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Abstract
Background Asthma has been associated with a higher risk for cardiometabolic disease. One possible
explanation is the activation of type 2 inflammation. We aimed to investigate whether there is an
association between type 2 inflammation and cardiometabolic disease and whether the association varies
between different biomarkers.
Methods This cross-sectional study included a total of 4277 non-smoking participants with data on
cardiometabolic disease and type 2 inflammation (blood eosinophil count, exhaled nitric oxide fraction
(FENO) and IgE sensitisation). The cut-off values of the biomarkers were ⩾0.3×109 L−1 for blood
eosinophil count, ⩾25 ppb for FENO and ⩾0.35 PAU·L−1 for IgE sensitisation.
Results There was a higher prevalence of cardiometabolic disease among participants with any type 2
biomarker: diabetes (5.2% versus 3.3%; p=0.002), cardiovascular disease (CVD) (3.3% versus 1.8%;
p=0.002) and hypertension (23.7% versus 20.2%; p=0.007). Diabetes had the strongest association with
having all three biomarkers elevated (OR 4.03 (95% CI 1.84–8.87)), followed by elevation of both blood
eosinophil count and FENO (OR 2.38 (95% CI 1.15–4.91)) and of only blood eosinophil count (2.02 (95%
CI 1.21–3.36); p=0.007). CVD was associated with the combination of elevated blood eosinophil count
and IgE sensitisation (OR 4.77 (95% CI 2.11–10.79)) and with elevated FENO (OR 2.57 (95% CI 1.31–5.06)).
Hypertension was associated with elevated blood eosinophil count (OR 1.65 (95% CI 1.26–2.18)).
Conclusion We found an association between type 2 inflammation and cardiometabolic disorder, but the
association with the combination of markers varied between the diseases.

Introduction
Type 2 inflammation, a part of the immune system that protects from parasitic helminths and toxic
environmental substances, is associated with chronic inflammatory diseases, including asthma [1]. The type 2
immune response is initiated when environmental factors stimulate group 2 innate lymphoid cells and T-helper
2 lymphocytes to produce the cytokines interleukin (IL)-4, IL-5 and IL-13 [2]. Biomarkers downstream of
these cytokines have been identified and are now routinely used in clinical practice to assess asthma
phenotype. These include sputum and blood eosinophils, total and antigen-specific IgE, and exhaled nitric
oxide fraction (FENO) [3]. The Global Initiative for Asthma 2022 report advocates classifying asthma into type
2-high and type 2-low phenotypes to identify patients at risk of exacerbations and individualise treatment [4].

There is evidence suggesting a connection between asthma and cardiometabolic disease. A higher prevalence
of coronary heart disease [5–7], cerebrovascular disease [6, 8, 9], hypertension [10] and diabetes [11] has
been found among asthmatic patients than in non-asthmatic patients in several studies. A recent prospective
study of a population-based cohort followed over 35 years found asthma to be a risk factor for cardiovascular
disease (CVD) after adjusting for potential confounders [12]. Several common traits have been suggested to
explain the connection, including common risk factors and systemic inflammation.

Copyright ©The authors 2025

This version is distributed under
the terms of the Creative
Commons Attribution Non-
Commercial Licence 4.0. For
commercial reproduction rights
and permissions contact
permissions@ersnet.org

Received: 20 Oct 2024
Accepted: 19 Dec 2024

https://doi.org/10.1183/23120541.01085-2024 ERJ Open Res 2025; 11: 01085-2024

ERJ OPEN RESEARCH
ORIGINAL RESEARCH ARTICLE

J. HAGLUND ET AL.

 on July 24, 2025 at Uppsala Universitet. Please see licensing information on first page for reuse rights. https://publications.ersnet.orgDownloaded from 

https://orcid.org/0000-0002-4098-7765
https://orcid.org/0000-0001-5093-6980
mailto:christer.janson@medsci.uu.se
https://crossmark.crossref.org/dialog/?doi=10.1183/23120541.01085-2024&domain=pdf&date_stamp=
https://bit.ly/4fQV9LC
https://bit.ly/4fQV9LC
https://doi.org/10.1183/23120541.01085-2024
https://doi.org/10.1183/23120541.01085-2024
mailto:permissions@ersnet.org


The most well-studied biomarker of type 2 inflammation in connection to cardiometabolic disease is blood
eosinophil count, with differential findings. Higher blood eosinophil count is associated with an increased
risk of developing coronary heart disease, heart failure and stroke/transient ischaemic attack [13], as well as
with a higher prevalence of hypertension, diabetes and hyperlipidaemia [14]. In other studies, no relationship
between higher blood eosinophil count and cardiometabolic diseases has been seen [15], and even opposite
findings have been reported showing a protective effect [16]. Studies exploring the relationship between IgE
sensitisation and cardiometabolic disease have been conflicting. Both total IgE and allergen-specific IgE
levels have been found to increase the risk of CVD [17, 18], hypertension [19] and diabetes [20] in some
studies. In contrast, others have not found any association [21]. In summary, evidence suggests a link
between type 2 inflammation and cardiometabolic disease, but the evidence is far from conclusive.

