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Background and Aim: The relationship between socioeconomic status (SES), asthma and mortality is complex and multifaceted,
and it is not established if educational level modifies the association between asthma and mortality. The aim was to study the
association between asthma and mortality in Sweden and Norway and to what extent educational level modifies this association.
Participants and Methods: Within the Nordic EpiLung Study, >56,000 individuals aged 30—69 years participated in population-based
surveys on asthma and associated risk factors in Sweden and Norway during 2005-2007. Data on educational level and 10-year all-cause
mortality were linked by national authorities. The fraction of mortality risk attributable to asthma was calculated, and Cox regression was
used to estimate hazard ratios (HR) and 95% confidence intervals (95% CI) for mortality related to asthma, stratified by educational level.
Results: In total, 5.5% of all deaths was attributed to asthma. When adjusted for potential confounders, the HR for mortality related to
asthma was 1.71 (95% CI 1.52-1.93). Those with primary level of education had higher hazard of all-cause death related to asthma
than those with tertiary level (HR 1.80, 95% CI 1.48-2.18, vs HR 1.39, 95% CI 0.99-1.95).

Conclusion: Asthma was associated with an overall 71% increased all-cause mortality and 5.5% of deaths can be attributed to
asthma. Educational levels modified the risk of mortality associated with asthma, with the highest risk among those with primary
education.

Keywords: epidemiology, cohort, prognosis

Introduction
Asthma is a common and disabling disease, with an estimated cumulative prevalence of 8—10% among adults in Western
Europe, including the Nordic countries.' Along with increasing asthma prevalence, a surge in asthma mortality was
seen between the 1960s and 1980s. The increased mortality from asthma could later at least partly be attributed to
overuse of the B,-agonist fenoterol. The mortality declined substantially following stricter regulations, less use,’ and the
introduction of the inhaled corticosteroid (ICS) based asthma treatment approach.*

Today, age-standardized mortality rates for asthma are low in most parts of Europe (0.7-0.9 per 100,000 in 2019 in
the Nordic countries).” Causes of death may be misclassified or incomplete at higher ages,®’ especially when asthma is
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one component in a multi-morbid patient. Assessment of all-cause mortality is important to capture the entire burden of
this common disease.

The Nordic countries are welfare states with high educational level. Despite similarities in legislation, culture and
traditions, there are differences in mortality between and within these countries, partly related to socioeconomic factors.® '°
Although respiratory disease'' and low socioeconomic status (SES) both may be associated with mortality, it is unclear
whether and to what extent education may modify mortality among individuals with asthma in these countries. Education by
itself might improve health literacy'? and asthma control'® but it is also important to recognize other lifestyle factors that are
related to both educational level and asthma control which can act as mediators between these two, such as obesity and
smoking.

The Nordic EpiLung Study is a consortium with a remit to catalyze population-based surveys and Nordic registers to
understand the contribution of SES to the burden of obstructive airway diseases across the Nordic countries. Within this
framework, the large population-based Obstructive Lung Disease in Northern Sweden (OLIN) Studies, the West Sweden
Asthma Study (WSAS), and the Trendelag Health Study (HUNT) in mid-Norway collaborate. The aim here was to
study 1) if asthma still is a risk factor for mortality and 2) how educational level influences asthma related mortality.

Materials and Methods

Study Populations

OLIN and WSAS in Sweden

In 2006, a postal questionnaire was sent to 7997 randomly sampled individuals aged 20—69 years residing in Norrbotten, the
northernmost county of Sweden, within the framework of the OLIN studies, and n = 6165 (77% of invited) participated.” In
2008, the same questionnaire was sent to a random sample of n = 30,000 aged 17-74 years in the region of Vistra Gétaland
within the WSAS, and n = 18,087 (60%) responded.'* The questionnaire includes questions on asthma, respiratory symptoms
including wheeze and attacks of shortness of breath, asthma medication use, and related factors such as smoking. The
questionnaire has been used in several national and international surveys” and is validated."” In order to include a working-age
sample, data from participants 3069 years of age from OLIN (n=5224) and WSAS (n = 13,132) were pooled, resulting in
a total sample size of 18,356.

