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Background: Lipid Accumulation Product (LAP), which is derived from
measurements of waist circumference and triglyceride (TG) levels, serves as a
comprehensive indicator of lipid accumulation. Emerging research indicates
that lipid accumulation dysfunction might significantly contribute to the
pathogenesis of Chronic Obstructive Pulmonary Disease (COPD). Nevertheless,
the investigation into the association between LAP and COPD risk is still
insufficient, particularly in population-based research. This research intends to
examine the possible correlation between LAP and the likelihood of developing
COPD.

Methods: This study, designed as a cross-sectional analysis, made use of
data gathered from the National Health and Nutrition Examination Survey
(NHANES) spanning the years 2017 to 2020, encompassing a total of 7,113
eligible participants. LAP, the exposure variable, was calculated using waist
circumference and triglyceride concentration. COPD diagnosis was determined
using participants’ self-reported information. To explore the association
between LAP and COPD, multivariate logistic regression models were applied,
and smoothing curve fitting was employed to examine any potential nonlinear
patterns. Further analysis included stratified subgroup evaluations to assess
how variables such as sex, smoking habits, and alcohol intake might impact the
relationship between LAP and COPD.

Results: The findings indicated a significantincrease in COPD risk with each one-
unit rise in In LAP, as evidenced by an Odds Ratio (OR) of 1.16 [95% Confidence
Interval (Cl): 1.04-1.30, p <0.01]. Furthermore, a quartile-based analysis
revealed that individuals in the highest In LAP category had a considerably higher
likelihood of developing COPD compared to those in the lowest category, with
an OR of 1.35 (95% CI: 1.04-1.75, P for trend <0.01). Furthermore, the smoothing
curve fitting identified a nonlinear and positive association between In LAP and
COPD, suggesting a steeper increase in risk as In LAP values rise. Subgroup
analysis suggested that this association remained fairly consistent across various
demographic groups.

Conclusion: This study found a significant link between higher LAP levels and
an elevated risk of COPD, with the association displaying a nonlinear pattern. As
a marker of lipid accumulation abnormalities, LAP may serve as a valuable tool
for assessing COPD risk and could inform strategies for early identification and
targeted clinical management.
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1 Introduction

As a condition characterized by a complex interplay of respiratory
abnormalities, Chronic Obstructive Pulmonary Disease (COPD)
primarily manifests as persistent airflow obstruction and heightened
inflammation within the lung tissue (1, 2). It predominantly affects
middle-aged and elderly populations (3, 4). In recent decades, COPD
prevalence has been on an upward trend, largely driven by factors such
as escalating environmental pollution and an aging global population,
thereby creating a substantial economic strain on society (5, 6). The
World Health Organization (WHO) forecasts that COPD prevalence
will keep rising over the coming four decades, with annual deaths
potentially exceeding 5.4 million by 2060 due to COPD and its
associated complications (7, 8). Despite being a preventable and
treatable major public health concern, there remain numerous
shortcomings in the clinical management of COPD, including
inadequate patient education and follow-up (9-12). These factors
significantly impact the stability of the disease, leading to frequent
exacerbations and disease progression. Additionally, symptom
exacerbations not only affect patients’ daily activities and sleep quality
but can also contribute to mental health issues (13, 14). The high
prevalence, recurrent exacerbations, and protracted course of COPD
place a heavy economic burden on patients, their families, and society
(15, 16). Therefore, accelerating the standardization of COPD
diagnosis, treatment, and prevention, while improving the precision
and efficacy of clinical management, is of critical importance (17).