The present study investigated whether there is an association between type 2 inflammation and
cardiometabolic disease, whether the association varies between the different biomarkers, and whether having
more than one elevated biomarker impacts the association. We hypothesised that the association between
cardiometabolic diseases and type 2 inflammation varies between different combinations of type 2 biomarkers.

Methods
Participants were randomly selected from the Swedish population registry and invited to participate in the
Swedish CArdioPulmonary bioImage Study (SCAPIS). Between 2013 and 2018, a total of 30 154
randomly selected men and women aged 50–64 years were recruited nationally at six different study sites
(Gothenburg, Linköping, Malmö/Lund, Stockholm, Umeå and Uppsala) using information from the
Swedish population registry. The participation rate at the Uppsala University site was 46.8%. The
recruitment of participants was carried out between October 2015 and June 2018. The study aimed to
identify relevant risk predictors for cardiopulmonary and metabolic disease. To do so, the participants
participated in a comprehensive questionnaire and underwent blood sample testing, physical examinations,
lung function testing and imaging. The methods and selection criteria for SCAPIS have been described in
detail elsewhere [22]. Type 2 inflammation biomarkers were analysed as an add-on to the core SCAPIS
protocol at Uppsala University. They included blood samples for eosinophils, IgE antibodies and
breath-out tests for FENO. A total of 5036 participants were evaluated at Uppsala University, and this
subgroup of participants constitutes the population of this study.

The study was approved by the Regional Ethical Review Board in Umeå (2010-228-31 M), and the
analyses of the SCAPIS study were approved by the Regional Ethical Review Board in Uppsala
(2018-272). The study participants gave their written and informed consent.

Current smokers (n=424) and participants with missing data on smoking history (n=355) were excluded
(figure 1) since smoking previously has been shown to reduce FENO levels markedly [23]. COPD, diabetes
and stroke were significantly more prevalent among smokers than non-smokers. Participants with missing
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FIGURE 1 Study flow and grouping of study participants. SCAPIS: Swedish CArdioPulmonary bioImage Study.
FENO: exhaled nitric oxide fraction.
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data on blood eosinophil count (n=20), FENO (n=884) and IgE sensitisation (n=69) were excluded from the
corresponding analyses. The proportion of women was slightly higher (54.9% versus 50.9%; p=0.031)
among participants with missing data. FENO measurement was an add-on measurement. During the data
collection (December 2016 to April 2017), no add-ons (including FENO measurement) were performed due
to staffing issues, explaining in part the high number of participants with missing data on FENO.

Participants were grouped based on the presence of the three biomarkers of type 2 inflammation. Further
subgroups were formed based on whether participants had more than one biomarker elevated (figures 1
and 2).

Medical history
The data on the cardiometabolic diseases examined in this study, diabetes, myocardial infarction, stroke
and hypertension, as well as on asthma and COPD, were obtained from the questionnaire. The participants
were asked, “Which of these diseases have you been diagnosed with by a doctor?” and given multiple
choices including the earlier mentioned diseases. Myocardial infarction, angina and stroke were
collectively considered CVD.

Smoking history
Information about smoking history was obtained from the questionnaire, and participants were divided into
groups (current, former and never-smokers) based on their responses to the question “Do you smoke?”.

Blood eosinophils
Venous blood samples were collected from all study participants. Blood eosinophil count was measured
using the Cell-Dyn 4000 automated haematology analyser (Abbott Laboratories, Abbott Park, IL, USA).
Blood eosinophils were considered elevated if ⩾0.3×109 L−1 [23].

Exhaled nitric oxide fraction
FENO was measured during a single breath-out test using NIOX Vero (previously Aerocrine, currently
Circassia, Oxford, UK) as recommended by the American Thoracic Society/European Respiratory Society
guidelines [24], apart from only one breath test being performed [25]. After emptying their lungs, the
participant was asked to place their mouth on the mouthpiece of the analyser and fill their lungs with nitric
oxide-free air. After that, they were asked to exhale with a constant flow of 50 mL·s−1 for 10 s. FENO

⩾25 ppb was considered elevated [23].

