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Abstract 

Background The relationship between lung function and cardiovascular disease (CVD) has emerged as a signifi-
cant research focus in recent years, but studies on the effects of both forced expiratory volume in 1 second (FEV1) 
and forced vital capacity (FVC) remain limited.

Methods Among 29,662 participants in the UK Biobank study free of CVD, rapid lung function decline was defined 
as the decline in either FEV1 (greatest quartile), FVC (greatest quartile), or both (when both FEV1 and FVC exceeded 
the greatest quartile). CVDs include coronary heart disease (CHD), arrhythmias, heart failure (HF), peripheral arterial 
disease (PAD), and other CVDs (including endocarditis, stroke, and myocardial diseases). Cox proportional hazards 
models were used to explore the associations between lung function and CVD incidence. Fine‒Gray models were 
used to account for the competing risk of death.

Results Among 29,662 participants in the UK Biobank study free of CVD, the adjusted hazard ratios (HRs) for FEV1 
rapid decline were 1.150 (95% CI: 1.009–1.311) for CHD, 1.307 (95% CI: 1.167–1.465) for arrhythmias, 1.406 (95% CI: 
1.084–1.822) for HF, 1.287 (95% CI: 1.047–1.582) for PAD, 1.170 (95% CI: 1.022–1.340) for other CVDs, and 1.216 (95% CI: 
1.124–1.315) for composite CVD. The adjusted HRs for the impact of both rapid decreases in FEV1 and FVC were 1.386 
(95% CI: 1.226–1.567) for arrhythmias, 1.390 (95% CI: 1.041–1.833) for HF, 1.222 (95% CI: 1.054–1.417) for other CVDs, 
and 1.230 (95% CI: 1.128–1.340) for composite CVD.

Conclusions The rapid decline in FEV1 and the impact of both FEV1 and FVC are closely associated with the subse-
quent incidence of various CVDs and composite CVD.
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Introduction
CVD is a significant cause of disability and mortality, 
constituting a group of disorders that affect the heart 
and blood vessels [1]. Studies have indicated that the 
occurrence and progression of CVD are closely asso-
ciated with various factors such as hypertension, high 
cholesterol, diabetes, obesity, smoking, unhealthy diet, 
and lack of exercise [2, 3]. In recent years, studies have 
considered lung function as a factor associated with 
CVD [4, 5].

Lung function is a dynamic variable that changes with 
age, health behaviors, or environmental factors. In the 
general population, poor lung function is characterized 
by a low FEV1, a concept that has been recognized since 
at least the 1960s [6]. Lung function is an essential pre-
dictor of health status, serving not only as an independ-
ent prognostic indicator for respiratory diseases [7], 
but also due to the anatomical and physiological links 
between the lungs and the cardiovascular system, pul-
monary dysfunction is associated with an increased risk 
of CVD [8]. Among these factors, lung function impair-
ment may lead to hypoxia and carbon dioxide retention, 
thereby inhibiting cardiac activity and vasodilation. Sev-
eral studies, including the Atherosclerosis Risk in Com-
munities (ARIC) cohort [9, 10] the UK Biobank cohort 
[11, 12] and the National Heart, Lung, and Blood Insti-
tute (NHLBI) cohort [13], have shown a clear association 
between impaired lung function and increased CVD risk 
[14, 15].

The findings were not entirely consistent. Firstly, the 
population-based Swedish Cardio Pulmonary Bio Image 
study [16] found the associations became weaker after 
adjusting for cardiovascular risk factors. It is still unclear 
to what extent these associations are independent of 
potential confounders such as gender, alcohol consump-
tion, and smoking. Secondly, the relation of cross-sec-
tional lung function measure and adverse CVD has been 
reported, data on longitudinal change are scarce [17, 18]. 
However, lung function evolves continuously through-
out life [19], utilizing dynamic lung function data holds 
greater practical significance. Thirdly, most current stud-
ies focus only on either FEV1 or FVC, with few examin-
ing both effects.

To better determine the relationship between lung 
function and CVD and to address several existing knowl-
edge gaps, we aimed to longitudinally observe and 
estimate the extent of the annual decline in lung func-
tion among participants in a large multiethnic sample 
of adults from the United Kingdom. Additionally, we 
aimed to investigate whether a rapid decline in FEV1 or a 
decline in both FEV1 and FVC is an independent risk fac-
tor for the development and progression of CVD in the 
general population.

