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Background The prevalence of type 2 diabetes (T2D) and asthma is rising, yet evidence regarding the relationship
between T2D and asthma, particularly in the context of genetic predispositions, remains limited.

Methods This study utilized data from the UK Biobank longitudinal cohort, involving 388,775 participants. A
polygenic risk score (PRS) for asthma was derived from genome-wide association studies summary. Cox regression
models were used to assess the association between T2D and asthma, incorporating the asthma PRS.

Results Over a median follow-up of 13.62 years, 10,211 asthma cases were documented. After adjusting for age,
sex, current smoking status, and other confounding variables, T2D was significantly associated with an increased risk
of developing asthma (Hazard Ratios [HR] 1.16, 95% confidence interval [CI] 1.06—-1.26). This association remained
significant after further adjustments for genetic susceptibility to asthma. Furthermore, T2D increased the risk of
developing asthma across both high and low genetic risk groups.

Conclusions T2D is associated with an increased risk of developing asthma, irrespective of genetic susceptibility.
These findings underscore the importance of incorporating glucose regulation strategies into asthma prevention

Background

Type 2 diabetes (T2D) is a major global public health
issue, with its prevalence increasing rapidly worldwide
[1]. According to the International Diabetes Federation
Diabetes Atlas Tenth Edition, the global diabetes popula-
tion has quadrupled from 1980 to 2021, reaching approx-
imately 537 million people [2], with T2D accounting for
nearly 95% of these cases. T2D, a multisystemic disease
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affecting numerous organs, has been hypothesized to be
a potential risk factor for development of asthma. This
proposed link may be due to the association between
chronic hyperglycemia or insulin resistance and reduced
pulmonary reserve [3], as well as impaired pulmonary
function [4, 5].

While longitudinal studies have shown a significant
association between T2D and an increased risk of asthma
[6, 7], the nature of this relationship remains debated.
Some studies have reported no significant relation-
ship between T2D and asthma risk [8-10], highlight-
ing the complexity of the relationship between T2D and
asthma. This inconsistency underscores the need for
more nuanced research, especially regarding potential
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confounding factors such as genetic predisposition to
asthma.

To address these gaps, our study aimed to exam the
association between T2D and asthma in an observational
analysis while accounting for genetic predisposition to
asthma using a polygenic risk score (PRS).

Methods

Study design and participants

We conducted an observational analysis to examine
the association between T2D and asthma risk and to
assess whether this association persisted when account-
ing for genetic risk factors for asthma. The UK Biobank
served as our primary data source for this study, provid-
ing a comprehensive biomedical database for population
health and genetic research. From 2006 to 2010, over
500,000 participants aged 40-69 years were recruited
from 22 centers across the UK [11]. These participants
completed questionnaires, underwent physical mea-
surements, and provided blood samples. The UK Bio-
bank study was approved by the Northwest Multicenter
Research Ethics Committee (REC reference for UK Bio-
bank 11/N'W/0382), and all participants provided written
informed consent.

From an initial cohort of 502,366 participants,
we excluded those with a prior diagnosis of asthma
(n=61,023) and those with other forms of diabetes
(n=2,030) at baseline. We further excluded participants
with new-onset T2D (n=18,905) during follow-up, those
missing glycosylated hemoglobin (HbAlc) data at base-
line (n=28,046), and those missing PRS data for asthma
(n=3,587), resulting in a final sample of 388,775 partici-
pants for analyses (Supplementary Figure S1).

Definition of T2D

T2D was defined based on the following criteria: (1)
diagnoses recorded in hospital inpatients (International
Classification of Diseases-Tenth Revision [ICD10 codes]
[E11-E14]), death registry (ICD-10 codes [E11-E14]), or
self-report; (2) HbAlc level >48 mmol/mol; or (3) used
antidiabetic drugs at baseline. The field IDs of the expo-
sures are presented in Supplementary Table S1.