Ige sensitisation
Blood samples were analysed for IgE antibodies using ImmunoCAP Phadiatop (Phadia AB/Thermo Fisher
Scientific, Uppsala, Sweden). The assay includes a mix of common aeroallergens, and the IgE antibody
values are presented as Phadia arbitrary units per litre (PAU·L−1). Participants with IgE levels
⩾0.35 PAU·L−1 were considered IgE sensitised [26].
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FIGURE 2 Distribution of type 2 inflammation biomarkers in the 3214 individuals where all three biomarkers
were measured. FENO: exhaled nitric oxide fraction.
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Statistical analyses
All statistical analyses were performed using Stata (StataCorp, College Station, TX, USA). Continuous
variables are presented as mean with standard deviation. Comparison between groups was done using
independent t-tests. Categorical data are presented as counts with percentages. Comparison between groups
was done using Chi-squared tests. Multivariate logistic regression analyses were performed to analyse the
correlation between type 2 inflammation and cardiometabolic diseases adjusted for age, sex, body mass
index (BMI) and smoking history. In sensitivity analyses, we used two other models: one adjusting for
asthma with the aforementioned variables, and the other only adjusted for age, sex and smoking history.
The results are presented as odds ratios with 95% confidence intervals.

Results
Characteristics
The baseline characteristics of the study population, divided into groups based on whether the participants
had elevated levels of one or more of the biomarkers of type 2 inflammation or not, are presented in table 1.
A total of 4277 participants were included in the study, and 1975 of them had at least one elevated
biomarker for type 2 inflammation. No significant difference in age, smoking history or prevalence of COPD
could be seen between the two groups. In the group without any biomarker of type 2 inflammation, the
proportion of women was higher, and they had a slightly higher BMI. There was a significantly higher
prevalence of several of the cardiometabolic diseases analysed in this study (diabetes, myocardial infarction,
angina and hypertension) and of asthma in the group with at least one biomarker of type 2 inflammation
elevated. Data on all three biomarkers were available from 3872 participants. When comparing these
participants with all the others (n=1164) that were part of the study sample, the responders were less likely to
be current smokers (9.1% versus 12.1%; p<0.0001), but there were no significant differences regarding sex,
age, BMI, asthma, COPD or cardiometabolic diseases.

Correlation between cardiometabolic disease and type 2 inflammation
To further characterise the correlation between cardiometabolic diseases and type 2 inflammation, we
analysed the prevalence of each diagnosis in groups of participants based on whether they had elevated or
non-elevated blood eosinophil count, elevated or non-elevated FENO and present or non-present IgE
sensitisation. The prevalence of diabetes, myocardial infarction, angina and hypertension was significantly
higher in the group with elevated blood eosinophil count compared to the group with non-elevated blood
eosinophil count. No difference in the prevalence of cardiometabolic disease could be seen between
participants with elevated or non-elevated FENO nor with or without IgE sensitisation (table 2). These
results remained also after adjustment for sex, age, smoking, asthma and BMI (table 2).

TABLE 1 Baseline characteristics

No type 2 biomarker elevated
(n=2032)

⩾1 type 2 biomarkers elevated
(n=1975)

p-value

Age (years) 57.8±4.4 57.5±4.5 0.093
Female 1353 (58.8) 863 (43.7) <0.001
BMI (kg·m−2) 26.8±4.4 27.2±4.4 0.002
<30 kg·m−2 1860 (80.8) 1542 (78.1) 0.028
⩾30 kg·m−2 442 (19.2) 433 (21.9)

Smoking history 0.138
Never-smoker 1464 (63.6) 1299 (65.8)
Former smoker 838 (36.4) 676 (34.2)

COPD 8 (0.4) 13 (0.7) 0.148
Asthma 94 (4.1) 197 (10.1) <0.001
Diabetes 76 (3.3) 102 (5.2) 0.002
CVD 41 (1.8) 65 (3.3) 0.002
Myocardial infarction 17 (0.7) 33 (1.7) 0.005
Angina 8 (0.4) 17 (0.9) 0.028
Stroke 20 (0.9) 21 (1.1) 0.515

Hypertension 465 (20.2) 467 (23.7) 0.007

Data are presented as mean±SD or n (%), unless otherwise stated. BMI: body mass index; CVD: cardiovascular
disease.
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Combinations of biomarkers for type 2 inflammation
The prevalence of cardiometabolic disease varied significantly between participants with different patterns
of type 2 inflammation. The highest prevalence of diabetes was observed among participants with all three
type 2 biomarkers elevated. The prevalence was also markedly increased among participants with elevated
blood eosinophil count and those with both elevated blood eosinophil count and FENO. For CVD, the
prevalence was highest among participants with elevated blood eosinophil count and IgE sensitisation. The
prevalence of hypertension, on the other hand, was highest among participants with only elevated blood
eosinophil count (figure 3).