Method
Data source and participants
UK Biobank includes over 500,000 individuals aged 
between 40 and 69 within a 25-mile radius of one of the 
22 assessment centers across the UK. Baseline lung func-
tion was measured between 2006 and 2010 in partici-
pants who also underwent three additional pulmonary 
function examinations (Supplementary Table 1). Partici-
pants provided informed consent and obtained ethical 
approval from the North west Multi-Centre Research 
Ethics Committee (REC: 16/NW/0382), in accordance 
with following the principles of the Helsinki Declaration. 
The data from UK Biobank project application id 98124.

For this work, we included participants who underwent 
spirometry as part of visit 1 (2006 to 2010) and visit 3 
(2014+). The dataset contained a total of 33,340 individ-
ual data points with complete actual measurements for 
FEV1 and FVC parameters from both visits. We excluded 
subjects who developed CVD between the two visits 
(3586 cases). Meanwhile, 92 cases were excluded due to 
incomplete or missing covariate data such as height, BMI, 
and other relevant variables. A total of 29,662 partici-
pants were included in this work (Supplementary Fig. 1).

Lung function
We used previously derived variables of quality-con-
trolled spirometry for “best measure” FEV1 and FVC as 
baseline data, the actual measurements of spirometry 
directly exported from the visit 3 were used for follow-up 
(e-Appendix  3). The primary exposure variable was the 
change in percent predicted FEV1 or change in percent 
predicted FVC between visits 1 and 3(visit 1 value - visit 
3 value for both).

FEV1 and FVC percent predicted were calculated as 
per GLI-2012 values using RSpiro R package in R 4.3.2 
[20]. FEV1 percent predicted is determined by compar-
ing the individual’s actual measured FEV1 values with the 
adjusted predicted FEV1 values, expressing the result as a 
percentage. The calculation method for FVC percent pre-
dicted is consistent with that of FEV1 percent predicted.

Incident CVD
The period from the end of the visit 3 to the onset of 
initial CVD events, defined as disease manifestation, 
encompasses CHD, arrhythmias, HF, PAD, and other 
CVDs. Among them, CHD included angina and various 
types of myocardial infarction. Arrhythmias involve con-
duction block, tachycardia, atrial fibrillation, and flutter. 
PAD encompass atherosclerosis, arterial aneurysm, and 
arterial embolism, among others. All incidence data were 
obtained from the first occurrence in the UK Biobank 
Health-Related Outcomes. The first onset of diseases 
was generated from hospital admission records, death 
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registry records, and self-reported questionnaires. Dis-
ease classification was based on ICD-10.

Covariates
The covariates included in the models were sociodemo-
graphic characteristics, lifestyle factors, and information 
on common diseases. gender (female, male), height (m), 
and body mass index (BMI, kg/m2) were calculated based 
on measurements of height (m) and weight (kg) taken 
after removing heavy clothing and shoes, smoking status 
(current, former, never), alcohol consumption frequency 
(daily or almost daily, 3–4 times per week, 1–2 times per 
week, occasional, never), educational level ((college or 
university degree, A level/AS level or equivalent, O level/
GCSE or equivalent, CSE or equivalent, NVQ or HND 
or HNC or equivalent, other professional qualifications, 
none of the above) Obtained via AEC touchscreen ques-
tionnaires), date of first reported hypertension, doctor-
diagnosed diabetes (yes, no).

Statistical analysis
For each FEV1 measure, initial quartile analysis sug-
gested that the risk is primarily associated with the 
greatest quartile of decline (Supplementary Table  2). 
Therefore, change in each FEV1 was dichotomized, with 
rapid decline defined as the greatest quartile of change 
between visits 1 and 3. Nonrapid decliners were defined 
as those participants in the remaining 3 quartiles and 
served as the reference group. The quartile analysis for 
the percentage of rapid decline in FVC aligns with that of 
FEV1. This approach aligns with current research meth-
odologies, as observed in some recent studies [21, 22]. 
When analyzing both effects, participants whose FEV1 
and FVC values exceeded the greatest quartile were 
defined as rapid decliners, while the rest were defined as 
non-rapid decliners. Categorical variables were described 
in terms of frequencies and percentages, and statistical 
comparisons were conducted using the chi-square test. 
Continuous variables were described with mean and 
standard deviation, and statistical comparisons were per-
formed using either the Student’s t-test or the Wilcoxon 
rank-sum test.

The Cox proportional hazards models were utilized to 
estimate the HRs and corresponding 95% CI for assessing 
the relationship between rapid decline in lung function 
and the risk of CVD. The survival time was calculated 
from actual lung function data in visit 3 to the first occur-
rence of a CVD event. The proportional hazards assump-
tion was assessed for all models, with no violations 
detected.

