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Abstract 

Background Pulmonary function is increasingly recognized as a key factor in metabolic diseases. However, its link 
to gout risk remains unclear. The study aimed to investigate the relationship between pulmonary function and the risk 
of developing gout and the underlying biological mechanisms.

Methods Our study included 420,002 participants with complete pulmonary function data from the UK Biobank. 
Logistic regression was used to evaluate gout prevalence among individuals with different pulmonary function 
statuses. Propensity score matching (PSM) created balanced groups, while Cox regression gauged the risk association 
between reduced lung capacity and gout compared with normal function. Mendelian randomization (MR) analysis 
was used to verify causal associations. Non-linear correlations were assessed with restricted cubic spline (RCS) analysis, 
and mediation analysis was used to explore the role of blood biomarkers. Mediation analyses were used to investigate 
the potential mediating role of biomarkers in the association.

Results Cross-sectional analysis revealed a higher prevalence of gout in individuals with preserved ratio of impaired 
spirometry (PRISm) of 6.31% and chronic obstructive pulmonary disease (COPD) of 6.26% than in those with nor-
mal pulmonary function (3.45%). After adjustment for covariates, both PRISm (odds ratio [OR] 1.24, 95% confidence 
interval [CI] 1.17–1.31) and COPD (OR 1.14, 95% CI 1.07–1.22) were significantly associated with gout. Longitudinal 
analysis confirmed that impaired pulmonary function significantly increased the risk of developing gout (hazard 
ratio [HR] 1.32, 95% CI 1.24–1.40). MR further revealed a potential causal effect of decreased pulmonary function 
on an increased risk of gout. Subgroup analysis revealed significant interactions between impaired pulmonary func-
tion and several factors, including body mass index (BMI), levels of physical activity, and diabetes status, in their asso-
ciations with the risk of gout. RCS analysis showed a nonlinear relationship between pulmonary function indicators 
and gout incidence, characterized by an inverse S-shaped curve. Mediation analysis revealed that urate levels (49.1% 
mediation proportion), C-reactive protein (CRP) levels (6.62%), monocyte counts (1.33%), and neutrophil counts 
(4.85%) significantly mediated the relationship between pulmonary function and the risk of gout.
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Conclusions Our study revealed a significant association between impaired pulmonary function and an increased 
risk of developing gout. The association might be partially mediated by biomarkers including urate levels, inflamma-
tory markers, and immune cell counts.

Keywords Gout, Pulmonary function, UK Biobank, Spirometry, Mediation analysis, Urate levels, Inflammation, 
Immune cell counts

Background
Gout is a metabolic disorder characterized by the depo-
sition of monosodium urate crystals in joints, posing a 
worldwide health concern [1]. According to epidemio-
logical studies, the prevalence of gout worldwide has 
increased from 1 to 6.8%, with the incidence rising in 
parallel with the prevalence of obesity and metabolic syn-
drome [2]. This condition leads to considerable morbidity 
and reduced quality of life, imposing a substantial eco-
nomic burden on affected individuals and society [3].

The pathophysiology of gout involves elevated blood 
uric acid levels resulting from overproduction or under-
excretion, which leads to urate crystal formation in the 
peripheral joints. Urate crystals initiate an NOD-like 
receptor pyrin domain-containing protein 3 (NLRP3) 
inflammasome-driven inflammatory response and pro-
inflammatory cytokines, which are the hallmarks of acute 
gout attacks [4]. With the evolution of our understand-
ing of uric acid metabolism and gout, it has become clear 
that the condition is multifactorial and influenced by 
genetic, environmental, and lifestyle factors.

Pulmonary function impairment, including chronic 
obstructive pulmonary disease (COPD) and preserved 
ratio impaired spirometry (PRISm), is known to increase 
the risk of various chronic diseases. Research has shown 
that reduced pulmonary function may trigger systemic 
inflammation, oxidative stress, and altered metabolic 
profiles, leading to the development of metabolic and 
immune disorders [5–7]. For example, COPD patients 
often display increased inflammatory markers and higher 
circulating uric acid levels, suggesting a potential over-
lap between respiratory and metabolic dysfunction [8, 
9]. Rheumatoid arthritis (RA) was found to be associated 
with increased odds of both restrictive and obstructive 
pulmonary patterns [10]. PRISm can influence plasma 
metabolites, thereby promoting the onset of type 2 dia-
betes [11]. Impaired pulmonary function is also associ-
ated with macrophage activation, potentially accelerating 
inflammation progression [7]. However, as an inflamma-
tory and metabolic disease, the connection between gout 
and pulmonary function is poorly understood, and there 
is a paucity of large-scale longitudinal studies to confirm 
these potential links.

