0.070 1.92 (0.82-4.48) 0.130 

Awoken with attack of cough 2.45 (1.25-4.84) 0.010 2.35 (1.17-4.71) 0.016 

Difficult breathing when walking on ground 

level 

2.6 (1.31-5.1) 0.006 2.26 (1.06-4.8) 0.03 

Shortness of breath when active 1.86 (0.89-3.88) 0.098 1.71 (0.80-3.64) 0.164 

Phlegm  1.42 (0.61-3.27) 0.400 1.22 (0.52-2.87) 0.640 

Asthma definition 1 (current asthma 

medication/ asthma attack) 

1.95 (0.89-4.3) 0.090 1.8 (0.8-4.04) 0.150 

Asthma definition 2 (≥ 3 asthma symptoms) 2.93 (1.42-6.01) 0.003 2.73 (1.28-5.81) 0.009 

Asthma definition 3 (current asthma and/or ≥ 

3 asthma symptoms) 

2.65 (1.34-5.25) 0.005 2.47 (1.22-4.99) 0.010 
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Table 5: Association of allergic and non-allergic asthma as related to TB infection 

 Crude Adjusted* 

 OR (95% CI) P 

value 

OR (95%CI) P 

value 

Allergic asthma definition 1 (hay fever + current asthma 

medication/ asthma attack) 

0.40 (0.54-2.94) 0.360 0.38 (0.05-2.85) 0.353 

Allergic asthma definition 2 (hay fever + ≥ 3 asthma 

symptoms) 

0.9 (0.23-4.15) 0.990 0.89 (0.22-4.09) 0.964 

Allergic asthma definition 3 (hay fever + current asthma 

and/or ≥ 3 asthma symptoms) 

0.60 (0.14- 2.52) 0.454 0.58 (0.13- 2.45) 0.462 

Non-allergic asthma definition 1 (current asthma medication/ 

asthma attack without hay fever) 

3.69 (1.59-8.52) 0.002 3.27 (1.38-7.73) 0.007 

Non-allergic asthma definition 2 (≥ 3 asthma symptoms 

without hay fever) 

4.11 (1.91-8.84) 0.001 3.66 (1.63-8.17) 0.007 

Non-allergic asthma definition 3 (current asthma and/or ≥ 3 

asthma symptoms without hay fever) 

4.25 (2.1-8.6) 0.001 3.85 (1.85-8.01) 0.000 

*Adjusted for age, sex, smoking, education, BMI 
Abbreviations: CI: confidence interval; OR: odds ratio 
 

We performed stratified analyses according to sex and study centre, as presented in supplementary 

Tables S3 and S4. While keeping in mind the limited number of persons with TB, we did not observe 

any convincing differences between men and women, or between Reykjavik and the other study 

centres.  

DISCUSSION 

This is one of the first studies addressing the association of TB with asthma and respiratory symptoms 

in a large Nordic-Baltic population-based study. Our study found that a history of TB infection, mostly 

before young adulthood, was associated with a higher risk for asthma and respiratory symptoms at 

age 50-75 years. This association was strong and consistent for non-allergic asthma, while our study 

indicated no association or a possible protective effect of TB on allergic asthma. 
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Several studies support our findings regarding more respiratory symptoms and/or asthma after TB. 

A study conducted in India found that out of 69 patients with TB and asthma, 69.6% developed 

asthma after TB infection (10). A multinational population-based cross-sectional study conducted in 

19 sites, as well as a cross-sectional study conducted in India, found a positive association between 

TB and obstructive pulmonary diseases (11) (12). One study conducted in Brazil reported reduced 

pulmonary function after the treatment of pulmonary TB (13). In contrast, a study carried out to 

estimate the prevalence of asthma among TB patients concluded that TB infection was associated 

with a lower prevalence of asthma (14). Nonetheless, this analysis did not differentiate between 

allergic and non-allergic asthma. 

Our study is one of the few available that analysed the association between TB infection and 

respiratory outcomes in a low TB incidence setting. Relatedly, a case-control study conducted in the 

United States found that the group with active TB had a higher risk of pulmonary impairment 

compared to the group with latent TB infection (15). Similarly, a cross-sectional study in Finland 

showed a positive association between previous TB infections and airway obstruction (16). Likewise, 

a recent cohort study conducted among immigrants in Canada reported a two-fold higher risk of 

airway diseases in patients with a history of pulmonary TB compared to controls (17). 