In order to comprehensively explore the association 
between rapid decline in lung function and CVD, we 
assessed for competing risk of death for CVD using the 

Fine-Gray models. UK Biobank obtained dates of death 
from NHS Digital and NHS Central registry. By estimat-
ing the corresponding subdistribution hazard ratios, we 
comprehensively assessed the impact of rapid decline in 
lung function on cardiovascular events.

Sensitivity analyses were performed to ensure the 
robustness: (I) The model was stratified according to 
whether the percent predicted of baseline FEV1 was 
≥ 80%, as well as by age, various BMI categories, Chronic 
Obstructive Pulmonary Disease (COPD) GOLD stages, 
and smoking status; (II) In the UK Biobank dataset, 
reports of asthma were primarily self-reported rather 
than objectively confirmed diagnoses. Furthermore, 
only pre-bronchodilator lung function measurements 
are available, necessitating the exclusion of patients who 
may exhibit significant bronchodilator reversibility; (III) 
A well-established association exists between COPD and 
cardiovascular events [23]. Therefore, individuals diag-
nosed with COPD prior to the commencement of CVD 
follow-up were excluded; (IV) The rapid FEV1 decline 
group was defined as participants with a decline of ≥ 100 
mL/year, while those with a decline of < 100 mL/year 
were classified as the non-rapid decline group; (V) We 
excluded participants with less than 3 years of follow-
up to minimize the influence of potential reverse causa-
tion; (VI) Additional adjustments were made for exercise 
status and hyperlipidemia. Regular physical activity was 
defined as at least 150 min/week of moderate activity or 
75 min/week of vigorous activity (or an equivalent com-
bination). Hyperlipidemia was identified based on the 
first diagnosis [24]; (VII) We defined baseline lung func-
tion as low when the FEV1/FVC ratio is less than 0.7 [25]. 
We generated categorical variables based on baseline 
lung function exposure (normal lung function, low lung 
function) and lung function decline (nonrapid decliners, 
rapid decliners) to illustrate the joint associations of both 
factors with CVD.

Statistical analyses were conducted using Stata 17 and 
R 4.3.2, P < 0.05 (two- sided) was considered statistically 
significant.

Results
Participants characteristics
This work comprised 29,662 participants, averaging 52.59 
years (SD 7.45). Females accounted for 53%. By defini-
tion, 25% of participants were classified as rapid declin-
ers by the FEV1 criteria of a > 0.86% per year decrease in 
FEV1, and 25% by the FVC criteria of a > 0.90% per year 
decrease in FVC. A total of 18.68% of participants met 
the criteria for both effects.

Compared to individuals not included, the include par-
ticipants were younger, had lower BMI, and exhibited 
lower rates of smoking, and diabetes. However, they also 
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had higher height, education level, hypertension, alco-
hol consumption frequency, and asthma incidence rates 
(Supplementary Table 3).

Rapid Decline in FEV1
The baseline FEV1 for the rapid decline group was 
3.16 ± 0.79 L, while the non-rapid decline group had a 
baseline FEV1 of 2.99 ± 0.73 L. At the visit 3, the FEV1 

for the rapid decline group was 2.43 ± 0.70 L, whereas 
the non-rapid decline group had a FEV1 of 2.87 ± 0.73 
L (Table  1). The rapid decline group had older age and 
lower BMI. Similar characteristics were observed in 
terms of education level, height, smoking status, alco-
hol consumption frequency, hypertension, diabetes, and 
asthma. However, during follow-up, the rapid decline 
group exhibited features of increased BMI. Additionally, 

Table 1 Baseline Characteristics According to the Decline in Percentage of Predicted FEV1

Values are mean ± SD, n (%), or median [25th–75th percentile]

P-values calculated using Z-score for continuous outcomes, Pearson’s chi-squared for categorical outcomes

BMI Body mass index, FEV1 Forced expiratory volume in 1 s, FVC Forced vital capacity, △ Change

Characteristics Visit1 Visit3

Rapid Decliners
(n = 7416)

Nonrapid Decliners
(n = 22246)

P Value Rapid Decliners
(n = 7416)

Nonrapid Decliners
(n = 22246)

P Value

Age 53.3 ± 7.6 52.4 ± 7.4 < 0.001 61.3 ± 7.6 60.4 ± 7.4 < 0.001

Sex

 Female 4137 (56) 11645 (52) < 0.001 4137 (56) 11645 (52) < 0.001

 Male 3279 (44) 10601 (48) 3279 (44) 10601 (48)

Educational level

 College or University degree 3378 (46) 10507 (47) 0.010 3378 (46) 10507 (47) 0.010