Definition of asthma

The primary outcome, asthma, was diagnosed based on
hospital admissions and cause of death registry records
across England, Scotland, and Wales. Asthma diagno-
ses were confirmed using hospital records or as listed
in cause of death registries, using ICD-10 code J45-J46.
Detailed field IDs of asthma are presented in Supplemen-
tary Table S1. The follow-up period was from recruit-
ment to the earliest occurrence of asthma, death, or loss
of follow-up.
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Assessment of covariates

Covariates for this study were collected at baseline. These
covariates included age, sex, ethnicity, education levels,
Townsend Deprivation Index (TDI), body mass index
(BMI), smoking status, alcohol intake, physical activity,
systolic blood pressure (SBP), diastolic blood pressure
(DBP), nitrogen dioxide air pollution ( NO3), particu-
lates matter with an aerodynamic diameter<2.5 pm
(PMs35), family history of bronchitis/emphysema, the
hypertension status, and dyslipidaemia status. Ethnicity
was categorised as White or other. Education level was
categorised as college or university degree versus other.
Smoking status was categorised as current smokers and
others. Alcohol intake was categorized as current drink-
ers and others. Socioeconomic status was measured using
the TDI, a composite score based on the participants’
residential postcode at recruitment and categorised by
quartiles. Lower TDI values indicate higher socioeco-
nomic levels. Physical activity was categorized as low or
high. Participants who met the 2017 UK physical activ-
ity guidelines of 150 min of walking or moderate activity
or 75 min of vigorous activity per week were assigned to
the high physical activity group. Long-term exposure to
NO3 and PM, ; were measured using a land use regres-
sion model developed for the European Study of Cohort
for Air Pollution Effects (ESCAPE) [12]. A family his-
tory of bronchitis/emphysema was assessed through
self-reported data. Specifically, participants completed
a touchscreen questionnaire that asked, ‘Has/did your
father ever suffer from? (You can select more than one
answer)’ which allowed participants to select whether
their father had a list of disorders, including chronic
bronchitis/emphysema. A similar question was posed
regarding the health condition of their mothers and sib-
lings. Dyslipidaemia was defined as triglycerides>1.69
mmol/L  or high-density lipoprotein cholesterol<1
mmol/L for males and < 1.3 mmol/L for females.

PRS for asthma

We implemented a standard quality control pipeline,
excluding SNPs with a genotyping call rate below 0.99,
those that deviated from Hardy-Weinberg Equilibrium
(P<107°), and those with a minor allele frequency (MAF)
below 0.01. Additionally, individuals with a low call rate
(<0.98) were excluded. The PRS were derived with PRSice
[13], a software tool that aggregates trait-associated
alleles across multiple genetic loci, and typically weighted
by effect sizes estimated from a genome-wide association
study. To calculate the asthma PRS, we utilized GWAS
summary comprising 2.83 million SNPs, derived from
a meta-analysis that included 10,074 asthma cases and
103,164 controls from ethnically diverse populations
[14]. We then divided the population into two groups,
low genetic risk and high genetic risk, based on whether



Chen et al. BMC Public Health (2025) 25:166

their PRS was below or above the median PRS value of
asthma. The field IDs of the covariates are presented in
Supplementary Table S1. Detailed information on the
calculation of PRS is presented in Appendix 1.

Statistical analyses

Baseline variates were presented as means (standard
deviation, [SD]) for continuous variables and frequency
(percentages) for categorical variables. Continuous vari-
ables were assessed for statistical differences using Stu-
dent’s t-test, and categorical variables were evaluated for
differences using the x 2 test. We used the Cox propor-
tional hazards model to estimate hazard ratios and 95%
confidence intervals (CI) of asthma incidence. Three
models were generated for analysis: Model 1 adjusted for
age and sex; Model 2 further adjusted for ethnicity, edu-
cation levels, TDI, BMI (continuous), current smoking,
current alcohol drinking, physical activity, family history
of bronchitis/emphysema, hypertension status, dyslipid-
emia status, NO, and PM,; Model 3 further adjusted
for the PRS for asthma. The covariates included in the
analysis were selected based on the relevant literature
[7, 8, 15] and data availability. In addition, we further
explored the association between T2D and asthma inci-
dence in participants with different levels of genetic sus-
ceptibility to asthma (low and high genetic risk).

