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Preserved ratio impaired spirometry (PRISm) is a prevalent yet under-researched state of diminished 
lung function, which has been proposed as a pre-clinical abnormal spirometry associated with 
chronic obstructive pulmonary disease (COPD) or early-stage COPD. PRISm is closely associated with 
cardiovascular disease. Preventing and improving quality of life in PRISm subjects is important. We 
aimed to examined the relationship between American Heart Association’s Life’s Essential 8 (LE8) 
and PRISm. This cross-sectional study utilized data of 2,869 adults aged ≥ 20 years from the National 
Health and Nutrition Examination Survey (NHANES) in 2007–2012. Multivariable logistic regression 
models were employed to examine the association between LE8 score, health behavior score, health 
factor score, each component of LE8 score, and PRISm. Moreover, the study explored this correlation 
in greater depth using restricted cubic spline curves and subgroup analyses. Of the 2,869 participants, 
the mean age was 44.09 ± 0.44 years, and 316 (11.01%) were defined as having PRISm. In fully adjusted 
models, higher LE8 scores were associated with a reduced odds ratio for PRISm (OR = 0.97; 95% CI, 
0.96–0.98). A linear relationship between the LE8 score and PRISm was observed. Similar patterns 
emerged for health behavior and health factor subscores, with a particularly stronger correlation 
between health factors and PRISm. In the subgroup analysis, the inverse association between LE8 
and PRISm was significantly more pronounced among those with high income. A higher LE8 score 
was associated with a lower likelihood of developing PRISm. Promoting optimal adherence to the LE8 
metrics may improve PRISm and offers a meaningful approach for its prevention and management.
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Abbreviations
PRISm	� Preserved ratio impaired spirometry
COPD	� Chronic obstructive pulmonary disease
FVC	� Forced vital capacity
FEV1	� Forced expired volume in the first second
LE8	� Life’s Essential 8
LS7	� Life’s Simple 7
NHANES	� National Health and Nutrition Examination Survey
IGT	� Impaired glucose tolerance
BMI	� Body mass index
PIR	� Poverty to income ratio

Chronic obstructive pulmonary disease (COPD) can cause airflow obstruction, which is a major contributor 
to global mortality, morbidity, and healthcare utilization1. COPD is defined by a ratio of forced expired volume 
in the first second to forced vital capacity (FEV1/FVC) of less than 0.70 on post-bronchodilator spirometry. 
Moreover, COPD can develop due to abnormal lung development and/or accelerated lung aging2. Preserved 
ratio impaired spirometry (PRISm), defined as FEV1/FVC ratio of ≥ 0.7 with an FEV1 of < 80% of the predicted 
value on spirometry, was served as a more informative term that distinguishes its pattern from “restriction” and 
“nonspecific abnormality”3.
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PRISm has been proposed as a pre-clinical COPD abnormal spirometry or early-stage COPD3,4. Recently 
studies have found that individuals with PRISm have a high rate of transitioning to other lung function 
categories5, and are more susceptible to developing COPD6,7. The global prevalence of PRISm is high, estimated 
to be 7–20%7–12. Compared to individuals with normal spirometry, those with PRISm are associated with 
increased respiratory symptoms4, limitations in physical strength, a higher body mass index (BMI), poor health-
related quality of life13, diabetes, hypertension, and a continuous increase in all-cause mortality rates5,7,14,15.

In recent years, a growing number of studies have been conducted on PRISm, including epidemiology, 
aetiology, disease subtyping, and relationship with other diseases. However, there remains a deficiency in 
established guidelines for diagnostic evaluation and management16. PRIsm is significant linked to a multitude 
of health concerns, including obesity, diabetes, hypertension, heart failure, coronary artery disease, and stroke14. 
Additionally, individuals with PRISm were at higher risk for various cardiovascular outcomes17. The American 
Heart association’s “Life’s Essential 8” health metrics emerge as a novel framework of cardiovascular health to 
prompting and preserving throughout the lifespan of individuals and populations18. The Life’s Essential 8 consists 
of two main aspects, comprising eight metrics: health behaviors (diet, physical activity, nicotine exposure, and 
sleep health) and health factors (BMI, blood lipids, blood glucose, and blood pressure), thereby providing a 
comprehensive construct for health improvement.

A previous study has examine the relationship between “Life’s Simple 7” (LS7) and lung function, as well as 
COPD19. However, a targeted investigation of the association between the Life’s Essential 8 metrics and PRISm 
remains scarced. While these indicators primarily emphasize cardiovascular health, they also play a crucial role 
in overall health and quality of life. Individuals with PRISm often experience a reduced health-related quality of 
life13, highlighting the importance of promoting healthy lifestyles to improve their overall well-being. This study 
aims to address this gap by examining the correlation between the Life’s Essential 8 metrics and PRISm, offering 
innovative insights and strategies for the sustained health management and lifestyle interventions of individuals 
with PRISm.

