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A B S T R A C T

Background: Type 2 Diabetes Mellitus (T2DM) is common worldwide. Patients with T2DM often experience 
reduced lung function, but the relationship between the two conditions remains uncertain. This study employed 
Mendelian Randomization (MR) to explore the causal link between T2DM and lung function, and to identify the 
factors that mediate this relationship.
Methods: Genome-wide association study data were obtained from public databases. Four glycemic traits were 
considered exposures, whereas lung function was considered an outcome. Inverse Variance Weighting (IVW) was 
used to investigate causality, supplemented by MR-Egger and weighted medians methods. Multivariable MR 
(MVMR) analysis investigated whether T2DM had an independent impact on lung function. Mediation analysis 
was employed to examine potential mediating impacts.
Results: IVW revealed that T2DM was associated with decreased forced expiratory volume in 1s (FEV1) (p =
0.012) and Forced Vital Capacity (FVC) (p = 0.004). After adjusting for potential confounders, the effects of 
T2DM on FEV1 and FVC remained significant. Mediation analysis demonstrated that smoking and Systolic Blood 
Pressure (SBP) partially mediated the causal relationship between T2DM, and FEV1 and FVC. The proportions 
mediated by smoking, SBP, and both factors on FEV1 were 0.302, 0.412, and 0.418, respectively, while the 
proportion mediated by SBP on FVC was 0.594.
Conclusions: This study validated the causal relationship between T2DM and decreased lung function, with 
smoking and SBP acting as mediators. This study provides a novel perspective on the occurrence and develop-
ment mechanisms of reduced lung function as well as potential new targets for metabolic intervention in 
treatment.

Introduction

Diabetes mellitus is one of the most prevalent global epidemics, 
classified as a group of diseases characterized by chronic hyperglyce-
mia.1 The most common forms are Type 2 Diabetes Mellitus (T2DM), 
type 1 Diabetes Mellitus (T1DM), and gestational diabetes mellitus,2
with T2DM being the predominant contributor to the current global 
epidemic.3 Between 1980 and 2014, the number of adults diagnosed 
with diabetes increased from 108 million to 422 million,4 with type 2 
diabetes accounting for more than 90% of these cases.5 The global 
prevalence of diabetes is estimated to reach 700 million by 2045.6
Diabetes ranks among the top three diseases worldwide, and its preva-
lence is increasing.7 Furthermore, diabetes is linked to an increased cost 

of healthcare, which is estimated to be $850 billion worldwide.8 It is an 
ideal target for prevention owing to its enormous cost.

Genetic and environmental factors are associated with decreased 
lung function. Numerous epidemiological studies have indicated that 
individuals with T2DM tend to exhibit reduced lung function compared 
with those without diabetes.9,10 The variations in findings in previous 
studies could be attributed to biases or confounding factors present in 
observational epidemiological studies, including limited sample sizes, 
differences in demographic characteristics, reverse causation, and se-
lection bias. T2DM is a persistent metabolic condition that progresses 
slowly and initially has hidden symptoms, making the connection be-
tween T2DM and lung function unclear.11

Mendelian Randomization (MR) is an analytical method used to 
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estimate the causal impact of outcomes of interest by utilizing genetic 
variants associated with exposure.12 MR is more effective than tradi-
tional observational methods for preventing confounders and reverse 
causality.13 An MR study was conducted to gain new insights into the 
pathogenesis of lung function impairment. Multivariable MR (MVMR) 
was used to adjust for potential confounders that might affect causal 
estimation, whereas mediation analysis was used to explore the poten-
tial mediating role of smoking and Systolic Blood Pressure (SBP) in the 
causal link between T2DM and lung function. The present study offers a 
new outlook for investigating the mechanisms underlying the onset and 
progression of lung dysfunction and identifying new targets for meta-
bolic therapy interventions.

Materials and methods

Reporting guidance

This study was conducted following the Strengthening the Reporting 
of Observational Studies in Epidemiology using the MR (STROBE-MR) 
guideline.14

Study design

MR and mediation analyses were used to determine the causal 
connection between glycemic characteristics and lung function and to 
explore potential mediators of this relationship. As shown in Fig. 1 MR 
analysis relies on three important assumptions. The overall causative 
association between glycemic traits and lung function was first investi-
gated, followed by consideration of the ratio of mediating factors to 
causation. The MR investigation used publicly available Genome-Wide 
Association Study (GWAS) datasets. For the original GWAS, each 
participant had provided written informed consent.