To enhance the comprehensiveness of our study, we
conducted several sensitivity analyses. We excluded par-
ticipants diagnosed with asthma within the first year of
follow-up to mitigate potential reverse causality, as well
as those with a family history of chronic bronchitis/
emphysema. Additionally, we used the Fine-Gray sub-
distribution hazard model to account for mortality as a
competing event [16]. We also calculate the cumulative
risk of asthma incidence among different glycemic status
in Kaplan-Meier curves, which were assessed using the
log-rank test. What’s more, we used logistic regression
to examine the relationship between the PRS for asthma
and T2D. All analyses were performed using R software
(version 4.2.0). All statistical tests were two-tailed, and
statistical significance was set at a P-value of less than
0.05.

Results
This study included 388,775 participants, among whom
21,512 (5.53%) were diagnosed with T2D, with a mean
age of 56.52 years (standard deviation [SD], 8.07). Partici-
pants with T2D were more likely to be male, older, had a
higher BMI, and have a family history of chronic bron-
chitis/emphysema, as well as history of hypertension,
dyslipidemia (Table 1). And the distribution of the PRS
for asthma is shown in Figure S2.

During a median follow-up period of 13.62 years,
10,211 participants were diagnosed with asthma, with
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9,277 (90.85%) cases occurring in the non-T2D group and
934 (9.15%) cases in the T2D group. Participants with
T2D exhibited a higher risk of asthma (Hazard Ratios
[HR] 1.74, 95% Confidence Interval [CI] 1.63-1.87) in
Model 1 (Table 2). The association remained significant
after additional adjustments in Model 3, with a HR of
1.15 (95%CI 1.06—1.26). The higher cumulative incidence
of asthma among individuals with T2D, compared to
those without, persisted during follow-up, as illustrated
in the Kaplan-Meier plot (Supplementary Figure S3).

Regardless of whether individuals were in high-risk
or low-risk group for asthma, we found an association
between T2D and asthma. In the low genetic risk group,
T2D was associated with an increased risk of developing
asthma (HR 1.24, 95%CI 1.08-1.41). Similarly, in the high
genetic risk group, T2D was also associated with an ele-
vated risk of asthma (HR 1.13, 95%CI 1.01-1.27). Across
the entire cohort, using non-T2D individuals with low
genetic risk as the reference group, the risk of asthma was
higher in several subgroups: T2D individuals with low
genetic risk (HR 1.22, 95% CI 1.08-1.39), non-T2D indi-
viduals with high genetic risk (HR 1.2, 95% CI 1.14-1.25),
and T2D individuals with high genetic risk (HR 1.36,
95%CI 1.21-1.52) (Fig. 1).

In the sensitivity analyses, after excluding partici-
pants with a family history of chronic/emphysema, T2D
remained independently associated with an increased
risk of asthma (Supplementary Table S2). Additionally,
when excluding participants diagnosed with asthma
within the first year of follow-up, the association between
T2D and asthma risk persisted (Supplementary Table
S3), reducing concerns of reverse causation. The Fine-
Gray model analysis, which accounted for mortality as
a competing risk, also confirmed these results (Supple-
mentary Table S4). Moreover, the association between
PRS for asthma and T2D was significantly with odds ratio
(OR) of 1.26 (95%CI 1.25-1.28). However, this associa-
tion became non-significant (OR 1.01, 95%CI 0.99-1.03)
after further adjusting for confounding variables (Supple-
mentary Table S5).

Discussion
Our prospective cohort study revealed several key find-
ings: T2D is associated with an increased risk of devel-
oping asthma in the long term, and this association
remains significant regardless of genetic predisposition
to asthma. These findings suggest that the influence of
T2D on asthma development operates independently of
genetic factors. Sensitivity analyses further confirmed the
robustness of this association, consistently showing that
T2D is linked to a heightened risk of asthma.