In the last 40 years, obesity rates have been on a consistent rise
worldwide (18, 19). Numerous epidemiological studies have shown
that obesity significantly enhances susceptibility to pulmonary
diseases, suggesting that lipid accumulation or abnormal distribution
resulting from obesity is a critical factor contributing to the
development of respiratory conditions, including COPD (20, 21).
Traditionally, obesity assessment relies on indicators such as Body
Mass Index (BMI) to gauge overall body fat and Waist Circumference
(WCQC) to measure abdominal fat (22-24). However, both methods
present specific limitations (25). While BMI serves as a general
indicator of obesity, it does not effectively differentiate between various
body components, such as lean mass, water content, or visceral fat,
which limits its accuracy in assessing the risk linked to specific health
conditions (26). While WC can indicate abdominal obesity, it cannot
accurately distinguish between visceral and subcutaneous fat, with
visceral fat being closely linked to metabolic disorders (27). To better
reflect the health impact of excessive fat accumulation, the Lipid
Accumulation Product (LAP) was introduced. LAP combines WC and
fasting triglyceride (TG) concentration, offering a more accurate
assessment of changes in lipid accumulation (28).

Abbreviations: LAP, Lipid Accumulation Product; COPD, Chronic Obstructive
Pulmonary Disease; WHO, The World Health Organization; BMI, Body Mass Index;
WC, Waist Circumference; TG, Triglyceride; NHANES, National Health and Nutrition
Examination Survey; CDC, Centers for Disease Control and Prevention; SD,
Standard deviations; ORs, Odds ratios; Cls, Confidence intervals; FAO, Fatty acid

oxidation; ROS, Reactive oxygen species.
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(LAP) is a cost-effective

anthropometric measure that is easy to calculate and obtain, providing

Lipid Accumulation Product

a novel perspective for understanding the impact of obesity on
respiratory health (29, 30). Studies have demonstrated that LAP
outperforms traditional indicators in predicting various health
conditions, including heart-related diseases, type 2 diabetes, and
metabolic abnormalities (31, 32). As a marker of lipid accumulation
abnormalities, LAP can more effectively quantify the accumulation of
visceral fat and its associated health risks (33). Therefore, exploring
the association between LAP and COPD risk can provide a more
comprehensive understanding of how lipid accumulation
abnormalities may contribute to COPD progression.

Given this context, this study seeks to investigate how variations
in lipid accumulation might relate to the occurrence of COPD, delving
deeper into their potential connection. Using data from the National
Health and Nutrition Examination Survey (NHANES), a nationally
representative dataset, allows us to comprehensively explore this
association within a diverse U.S. population. Our research focuses on
examining how LAP is related to COPD risk, highlighting the
interactions among lipid accumulation, obesity, and COPD. Our
hypothesis posits that elevated LAP could increase the risk of

developing COPD.

2 Methods
2.1 Study design and sample

In this cross-sectional analysis, we explored the relationship between
LAP and COPD using data from the National Health and Nutrition
Examination Survey (NHANES) spanning 2017 to 2020. NHANES
employs a sophisticated sampling method, incorporating a multistage,
stratified design to accurately represent the health status of the
non-institutionalized U.S. population. Before participating in the survey,
all individuals provided written informed consent, and the study was
conducted under ethical guidelines approved by the relevant review
board. Comprehensive details about the NHANES methodology,
sampling strategies, and data collection procedures are available on the
CDC’s NHANES website (https://www.cdc.gov/nchs/nhanes/).

The initial analysis of this study encompassed 7,113 eligible
participants (Figure 1). Participants were excluded if they met any of
the following conditions: (1) those without information regarding a
COPD diagnosis; (2) those missing necessary data for LAP calculation;
and (3) those lacking data on key covariates, including smoking status
and alcohol consumption.

2.2 Exposure variable: LAP

In this study, LAP was used as the primary exposure variable, with
its calculation differing by sex. The calculation of LAP was performed
using specific formulas tailored separately for males and females. In
NHANES, anthropometric measurements were performed by health
technicians who had received specialized training, using mobile
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National Center for Health Statis-
tics 2017-2020(N=15560)
> Missing COPD-related
data(N=6347)
Y
Participants with complete
COPD-related data(N=9213)
| Missing data to calculate lipid
~| accumulation product(N=1740)
Y
With complete data(N=7473)
Missing covariates(N=360)
Y
Participants eventually included in
the study(N=7113)
FIGURE 1

Flow chart of participant selection.

examination centers for consistency. WC was specifically measured at
the uppermost part of the iliac crest with the use of a measuring tape,
and the values were documented in centimeters (cm).