Data sources

Glycemic traits include T2DM, hyperinsulinemia, and hyperglyce-
mia.15 Data on glycemic traits (T2DM, fasting insulin, fasting glucose, 
and two-hour glucose) from GWAS summary datasets were acquired 
from the Medical Research Council Integrative Epidemiology Unit 
OpenGWAS database at https//gwas.mrcieu.ac.uk/. This study exam-
ined four factors from various GWAS; T2DM (dataset finn-b-E4_DM2; 
n=215,654), fasting insulin (ieu-b-116; n = 108,557), fasting glucose 
(ieu-b-114; n=133,010), and two-hour glucose (ebi-a-GCST90002227; n 
= 63,396). Additional details of each characteristic are provided in 
Supplemental Table 1.

Data on lung function, specifically Forced Expiratory Volume in 1s 
(FEV1) (ukb-b-19657) and Forced Vital Capacity (FVC) (ukb-b-7953), 
collected by the Medical Research Council Integrative Epidemiology 
Unit were utilized as primary measures, involving a cohort of 421,986 
individuals of European descent. For the MR analysis, genetic variants 
were chosen that met the criteria for genome-wide significance (p < 5 ×
10−8).

Informed consent statement and ethics approval statement

Analyses were conducted using publicly accessible datasets from 
published GWAS or consortia without the need for additional consent or 
ethical approval for the current study.

Genetic instrumental variable (IV) selection

To identify Single Nucleotide Polymorphisms (SNPs) that were 
strongly associated with exposure or outcome, a threshold for genome- 
wide significance of p < 5 × 10−8 was established. To avoid bias caused 
by Linkage Disequilibrium (LD), SNPs with R2 

< 0.001 and 

Fig. 1. Study overview. FEV1, Forced Expiratory Volume in 1s; FVC, Forced Vital Capacity; SNPs, Single Nucleotide Polymorphisms; MR, Mendelian Randomization; 
IVW, Inverse Variance Weighting; IV, Instrumental Variable.
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kb>10,000 which were strongly associated with exposure were 
selected.16 Palindromic SNPs with mid-range allele frequencies were 
excluded. Furthermore, the F-statistic was calculated as 
F=β2exposure/SE2exposure to measure the effectiveness of the genetic 
instrument for all SNPs, with SNPs having an F-value <10 being clas-
sified as weak instruments.17,18

To avoid possible pleiotropic effects, SNPs were additionally exam-
ined using PhenoScanner V2 (http://www.phenoscanner.medschl.cam. 
ac.uk/) to determine whether instrumental variables were linked to 
confounders or risk factors.19,20

Mendelian randomization analysis

The main method used in MR to estimate the causal relationship 
between T2DM and glycemic traits with lung function was Inverse- 
Variance Weighting (IVW).21 Due to the variability in the databases 
utilized, a random-effects model was used for all MR analyses. 
Concurrently, MR-Egger and MR-PRESSO were used to conduct sensi-
tivity tests to assess the reliability of the findings and confirm the 
presence of horizontal pleiotropy. The MR-Egger regression analysis 
utilized the embedded intercept to identify horizontal pleiotropy and 
generated accurate estimates following adjustment for pleiotropy ef-
fects. The MR-PRESSO global test can estimate the level of pleiotropy 
caused by SNP heterogeneity after using MR-PRESSO to identify and 
adjust for potential outliers.17

FEV1 and FVC were considered outcomes, with β being utilized to 
evaluate the impact of T2DM and associated glycemic indicators on lung 
function. All evaluations were conducted considering both possibilities. 
For this analysis, the R packages TwoSampleMR and MR-PRESSO in R 
4.3.2 were used.22

Mediation analysis

MR was performed on two samples to assess the overall impact of 
T2DM on lung function. The total influence of a given exposure on an 
outcome can be analyzed by considering both indirect and direct con-
sequences.23 MVMR was used to determine the direct impact of exposure 
on outcomes, including T2DM, fasting insulin, fasting glucose, and 
two-hour glucose while accounting for the mediators. The mediated 
effect, known as the indirect effect, was calculated by multiplying β1 and 
β2. Here, β1 represents the effect of exposure on mediators, while β2 
represents the effect of mediator k on outcome after adjusting for 
genetically determined glycemic traits. The proportion of the mediation 
Effect (E%) was estimated using the following equation24,25: E(%) =
∑k

k=1β1×β2k
∑k

k=1β3+β1×β2k
; β3 represents the impact of glycemic characteristics on 

lung function after accounting for potential mediators determined by 
genetics.