HUNT in Norway

During 2006-2008, all residents aged 20 years or older in northern Trendelag county (located in central Norway) were
invited to questionnaires, interview, and clinical examinations in the third survey of HUNT. Totally, 50,807 participated
(54% of invited).'® During the HUNT3 Survey, all participants were asked to provide information on having/ever had
asthma or attacks of wheeze and/or shortness of breath. In the HUNT3 Lung Study, further detailed data on respiratory
symptoms and asthma medication use was obtained. In total, 37,973 participants aged 3069 years were included in the
current study.

Ethical Approvals

All participants provided written informed consent, and the Swedish Ethical Review Authority (2023-00773-01) and The
Regional Committee for Medical and Health Research Ethics in Norway (2017/2364/REK midt) approved the studies.
The study complied with the declaration of Helsinki.

Asthma
Current asthma was defined as self- reported ever having had asthma in combination with at least one of the following
during the last 12 months: a) any wheeze, b) shortness of breath or c) use of asthma medication.

Smoking and Educational Level

Smoking habits were categorized as non-smokers, ex-smokers (having quit more than one year earlier), or smokers. Smokers
were further divided by the average number of cigarettes smoked daily into three groups: a) <5, b) 5-14, or c) >14 cigarettes/day.
A dichotomized variable including ever smokers (current and ex-smokers) and never smokers was also created.
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Educational level was linked from the national LISA database in Sweden and Statistics Norway in Norway as a proxy
measure of SES and grouped into primary (<12 years), upper secondary (12—13 years), and tertiary (ie, university)

education.

Mortality

Data on 10-year all-cause mortality was linked from the Swedish and Norwegian Cause of Death Registers. In WSAS,
the number of person-years in the study was available as whole years only, in contrast to person-years with one decimal
point in OLIN and HUNT.

Statistical Analysis
SPSS version 26 (IBM), Stata version 15.1 (StataCorp., College Station, Texas) and R 4.2.1 software (http://www.r-project.
org) were used for statistical calculations. All statistics were calculated separately for Sweden and Norway. Chi-square tests

were performed to compare proportions across groups, and #-test or ANOVA, as appropriate, to compare means. Mortality
incidence curves were computed. P-values <0.05 were considered statistically significant.

Cox proportional hazards regression models were used to estimate hazard ratios (HR) with 95% confidence intervals (CI)
for the association between current asthma and mortality. The regression analyses were performed crude and adjusted, with
age, sex and smoking as covariates in the models. The smoking covariate included the following five categories: non-smokers,
former smokers, and current smokers divided into three groups: a) <5, b) 514, or ¢) >14 cigarettes/day. The models based on
Swedish data were additionally adjusted for cohort (WSAS/OLIN). These analyses were performed among all and also
stratified by educational level, smoking habits and sex. Schoenfeld’s global test to test the proportional hazards assumption in
the Cox proportional hazards model was applied.

Meta-analysis with fixed effect was used to pool estimates from the regression models from both countries, using the metafor
package in R. The proportion (%) of mortality risk attributable to current asthma, ie, the attributable risk, was calculated
according to Levin’s formula, as follows (based on crude HR): P,(HR — 1)/(P,[HR — 1] + 1) * 100, where P, is the
prevalence of asthma.

Supplementary Analysis

The regression analyses were also performed without smoking as covariate in the models, as smoking can be considered
downstream in the causal pathway from educational level. As data on body mass index (BMI), physical activity and
comorbidity (cardiovascular disease, blood pressure medication, diabetes, anxiety, and depression) were available in
HUNT, we additionally adjusted for these variables in the Norwegian sample. As further supplementary materials, Cox

proportional hazards regression models were used to estimate HR with 95% CI for the association between educational
level (with tertiary education as reference category) and mortality among participants with and without current asthma.
These models were performed crude, as well as adjusted for age, sex and smoking. The models based on Swedish data
were additionally adjusted for cohort (WSAS/OLIN). The statistical interaction between current asthma and educational
level was evaluated by including current asthma, educational level and an interaction term for these two variables as
covariates in the Cox regression models among all participants described above.