Previous investigations, such as the cohort study by
Thomsen et al, highlighted an association between
T2D and asthma [6] but did not consider genetic
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Table 1 Baseline characteristics of participants stratified by T2D status at baseline

Variables Overall Non-T2D T2D P
Number of participants 388,775 367,263 21512

Age at baseline (years) 56.52 (8.07) 56.34 (8.09) 59.66 (7.15) <0.001
Male, n (%) 177,759 (45.72) 164,220 (44.71) 13,539 (62.94) <0.001
Ethnicity, white, n (%) 370,556 (95.75) 351,882 (96.24) 18,674 (87.51) <0.001
College/university degree, n (%) 127,294 (33.12) 122,204 (33.64) 5,090 (24.22) <0.001
Townsend Deprivation Index, n (%) <0.001
Q1 (least deprived) 97,295 (25.03) 93,508 (25.46) 3,787 (17.60)

Q2 97,225 (25.01) 92,792 (25.27) 4,433 (20.61)

Q3 59 (24.99) 91,603 (24.94) 5,556 (25.83)

Q4 (most deprived) 97,096 (24.97) 89,360 (24.33) 7,736 (35.96)

BMI (kg/ m?2) 27.15 (4.58) 26.92 (4.40) 31.15 (5.68) <0.001
Current smoker, n (%) 40,384 (10.44) 38,009 (10.40) 2,375 (11.15) <0.001
Current drinker, n (%) 273,238 (70.43) 261,562 (71.36) 11,676 (54.55) <0.001
Regularly physical activity, n (%) 258,984 (82.08) 246,448 (82.49) 12,536 (74.93) <0.001
Family history of chronic bronchitis/emphysema, n (%) 57,536 (14.80) 54,047 (14.72) 3,489 (16.22) <0.001
Glucose (mmol/L) 5.08 (1.13) 4.95 (0.64) 7.37 (3.24) <0.001
HbA1c (mmol/mol) 35.71(6.14) 34.81 (3.61) 51.83(14.39) <0.001
Systolic blood pressure (mmHg) 139.54 (19.69) 139.29 (19.73) 143.67 (18.68) <0.001
Diastolic blood pressure (mmHg) 82.08 (10.67) 82.09 (10.69) 82.04 (10.36) 0.565
NO» (HQ/WB) 26.55 (7.55) 2648 (7.54) 27.68 (7.75) <0.001
PMa.5 (ug/m?) 9.97 (1.05) 9.96 (1.05) 10.11 (1.06) <0001
Hypertension status at baseline, n (%) 106,715 (27.45) 92,098 (25.08) 14,617 (67.95) <0.001
Dyslipidemia status at baseline, n (%) 170,314 (43.81) 156,287 (42.55) 14,027 (65.21) <0.001
Forced expiratory volume in 1 s (Litres) 2.90(0.77) 2.90(0.78) 2.72(0.73) <0.001
Forced vital capacity (Litres) 3.81(0.98) 3.83(0.98) 3.59(0.91) <0.001

Data are presented as mean (SD) for continuous variables and n (%) for categorical variables. NOs, nitrogen dioxide air pollution; PMs 5, particulates matter with
an aerodynamic diameter<2.5 ym

Table 2 Association between glycemic status at baseline and risk of asthma

Category N Cases/Person-years Model 1 h (95% Cl) Model 2 h (95% CI) Model 3 h (95% Cl)
Non-T2D 367,263 9,277/ 4,853,636 Reference Reference Reference
12D 21,512 934/ 267,477 1.74 (1.63-1.87) 1.16 (1.06-1.26) 1.15 (1.06-1.26)

HR, hazard ratios. Model 1: adjusted for age and sex. Model 2: further adjusted for ethnicity, education levels, Townsend Deprivation Index, BMI, currently smoking,
currently drinking, physical activity, family history of chronic bronchitis/femphysema, hypertension status, dyslipidemia status, NOz, PM 3. 5. Model 3: further
adjusted for polygenic risk score of asthma

Subgroups N Cases/Person-years HR (95% CI) HR (95% CI)
Low genetic risk
Non-T2D 184,758 4,218/2,446,023 1 (ref) 1 (ref)
T2D 9,629 393/119,604 1.24 (1.08-141) | ——— 1.22(1.08-1.39) | —<——
High genetic risk
Non-T2D 182,505 5,059/2,407,614 1 (ref) 1.2 (1.14-1.25) ——
T2D 11,883 541/147,873 1.13 (1.01-1.27) |—— 1.36 (1.21-1.52) ——
1 1}4 1.|8 1 1‘.4 1_|8