LAP =(WC(cm)—58)x TG(mmol /L) for females

LAP = (WC(cm) - 65) x TG(mmol/L) for males
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2.3 Outcome variable: COPD

In this study, the diagnosis of COPD was obtained through self-
reported questionnaires completed by participants. Participants were
asked whether they had ever received a diagnosis of COPD,
emphysema, or chronic bronchitis from a doctor or healthcare
professional. This questionnaire-based method efficiently identifies
COPD patients and has been widely used in related studies,
demonstrating a certain level of reliability (34).
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2.4 Covariates

This study took into account several covariates that could
potentially affect the association between LAP and COPD, including
gender, ethnicity, educational attainment, marital status, alcohol
consumption, and smoking behavior. Marital status was categorized
as married, cohabiting, and unmarried/single. Smoking status was
classified into never smokers and smokers. Participants’ alcohol
consumption was categorized into drinkers and non-drinkers, based
on their self-reported alcohol intake. These covariates were adjusted
for during data analysis to control for their potential impact on the
association between LAP and COPD. Detailed definitions and
measurement methods for each covariate can be found in the official
NHANES documentation.

2.5 Statistical analyses

In this study, we performed statistical analyses using R software
(v4.2.0) along with EmpowerStats 2.0 for thorough data evaluation.
These analyses took full consideration of the NHANES complex
sampling framework and applied sample weights to guarantee
representativeness at the national level and enhance statistical
reliability. For this analysis, statistical significance was determined
using a threshold p-value of less than 0.05, indicating a high likelihood
that the observed results were not due to random chance. To ensure
the robustness of the findings, all procedures adhered to CDC
guidelines and incorporated the NHANES sampling weights
throughout the analysis.

Descriptive statistics were used to outline the baseline
characteristics of the participants. Categorical variables were
expressed as weighted proportions, while continuous variables
were presented as weighted means with standard deviations (SD).
Group differences were assessed using appropriate statistical
methods for categorical and continuous data. Given the
distribution of LAP,
transformation (In LAP) was applied to approximate normality for

non-normal a natural logarithmic
further analyses.

In order to thoroughly examine the connection between In LAP
and COPD, we utilized weighted multivariate logistic regression
models. This method facilitated a detailed exploration of the potential
association while controlling for potential confounders to strengthen
the validity of our analysis. Model I did not adjust for any covariates,
providing the crude association between In LAP and COPD. Model II
included adjustments for demographic variables such as sex, race, and
age. To further account for potential confounding factors, Model III
incorporated additional adjustments for educational attainment,
marital status, alcohol intake, and smoking behavior. To assess the
association between LAP and COPD, odds ratios (ORs) were
estimated for each model. Subsequently, the precision of these
estimates was gauged by calculating the 95% confidence intervals
(CIs). Furthermore, a smoothing curve fitting method was utilized to
explore potential nonlinear relationships between In LAP and the risk
of COPD, providing a deeper insight into their interaction. Subgroup
analyses and interaction tests were conducted across various
populations, particularly focusing on stratification by sex, smoking
status, and alcohol

consumption, to pinpoint potentially

vulnerable subgroups.
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3 Results
3.1 Baseline characteristics of participants

The distribution of demographic factors and additional covariates
among the participants, categorized by their COPD status, is detailed in
Table 1. Within the cohort, 7,113 individuals were examined, and 632 of
them were confirmed to have COPD. Among the COPD patients,
48.10% were male. After adjusting for weights, the average age of
participants diagnosed with COPD was 60.11 + 15.18 years. This age is
significantly higher compared to the mean age of 49.69 + 17.22 years
recorded for individuals without COPD (p < 0.001). Furthermore, the
COPD group exhibited a notably higher proportion of smokers, alcohol
consumers, and individuals who were single (p < 0.001). Statistical
analysis also revealed differences in other covariates, including race and
education level, when comparing the two groups. Importantly, the In
LAP values in individuals diagnosed with COPD were markedly elevated
compared to those in the non-COPD group, further implying a possible
link between lipid accumulation and the development of COPD.