Methods
Data sources
The National Health and Nutrition Examination Survey (NHANES) is an ongoing, nationally representative 
cross-sectional study in the United States, which stratified multistage probability sampling approach. Conducted 
by the National Center for Health Statistics, this survey aims to accurately assess the health and nutritional status 
of the U.S. population. More details on ethical approvals and procedures for informed consent can be obtained 
from the National Center for Health Statistics (http://www.cdc.gov/nchs/nhanes.htm). Extensive information 
on the design, methodology, and weighting of NHANES has been previously published20. From 2007 to 2020, 
the NHANES employed a stratified, complex multistage sampling methodology to select households from 
random clusters. Within these households, a subset of adults was randomly chosen to participate in a survey 
encompassing questions about health status, healthcare utilization, lifestyle risk factors, prevalent diseases, and 
other pertinent health-related matters20. Trained investigators conducted personal interviews to gather the 
required data. Exclusion criteria established by the study design included the following:1 age < 20 years;2 miss 
data of particular weights2 missing data on lung function;3 missing data for an incomplete Life’s essential 8 
score;4 diagnosis with COPD or asthma, and emphysema5 respondents with incomplete main covariates. The 
selection process is detailed in Fig. 1.

Definition of life’s essential 8 (LE8)
The Life’s Essential 8 (LE8) initiative, introduced by the American Heart Association, comprises eight essential 
components: Four health behaviors (diet, physical activity, nicotine/tobacco exposure, and sleep health) and four 
health factors [body mass index (BMI), levels of non-high-density lipoprotein cholesterol (non-HDL), blood 
glucose, and blood pressure]18. The diet metric was assessed using the Healthy Eating Index-2015 (HEI-2015)21, 
derived from the average values of dietary components gathered through 2 days of dietary recalls at outset22. 
The metrics for physical activity, nicotine/tobacco exposure and sleep health were assessed via self-reported 
questionnaires. Weight, height, and blood pressure measurements were obtained during physical examinations, 
while blood lipid and glucose levels were collected through laboratory analyses. Detailed calculation methods 
are provided in the Supplementary Table 1. Each of the eight indicators is scored on a scale ranging from 0 to 
100. The overall LE8 score is derived from the unweighted average of these indicators. To determine the levels of 
individual cardiovascular health(CVH) factors, cutoff points of 50 and 79 were used to classify participants into 
low (0–49 points), moderate (50–79 points), and high (80–100 points)18,23.

Spirometry and PRISm definitions
Spirometry data included FVC, FEV1, and the FEV1/FVC ratio. These spirometry values were used for 
this analysis. Calculations of the percentage predicted for FEV1 were performed based on sex, age, and 
height according to Hankinson’s24 predictive equation: (FEV1 predicted for males = 0.5536–0.01303*age 
− 0.000172*age^2 + 0.00014098*Height^2 and FEV1 predicted for females = 0.4333–0.00361*age 
− 0.000194*age^2 + 0.00011496* Height^2) for all race/ethnicities25,26. Due to more than 90% missing values 
for post-bronchodilator test result, COPD diagnosis was based on pre-bronchodilator, a method consistent with 
previous studies19,27. COPD was defined by the Global Initiative for Chronic Obstructive Lung Disease as FEV1/
FVC ratio less than 0.72. PRISm was defined as FEV1/FVC ratio greater than or equal to 0.70 and an FEV1 less 
than 80% predicted14. Asthma was assessed by an affirmative answer to the question “Have you ever been told by 
a doctor or other health professional that you had asthma?”. Emphysema was assessed by an affirmative answer 
to the question “Have you ever been told by a doctor or other health professional that you had emphysema?”. 
Individuals without COPD, PRISm, asthma or emphysema were classified as normal subjects.
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Covariates
In light of prior studies and clinical experiences25,28, we identified essential demographic factors such as age, sex 
(male and female), race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Mexican American, and Other), 
educational attainment [completed of ≤ 12th grade, completed of high school or equivalent, completed of some 
college or an Associate in Arts degree (GED/AA), and completed of college or higher education)], marital status 
(unmarried, married or living with a partner, divorced or separated, and widowed), Poverty-to-Income ratio 
(PIR) levels (low-income: PIR < 1, middle-income: PIR 1–4, high-income: PIR > 4)29, the body mass index (BMI) 
groups (underweight and normal weight: BMI < 25, overweight: 25 ≤ BMI < 30, and obesity: BMI ≥ 30).

Smoking status was classified into three groups: never (smoked fewer than 100 cigarettes in their lifetime), 
former (smoked at least 100 cigarettes in their lifetime but were not currently smoking), and current (smoked at 
least 100 cigarettes in their lifetime and were currently smoking either some days or every day).

Fig. 1.  Flowchart of the study design and participants.
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Alcohol consumption was divided into five categories: mild (having a history of daily binge drinking), 
moderate (consuming ≥ 2 drinks per day for females, ≥ 3 drinks per day for males), heavy (consuming ≥ 3 drinks 
per day for females, ≥ 4 drinks per day for males), former (consumed ≥ 2 drinks in one year but had not drunk in 
the last year, or consumed ≥ 12 drinks in a lifetime but had not drunk in the last year), and never (consumed < 12 
drinks in a lifetime)30.