The UK Biobank, a large-scale database, offers a valu-
able opportunity to comprehensively investigate this 

relationship [12, 13]. By leveraging its extensive resources 
and longitudinal follow-up data, we aimed to elucidate 
the association between pulmonary function and the risk 
of gout. Our study employed a robust research design 
that included spirometry measurements, assessment of 
clinical outcomes, and analysis of potential mediators via 
blood biomarkers. Mendelian randomization (MR) anal-
ysis was used to verify causal associations [14]. We hope 
to elucidate the relationship between pulmonary func-
tion and gout and identify potential mediators that may 
link impaired pulmonary function with an increased risk 
of developing gout.

Methods
Research design and participants
Our study included participants from the UK Biobank 
(https:// www. ukbio bank. ac. uk/), a comprehensive lon-
gitudinal cohort study initiated between 2006 and 2010. 
It includes a wide demographic, enrolling over 500,000 
individuals aged between 37 and 73  years from various 
locations in England. Initially, these participants provided 
detailed health and lifestyle data through structured 
questionnaires and participated in physical assessments 
and biological sampling at one of 22 designated centers 
[15]. The UK Biobank consistently updates morbidity and 
mortality data by integrating information from national 
health registries. We included 420,002 participants whose 
pulmonary function data were fully documented (Addi-
tional file  1: Table  S1). The detailed selection process is 
illustrated in Fig.  1. Ethical approval for this study was 
granted by the UK Biobank Ethics Committee (approval 
number 106397), which adheres to the Research Tissue 
Bank standards.

Spirometry measurement techniques
Spirometry was conducted by professionally trained 
personnel using the Vitalograph Pneumotrac 6800 
spirometer during the initial data collection phase, 
adhering to a rigorously standardized protocol [16]. 
Each participant was required to complete two to three 
forced exhalations of a minimum 6-s duration within 
6 min, with the spirometer calibrated before each ses-
sion. Only the highest recorded values were consid-
ered for further analysis if the first two attempts were 
within 5% variability; otherwise, the third attempt was 

https://www.ukbiobank.ac.uk/
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conducted. The parameters of forced expiratory volume 
in 1 s (FEV1) and forced vital capacity (FVC) were cal-
culated as a percentage of the predicted values based 
on the Global Lung Initiative 2012 norms [17, 18]. 
Definitions were applied to categorize participants into 
groups: COPD was defined as an FEV1 less than 80% 
predicted and an FEV1/FVC ratio less than 0.7; PRISm, 
a concept assessing pulmonary function impairment, 
was identified as an FEV1 less than 80% predicted but 
an FEV1/FVC ratio equal to or greater than 0.7 [19]; 
and participants with normal spirometry results had 
FEV1 and FEV1/FVC ratios equal to or exceeding 80% 
and 0.7, respectively.

Clinical outcomes
Gout status was defined using the International Clas-
sification of Diseases (ICD), Tenth Revision, code M10, 
which was extracted from the first occurrence variables 
in the UK Biobank. Briefly, gout diagnosis information 
was obtained predominantly from primary care records, 
hospital admissions, and self-reported health condi-
tions. The follow-up time was calculated from the base-
line interview date to the date of incident gout diagnosis, 
death, or the end of follow-up on August, 2023, which-
ever occurred first.

Covariates
We considered various factors, including sociodemo-
graphic characteristics, lifestyle factors, dietary habits, 
and comorbidities, as covariates to address potential con-
founding. The sociodemographic factors included con-
tinuous age, sex (male/female), ethnicity (white, Asian/
Asian British, black/black British, mixed, and others), 
and socioeconomic status. The latter was derived using 
the Townsend index based on the postcode of residence. 
Body mass index (BMI) was calculated as weight divided 
by height squared (kg/m2) and categorized according to 
the World Health Organization criteria: underweight 
(< 18.5  kg/m2), normal weight (18.5–24.9  kg/m2), over-
weight (25–29.9 kg/m2), and obese (≥ 30 kg/m2). Smok-
ing status was classified into never smoked, ever smoked, 
or currently smoking. Alcohol intake frequency was 
assessed using a questionnaire and categorized into three 
levels from never to daily. Physical activity was measured 
through total metabolic equivalent task (MET) minutes 
of all exercise during the previous week and categorized 
into four levels: none, < 600 MET minutes/week, 600–
3000 MET minutes/week, and ≥ 3000 MET minutes/
week. Comorbidities were confirmed through a combi-
nation of self-reported medical history, review of medi-
cation records, and inpatient diagnostic reports. Dietary 
information was obtained through the food frequency 