 A levels/AS levels or equivalent 993 (13) 2979 (13) 993 (13) 2979 (13)

 O levels/GCSEs or equivalent 1475 (20) 4321 (20) 1475 (20) 4321 (20)

 CSEs or equivalent 293 (4) 919 (4) 293 (4) 919 (4)

 NVQ or HND or HNC or equivalent 408 (5) 1185 (5) 408 (5) 1185 (5)

 Other professional qualifications 343 (5) 1015 (5) 343 (5) 1015 (5)

 None of the above 526 (7) 1320 (6) 526 (7) 1320 (6)

Physical examination

 Height 1.69 ± 0.09 1.70 ± 0.09 < 0.001 1.69 ± 0.09 1.69 ± 0.09 < 0.001

 BMI 26.4 ± 4.1 26.6 ± 4.2 0.003 26.8 ± 4.7 26.4 ± 4.3 < 0.001

Medical history

 Hypertension 1828 (25) 5529 (25) 0.74 1828 (25) 5529 (25) 0.74

 Diabetes 150 (2) 500 (2.2) 0.53 319 (4.3) 1010 (4.5) 0.85

 Doctor diagnosed asthma 503 (7) 1535 (7) 0.69 503 (7) 1535 (7) 0.69

Smoking status

 Never 4432 (60) 13666 (61) < 0.001 4570 (62) 13971 (63) < 0.001

 Previous 2424 (33) 7313 (33) 2495 (34) 7475 (34)

 Current 560 (7) 1267 (6) 305 (4) 706 (3)

Alcohol intake frequency

 Daily or almost daily 1769 (24) 5051 (23) 0.76 1375 (19) 3747 (17) 0.89

 Three or four times a week 2049 (28) 6473 (29) 2073 (28) 6532 (29)

 Once or twice a week 1897 (26) 5883 (26) 1889 (26) 6067 (27)

 One to three times a month 798 (11) 2366 (11) 825 (11) 2526 (11)

 Special occasions only 601 (8) 1608 (7) 763 (10) 2036 (10)

 Never 302 (4) 865 (4) 445 (6) 1244 (6)

Spirometry

 FEV1(L) 3.16 ± 0.79 2.99 ± 0.73 < 0.001 2.43 ± 0.70 2.87 ± 0.73 < 0.001

 △FEV1(L/year) 0.09 ± 0.05 0.01 ± 0.04 < 0.001 0.09 ± 0.05 0.01 ± 0.04 < 0.001

 FVC(L) 4.15 ± 1.02 3.93 ± 0.94 < 0.001 3.39 ± 0.90 3.78 ± 1.16 < 0.001

 △FVC(L/year) 0.09 ± 0.05 0.01 ± 0.04 < 0.001 0.09 ± 0.05 0.01 ± 0.04 < 0.001
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females outnumbered males, with a lower incidence of 
CVD.

The average follow-up duration was 9.16 years, CVD 
occurred in 3078 (10.4%) participants, CHD occurred 
in 1136(3.83%), arrhythmia in 1428 (4.81%), HF in 267 
(0.9%), PAD occurred in 430 (1.45%) and other CVDs in 
1033 (3.48%). The conclusion drawn from the Cox pro-
portional hazards models is that, except for CHD with 
unadjusted risk factors, all other CVDs are associated 
with lung function (Table 2, Fig. 1, Supplementary Fig. 2). 
After accounting for competing risk of noncardiovascu-
lar death, the risk of incident CVD associated with rapid 
decline in FEV1 remained similar to that observed in the 
primary analysis (Table 3).

Rapid decline in FVC
The baseline FVC for the rapid decline group was 
4.23 ± 1.03 L, while the non-rapid decline group had 
a baseline FVC of 3.90 ± 0.93 L. At the visit 3, the FVC 
for the rapid decline group was 3.38 ± 0.88 L, whereas 
the non-rapid decline group had a FVC of 3.78 ± 1.16 
L(Supplementary Table  4). The rapid decline group had 
older age and a higher proportion of females. Similar 
characteristics were observed in terms of BMI, educa-
tion level, height, smoking status, alcohol consumption 

frequency, hypertension, diabetes, and asthma. However, 
during follow-up, the rapid decline group exhibited fea-
tures of increased BMI.

The conclusion drawn from the Cox proportional 
hazards models indicates that rapid decline in FVC is 
a risk factor for CVD. In the fully adjusted model, indi-
viduals with rapid decline exhibited approximately a 15% 
increased risk for composite CVD and around a 31% 
increased risk for arrhythmias compared to nonrapid 
decliners (Supplementary Table 5, Supplementary Fig. 3). 
The results of the Fine-Gray models were consistent with 
those of the Cox proportional hazards models (Supple-
mentary Table 6).