Results
Characteristics at Baseline

In Sweden, the proportion of women was 53.1 and the mean age 49.9 years, with corresponding figures of 54.0% and
50.9 years in Norway. In Sweden, 16.7% were current smokers and 15.7% had primary educational level, compared to
27.6% and 21.0% in Norway. In Norway, the proportion with primary educational level was 20.6% in participants
without current asthma and 26.1% in those with current asthma, while it was 15.7% regardless of having current asthma
or not in Sweden (Table 1).
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Table | Baseline Characteristics in Sweden and Norway, Among Participants with and without Asthma, and Among All

Characteristics Sweden Norway
Without With All Without With All
Asthma Asthma N=18356 Asthma Asthma N=37973
N=16825 N=1531 N=35108 N=2865
Age Mean (SD) 50.0 (11.3) 48.7 (11.2) 49.9 (11.3) 50.8 (10.5) 515 (10.9) 50.9 (10.6)
Sex Women 52.5% 59.4% 53.1% 53.6% 58.3% 54.0%
Smoking Non-smokers 58.6% 52.1% 58.1% 41.2% 31.2% 40.5%
Ex-smokers 24.9% 28.9% 25.2% 31.6% 36.5% 31.9%
Current smokers 16.4% 19.0% 16.7% 27.2% 32.3% 27.6%
Number of <5 cig/day 4.0% 4.7% 4.1% 1.2% 0.9% 1.2%
cigarettes/day 5-14 cig/day 7.2% 8.5% 7.3% 13.2% 15.7% 13.3%
Among current >4 cig/day 4.2% 4.0% 4.2% 6.3% 10.0% 6.6%
smokers Missing 1.0% 1.8% 1.1% 6.5% 5.7% 6.5%
Educational level Primary 15.7% 15.7% 15.7% 20.6% 26.1% 21.0%
Upper secondary 52.4% 57.0% 52.8% 51.1% 51.5% 51.1%
Tertiary 31.9% 27.3% 31.5% 28.3% 22.4% 27.9%

Notes: Characteristics are presented as column percent (%) except for age which is presented as mean (standard deviation).
Abbreviation: N, Number of individuals.

Low Educational Level as Risk Factor for Mortality
Persons with primary compared to tertiary education had higher mortality in both countries independent of having asthma
or not (Table 2, Supplemental Table 1), also when stratified for smoking (Supplemental Tables 2 and 3).

Asthma as Risk Factor for Mortality

Current asthma was significantly associated with higher all-cause 10-year mortality in both countries (Figure 1), in
Sweden with 6.7 vs 5.0 deaths/1000 person-years in individuals with vs without asthma, and with corresponding figures
of 7.6 vs 3.8 in Norway (Table 2). When pooled, 5.5% of deaths were attributable to current asthma. The hazard ratios
(HR) for current asthma were 1.58 (95% CI 1.28-1.95) in Sweden, 1.78 (1.54-2.06) in Norway, and a pooled adjusted
estimate of 1.71 (1.52—1.93) when adjusted for age, sex and smoking (Figure 2). The association between current asthma
and mortality was slightly stronger in women than men with HR 1.84 (95% CI 1.56-2.19) in women and 1.61 (1.36—
1.90) in men, and in ever-smokers compared to non-smokers (HR 1.79 (1.56-2.05) vs 1.48 (95% CI 1.14-1.92))

(Figure 3).

Table 2 [0-Year Mortality and Attributable Mortality Risk Due to Asthma, Stratified by Educational Level and Among All

Educational Sweden Norway All
Level
Without With All Proportion Without With All Proportion Proportion
Asthma Asthma N (Per (%) of Asthma Asthma N (Per (%) of (%) of
N (per N (per 1000 PY) | Mortality Risk N (per N (per 1000 PY) | Mortality Risk | Mortality Risk
1000 PY) 1000 PY) Attributable 1000 PY) 1000 Attributable Attributable
to Asthma PY) to Asthma to Asthma
Primary 272 (10.9) 33 (14.7) 305 (11.2) 2.8% 420 (6.0) 91 (12.9) 511 (6.6) 10.0% 7.6%
Upper secondary | 397 (4.6) 53 (6.3) 450 (4.8) 3.3% 668 (3.8) 97 (6.8) 765 (4.0) 5.7% 4.8%
Tertiary 148 (2.8) 13 (3.2) 161 (2.8) 0.9% 240 (2.4) 24 (3.8) 264 (2.5) 3.2% 2.4%
Total 817 (5.0 99 (6.7) 916 (5.1) 2.8% 1328 (3.8) | 212 (7.6) 1540 (4.1) 7.0% 5.5%