Fig. 1 Flow diagram of participants included in the study. PSM: Propensity score matching
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questionnaire (FFQ), which provides a comprehensive 
overview of participants’ usual dietary intake. Given that 
fish and meat are primary dietary triggers for gout due 
to their high purine contents, we focused on these food 
groups. The intake of meat and fish was scored based on 
their frequency: oily fish, non-oily fish, processed meat, 
and unprocessed meat (including poultry, beef, lamb, and 
pork).

MR analysis
We obtained publicly available genome-wide associa-
tion study (GWAS) data for lung function indicators and 
gout from the IEU OpenGWAS database (https:// gwas. 
mrcieu. ac. uk/). The specific IEU IDs for the lung function 
indicators are as follows: ebi-a-GCST90029027-finn-b for 
FVC, ukb-a-235-finn-b for FEV1, ukb-a-337-finn-b for 
the predicted percentage of FEV1, and finn-b-GOUT for 
gout. Instrumental variables for genetic variants of lung 
function indicators were selected based on a linkage dis-
equilibrium  R2 of 0.001, a clumping distance of 10,000 kb, 
and a P-value threshold of 5e − 08. The main MR analyses 
were conducted using the random-effects inverse-var-
iance weighted (RE-IVW) approach, which is robust to 
the presence of heterogeneity in MR settings [20].

Assessment of potential mediators
The exploration of potential mediators was based on 
blood biomarkers and blood cells as candidates for inter-
mediate variables [11, 21–23]. These biomarkers and 
blood cells involved in inflammation, metabolism, and 
liver and kidney function may mediate the relationship 
between pulmonary function and the risk of gout (Addi-
tional file 1: Table S2). Within the UK Biobank initiative, 
blood tests were conducted on participants who provided 
informed consent. Approximately 4  ml of blood was 
drawn from the participants, processed for separation, 
and then stored at − 80  °C before being analyzed within 
24 h using a Beckman Coulter LH750 instrument. Blood 
biomarkers were subjected to rigorous quality checks 
and externally validated. Inflammation-related biomark-
ers included leukocyte, neutrophil, monocyte, and lym-
phocyte counts and C-reactive protein (CRP) levels. 
Markers associated with liver function included alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), 
aspartate aminotransferase (AST), gamma-glutamyl 
transferase (GGT), total bilirubin (TBIL), total protein, 
and albumin. Renal function was assessed using cystatin 
C, urate, and urea levels.

Statistical analysis
The FEV1% predicted was determined using the Global 
Lung Initiative 2012 reference values calculated using the 
RSpiro software package. Participant characteristics were 

statistically compared across the normal spirometry, 
PRISm, and COPD groups using the Kruskal–Wallis and 
chi-squared tests for continuous and categorical varia-
bles. Missing data were addressed by including a separate 
category for incomplete data. [24]. Logistic regression 
was used for cross-sectional analysis to determine the 
prevalence of gout across different pulmonary function 
levels, and odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated to quantify the strength of this 
association. In this cohort study, we utilized propensity 
score matching (PSM) to ensure comparability among 
participants with varying levels of pulmonary function. 
This method matched participants based on various 
factors, including demographic features, lifestyle, and 
comorbidities. The matching was conducted at a 1:1 ratio 
with a stringent criterion, employing a caliper set to 0.1 
standard deviations of the propensity score to ensure 
precision in the matching process [25, 26]. Three models 
with increasing adjustments were fitted for PSM: Model 
1 was adjusted for age, sex, socioeconomic status, and 
BMI, and Model 2 was additionally adjusted for lifestyle 
factors, including activities, smoking, alcohol consump-
tion, and dietary intake of meat and fish. Model 3 was 
further adjusted for comorbidities, such as hypertension, 
diabetes, cardiovascular disease (CVD), chronic kidney 
disease (CKD), and asthma. The association between 
baseline impaired pulmonary function status and the 
risk of developing gout was assessed using a stratified 
Cox model based on the match ID generated by PSM to 
address the paired samples [27], producing hazard ratios 
(HRs) and 95% CIs. To assess the impact of unmeasured 
confounders, we conducted a sensitivity analysis using 
the E-value method. The E-value estimates the minimum 
strength of association that an unmeasured confounder 
would need to have with both the exposure and the 
outcome to explain away the observed association [28]. 
Subgroup analyses based on various variables were con-
ducted to explore potential effect modifications of the 
association between pulmonary function and gout across 
these factors. Furthermore, the dose–response relation-
ship between the percentage of predicted values for 
FVE1 (% predicted) and FVC (% predicted) and the risk 
of gout was examined using restricted cubic spline (RCS) 
regression with four knots (5th, 35th, 65th, and 95th per-
centiles) of the pulmonary function variable distribution, 
allowing for the detection of potential linear and nonlin-
ear associations.