Rapid decline in FEV1, FVC
When considering FEV1 and FVC, the rapid decline 
group had older age, a higher proportion of females, 
lower BMI, and lower education level. Similar character-
istics were observed in terms of height, smoking status, 
alcohol consumption frequency, hypertension, diabetes, 
and asthma. However, during follow-up, the rapid decline 
group exhibited a greater BMI change, and a more signif-
icant inter-group difference in BMI. The occurrence rate 
of CVD was higher in the rapid decline group (Supple-
mentary Table 7).

Table 2 Risk of CVD associated with Decline in Percentage of Predicted FEV1

Model 1: unadjusted; Model 2: adjusted for gender, education level, height, and BMI; Model 3: adjusted for gender, education level, height, BMI, smoking status, 
alcohol consumption frequency, hypertension, and diabetes. Composite endpoint includes CHD, arrhythmia, HF, PAD, endocarditis, stroke, and myocardial diseases

HR Hazard Ratio, CI Confidence Interval, FEV1 Forced expiratory volume in 1 s, CHD Coronary Heart Disease, HF Heart Failure, PAD Peripheral Arterial Disease, 
CVD Cardiovascular Disease

Outcomes N Events Model 1 Model 2 Model 3

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

CHD

 Nonrapid decliners 22246 826 Ref Ref Ref

 Rapid decliners 7416 310 1.129 (0.991–1.287) 0.068 1.159 (1.016–1.320) 0.028 1.150 (1.009–1.311) 0.036

Arrhythmia

 Nonrapid decliners 22246 1007 Ref Ref Ref

 Rapid decliners 7416 421 1.262 (1.127–1.414) < 0.001 1.308 (1.167–1.466) < 0.001 1.307 (1.167–1.465) < 0.001

HF

 Nonrapid decliners 22246 184 Ref Ref Ref

 Rapid decliners 7416 83 1.355 (1.046–1.756) 0.022 1.410 (1.087–1.827) 0.010 1.406 (1.084–1.822) 0.010

PAD

 Nonrapid decliners 22246 300 Ref Ref Ref

 Rapid decliners 7416 130 1.301 (1.059–1.599) 0.010 1.306 (1.063–1.607) 0.011 1.287 (1.047–1.582) 0.017

Other types of CVD

 Nonrapid decliners 22246 746 Ref Ref Ref

 Rapid decliners 7416 287 1.157 (1.010–1.326) 0.036 1.177 (1.027–1.348) 0.019 1.170 (1.022–1.340) 0.024

CVD (Composite)

 Nonrapid decliners 22246 2210 Ref Ref Ref

 Rapid decliners 7416 868 1.190 (1.100–1.287) < 0.001 1.221 (1.1294–1.322) < 0.001 1.216 (1.124–1.315) < 0.001
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Comparing the results with the analysis of rapid decline 
in FEV1, the consistency is maintained for arrhyth-
mia, HF, other CVDs, and composite CVD. However, 
differences were observed in CHD and PAD (Table  4, 
Supplementary Fig.  4). The results obtained from the 
Fine-Gray models were consistent with those from the 

Cox proportional hazards models analysis (Supplemen-
tary Tabe 8).

In the age-stratified analysis, age influenced the rela-
tionship between rapid decline in lung function and 
cardiovascular events. Specifically, this association 
was more evident among participants older than 65 

Fig. 1 The association between rapid decline in lung function and CVD. Kaplan-Meier curves demonstrate the rates of (A) Association of Rapid 
Decline in FEV1 With Incident CVD, (B) Association of Rapid Decline in FEV1 and FVC With Incident CVD, HRs and associated 95% CIs are calculated 
from regression models adjusted for gender, education level, height, BMI, smoking status, alcohol consumption frequency, hypertension, 
and diabetes. HR Hazard Ratio, CI Confidence Interval, CVD Cardiovascular Disease, FEV1 Forced expiratory volume in 1 s, FVC Forced vital capacity

Table 3 Association Between Rapid FEV1 Decline and CVD: Fine-Gray Model with Death as a Competing Event

SHR Subdistribution Hazard Regression

See Table 2 for abbreviations and models

Outcomes Model 1 Model 2 Model 3

SHR (95% CI) P Value SHR (95% CI) P Value SHR (95% CI) P Value

CHD

 Nonrapid decliners Ref Ref Ref

 Rapid decliners 1.130 (0.992–1.290) 0.65 1.160 (1.018–1.323) 0.026 1.153 (1.012–1.310) 0.033