Results

Selection of IVs

Independent SNPs were identified by screening for SNPs with LD 
using thresholds of p < 5×10−8. Next, palindromic SNPs were excluded, 
and outlier SNPs were removed via MR-PRESSO analysis.

Causal association of glycemic traits with lung function via univariable MR

A negative association between genetically predicted T2DM and 
FEV1 (IVW: Beta -0.017 [-0.031, -0.004], p = 0.012) and FVC (IVW: 
-0.020 [-0.035, -0.006], p = 0.004) was observed. These findings are 
consistent with those of previous studies. However, based on the IVW 
evaluation, genetically estimated fasting insulin, fasting glucose, and 
two-hour glucose did not show significant associations with lung 

function. Fig. 2, Supplemental Table 2 displays the outcomes achieved 
using the various methods. Consistent results were obtained using the 
MR-PRESSO method.

Causal association of confounders with lung function via univariable MR

The study revealed that predicted Body Mass Index (BMI), smoking 
status, Systolic Blood Pressure (SBP), white blood cell count, and C- 
Reactive Protein (CRP) levels were all associated with reduced FEV1. 
Furthermore, genetic predictions of BMI, SBP, white blood cell count, 
and CRP levels were linked to a reduction of FVC. Conversely, IVW 
estimation indicated that genetically forecasted alcohol intake, diastolic 
blood pressure, triglyceride, High-Density Lipoprotein (HDL) choles-
terol, Low-Density Lipoprotein (LDL) cholesterol, and adiponectin levels 
were not linked to pulmonary function. Fig. 3 and Supplementary 
Table 3 show the outcomes achieved using the various methods.

Causal association of type 2 diabetes with confounders via univariable MR

The findings indicated a positive correlation between the genetically 
predicted risk of T2DM and higher rates of smoking (IVW Beta = 0.009 
[0.001, 0.017], p = 0.024) and elevated SBP (IVW Beta = 0.508 [0.195, 
0.820], p = 0.001). The results of the various methods are shown in 
Fig. 4 and Table 1. The results of MR-PRESSO were similar.

Mediating effect and proportion by smoking status and systolic blood 
pressure

The direct effects in the multivariable MR analysis of T2DM- 
smoking-FEV1, T2DM-SBP-FEV1, and T2DM-SBP-FVC were reduced to 
Beta -0.012 (95% CI -0.026, -0.002; p = 0.100), Beta -0.025 (95% CI 
-0.041, -0.008, p = 0.003), and Beta -0.003 (95% CI -0.049, -0.016, p <
0.001), respectively (Table 2). The proportions mediated by these me-
diators were 0.302, 0.412, and 0.418, respectively, and the proportion 
mediated by SBP was 0.504. After adjusting for both smoking and SBP, 
the direct effect was Beta -0.025. The proportion mediated by smoking 
and SBP was 0.43.

Discussion

In this study, a genetic predisposition to T2DM, smoking status, and 
high SBP were associated with lung function reduction. The individual 
proportions mediated by smoking and SBP on FEV1 were 0.302 and 
0.412, respectively, whereas the proportion mediated by SBP on FVC 
was 0.594. The proportion that was mediated by smoking and SBP 
together was 0.418. The MR study demonstrated that those diagnosed 
with T2DM are more likely to have reduced lung function.

Glycemic traits refer to a range of measurable biological markers 
associated with blood glucose levels and how the body processes 
glucose. The Meta-Analyses of Glucose and Insulin-related Traits Con-
sortium (MAGIC) previously analyzed GWAS data on glycemic traits in 
non-diabetic individuals, identifying 16 loci associated with fasting 
glucose, two with fasting insulin, and five with post-challenge Glucose 
(2hGlu) concentrations.26 Fasting glucose and two-hour glucose repre-
sent blood glucose levels. The authors also used the fasting insulin level 
as an exposure factor, which provides a proxy for the degree of insulin 
resistance.27 Lung function typically refers to a set of physiological 
measurements that assess respiratory health and the efficiency of the 
lungs. It is commonly assessed by FEV1 and FVC.28

The present findings align with previous research showing reduced 
FVC and FEV1 in adults with diabetes compared with those without 
diabetes.29,30 Nevertheless, these results were largely derived from 
observational research, with the potential for numerous confounding 
factors, such as data collection methods, genetics specific to certain 
populations, and exposure to environmental factors. Hence, in this 
study, MR was performed to investigate the relationship between lung 
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Fig 2. Causal effect of glycemic traits on lung function. The blue point indicates the effect (Beta). FEV1, Forced Expiratory Volume in 1s; FVC, Forced Vital Capacity; 
IVW, Inverse Variance Weighting; MD, Mendelian Randomization.