Selected blood biomarkers and blood cells could serve 
as potential mediators based on the following analyses 
[11, 21–23]. First, to address potential biases caused by 
missing values of potential mediators, we employed mul-
tivariate imputations by chained equations using the 
Mice R package to impute these variables with a missing 

https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
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percentage of ≥ 1% [29]. Second, we normalized the raw 
data using a z-score and applied multiple linear regres-
sion models to assess the associations between pulmo-
nary function and these biomarkers or blood cells. Next, 
we used Cox regression models to explore the relation-
ships among pulmonary function, biomarkers, and inci-
dent gout. Significant biomarkers or blood cells in these 
steps were considered potential mediators for subsequent 
mediation analyses. We estimated the proportion medi-
ated (PM) using the “mediation” package [30], and the 
non-parametric bootstrap method (with 1000 draws) was 
employed to calculate 95% CIs for the PM.

All the analyses were conducted using R software 
(version 4.2.2). A false discovery rate (FDR)-adjusted 
P-value < 0.05 for analyses involving biomarkers or blood 
cells was considered statistically significant. A two-tailed 
P-value < 0.05 was also deemed statistically significant in 
the prospective association analysis.

Results
Cross‑sectional analysis of pulmonary function and gout 
associations
Our study included 422,002 individuals with pulmonary 
function data from the UK Biobank database (Fig.  1). 
Among these individuals, 328,954 (77.95%) exhibited 
normal pulmonary function, 55,365 (13.11%) were clas-
sified as PRISm, and 35,683 (8.46%) were identified as 
COPD. Compared with those with normal spirometry, 
participants with PRISm or COPD were more likely to 
be older, male, and overweight; had a lower likelihood 
of exercising; and had more comorbidities (P < 0.001, 
Table 1).

In the cross-sectional analysis, the prevalence rates 
of gout in the normal, PRISm, and COPD groups were 
3.45% (11,351/328,954), 6.31% (3494/55,365), and 6.26% 
(2232/35,683), respectively. After adjustment for sociode-
mographic characteristics, lifestyles, and health-related 
factors, both PRISm (OR 1.24, 95% CI 1.17–1.31) and 
COPD (OR 1.14, 95% CI 1.07–1.22) were significantly 
associated with gout (both P < 0.001, Additional file  1: 
Table S3).

Longitudinal association between baseline pulmonary 
function and incident gout after PSM
Our cross-sectional study suggested an association 
between PRISm, COPD, and gout. Consequently, we 
combined individuals with PRISm and COPD into a 
single group, termed the “impaired pulmonary func-
tion” group. After individuals with gout at base-
line (n = 8279) and those who were lost to follow-up 

(n = 1060) were removed, PSM was used to adjust for 
confounding variables, aligning the baseline character-
istics between this group and those with normal pul-
monary function (Fig. 1). The two groups were closely 
aligned in terms of demographic profiles, socioeco-
nomic, and psychosocial factors, tobacco use, nicotine 
dependence, healthcare utilization, and comorbid con-
ditions, with a standardized mean difference (SMD) 
below 0.1 (Additional file 1: Table S4).

During a median follow-up of 14.41  years, the risk 
of gout was found to be substantially higher in the 
impaired pulmonary function group compared to the 
control group across three different matching models 
that were sequentially adjusted for basic demographic 
characteristics (Model 1), lifestyle and dietary factors 
(Model 2), and comorbid conditions (Model 3, Addi-
tional file  1: Fig. S1). The corresponding HRs were 
1.45 (95% CI 1.37–1.54), 1.41 (95% CI 1.33–1.50), and 
1.32 (95% CI 1.24–1.40), respectively (Additional file 1: 
Table  S5). The Kaplan–Meier curve also revealed a 
higher risk of incident gout in the impaired pulmonary 
group compared to the control group (Fig. 2A–C, Addi-
tional file 1: Fig. S2A-D).