Arrhythmia

 Nonrapid decliners Ref Ref Ref

 Rapid decliners 1.260 (1.130–1.420) < 0.001 1.310 (1.170–1.470) < 0.001 1.310 (1.169–1.470) < 0.001

HF

 Nonrapid decliners Ref Ref Ref

 Rapid decliners 1.360 (1.050–1.760) 0.021 1.410 (1.090–1.830) 0.009 1.410 (1.090–1.830) 0.009

PAD

 Nonrapid decliners Ref Ref Ref

 Rapid decliners 1.300 (1.060–1.600) 0.012 1.308 (1.066–1.610) 0.010 1.289 (1.051–1.580) 0.015

Other types of CVD

 Nonrapid decliners Ref Ref Ref

 Rapid decliners 1.160 (1.010–1.330) 0.034 1.180 (1.030–1.350) 0.018 1.174 (1.024–1.344) 0.022

CVD (Composite)

 Nonrapid decliners Ref Ref Ref

 Rapid decliners 1.190 (1.100–1.290) < 0.001 1.220 (1.130–1.320) < 0.001 1.217 (1.125–1.320) < 0.001
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years. (fully adjusted CVD: HR = 1.392; 95% CI:1.096–
1.768; p = 0.007). Compared to FEV1 ≥ 80%, a reduc-
tion in lung function below 80% was associated with 
a more pronounced risk of CVD, increasing by nearly 
44% (HR = 1.441; 95% CI: 1.160–1.791; p < 0.001), and 
no heterogeneity of effect (p = 0.070). In the stratified 
analysis with BMI categorized (BMI < 25, 25 ≤ BMI < 30, 
BMI ≥ 30), the risk appears significantly higher in the 
obese population than in the non-obese (fully adjusted 
composite CVD: HR = 1.305; 95% CI: 1.101–1.547; 
p < 0.001). The stratified analysis by smoking status 
revealed that current smokers face a significantly higher 
risk compared to previous smokers and never smokers 
(fully adjusted CVD: HR = 1.722; 95% CI: 1.331–2.228; 
p < 0.001). The COPD classification showed that, except 
for GOLD stages 3 + 4, all other stages were consistent 
with the primary analysis (Supplementary Fig.  5). Simi-
lar findings as in the primary analysis were also noted 
after exclusion of participants with probable asthma and 
COPD. Rapid lung function decline, defined as a decline 
of ≥ 100 mL/year, was consistent with the primary anal-
ysis, except for those involving PAD (Supplementary 
Table  9). After excluding participants with follow-up of 
less than three years, further adjusting for exercise status 
and hyperlipidemia, and combining baseline lung func-
tion with lung function decline trajectories, the analysis 
results remained consistent with the primary analysis 

(Supplementary Tables 10-11). The analysis of the rapid 
decline in FVC and the effects of both rapid declines in 
FEV1 and FVC on CVD is presented in Supplementary 
Fig. 6–7.

Discussion
In this extensive and comprehensive research, we evalu-
ated the supplementary predictive capacity of lung func-
tion in forecasting the risk of CVD. A total of 29662 
participants were followed for approximately 9.16 years, 
resulting in 3078 cases of CVD (10.4%). To the best of our 
knowledge, this is the first study to explore the effects of 
both FEV1 and FVC, considering their combined impact. 
Participants with rapidly declining lung function exhib-
ited an increased risk of CVD occurrence. Rapid decline 
in FEV1 is associated with a higher incidence of CHD, 
arrhythmias, HF, PAD, and other CVDs, as well as com-
posite cardiovascular events, while rapid decline in FEV1 
and FVC is associated with a higher incidence of CVD 
other than CHD and PAD. These findings remained 
robust in sensitive analyses and Fine-Gray models.

Evidence suggests that impaired lung function may lead 
to systemic oxidative stress and inflammation, thereby 
causing endothelial inflammation in the coronary micro-
vasculature [26], promoting vascular remodeling, and 
contributing to sclerosis [27]. Early studies indicate that 
individuals with airflow limitation are associated with 

Table 4 Risk of CVD associated with Decline in Percentage of Predicted FEV1 and FVC

FVC Forced vital capacity

Abbreviations and models as shown in Table 2.