The exact mechanisms that could cause obstructive pulmonary disease following the TB infection are 

still under investigation, and several hypotheses have been presented (18). Our study does not shed 

light on the mechanisms behind the associations between TB and respiratory outcomes. Most 

literature agrees that the host immune response and host-pathogen interaction may damage the 

lungs by distortion of the airway, reduced elasticity, damage to bronchial walls, and impairment to 

the lung parenchyma and vasculature which may cause chronic airflow obstruction (19). In 

agreement with this, we found that non-allergic asthma was substantially more common among 

participants with previous TB infections.  
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On the other hand, our study might indicate a protective or no effect of TB on allergic asthma. This 

is consistent with earlier findings on less allergies after childhood TB infection: A large case-control 

study conducted in Finland concluded that TB infection might prevent the future development of 

allergic asthma (20). Likewise, a cross-sectional study from South Africa reported that exposure to 

infectious bacteria such as Mtb might decrease the occurrence of allergic diseases (21). Less allergic 

asthma after TB infection might be explained on the ground of the hygiene hypothesis, which states 

that the decrease in infectious diseases in developed countries could be important for the increase 

in allergic and autoimmune diseases. The causes behind this assumption are not entirely understood 

(22), but it has been suggested that contact with pathogens in early childhood may help our immune 

system develop and reduce the likelihood of future allergic conditions (23).  

Some researchers suggest that children receiving BCG vaccination may develop less allergic diseases 

later in life (24). In the Nordic countries, the vaccination policy of routine BCG vaccination was 

replaced by selective vaccination after 1975 (25). As all participants of the present study were born 

between 1945 and 1971, it is most likely that most study participants have received BCG vaccination. 

Unfortunately, we do not have data on BCG vaccination and cannot contribute to this topic. 

The present study has several strengths. To the best of our knowledge, this is the first study to 

address the association of respiratory symptoms and asthmatic conditions with TB in participants 

from the Nordic-Baltic region in a single study. Importantly, the assessment of the participants was 

done by using a standardized questionnaire and included population-based study samples from 

different study centres, which reduced the risk of sampling bias. 

One of the strengths of our study is that we investigated the association of TB with several definitions 

of asthma, reflecting different presentations. Definition 1 represents doctor-diagnosed asthma; this 

may be relatively specific, but there is a chance of doctor bias. Definition 2 is based on respiratory 

symptoms, which could be more sensitive than definition 1 and be less influenced by doctor bias. 
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According to Sunyer et al. the use of asthma symptoms score based on a combination of questions 

on asthma is more valid when analysing asthma in epidemiological studies (26). Definition 3 gives us 

asthma from patients' and doctors' views. It is more sensitive than either of the two because some 

patients are so well treated that they have very few symptoms. Consistency of the results across the 

different definitions strengthens the inference that the results are likely due to biological 

mechanisms rather than misclassification bias. 

TB and respiratory outcomes have some common risk factors and these shared risk factors may 

influence the findings in the research (27). Possible confounders were selected using DAG, based on 

previous knowledge and published articles. We used parental education as a proxy for 

socioeconomic status. As most participants with TB had the infection before 15 years of age, we used 

parental education as a proxy rather than the education of the participants themselves. 

Undeniably, there are certain limitations in this study. As the participants reporting TB were few, we 

observed relatively broad confidence intervals around the estimates (28). Moreover, because of the 

few participants, we had to limit our sub-analysis. The follow-up response rate after 20 years-follow 

up was about 53% in the RHINE study. Regarding loss to follow-up, Johannessen et al. in an analysis 

of the RHINE study found that disease prevalence was slightly affected by the loss to follow-up, 

whereas exposure-outcome associations were not affected (29). Further, it is not expected that 

selection bias would have influenced the associations as it is unlikely that the non-responders would 

have the opposite association than that observed in the responders. The use of self-reported 

information may lead to information bias. As TB, asthma, and allergies are chronic conditions, they 

are difficult to ignore, however, recall bias cannot be ruled out. In addition, social desirability bias 

may have occurred as it has been described that persons with a history of TB may answer negatively 

to questions about having had the disease (30). The social desirability bias was minimized by hiding 

the identity of participants in the questionnaire. It is likely that misclassification bias in our study 
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would be non-differential, as it is not likely that misclassification of TB would be systematic with 

regard to asthmatic conditions (31). Non-differential misclassification would imply that the actual 

association of TB with asthma and respiratory symptoms might be stronger than observed. 

In the present study, we observed a relatively large number of the participants reporting TB were 

from Reykjavik. The incidence of TB is reported to be not very different between the Nordic countries 

in the 1990s (32), and most TB cases in our study underwent the disease before 1980. A stratified 

analysis of participants from Reykjavik and from the other study centres showed no indication of 

differences in the association of TB with asthma outcomes between Reykjavik and the other study 

centres, strengthening the interpretation of a biological rather than a socio-cultural explanation for 

the results. 

The findings from the current study can be useful for global public health as our research highlights 

the need to follow up with TB patients after completion of treatment for timely detection and 

management of potential obstructive lung diseases. It is alarming that 40% of TB patients reported 

an asthma-related outcome at the age of 50-75 years. In addition, the study also suggests that 

unifying efforts to mitigate the burden of TB worldwide may help reduce the prevalence of asthma 

and respiratory symptoms. 