Fig. 1 Association between T2D and long-term risk of asthma among individuals with different levels of PRS for asthma. The analysis was performed in
Model 2 (adjusted for sex, age, ethnicity, education levels, Townsend Deprivation Index, BMI, currently smoking, currently drinking, physical activity, family
history of chronic bronchitis/emphysema, hypertension status, dyslipidemia status, NOg2, PM3 5.). In the left forest plot, non-T2D individuals with low
genetic risk severe as the reference group, the association between T2D and the risk of asthma was explored in low genetic risk participants. A similar
association was observed in high genetic risk participants. In the right forest plot, using non-T2D and low genetic risk as the reference group, the associa-
tion between non-T2D with high genetic risk, T2D with low genetic risk, T2D with high genetic risk and the risk asthma was explored in all participants
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predispositions [17]. By incorporating a PRS for asthma,
our study addresses this limitation and enhances the
understanding of the genetic factors involved in this
association. Moreover, the use of the UK Biobank cohort,
with its extensive sample size (n >400,000) and prolonged
follow-up period (median duration of 13.62 years), sub-
stantially strengthens the validity of our findings.

We investigated the relationship between T2D and
asthma from two perspectives: electronic healthcare
records and genetic evidence. After adjusting for the
PRS of asthma and other confounding factors, we found
that T2D remains an independent risk factor for asthma.
These findings underscore the importance of address-
ing glucose regulation as part of asthma prevention
strategies.

The mechanisms underlying the association between
T2D and asthma are not fully elucidated [18]. Insulin
resistance, a hallmark of T2D [19-21], has been associ-
ated with increased asthma-like symptoms, suggesting a
potential pathway [22]. Additionally, advanced glycation
end-products (AGEs) and their receptor for AGE, which
promote chronic inflammation in the airways and vascu-
lature, offer another mechanism linking T2D and asthma
[23]. Obesity, which is frequently associated with T2D, is
known to decrease adiponectin and increases in leptin
levels, both of which are related to worsened systemic
inflammation and airway hyper-reactivity [24]. Increased
systemic inflammation, manifested by increased serum
interleukin-6 (IL-6), has also been linked to a higher
prevalence of asthma [25, 26].

Type 2 diabetes is a multi-systemic disease that affects
many organs of the body. Diabetic retinopathy, nephrop-
athy leading to end-stage renal disease, neuropathy, and
macroangiopathy leading to cardiovascular disease and
non-traumatic limb amputations are well-established
complications of diabetes [27-29]. The lung as a tar-
get organ for diabetic injury is however a relatively less
explored niche [30, 31]. In this study, we found that T2D
was associated with an increased risk of asthma. Further-
more, T2D was not correlated with the PRS for asthma,
indicating that T2D has an independent association with
asthma. The association between T2D and asthma risk
persisted regardless of genetic susceptibility to asthma,
emphasizing the value of accounting for genetic predis-
position in our study.

Despite these important insights, our study also has
limitations. Firstly, although we controlled for several
potential covariates in the analysis, residual confounding
may still be present. Secondly, the absence of randomized
interventions limits the strength of evidence for draw-
ing causal conclusions. Future research should incorpo-
rate randomized controlled trials to explicitly investigate
the causal relationship between T2D and asthma. Such
an approach would provide more definitive answers

Page 5 of 6

regarding the causality of this relationship. Thirdly, it
is important to note that the UK Biobank primarily
includes Caucasians, which may limit the generalizability
of the study findings to populations with different genetic
backgrounds. Finally, asthma diagnoses were based solely
on ICD code, which may introduce some bias.

Conclusions

Our study delineates a significant association between
T2D and an increased risk of asthma, regardless of con-
sidering genetic susceptibility to asthma. These findings
have profound implication for public health strategies
and clinical management of individuals at risk of or living
with T2D, suggesting a need for heightened vigilance for
asthma symptoms in this population.
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