Outcomes N Events Model 1 Model 2 Model 3

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

CHD

 Nonrapid decliners 24122 907 Ref Ref Ref

 Rapid decliners 5540 229 1.103 (0.954–1.275) 0.186 1.127 (0.975–1.303) 0.106 1.120 (0.969–1.296) 0.124

Arrhythmia

 Nonrapid decliners 24122 1093 Ref Ref Ref

 Rapid decliners 5540 335 1.345 (1.190–1.520) < 0.001 1.387 (1.227–1.567) < 0.001 1.386 (1.226–1.567) < 0.001

HF

 Nonrapid decliners 24122 204 Ref Ref Ref

 Rapid decliners 5540 63 1.346 (1.015–1.786) 0.039 1.384 (1.043–1.837) 0.024 1.390 (1.041–1.833) 0.025

PAD

 Nonrapid decliners 24122 334 Ref Ref Ref

 Rapid decliners 5540 96 1.253 (0.999–1.572) 0.052 1.253 (0.998–1.572) 0.052 1.238 (0.986–1.554) 0.066

Other types of CVD

 Nonrapid decliners 24122 809 Ref Ref Ref

 Rapid decliners 5540 224 1.210 (1.043–1.403) 0.012 1.227 (1.058–1.423) 0.007 1.222 (1.054–1.417) 0.008

CVD (Composite)

 Nonrapid decliners 24122 2416 Ref Ref Ref

 Rapid decliners 5540 662 1.206 (1.107–1.315) < 0.001 1.234 (1.132–1.345) < 0.001 1.230 (1.128–1.340) < 0.001
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thicker intima-media thickness of the carotid artery and 
the presence of subclinical atherosclerosis [28]. In this 
work, when FEV1 was analyzed separately, a rapid decline 
in lung function appears to correlate with an elevated 
risk of PAD occurrence. However, when considering the 
impacts of both FEV1 and FVC, this relationship attenu-
ates. Tomasz Gólczewski noted that age significantly 
impacts FVC [29], which may explain the effect between 
FEV1 and FVC diminishes over time in long-term follow-
up. As individuals age, changes in FVC may weaken the 
association between FEV1 and clinical outcomes. There-
fore, in interpreting long-term respiratory outcomes, it is 
crucial to account for the differential effects of aging on 
FEV1 and FVC. Additionally, the relatively small num-
ber of PAD cases in this cohort, comprising only 1.4% of 
the total, may have contributed to the attenuation of the 
observed relationship. This low incidence could result in 
insufficient statistical power, limiting the ability to pre-
cisely assess the interactions between FEV1, FVC, and 
PAD.

To some extent, inflammation plays a role in the mech-
anism mediating the relationship between declining lung 
function and the occurrence of CVD. A proinflammatory 
environment may increase the risk of atherosclerosis and 
thrombosis formation, thereby augmenting the risk of 
CHD. However, studies suggest that even after adjusting 
for systemic inflammation markers, the risk ratio between 
lung function and CHD only marginally decreases [30]. 
This work found a non-significant relationship between 
a rapid decline in FEV1 and CHD when risk factors were 
not adjusted. The reasons for these discrepancies remain 
unclear and may be attributed to differences in the racial 
composition, genetic predispositions, and lifestyle fac-
tors of the study populations. The association becomes 
less pronounced when FVC is included. This finding 
aligns with several studies, including a causal relationship 
assessment between lung function and CHD risk utiliz-
ing publicly available Genome-Wide Association Study 
(GWAS) databases. That assessment found an inverse 
relationship between FEV1 and CHD, while the evidence 
regarding FVC remains inconclusive [31]. Additionally, a 
community-based multicenter retrospective cohort study 
from the Sleep Heart Health Study (SHHS) found no sta-
tistically significant association between FEV1/FVC and 
CHD [32].

The observed discrepancy between analyses focus-
ing solely on FEV1 as a single indicator and those con-
sidering both FEV1 and FVC jointly is unsurprising. As 
early as 2011, a study conducted by Nat Genet et al [33] 
investigated lung function indicators, highlighting that 
these two indicators reflect different aspects of lung func-
tion. Specifically, FEV1 reflects the severity of airflow 
obstruction, while FVC serves as an overall indicator of 

lung function. Interpretative strategies for lung function 
tests indicate that longitudinal changes should primarily 
be assessed using FEV1, as it is less affected by technical 
factors compared to FVC [34]. Research has previously 
shown that COPD patients with airflow limitation (FEV1) 
have almost a 10% higher risk of CVD compared to those 
in the highest quintile for both FEV1 and FVC [35]. This 
suggests that airflow limitation, rather than lung capacity, 
is a better predictor of cardiovascular risk.