To minimize the potential for reverse causality, we 
excluded gout patients diagnosed within 2  years of 
follow-up. The impaired pulmonary function group 
remained significantly associated with an increased risk 
of developing gout, with corresponding HRs of 1.49 
(95% CI 1.40–1.59), 1.44 (95% CI 1.36–1.54), and 1.38 
(95% CI 1.29–1.47) in Model 1–3, respectively (Addi-
tional file 1: Table S6). To evaluate the potential impact 
of unmeasured confounding, we conducted a sensitiv-
ity analysis using the E-value method, which yielded 
a value of 1.97, suggesting that our findings are rela-
tively robust to unmeasured confounding (Additional 
file 1: Fig. S3). We also performed MR analysis and our 
results demonstrated a significant connection between 
lung function indicators and the risk of gout (β < 0 and 
p < 0.05 by RE-IVW method). The OR values for the 
FVC, FEV1, and FEV1 predicted percentage were found 
to be 0.80 (95% CI 0.66–0.96), 0.72 (95% CI 0.55–0.95), 
and 0.70 (95% CI 0.53–0.93), respectively (Additional 
file  1: Table  S7, Additional file  1: Fig. S4). These find-
ings suggest a potential causal relationship between 
decreased pulmonary function and an increased risk of 
gout.

The normal and impaired pulmonary groups were 
further divided into subgroups based on age, sex, race, 
BMI, lifestyle, and comorbidities. The detrimental 
effects of impaired pulmonary function were associ-
ated with BMI, activity level, and diabetes status (P for 
interaction < 0.05, Fig.  3), emphasizing the importance 
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of considering these factors and in the context of pul-
monary function impairment.

Detection of nonlinear and linear relationships 
between pulmonary function indicators and the risk 
of gout
As FEV1 (% predicted) and FCV (% predicted) are the 

Table 1 Baseline characteristics of the study population

Abbreviations: BMI body mass index, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, PRISm preserved ratio impaired spirometry, COPD chronic 
obstructive pulmonary disease, CVD cardiovascular disease, CKD chronic kidney disease

Normal
(N = 328,954)

PRISm
(N = 55,365)

COPD
(N = 35,683)

P‑value

Age (y) 57 (49–62) 58 (50–63) 61 (55–65)  < 0.001

Sex (%)  < 0.001

 Female 191,079 (58.1%) 25,594 (46.2%) 14,704 (41.2%)

 Male 37,875 (41.9%) 29,771 (53.8%) 20,979 (58.8%)

BMI (%)  < 0.001

 Underweight 111,064 (33.8%) 11,975 (21.6%) 11,472 (32.1%)

 Normal 1443 (0.4%) 225 (0.4%) 358 (1.0%)

 Overweight 216,213 (65.7%) 43,043 (77.7%) 23,798 (66.7%)

Townsend score (%)  < 0.001

 1 (least deprived) 87,743 (26.7%) 11,432 (20.6%) 7346 (20.6%)

 2 85,857 (26.1%) 11,955 (21.6%) 7771 (21.8%)

 3 82,741 (25.2%) 13,548 (24.5%) 8736 (24.5%)

 4 (most deprived) 72,197 (21.9%) 18,354 (33.2%) 11,794 (33.1%)

Smoking (%)  < 0.001

 Never 190,713 (58.0%) 29,508 (53.3%) 13,577 (38.0%)

 Previous 110,591 (33.6%) 18,561 (33.5%) 13,726 (38.5%)

 Current 26,401 (8.0%) 6808 (12.3%) 8078 (22.6%)

Drink (%)  < 0.001

 Never 22,300 (6.8%) 7290 (13.2%) 3583 (10.0%)

 Occasions 73,079 (22.2%) 14,354 (25.9%) 7840 (22.0%)

 Frequent 233,136 (70.9%) 33,431 (60.4%) 24,115 (67.6%)

Activity (%)  < 0.001

 Normal 40,567 (12.3%) 8057 (14.6%) 4612 (12.9%)

 Low 137,464 (41.8%) 21,274 (38.4%) 13,582 (38.1%)