In the adjusted analyses, diabetes was independently associated with having elevated blood eosinophil
count, having both elevated blood eosinophils and FENO, and having an elevation of all three biomarkers.
CVD was associated with elevated FENO and a combination of elevated blood eosinophil count and IgE
sensitisation. Hypertension was only associated with having elevated eosinophil count. BMI, age and male
gender were also associated with higher odds for cardiometabolic diseases (table 3). Including asthma as a
potential confounder in the models had only a small effect on the estimates (figure 4). The same was true
when only adjusting for age, sex and smoking history (supplementary table S1). Excluding the 229
participants who reported that they had used medication against asthma in the previous 2 weeks did not
change the estimate (data not shown).

Discussion
In this population-based study, we found that type 2 inflammation markers were associated with increased
prevalence of the different manifestations of cardiometabolic disease investigated. However, the patterns of
this association varied between the cardiometabolic disorders.

In our study, we could establish an association between diabetes and type 2 inflammation. The clearest
association could be found with elevated blood eosinophil count. FENO and IgE sensitisation were not
associated with diabetes on their own, but an additive effect of having both elevated blood eosinophil
count and one or more other biomarkers of type 2 inflammation was found.

The association between elevated blood eosinophils and diabetes aligns with previous findings in a
population-based retrospective study on a large cohort where the prevalence of diabetes increased as blood
eosinophil counts increased [13]. Another population study by AMARAL et al. [27] reported that diabetes
was associated with higher blood eosinophil counts. Higher eosinophil levels were also associated with an
increased prevalence of diabetes among patients undergoing coronary angiography [14]. Previous studies
are, however, far from conclusive. In a recent review and meta-analysis, BENSON et al. [28] showed that
eosinophil distribution and range varied significantly between studies and were affected by a wide variety
of clinical factors. For example, in a study by HARTL et al. [29], diabetes was not associated with higher
blood eosinophil levels. Still, a significant association was found between elevated blood eosinophil count
and metabolic syndrome. AMINI et al. [15] also found no association between diabetes and blood
eosinophil levels, but higher haemoglobin A1c was associated with increased blood eosinophils.

Our study found an association between CVD and type 2 inflammation, but the pattern is less clear. The
prevalence of CVD was higher among participants with elevated blood eosinophil count and borderline

TABLE 2 Prevalence of and adjusted associations between cardiometabolic disease and type 2 biomarkers

Blood eosinophils FENO IgE

Low
(n=3431)

Elevated
(n=826)

p-value Low
(n=2703)

Elevated
(n=690)

p-value Non-sensitised
(n=3123)

Sensitised
(n=1086)

p-value

Prevalence
Diabetes 111 (3.2) 66 (8.0) <0.001 102 (3.8) 35 (5.1) 0.12 127 (4.1) 48 (4.4) 0.61
CVD 72 (2.1) 34 (4.1) 0.001 57 (2.1) 23 (3.3) 0.06 73 (2.3) 30 (2.8) 0.43
Hypertension 684 (19.9) 240 (29.1) <0.001 591 (21.9) 155 (22.5) 0.73 696 (22.3) 216 (20.1) 0.13

Adjusted# estimate
(OR (95% CI))
Diabetes 1 2.07 (1.54–2.78) 1 1.20 (0.81–1.78) 1 1.12 (0.81–1.55)
CVD 1 1.70 (1.16–2.50) 1 1.23 (0.76–2.00) 1 1.17 (0.78–1.75)
Hypertension 1 1.43 (1.21–1.69) 1 0.91 (0.74–1.12) 1 0.94 (0.79–1.11)

Data are presented as n (%), unless otherwise stated. CVD: cardiovascular disease. #: adjusted for sex, age, body mass index and smoking history.
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significantly higher among participants with elevated FENO. The analysis of different combinations of type 2
inflammation biomarkers showed that participants with elevated blood eosinophil count and IgE sensitisation
had the highest risk for CVD, followed by those with elevated FENO alone. Our results are partly in line with
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FIGURE 3 Prevalence of cardiometabolic disease among participants with different combinations of elevated biomarkers of type 2 inflammation:
a) diabetes, b) cardiovascular disease (CVD) and c) hypertension. FENO: exhaled nitric oxide fraction.