Fig. 3. Causal effect of confounders on lung function. The blue point indicates the effect (Beta). LDL, Low-Density Lipoprotein; HDL, High-Density Lipoprotein; FEV1, 
Forced Expiratory Volume in 1s; FVC, Forced Vital Capacity; IVW, Inverse Variance Weighting.
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function and glycemic traits. MR-Egger regression was used to assess the 
potential pleiotropic effects of SNPs chosen as IVs, offering insights into 
whether horizontal pleiotropy affects the analysis. Horizontal pleiotropy 
was not observed in any of the analyses.

This finding is consistent with that of a previous study that was less 
susceptible to confusion bias. Autopsies of individuals with diabetes 
revealed an increase in the thickness of the alveolar walls and minor 
blood vessels.31 These changes could be the cause of restriction in lung 
expansion and a decrease in ventilatory capacity. Klein et al. demon-
strated that the lungs in individuals with diabetes could experience 
microangiopathy.32 Individuals with diabetes experience reduced lung 
capacity compared with those without diabetes, irrespective of addi-
tional risk factors. Glycemic control and the length of time a person has 
diabetes are the primary factors that pose the greatest risk.7

The present study showed that smoking was associated with 
impaired lung function, as indicated by decreased FEV1. Smoking is a 
harmful agent that contributes to many health problems worldwide, 

including lung disease.33 Smoking during adulthood is classically asso-
ciated with an accelerated decrease in FEV1.34 A previous study 
demonstrated that, between the ages of 43- and 60–64 years, the 
decrease in FEV1 was accelerated by smoking; however, smoking did not 
influence the decrease in FVC.35 Another study indicated that the annual 
rate of FEV1 loss was greater in continuing smokers, by more than 10 
mL/year, than in non-smokers.36 In summary, smokers exhibit changes 
in lung morphology, inflammation, and function.37 Smoking control is a 
pivotal health concern, and there is an urgent need to correct alterations 
in the risk perception of smoking and to cease smoking early.

This study revealed an inverse relationship between SBP and lung 
function. Previous research found that decreased FVC was linked to 
hypertension, and this connection remained consistent regardless of 
weight and age.38 Another study39 reported a robust negative correla-
tion between FVC and the likelihood of high blood pressure. Addition-
ally, previous research found an inverse correlation between lung 
function and blood pressure among Chinese individuals, although the 
correlation was minimal.40 In contrast, another study revealed a sig-
nificant correlation among hypertension, beta-blocker use, and 
decreased pulmonary function in German adults.41 A recent study from 
Korea suggested a connection between high blood pressure and an 
increased decline in FVC and that medications for hypertension could 
slow this decline in asymptomatic individuals.42 However, the mecha-
nism underlying the relationship between lung function and hyperten-
sion requires further investigation.

The present study benefited from the use of a stronger MR approach 
that enforces a more rigorous IV selection process as well as the 
implementation of strict criteria for IV selection to enhance statistical 
power. In addition, this study used GWAS datasets from large European 
populations for both exposure and outcomes, which enhanced the 
credibility of the results.

Nevertheless, this study has some limitations. First, while smoking 
status is a significant environmental factor and a possible confounding 
variable in the association between blood glucose levels and respiratory 
illnesses in individuals with compromised lung function, the results 
were not corrected for smoking habits. Second, due to GWAS limitations, 
the authors used fasting insulin levels as a proxy for insulin resistance. 
Although this indicator can indicate insulin resistance to some extent, it 
isn’t the gold standard.43 Furthermore, the association between glyce-
mic traits and lung function was limited to the European population, 

Fig 4. Casual effect of T2DM on body mass index, smoking status, systolic blood pressure, white blood cell count, and C-reactive protein level. The blue point 
indicates the effect (Beta). IVW, Inverse Variance Weighting.

Table 1 
Result and sensitivity analyses for the associations of genetically predicted factors with mediators.