3.2 Association between LAP and COPD
risk

The analysis, accounting for all relevant covariates, indicated that
with every one-unit increase in In LAP, the risk of developing COPD
increased by 16%. This association was statistically significant, as
demonstrated by an odds ratio (OR) of 1.16, with a 95% confidence
interval (CI) ranging from 1.04 to 1.30 (p < 0.01). This result suggests
a strong association between elevated LAP levels and a higher risk of
developing COPD, highlighting the potential impact of lipid
accumulation on the disease’s onset. Further analysis, categorizing In
LAP into quartiles, indicated that participants within Q4 had a
significantly greater risk of COPD when compared to those in Q1.
This elevated risk corresponded to an OR of 1.35, with a 95% CI of
1.04 to 1.75, along with a statistically significant trend (P for trend
<0.01) as detailed in Table 2.

3.3 Analysis of curve fitting

The smoothing curve fitting analysis offered deeper insights,
revealing that the relationship between In LAP and COPD risk does
not follow a simple linear pattern, suggesting a more complex
interaction. As shown in Figure 2, the risk of COPD exhibited an
accelerating upward trend with increasing In LAP, particularly at
higher In LAP levels where the risk significantly increased. This
nonlinear relationship indicates that the effect of In LAP on COPD
risk is not a simple linear increase; rather, the risk of COPD becomes
more pronounced at elevated LAP levels. The area shaded in blue
illustrates the 95% confidence interval (95% CI), further confirming
that this nonlinear trend is statistically significant.

3.4 Subgroup analysis

A set of subgroup analyses and interaction tests was carried out,
incorporating different covariates, to assess how robust the association
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TABLE 1 Baseline characteristics of participants, categorized by COPD status.

Characteristic Non-COPD COPD
N = 6,481 (91.1%) N = 632 (8.9%)

Age (year) 49.69 = 17.22 60.11 £ 15.18 <0.001
Triglycerides (mmol/L) 1.56 +£1.23 1.60 £0.95 0.002
BMI 29.87+7.13 31.54 + 8.68 <0.001
wC 100.72 = 16.90 106.90 = 18.38 <0.001
Total cholesterol (mmol/L) 4.82 + 1.06 4.65 + 1.08 <0.001
LAP 64.57 £ 62.04 76.32 + 57.81 <0.001
Ln LAP 3.84+0.84 4.06 £0.79 <0.001
Gender (%) 0.571
Male 3,194 (49.28%) 304 (48.10%)

Female 3,287 (50.72%) 328 (51.90%)

Race (%) <0.001
Mexican American 827 (12.76%) 27 (4.27%)

Other Hispanic 684 (10.55%) 45 (7.12%)

Non-Hispanic White 2,234 (34.47%) 360 (56.96%)

Non-Hispanic Black 1,664 (25.68%) 132 (20.89%)

Non-Hispanic Asian 785 (12.11%) 17 (2.69%)

Other Race - Including Multi-Racial 287 (4.43%) 51 (8.07%)

Alcohol (%) 0.001
Drinks 5,895 (90.96%) 599 (94.78%)

Never 586 (9.04%) 33 (5.22%)

Hypertension (%) <0.001
Yes 2,351 (36.28%) 362 (57.28%)

No 4,130 (63.72%) 270 (42.72%)

Diabetes (%) <0.001
Yes 1,076 (16.60%) 203 (32.12%)

No 5,405 (83.40%) 429 (67.88%)

Smoking status (%) <0.001
Yes 2,543 (39.24%) 463 (73.26%)

No 3,938 (60.76%) 169 (26.74%)

Marital status (%) <0.001
Married/Living with partners 3,852 (59.44%) 315 (49.84%)

Widowed/Divorced/Separated 1,346 (20.77%) 224 (35.44%)

Never married 1,283 (19.80%) 93 (14.72%)

Education level (%) <0.001
Less than 9th grade 443 (6.84%) 39 (6.17%)

9-11th grade 663 (10.23%) 94 (14.87%)

High school graduate 1,531 (23.62%) 198 (31.33%)

Some college or AA degree 2,134 (32.93%) 231 (36.55%)