 High 80,924 (24.6%) 11,354 (20.5%) 8167 (22.9%)

Fish consumption (%)  < 0.001

 Low 158,230 (48.1%) 27,419 (49.5%) 17,392 (48.7%)

 High 170,512 (51.8%) 27,801 (50.2%) 18,226 (51.1%)

Meat consumption (%)  < 0.001

 Low 81,702 (24.8%) 12,251 (22.1%) 7175 (20.1%)

 Medium 129,673 (39.4%) 21,271 (38.4%) 13,747 (38.5%)

 High 116,941 (35.5%) 21,407 (38.7%) 14,561 (40.8%)

Comorbidities (%)
 Hypertension 158,899 (48.3%) 33,816 (61.1%) 21,600 (60.5%)  < 0.001

 Diabetes 10,179 (3.1%) 5496 (9.9%) 2321 (6.5%)  < 0.001

 CVD 10,273 (3.1%) 4278 (7.7%) 2803 (7.9%)  < 0.001

 CKD 7753 (2.4%) 1583 (2.9%) 949 (2.7%)  < 0.001

 Asthma 27,294 (8.3%) 7286 (13.2%) 9893 (27.7%)  < 0.001

FVC Pred (%) 100.39 (92.53–109.31) 75.79 (69.40–80.65) 84.17 (74.99–91.30)  < 0.001

FEV1 Pred (%) 98.19 (90.44–106.90) 73.58 (67.72–77.24) 67.57(58.10–74.19)  < 0.001

FEV1/FVC 0.78 (0.75–0.81) 0.76 (0.73–0.80) 0.64 (0.59–0.67)  < 0.001
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leading indicators defining pulmonary function, we strat-
ified them into four grades to evaluate the risk of gout 
development. The findings indicated that higher grades of 
FEV1 (% predicted) and FCV (% predicted) were associ-
ated with a lower risk of gout (Additional file 1: Table S8). 
The RCS method was then used to explore the relation-
ships between FEV1 (% predicted), FCV (% predicted), 
and the risk of gout. We plotted the RCS curve with 
four knots at the 5th, 35th, 65th, and 95th percentiles 
of FEV1 (% predicted) and FCV (% predicted). The RCS 
curve exhibited an inverse S-shaped pattern, indicating 
a nonlinear relationship between pulmonary function 
and gout risk (P for overall association < 0.001 and P for 
nonlinear association < 0.001). We found that decreased 
FEV1 (%predicted) and FCV (%predicted) were sig-
nificantly linked to an elevated risk of gout. Specifically, 
subjects with FVC (%predicted) below 88% or FEV1 
(%predicted) below 79% showed a pronounced increase 
in the risk of developing gout (Fig. 4A,B). As pulmonary 
function exceeds these thresholds, the influence of pul-
monary function on gout risk shifts in both direction and 
strength, indicating that enhanced pulmonary function 
can reduce the risk of gout (Fig. 4A,B).

Mediation analysis of peripheral blood biomarkers 
in the association between pulmonary function and gout 
risk
Given that gout is involved in inflammation, uric acid 
levels, and immune cell function, we conducted a media-
tion analysis focusing on peripheral blood biomarkers 
and blood cells as potential mediators to further explore 
potential mediators (Additional file  1: Table  S9). After 

imputing the mediator variables, the distribution of the 
data remained consistent with the original values (Addi-
tional file  1: Fig. S5-8). We employed multiple linear 
models to analyze the relationships between impaired 
pulmonary function and circulating biomarkers, while 
using Cox regression to examine the associations 
between these biomarkers and gout events. Additionally, 
we conducted a mediation analysis to assess the mediat-
ing effects of circulating biomarkers on the relationship 
between impaired pulmonary function and gout. A total 
of 22 plasma biomarkers showed significant mediating 
effects. A total of 22 plasma biomarkers showed signifi-
cant mediating effects. Notably, the urate level exhib-
ited the most significant mediating effect, with an HR of 
3.016 (95% CI 2.943–3.091), corresponding to a 49.1% 
mediation proportion for the risk of gout (Fig.  5). This 
result indicated that a decline in pulmonary function 
was associated with a significant increase in uric acid 
levels, further promoting gout development. Inflamma-
tory markers, such as CRP, also demonstrated substantial 
mediation effects, with a mediation proportion of 6.62%. 
Furthermore, immune cell counts, including mono-
cyte and neutrophil counts, were also identified as sig-
nificant mediators, with mediating proportions of 1.33% 
and 4.85%, respectively, suggesting that inflammation is 
intricately involved in gout pathology (Fig. 5). Additional 
mediators included GGT (3.17%), cystatin C (8.69%), 
insulin-like growth factor 1(IGF-1, 4.63%), sex hormone-
binding globulin (SHBG, 5.9%), vitamin D (2.87%), and 
calcium (− 2.47%), indicating that systemic metabolism 
and nutrition may also contribute to gout risk.