Exposure Outcome MR Heterogeneity Pleiotopy
Method Beta (95%CI) SE p- 

value
Method Cochran’s Q p-value MR-Egger 

intercept
p- 
value

Type 2 diabetes Body mass index IVW 0.008 (-0.062, 0.079) 0.036 0.814 IVW 1312.510 <0.001 0.007 0.345
Ever smoked IVW 0.009 (0.001, 0.017) 0.004 0.024 IVW 209.973 <0.001 -0.001 0.893
Systolic blood pressure IVW 0.508 (0.195, 0.820) 0.159 0.001 IVW 474.929 <0.001 0.963 0.963
White blood cell count IVW 0.008 (-0.008, 0.023) 0.008 0.347 IVW 44.045 0.554 0.000 0.825
C-reactive protein 
levels

IVW 0.025 (-0.010, 0.061) 0.018 0.165 IVW 379.089 <0.001 -0.002 0.397

CI, Confidence Interval; SE, Standard Error; MR, Mendelian Randomization.

Table 2 
Multivariate MR analysis of the direct effect of Systolic blood pressure and 
smoking on lung function.

Exposure/ 
Outcome

Adjusted 
Factors

Beta (95%CI) p-value Mediation 
Effect

Type 2 
diabetes/ 
FEV1

None -0.017 (-0.031, 
-0.004)

0.012 ​

Type 2 
diabetes/ 
FEV1

Smoking -0.012 (-0.026, 
-0.002)

0.100 0.302

Type 2 
diabetes/ 
FEV1

Systolic blood 
pressure

-0.025 (-0.041, 
-0.008)

0.003 0.412

Type 2 
diabetes/ 
FEV1

Smoking, 
Systolic blood 
pressure

-0.025 (-0.071, 
0.102)

0.003 0.418

Type 2 
diabetes/ 
FVC

None -0.020 (-0.035, 
-0.006)

0.004 ​

Type 2 
diabetes/ 
FVC

Systolic blood 
pressure

-0.033 (-0.049, 
-0.016)

<0.001 0.594

CI, Confidence Interval.
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suggesting possible selection biases and further investigation is needed 
to determine whether the results can be generalized to populations of 
other races. In addition, in the analysis, there were some differences in 
composition. Due to the utilization of GWAS data, it was not feasible to 
explore potential nonlinear associations or stratification effects that are 
dependent on age, health condition, or sex.

Conclusions

The study found a connection between the predicted genetic risk of 
T2DM, smoking status, SBP, and reduction in FEV1 and FVC. Thus, 
strengthening blood pressure and blood sugar control, and changing 
unhealthy lifestyles may serve as potential intervention targets for 
preventing impaired lung function.
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32. Cebral J, Mut F, Sforza D, Löhner R, Scrivano E, Lylyk P. Clinical application of 
image-based CFD for cerebral aneurysms. Int J Numer Method Biomed Eng. 2011;27 
(7):977–992.

33. Onor IO, Stirling DL, Williams SR, Bediako D, Borghol A, Harris MB, et al. Clinical 
effects of cigarette smoking: epidemiologic impact and review of pharmacotherapy 
options. Int J Environ Res Public Health. 2017;14(10):1147.

34. Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. The 
presence of chronic mucus hypersecretion across adult life in relation to chronic 
obstructive pulmonary disease development. Am J Respir Crit Care Med. 2016;193 
(6):662–672.

35. Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. Combined 
impact of smoking and early-life exposures on adult lung function trajectories. Am J 
Respir Crit Care Med. 2017;196(8):1021–1030.

36. Lee PN, Fry JS. Systematic review of the evidence relating FEV1 decline to giving up 
smoking. BMC Med. 2010;8:84.

37. Willemse BWM, Postma DS, Timens W, ten Hacken NHT. The impact of smoking 
cessation on respiratory symptoms, lung function, airway hyperresponsiveness and 
inflammation. Eur Respir J. 2004;23(3):464–476.

38. Sparrow D, Weiss ST, Vokonas PS, Cupples LA, Ekerdt DJ, Colton T. Forced vital 
capacity and the risk of hypertension. The Normative Aging Study. Am J Epidemiol. 
1988;127(4):734–741.

39. Selby JV, Friedman GD, Quesenberry Jr CP. Precursors of essential hypertension: 
pulmonary function, heart rate, uric acid, serum cholesterol, and other serum 
chemistries. Am J Epidemiol. 1990;131(6):1017–1027.

40. Wu Y, Vollmer WM, Buist AS, Tsai R, Cen R, Wu X, et al. Relationship between lung 
function and blood pressure in Chinese men and women of Beijing and Guangzhou. 
PRC-USA Cardiovascular and Cardiopulmonary Epidemiology Research Group. Int J 
Epidemiol. 1998;27(1):49–56.
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