College graduate or above 1710 (26.38%) 70 (11.08%)

between LAP and COPD is. Additionally, this approach helped = COPD risk was more pronounced in certain specific populations, the
identify any significant variations within specific subgroups (Table 3).  interaction p values for most subgroups did not show significant
The analysis uncovered that, in the majority of subgroups examined,  differences. This suggests that the relationship between LAP and
higher LAP levels were significantly linked with an increased =~ COPD risk is relatively stable across different populations, with no
prevalence of COPD. Although the association between LAP and  apparent interactions identified. This consistency indicates that LAP,
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TABLE 2 Multivariable logistic regression models for the association between LAP and COPD.

OR (95%Cl), P-value

Model |

Model Il

10.3389/fnut.2024.1517108

Model Ill

COPD

Ln LAP Continuous

1.38 (1.25, 1.53) <0.0001

1.22 (1.09, 1.37) 0.0005

1.16 (1.04, 1.30) 0.0089

COPD

FIGURE 2
The smoothed curve between LAP and COPD is depicted in red, with
blue bars representing the 95% CI.

as a potential risk factor, demonstrates a uniform association with
COPD risk across various subgroups.

4 Discussion

In this study, we investigated the link between the LAP index and
COPD prevalence, utilizing data sourced from the NHANES database.
The findings indicated a significant positive link between higher LAP
levels and a greater risk of COPD, reinforcing the potential
involvement of lipid accumulation abnormalities in the development
of COPD.

Firstly, the model analysis showed that with every one-unit
increment in In LAP, the odds of developing COPD rose by
approximately 16%, as indicated by an OR of 1.16 (95% CI: 1.04-1.30,
p <0.01). This result points to a distinct positive association between
LAP levels and COPD risk. Additionally, the quartile-based
assessment supported this observation, indicating that participants in
the highest In LAP quartile had a substantially elevated likelihood of
COPD relative to those in the lowest quartile. These outcomes imply
that lipid accumulation is closely linked to COPD risk, suggesting that

Frontiers in Nutrition

Categories
Quartilel Ref Ref Ref
Quartile2 1.40 (1.09, 1.82) 0.0096 1.05 (0.80, 1.37) 0.7268 1.12 (0.85, 1.47) 0.4252
Quartile3 165 (1.28, 2.12) <0.0001 1.19 (0.91, 1.54) 0.1996 1.17 (0.89, 1.53) 0.2571
Quartile4 2.02 (1.58, 2.57) <0.0001 1.46 (1.13, 1.88) 0.0035 1.35 (1.04, 1.75) 0.0234
P for trend 1.44 (1.27, 1.62) <0.0001 1.24 (109, 1.41) 0.0013 1.17 (1.02, 1.33) 0.0200
monitoring and managing LAP could be crucial in the prevention and
treatment strategies for COPD.
Additionally, the study found that the relationship between LAP
9 and COPD may exhibit a non-linear positive correlation. The analysis
=

using smooth curve fitting indicated that the relationship between In
LAP levels and COPD risk is non-linear, showing a marked increase
in COPD risk, especially when In LAP levels reach the higher range.
This further emphasizes the importance of controlling lipid
accumulation in reducing COPD risk. Moreover, findings derived
from subgroup analyses and interaction tests indicated that this
association remains fairly consistent across various populations,
showing no significant impact from factors such as gender, age, race,
or other typical covariates. This finding suggests that lipid
accumulation abnormalities may exhibit a consistent association with
COPD incidence across diverse groups.

To our knowledge, this is the first study based on NHANES data
from 2017 to 2020 that assesses the association between LAP index
and COPD risk. Previous studies primarily relied on earlier NHANES
data to explore the relationships between other common indicators or
specific nutrients and COPD (35).

Research indicates that obesity significantly impacts lung
function, with obesity-related indicators showing a negative
correlation with pulmonary function (36-38). This effect stems from
how adipose tissue impacts the mechanical behavior of the respiratory
system; for instance, abdominal obesity can reduce lung compliance
and substantially decrease lung volume, while visceral fat may alter
diaphragmatic structure and restrict its movement, thereby impairing
lung function (39, 40).