Notes: The proportion of mortality risk attributable to asthma was calculated using Levin’s formula (please see methods section for details).
Abbreviation: N=Number of individuals, PY=Person-years.
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Figure | Mortality incidence curves among adults with asthma (red) compared to without asthma (black) and stratified by education.

Influence of Educational Level on Mortality Associated to Asthma

Stratification by level of education showed higher hazard for death related to current asthma by lower education with
pooled adjusted HR 1.80 (1.48-2.18), HR 1.70 (1.43-2.02) and HR 1.39 (0.99-1.95) in those with primary school, upper
secondary and tertiary education, respectively. This gradient was slightly clearer in Norway than in Sweden, but in both
countries, the risk was lowest in those with tertiary education (Figure 2). The analysis on interaction between asthma and
educational level yielded a pooled crude HR of 1.16 (95% CI 0.97-1.39) and adjusted HR of 1.12 (95% CI 0.94—1.34).
Similar estimates were found in both sexes and in both countries (Figure 3), and inclusion of BMI, physical activity and
comorbidity as covariates in the Norwegian data did not alter the results (Supplemental Table 4). Further, adjusting for
age and sex only and not for smoking or BMI also yielded similar findings (Supplemental Table 5). Stratifying for

smoking yielded wider confidence intervals and slightly less clear associations in non-smokers than in ever-smokers, but
the association between current asthma and mortality was consistently weakest among those with tertiary education,
regardless of smoking habits (Figure 3).

Discussion
In summary, this study of >56,000 working-age adults from two affluent Nordic countries showed that current asthma was
associated with about 71% increased risk for all-cause mortality, and that 5.5% of all deaths could be attributed to asthma.

Asthma was associated with increased all-cause mortality in both sexes and in ever-smokers as well as in non-smokers.
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Figure 2 Asthma as a risk factor for |0-year mortality, among all participants and stratified by educational levels. Results are expressed as Hazard ratios with 95%
Confidence intervals (Cl) from crude Cox proportional hazard models, and from models adjusted for age, sex and smoking.
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Figure 3 Asthma as a risk factor for 10-year mortality, among men, women, non-smokers, and ever-smokers, in all and stratified by educational levels. Results are expressed
as Hazard ratios with 95% Confidence intervals (Cl) from crude Cox proportional hazard models, and from models adjusted for age, sex and smoking.
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When comparing the hazard of all-cause mortality related to current asthma by level of education, the risk was most
increased in individuals with primary educational level and lowest in individuals with tertiary educational level.

We found a substantially increased mortality related to asthma. Ours is one of the first population-based studies
reporting an increased all-cause mortality among adults with asthma vs those without asthma in the high income
countries Norway and Sweden. In line with our findings of a substantially increased mortality, one Swedish register-
based study on children and young adults found an increase in all-cause mortality related to asthma,'” and population-
based studies from the 1990s on adults in the neighboring Finland'®'® and Denmark®®2* have yielded similar results.
There is also one Finnish study with data from early 2000s,® and results from both the US'' and other European

24,25

countries that support an increased risk for all-cause mortality related to having asthma in adulthood, although there

are also a few studies showing no such increased risk.?*¢

In low-income countries, overuse of short-acting beta,-agonists is a potential explanation for increased mortality in
individuals with asthma as patients cannot afford to buy costly asthma medication such as ICS. In Norway and Sweden,
such treatment is reimbursed, and costs should have less influence on purchased treatment. '’ However, lack of adherence
is a problem in all countries. New guidelines?’ recommend use of ICS whenever the patient uses SABA, and specifically
ICS-formoterol both as maintenance and reliever medication. This reduces the risk of severe exacerbations and
hospitalizations®® and could be expected to decrease mortality?® when this change is implemented in health care. This
treatment approach is recommended in Norway from 2022 and in Sweden from 2023.