Fig. 2 Kaplan–Meier analysis showing the risk of gout in individuals with impaired pulmonary function and those with normal pulmonary function 
in model 1 (A), model 2 (B), and model 3 (C). Model 1: Propensity matching by age, sex, Townsend score, and body mass index. Model 2: Propensity 
matching by age, sex, Townsend score, body mass index, smoking status, alcohol consumption, physical activity, fish consumption, and meat 
consumption Model 3: Propensity matching by age, sex, Townsend score, body mass index, smoking status, alcohol consumption, physical activity, 
fish consumption, meat consumption, hypertension, diabetes, CKD, CVD, and asthma. CVD: Cardiovascular disease; CKD: Chronic kidney disease
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Discussion
The present study utilized a large sample from the UK 
Biobank and revealed a significant association between 
impaired pulmonary function and gout. Our findings 
indicate that individuals with PRISm and COPD have a 
higher prevalence of gout compared to those with nor-
mal spirometry function. A longitudinal analysis further 
confirmed that impaired pulmonary function is a poten-
tial risk factor for the incidence of gout. Pulmonary func-
tion indicators, as measured by FEV1 (% predicted) and 
FCV (% predicted), are not only associated with a higher 
risk of gout but also follow a nonlinear pattern. Media-
tion analysis revealed that urate levels, inflammatory 

markers, and immune cell counts significantly mediated 
this relationship.

Effective gas exchange relies on normal pulmonary 
function, which is crucial for maintaining the body’s 
normal physiological metabolism. Recent studies have 
focused on the interplay between pulmonary func-
tion and a spectrum of diseases, notably rheumatic and 
metabolic disorders. Prisco et al. [10] conducted a cross-
sectional analysis of a large UK Biobank cohort, reveal-
ing a robust association between RA and the presence of 
restrictive and obstructive pulmonary patterns. Studies 
by Ahn et al. [8] and Yang et al. [9] have both identified a 
link between hyperuricemia and diminished pulmonary 

Fig. 3 Forest plot showing the subgroup analysis of gout risk exposed to impaired pulmonary function compared to normal pulmonary function. 
HR: Hazard ratio; CVD: Cardiovascular disease; CKD: Chronic kidney disease; BMI: Body mass index
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capacity, suggesting a potential metabolic basis for res-
piratory impairment. However, contrasting results have 
emerged from studies by Luo et  al. [31] and Kang et  al. 
[32], who used the National Health and Nutrition Exami-
nation Survey dataset to report an inverse relationship 
between hyperuricemia and pulmonary function in the 
U.S. adult population. These discrepancies may be due 
to variations in study design, population demographics, 

or methodologies used to assess pulmonary function 
and metabolic health. Our study included a large cohort 
for broader generalizability, utilized stringent pulmo-
nary function testing for accuracy, and employed PSM 
to adjust for confounding variables, thereby enhancing 
the robustness of our findings regarding the association 
between gout and pulmonary function. Our study also 
extends the current understanding by examining the 

Fig. 4 Association between FVC (% predicted) and FEV1 (% predicted) and the risk of gout in populations. A, B The RCS curves illustrating 
the nonlinear relationship between pulmonary function and FVC (% predicted) (A) and FEV1 (% predicted) (B). Each hazard ratio was computed 
with an FVC (% predicted) level of 88% (turning point) and FEV1(% predicted) level of 79% (turning point) as the reference. The solid line and red 
area represent the estimated values and their corresponding 95% CIs. HR: Hazard ratio; RCS: Restricted cubic spline; FEV1: Forced expiratory volume 
in 1 s; FVC: Forced vital capacity

Fig. 5 Associations between pulmonary function and incident gout mediated by blood biomarkers and blood cells. Significance (Sig.): 
***FDR < 0.001, **FDR < 0.01, *FDR < 0.05; FDR: False discovery rate; HR: Hazard ratio; CI: Confidence interval; PM: Proportion mediated
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relationship between PRISm and gout, which has been 
less explored in the literature [11, 33–35]. The inclusion 
of PRISm in our analysis adds depth to the existing lit-
erature by highlighting that even a preserved ratio of 
pulmonary function can be associated with gout, which 
challenges the traditional focus on COPD alone.