As a comprehensive lipid accumulation indicator, LAP
incorporates waist circumference and fasting triglyceride (TG), both
closely related to lipid accumulation. While WC and TG may
individually contribute to COPD risk, LAP could offer a more
comprehensive reflection of both abdominal obesity and dyslipidemia.
Elevated LAP typically reflects visceral fat accumulation and metabolic
dysfunction, with increased TG levels often associated with
inflammatory responses and the onset of various chronic diseases (41,
42). In the pathogenesis of COPD, lipid accumulation abnormalities
and systemic inflammation are recognized as significant triggering
factors (43, 44). Additionally, the higher prevalence of comorbid
diabetes within the COPD group suggests that dyslipidemia may
interact with metabolic disorders to exacerbate COPD severity (45,
46). Thus, LAP serves as a crucial indicator of lipid accumulation in
relation to COPD. Earlier clinical investigations have examined how
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TABLE 3 Subgroup Stratified Analysis of LAP and COPD with Adjustments from Model IIl.

Subgroup analysis

COPD, OR(95%Cl), P-value

10.3389/fnut.2024.1517108

P for interaction

Gender (%) 0.8670
Male 1.16 (1.00, 1.35) 0.0559
Female 1.18 (1.00, 1.40) 0.0466
Race (%) 0.4916
Mexican American 0.70 (0.40, 1.23) 0.2143
Other Hispanic 1.21 (0.80, 1.83) 0.3638
Non-Hispanic White 1.15 (0.98, 1.34) 0.0806
Non-Hispanic Black 1.30 (1.03, 1.66) 0.0298
Non-Hispanic Asian 0.96 (0.50, 1.85) 0.9120
Other Race - Including Multi-Racial 1.11 (0.71, 1.73) 0.6591
Education level (%) 0.8236
Less than 9th grade 1.04 (0.60, 1.82) 0.8824
9-11th grade 1.09 (0.79, 1.50) 0.5956
High school graduate 1.08 (0.88, 1.33) 0.4606
Some college or AA degree 1.25 (1.04, 1.49) 0.0166
College graduate or above 1.26 (0.89, 1.77) 0.1966
Marital status (%) 0.8096
Married/Living with partners 1.13 (0.96, 1.32) 0.1464
Widowed/Divorced/Separated 1.22 (0.99, 1.50) 0.0602
Never married 1.12 (0.86, 1.45) 0.4017
Alcohol (%) 0.8717
Drinks 1.17 (1.04, 1.31) 0.0086
Never 1.11 (0.60, 2.05) 0.7423
Smoking status (%) 0.1091

Yes

1.10 (0.97, 1.26) 0.1448

No

1.35 (1.09, 1.69) 0.0067

LAP relates to different disease outcomes, yet research specifically
addressing COPD remains limited. Studies have shown that COPD
patients often exhibit lipid accumulation abnormalities (47, 48). A
study involving a Spanish population found that among 1,500 subjects,
48.3% of COPD patients had dyslipidemia (49). This indicates that
disruptions in lipid accumulation could be a key factor in the
pathogenesis of COPD.

Chronic inflammation and smoking are recognized as major
mechanisms leading to lipid accumulation abnormalities in patients
with COPD. TG and other lipids are transported from the liver to the
bloodstream via lipoproteins. Once these lipid-rich particles are taken
up by macrophages, they can lead to lipid deposition, subsequently
triggering inflammatory responses (50). Chronic inflammation
and lipid accumulation abnormalities play a dual role in
COPD. Pro-inflammatory cytokines can elevate circulating TG levels,
while inflammation suppression may lower these levels (51, 52). This
phenomenon further underscores the complex interplay between lipid
accumulation and inflammation, highlighting their central roles in the
pathogenesis of COPD. These mechanisms may partly explain the
observed association between elevated LAP and increased COPD risk
in this study, as LAP reflects both TG levels and abdominal obesity,
which are closely linked to systemic inflammation.