Some individuals with asthma develop chronic airway obstruction and COPD, mainly due to tobacco smoking but also due to
more severe disease with ongoing inflammation. For some years the co-existence of asthma and COPD has been labelled Asthma
COPD Overlap (ACO), and it has been shown that these patients have more respiratory symptoms, more exacerbations, poor
quality of life, more rapid decline in lung function, higher mortality than patients with asthma or COPD alone.>*" In contrast to
our findings, a large population-based Danish study found an increased asthma-related risk for all-cause mortality among
smokers but not among never-smokers.**> We found associations between asthma and mortality both in non-smokers and in ever-
smokers, even though the risk was slightly more increased in ever-smokers, indicating an independent association.

Level of education influenced mortality related to asthma in our study, as we found the highest risk in those with primary
education, while the risk was lowest in those with tertiary education, although no significant statistical interaction was found.
Several studies have found that individuals with lower levels of education are more likely to have asthma than those with

higher levels of education,***

and there are several potential explanations for this relationship. Individuals with lower levels
of education may, eg, be more likely to work in jobs that expose them to environmental triggers for asthma, such as air
pollution or irritants in the workplace.?’> They may also have less access to healthcare and be less likely to afford or seek
medical treatment for their symptoms, which could lead to worse asthma control and clinical outcomes.'”

Additionally, low educational level increases the risk for life style factors related to poorer health outcomes,” such as
smoking, less healthy diet or lack of exercise, which can contribute to the development of asthma.>* Low education can also
relate to low asthma control,'® level of health literacy'* and less knowledge and understanding about asthma and how to
effectively manage the disease, including adherence to medications and improper inhaler technique.*® Further, individuals with
lower levels of education may be more likely to experience anxiety, which can worsen asthma symptoms.*” Additionally, they
may not have access to resources to manage their stress or mental health, which potentially can further exacerbate their asthma.

It is important to note that the relationship between SES and asthma is complex and likely influenced by multiple factors. As
these are mainly downstream from educational level in the pathway to asthma, they should not be adjusted for when analyzing
relationships with SES, but are certainly of utmost importance for enabling preventive measures. Nevertheless, to enable
comparisons with another studies, we performed our analyses crude and also adjusted for smoking and BMI which are risk
factors for a plethora of adverse health outcomes. However, adjustment meant only minor changes of our estimates. however.
More research is needed to fully understand the mechanisms mediating this relationship and to develop effective interventions to
reduce the burden of asthma in individuals with low educational attainment. Addressing educational disparities and increasing
access to healthcare and resources has the potential to reduce asthma disparities and improve health on a population level.

Regarding limitations of the current study, we cannot exclude residual confounding, eg, by tobacco smoking. In attempt
to investigate this, we stratified the analyses for sex and smoking habits and found associations between asthma and mortality
in both men and women and never- and ever smokers, which is supportive of our findings of increased all-cause mortality
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among individuals with asthma. Another limitation in the stratified analyses was that we combined current and former
smokers into one ever smoker category, which was necessary to keep statistical power. Current asthma was further defined by
self-report instead of clinical examinations including spirometry, and thus the validity could be questioned. In Sweden,
clinical validation studies on the survey question about physician-diagnosed asthma in adults with incident asthma have,
however, shown a positive predictive value of >90%.** Those with well-controlled asthma may not be included in our
definition of current asthma, and one could speculate that misclassification of these people may have attenuated the results.
Regarding strengths, large population samples from two countries were included, yielding a total sample size of >56,000.
Valid data on educational level and all-cause mortality were linked from national registries in Sweden and Norway and none

or only limited selection bias has been found in the epidemiological surveys.'*'¢°

Conclusion

In conclusion, asthma associated with a 71% increased risk for all-cause mortality and about 5.5% of deaths from all
causes can be attributed to asthma. Educational level modified the risk of mortality associated with asthma, as the risk
was highest in individuals with primary educational level and lowest in individuals with tertiary educational level.
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