Previous studies on pulmonary function and adverse 
health outcomes have shown significant nonlinear asso-
ciations [36, 37]. Our study confirms these findings and 
provides novel evidence supporting a nonlinear associa-
tion between pulmonary function indicators and gout. 
Stratified analyses suggested that the association between 
pulmonary function and gout was influenced by BMI, 
physical activity level, and diabetes status. These findings 
highlight the necessity of integrating these factors into 
the clinical management of pulmonary function impair-
ment. Future research should aim to elucidate the mech-
anistic connections between these variables to guide the 
development of preventive strategies for individuals with 
impaired pulmonary function.

We also examined potential mediators, which shed 
further light on the link between impaired pulmonary 
function and an increased risk of gout. Our results 
showed that urate levels had the highest mediating effect, 
accounting for 49.1% of the mediation proportion in the 
risk of gout, highlighting the pivotal role of uric acid in 
the association between pulmonary function and gout. 
Decreased pulmonary function may precipitate local-
ized increases in  CO2 within the microenvironment, trig-
gering metabolic changes and hypoxia, which can lead 
to reduced renal clearance of uric acid and localized pH 
changes in tissues. These alterations potentially lower the 
solubility of urate salts, facilitating the crystallization of 
monosodium urate and the onset of gout [38]. Chronic 
systemic inflammation, driven by pulmonary dysfunc-
tion, further amplifies this risk by impairing metabolic 
homeostasis and immune regulation. Notably, elevated 
counts of monocytes and neutrophils, which we iden-
tified as significant mediators in our study, increase 
the production of proinflammatory cytokines, such 
as IL-1β, a critical factor in the initiation of gout flares 
[21, 39]. Consequently, this can result in elevated levels 
of inflammatory cells and cytokines in the bloodstream, 
contributing to the development of gout. Additionally, 
neutrophils play a key role in the formation of neutrophil 
extracellular traps (NETs), which are actively involved in 
crystal-induced inflammation [40]. These NETs can exac-
erbate the inflammatory response in gout by promoting 
monosodium urate crystal deposition [41]. Additionally, 
a MR study supported a causal relationship between pul-
monary diseases and renal function [42]. Remarkably, 
the relationship between renal dysfunction and gout has 
been well established [43].

Although our study benefited from a large sample size 
and rigorous methodology, several limitations should 
be acknowledged. First, the cross-sectional nature of 
spirometry data may not fully capture dynamic changes 
in pulmonary function over time. Longitudinal assess-
ments may help provide deeper insights into the progres-
sive effects of pulmonary decline on gout development 
and strengthen causal inferences. Second, the diagnosis 
of gout in the UK Biobank relied on ICD-10 codes rather 
than objective clinical examinations, which could have 
resulted in underreporting or misclassification. Primary 
care records cover less than half of the participants, 
potentially leading to underreported mild gout cases 
and misclassification, leading to the underreporting of 
mild gout cases, potentially resulting in misclassification. 
Future studies are expected to use more objective diag-
nostic criteria to validate our findings. Third, although 
we adjusted for numerous confounders, the possibility of 
unmeasured confounding factors cannot be entirely dis-
missed. Fourth, the generalizability of our findings may 
be constrained by the predominantly Caucasian demo-
graphics of the UK Biobank cohort. As genetic predis-
positions, environmental exposures, and lifestyle factors 
differ across populations, our findings may have limited 
generalizability to non-Caucasian or geographically dis-
tinct groups. Diverse population studies are necessary to 
increase the generalizability of the findings. Investigating 
the biological mechanisms linking pulmonary function to 
gout using experimental models may provide more defin-
itive evidence for these associations.

Conclusions
Based on a large-scale prospective cohort, our research 
revealed a significant association between impaired 
pulmonary function and an increased risk of gout. This 
association might be partially mediated by biomark-
ers including urate levels, inflammatory markers, and 
immune cell counts. Pulmonary function tests might be 
considered a supplementary tool for individuals at risk of 
gout. Closer collaboration between pulmonologists and 
rheumatologists may enhance patient management.

Supplementary information.
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