Frontiers in Nutrition

Smoking is recognized as a major risk factor for COPD and has a
profound effect on lipid accumulation (53). Research has
demonstrated that smoking can increase the levels of circulating lipids
in the bloodstream, contributing to an altered lipid profile that may
include higher concentrations of harmful fats (54). Earlier research
has suggested that exposure to cigarette smoke can trigger the
production of fatty acids within epithelial cells of the respiratory tract.
This process subsequently impacts autophagy, the release of
inflammatory mediators, and cell apoptosis (55, 56). Chronic exposure
to cigarette smoke disrupts fatty acid accumulation homeostasis, a
factor considered crucial in the onset and progression of COPD (57,
58). Furthermore, the increased fatty acid oxidation (FAO) caused by
cigarette smoke exposure may exacerbate cellular damage through
mitochondrial injury and the accumulation of reactive oxygen species
(ROS), implying that such metabolic changes are crucial for preserving
lipid accumulation homeostasis in the body (59, 60).

Daily symptoms experienced by patients with COPD, such as
cough and chest tightness, can further impact their exercise tolerance,
potentially increasing the risk of lipid accumulation abnormalities
(61). Additionally, the use of glucocorticoids, particularly during acute
exacerbations, may lead to adverse outcomes such as obesity and lipid
accumulation abnormalities due to elevated glucocorticoid levels in
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the body (62). Evidence from a large-scale population study has
revealed that brief, low-dose glucocorticoid treatment can have a
notable impact on lipid accumulation levels (63). The prevalence of
elevated LAP values among COPD patients is gradually increasing,
and these abnormalities may be closely associated with poor prognosis
and systemic complications (64). Recent studies have increasingly
emphasized that COPD is not solely a pulmonary disease; it often
accompanies extrapulmonary manifestations such as cardiovascular
disease, malnutrition, and metabolic disorders (65). Dysregulation of
lipid accumulation plays a significant role in these processes (49).
Furthermore, lipid accumulation abnormalities not only exacerbate
the risk of COPD but may also trigger systemic inflammation through
increased oxidative stress and chronic inflammatory responses,
further worsening the condition (66). Therefore, LAP has the potential
to be an effective supplementary indicator for evaluating disease
severity in individuals with COPD and may guide early identification
of high-risk patients and tailored interventions to mitigate lipid
accumulation abnormalities. However, to fully understand the
underlying mechanisms, additional research involving larger cohorts
and prospective study designs is required.

This study possesses certain strengths. Firstly, it makes use of
nationally representative sampling data, allowing the study to
effectively examine how LAP relates to COPD risk among diverse
population groups. Secondly, the large sample size not only improves
the precision of the statistical analysis but also supplies sufficient
data to investigate how LAP correlates with COPD across different
subgroups, revealing variations in this association according to
demographic factors, including gender, age groups, and smoking
habits. Nevertheless, this research has its constraints. Primarily, due
to the study’s cross-sectional nature, identifying a clear causal link
between the variables remains challenging. This means that while an
association between LAP and COPD has been observed, we cannot
determine whether changes in LAP directly lead to an increased risk
of COPD. Second, due to data limitations, we were unable to include
all potential covariates, which may result in unmeasured
confounding bias. Additionally, the reliance on self-reported COPD
diagnosis may introduce recall bias and potential misclassification,
further suggesting that our findings should be interpreted
with caution.

Therefore, future research should consider adopting longitudinal
designs and more comprehensive data collection methods, which
would allow for a deeper understanding of how lipid accumulation
may influence the development and progression of COPD.

5 Conclusion

This study’s findings highlight a significant relationship between
lipid accumulation levels and the risk of COPD. Notably, elevated LAP
is positively correlated with the prevalence of COPD, exhibiting a dose-
response relationship. Furthermore, the smooth curve fitting analysis
reveals a potential nonlinear positive correlation between LAP and
COPD. Overall, this work provides insights into the interplay between
LAP and COPD, highlighting the importance of managing lipid
accumulation levels as a strategy for the prevention and management
of COPD. These findings establish a scientific foundation for
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formulating public health strategies and set the stage for future research
to explore the role of lipid accumulation in COPD pathogenesis.
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