CONCLUSION 

We conclude from our analyses that TB has a positive association with asthma and respiratory 

symptoms. Further, our study suggests that TB might possibly increase the occurrence of non-allergic 

asthma, while allergic asthma was not higher among persons with a history of TB. Further register-

based and mechanistic studies with extensive data would be important to strengthen the knowledge 

basis for targeted intervention efforts. 
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Table S1: Respiratory symptoms and their definitions 

 

 

Table S2: Questions used to create a new variable, “asthma symptoms score.” 

 

Asthma-like symptoms Definition 

Wheezing Have you had wheezing and whistling in your chest at any time in the last 12 

months? 

Awoken with Tightness in the chest Have you woken up with a feeling of tightness in your chest at any time in the last 

12 months? 

Awoken with Shortness of breath Have you been woken by an attack of shortness of breath at any time in the last 

12 months? 

Awoken with an Attack of cough Have you been woken by an attack of coughing at any time in the last 12 months? 

Breathlessness Do you walk slower than people of the same age on the level because of 

breathlessness, or do you have to stop for breath when walking on your own pace 

on the level? 

 

  

Respiratory symptoms Questions from questionnaire  

Wheezing Have you had wheezing or whistling in your chest at any time in the last 12 
months?  

Wheezing with shortness of breath Have you been at all breathless when the wheezing noise was present?  

Wheezing without cold Have you had this wheezing or whistling when you did not have a cold?  

Awoken with tightness in chest Have you woken up with a feeling of tightness in your chest at any time in 
the last 12 months?  

Awoken with shortness of breath Have you been woken by an attack of shortness of breath at any time in the 
last 12 months?  

Awoken with an attack of cough  Have you been woken by an attack of coughing at any time in the last 12 
months?  

Shortness of breath when active Do you get breathless with strenuous exercise?  

Difficult breathing when walking on ground 
level 

Do you get short of breath when hurrying on the level or walking up a slight 
hill?  

Breathlessness Do you walk slower than people of the same age on the level because of 
breathlessness, or do you have to stop for breath when walking on your 
own pace on the level?  

Shortness of breath while walking Do you stop for breath after walking about 100 metres or after a few 
minutes on the level?  

Phlegm Do you usually bring up phlegm or do you have phlegm in your lungs which 
you have difficulty bringing up?  

Nasal allergies Do you have any nasal allergies including hay fever?  

Attack of asthma Have you had an attack of asthma in the last 12 months?  

Currently taking asthma medication Are you currently taking any medicine 
(including inhalers, aerosols, or tablets) for asthma?  
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Table S3: Association of tuberculosis infection with the odds of respiratory symptoms and asthmatic 

condition after stratification by sex 

 Male Female 

 OR (95% CI) P 

value 

OR (95% CI) P value 

Asthma definition 1 (current asthma medication/ 

asthma attack) 

3.28 (1.14-9.39) 0.02 1.13 (0.32-3.93) 0.84 

Asthma definition 2 (≥ 3 asthma symptoms) 4.51(1.65-12.33) 0.003 1.99 (0.70-5.61) 0.19 

Asthma definition 3 (current asthma and/or ≥ 3 

asthma symptoms) 

3.31 (1.25-8.77) 0.016 2.18 (0.84-5.65) 0.109 

Allergic asthma definition 2 (hay fever + ≥ 3 asthma 

symptoms) 

1.42 (0 .18- 10.8) 0.73 0.75(0.09-5.67) 0.78 

Allergic asthma definition 3 (hay fever + current 

asthma and/or ≥ 3 asthma symptoms) 

0.75 (0.10-5.76) 0.79 0.49 (0.06-3.74) 0.49 

Non-allergic asthma definition 1 (current asthma 

medication/ asthma attack without hay fever) 

5.08 (1.63-15.83) 0.005 2.67 (0.76- 9.33) 0.12 

Non-allergic asthma definition 2 (≥ 3 asthma 

symptoms without hay fever) 

5.93 (2.06- 17.07) 0.001 2.91 (0.95- 8.93) 0.61 

Non-allergic asthma definition 3 (current asthma 

and/or ≥ 3 asthma symptoms without hay fever) 

5.01 (1.83-13.67) 0.002 3.67 (1.36-9.85) 0.01 

 

 

Table S4: Association of tuberculosis infection with the asthmatic condition after stratification based on 

study centre 

 Reykjavik Other 

 OR (95% CI) P value OR (95% CI) P 

value 

Asthma definition 2 (≥ 3 asthma symptoms) 2.94 (1.09- 7.94) 0.033 2.76(0.97-7.89) 0.05 

Non-allergic asthma definition 2 (≥ 3 asthma 

symptoms without hay fever) 

4.65 (1.72 -12.61) 0.002 2.89(0.82-10.14) 0.09 

*All sub-analyses were not possible due to low sample size. 
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Appendix I 
 

RHINE IV Questionnaire 
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Appendix II 

RHINE III Questionnaire 
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