Although multiple observational studies have sug-
gested that the association between lung and cardiovas-
cular function is independent of common risk factors, 
inflammation remains the most widely accepted mecha-
nism linking pulmonary and CVD. CRP, fibrinogen, 
ICAM, and P-selectin have been associated with lon-
gitudinal declines in FEV1 and FVC [36, 37]. Notably, 
these associations tend to be stronger among smokers 
than non-smokers, supporting a bidirectional relation-
ship between inflammation and lung dysfunction. In our 
work, a stratified analysis by smoking status revealed that 
this relationship was not significant in never-smokers, 
whereas it remained more pronounced among current 
and former smokers. This further suggests that inflam-
mation caused by smoking may play an important role in 
the relationship between declining lung function and the 
risk of CVD.

Several large epidemiological studies demonstrate 
patients with COPD were more likely to be diagnosed 
with CVD [38, 39]. In our work, the prevalence of COPD 
is approximately 12%. Even after excluding participants 
with COPD, a rapid decline in lung function remained 
associated with an increased risk of CVD. However, 
when stratified by FEV1 as a percentage of the predicted 
value, the relationship between lung function decline and 
CVD risk remained robust in GOLD 1 and GOLD 2 cat-
egories, but showed variability in GOLD 3 and GOLD 
4. This discrepancy can be attributed to the small num-
ber of participants in the GOLD 3 (0.49%) and GOLD 4 
(0.06%) categories. Additionally, this is likely driven by 
COPD patients who generally have a lower FEV1 than 
healthy individuals of the same age, particularly in the 
severe stages of the disease, complicating the assessment 
of CVD risk. Previous research has indicated that the 
association between FEV1, FEV1 decline and CVD dif-
fers between non-COPD general populations and COPD 
populations. specifically, risk of CVD and mortality was 
similar between COPD patients with and without accel-
erated FEV1 decline (HRadj 0.98, 95% CI 0.90–1.06) 
[40]. Thus, the severity of COPD and the presence of 
comorbid conditions [41]may influence the independ-
ent relationship between lung function decline and CVD 
risk, especially in patients with advanced COPD, where 
chronic inflammation and other health complications 
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may obscure this association. Whether we analyze the 
data excluding COPD or assess the joint effect of baseline 
lung function (defined as FEV1/FVC < 0.7) in conjunction 
with subsequent decline, the conclusion remains that 
individuals with poorer baseline lung function face a sig-
nificantly higher risk of CVD. This finding is consistent 
with the 2017 research by Agusti [42], which analyzed 
data from the Framingham Offspring Cohort (FOC), 
CARDIA, and GenIII cohorts, indicating that individuals 
with impaired baseline lung function received their first 
comorbid diagnosis approximately a decade earlier.

Currently, over 758 million people globally have been 
infected with COVID-19 [43], potentially leading to res-
piratory complications that necessitate follow-up. The 
increasing need for monitoring respiratory health may 
facilitate the incorporation of lung function parameters 
into CVD risk scoring. FEV1 has been proposed as a 
widely applicable biomarker for risk assessment and as 
an indicator of CVD [44]. However, it is essential to rec-
ognize that our understanding of the interplay between 
lung and cardiovascular function remains incomplete. 
Further exploration is warranted in this area.

This work offers several key advantages. Firstly, it is 
derived from the comprehensive UK Biobank cohort, 
which is large-scale, multi-ethnic, and longitudinally fol-
lowed-up. Secondly, in investigating the effects of both 
FEV1 and FVC, this work adopts a threshold calcula-
tion approach to address the limited sensitivity of FVC. 
Thirdly, in addition to employing the Cox proportional 
hazards models, we also integrated the Fine-Gray compet-
ing risk models. Fourthly, the classification of CVD is more 
detailed. Nonetheless, there are several limitations. Firstly, 
the UK Biobank is known to be characterized by healthy 
volunteer bias [45]. Secondly, the UK Biobank only collects 
pre-bronchodilator spirometry measurements. Although 
bronchodilator medications are not retained in the pre-
scription, the absence of post-bronchodilator spirometry 
measurements is a limitation in the study design. Thirdly, 
the relatively low incidence rate of cardiovascular events 
limits the generalizability of results. Larger-scale cohort 
studies are required to validate our findings.

Conclusions
Our work clearly demonstrated that individuals with a 
rapid decline in lung function have a higher cardiovas-
cular risk compared to those without rapid decline. This 
association was not reduced in models that adjusted for 
gender, education level, height, BMI, smoking status, 
alcohol consumption frequency, hypertension, and dia-
betes. Therefore, lung function could serve as a target for 
primary prevention and treatment. Future studies should 
be directed towards better identifying reasons for the 
linkage between rapid decline in lung function and CVD.
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