TABLE 3 Odds ratios# (95% CIs) for cardiometabolic disease among participants with different combinations of
elevated type 2 biomarkers

Diabetes CVD Hypertension

Elevated blood eosinophils 1.63 (1.02–2.59) 1.90 (1.02–3.55) 1.58 (1.23–2.04)
Elevated FENO 0.47 (0.20–1.10) 2.48 (1.31–4.70) 0.95 (0.70–1.29)
IgE sensitisation 0.97 (0.56–1.69) 1.69 (0.87–3.28) 1.15 (0.89–1.48)
Blood eosinophils and FENO elevated 2.79 (1.46–5.32) 2.04 (0.77–5.41) 1.36 (0.88–2.09)
Elevated blood eosinophils and IgE sensitisation 1.69 (0.83–3.45) 3.75 (1.76–7.97) 1.35 (0.90−2.03)
Elevated FENO and IgE sensitisation 1.24 (0.58–2.67) 0.28 (0.04–2.07) 0.86 (0.57–1.29)
All three biomarkers elevated 3.39 (1.58–7.27) 2.16 (0.63–7.38) 1.23 (0.70–2.15)

CVD: cardiovascular disease; FENO: exhaled nitric oxide fraction. #: adjusted for sex, age, body mass index and
smoking history.
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the study by PONGDEE et al. [13], in which higher blood eosinophil levels were associated with a greater risk
for future CVD events. TANAKA et al. [30] showed that eosinophil count is associated with coronary artery
calcification, as evaluated with computer tomography in participants with suspected coronary heart disease.
In a similar study, GUO et al. [17] found that IgE concentrations correlated to coronary heart disease verified
with coronary angiography. We have found no other study that reported an association between FENO and
CVD. For example, AMARAL et al. [27] found no association between FENO and CVD when analysing this in
the National Health and Nutritional Examination Surveys (NHANES) study. Elevated FENO has, however,
been linked to an increased prevalence of metabolic syndrome [31].

Hypertension was only associated with elevated blood eosinophils in our study and not with any other
biomarker or combination of biomarkers. Both the studies by PONGDEE et al. [13] and VERDOIA et al. [14]
found that higher blood eosinophil counts were associated with increased prevalence of hypertension.
A recent review by MCCARTHY et al. [32] supports the connection between hypertension and eosinophils.

The pathophysiological connection between cardiometabolic disease and type 2 inflammation is far from
established. Our understanding of the role of inflammation and the different inflammatory cells in the
development of diabetes has widened over the last decade [33]. For example, eosinophils in the adipose
tissue have been identified as participants in maintaining glucose homeostasis in mouse models [34]. The
immune system also plays an important role in the formation of atherosclerotic plaques, a hallmark of CVD
[35], and some findings support eosinophilic involvement in atherosclerotic plaque formation [35, 36].

The strengths of this study are the large number of participants and the population-based inclusion, which
does not limit the results to a specific subgroup of patients. The study also has some limitations. The main
limitations are that all disease data are self-reported and that only people aged between 50 and 64 years
were included. We also lack specific data on medication that could influence type 2 inflammation, such as
inhaled and oral corticosteroids. Sensitivity analysis, where we excluded participants on current asthma
medication, indicated that the lack of this kind of data probably did not influence our results. Another
important limitation is that this is a cross-sectional study, which means that we cannot draw any
conclusions on causality, and with inherent limitations such as recall bias and residual confounding.

In conclusion, we found an association between type 2 inflammation and cardiometabolic disorder. Further
studies are needed to understand this better, but our results strengthen the theory that the pathophysiology
of type 2 inflammation and cardiometabolic disease are interlinked and could explain the previously
reported associations between asthma and cardiometabolic disease. Our results also highlight the need for
better risk scores for CVD that take more risk factors, such as type 2 inflammation, into account.
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FIGURE 4 Odds ratios (ORs (95% CIs)) for cardiometabolic disease among participants with different combinations of elevated biomarkers of type
2 inflammation: a) diabetes, b) cardiovascular disease (CVD) and c) hypertension. The colours, going from light to darkest red, represent
non-significant negative OR, non-significant positive OR, significant OR <2, significant OR 2–4 and significant OR >4. The model made adjustments
for sex, age, body mass index, smoking history and asthma. FENO: exhaled nitric oxide fraction.
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