Hypertension diagnosis was based on either systolic blood pressure ≥ 130 mmHg, diastolic blood 
pressure ≥ 80mmHg, or taking antihypertensive drugs. Diabetes category was further broken down into diabetes 
mellitus (DM) (self-reported a doctor-diagnosed diabetes; taking diabetic medication or insulin; HbA1c ≥ 6.5%; 
fasting glucose ≥ 7.0mmol/L; random blood glucose ≥ 11.1mmol/L, 2-h OGTT blood glucose ≥ 11.1mmol/L), 
including impaired fasting glycemia (IFG) (fasting glucose ≥ 6.1 and < 7.0mmol/L without DM), and impaired 
glucose tolerance (IGT) (2-h OGTT blood glucose ≥ 7.7 and < 11.1mmol/L without DM).

Statistical analyses
In this study, we combined data from three 2-year circle (2007–2008, 2009–2010, 2011–2012) of NHANES 
dataset into a unified dataset and excluded individuals with missing information. All analyses adhered to the 
Centers for Disease Control and Prevention guidelines for NHANES data analysis and were conducted using 
sample weights to generate accurate nationwide estimates in the U.S. Continuous variables were presented as 
mean and standard error (SE), and categorical variables were expressed as counts and percentages (%). Bivariate 
analyses of continuous and binary variables were performed using t-tests and Wald chi-square tests, respectively. 
Relative risk ratios for LE8 scores, health behavior score, health factor score, each component of LE8 score 
and PRISm were assessed using weighted multiple logistic regression models. We examined different models 
through stepwise adjustment for various risk factors. Model 1 represented the original unadjusted model without 
considering any potential confounders. Model 2 was adjusted for age, sex. Model 3 additionally accounted for 
race, education, marital status, PIR, and alcohol consumption. Adjusted odds ratios (ORs) were calculated 
based on these data, with 95% confidence intervals (CIs). Additionally, subgroup and interaction analyses were 
conducted to explore whether the association was modified by age, sex, race, education status, marital status, 
PIR, alcohol consumption. The restricted cubic spline (RCS) analysis method with three nodes was applied to 
investigate potential nonlinear associations among LE8 scores, health behavior score, health factor score and 
PRISm. Missing values for covariates, including both continuous or categorical variables, were imputed in this 
study using the covariate multiple imputation by mice package. Supplementary Table 2 provides comprehensive 
data on the missing covariates. All statistical analyses were conducted using R version 4.2.1 (R Foundation 
for Statistical Computing, Vienna, Austria). A two-sided P value of less than 0.05 was considered statistically 
significant.

Results
Baseline characteristics of participants
The study included of 2,869 participants, representing 97,390,625 individuals in the U.S. Among these 
participants, 11.01% had PRISm. The main characteristics of the analyzed participants are presented in Table 1. 
The mean age of participants was 44.09 ± 0.44 years, the mean LE8 score was 70.54 ± 0.45. The mean age of 
participants with PRISm was 47.61 ± 1.03, while participants with normal spirometry was 43.78 ± 0.51.

Compared to participants with normal spirometry, those with PRISm had a higher percentage of non-
Hispanic black individuals, divorced or separated, obese, former or never alcohol user, hypertension, and 
diabetes. However, they had a lower percentage of non-Hispanic white individuals, married or partnered marital 
status, high education level, and low PIR.

Association between LE8 score and PRISm
The associations between PRISm and LE8 score, health behavior score, and health factor score are presented 
in Table 2. Treating the LE8 score as a continuous variable, revealed that each unit increase in the LE8 score 
was associated with a reduction in the odds of PRISm across all models [Model 1: OR = 0.96 ,95% CI (0.95, 
0.97), p < 0.001; Model 2: OR = 0.96 ,95% CI (0.95, 0.97), p < 0.001; Model 3: OR = 0.97 ,95% CI (0.96, 0.98), 
p < 0.001]. Additionally, a 10-point increase in LE8 score showed ORs of 0.67(0.60, 0.74), 0.68(0.60, 0.75), and 
0.73(0.64,0.83) for Model 1, 2, and 3, respectively. The trends persisted when the analysis was conducted with 
the LE8 score as a categorical variable. Compared to the low LE8 score group, the moderate LE8 score group 
showed a significantly OR for PRISm [0.42, 95%CI (0.27,0.64), p < 0.001], as did the high LE8 score group [0.18, 
95%CI (0.10, 0.32), p < 0.001].

For the health behavior score, there was a significant association with PRISm across all models: Model 1 
[OR = 0.98, 95%CI (0.97, 0.99), p = 0.002], Model 2 [OR = 0.98, 95%CI (0.97, 0.99), p = 0.001], and Model 3 
[OR = 0.98, 95%CI (0.97, 1.00), p = 0.027]. Additionally, there was a significant association between the health 
factor score and PRISm [Model 1: OR = 0.98, 95%CI (0.97, 0.98), p < 0.001; Model 2: OR = 0.98, 95%CI (0.97, 
0.98), p < 0.001; Model 3: OR = 0.98, 95%CI (0.98, 0.99), p < 0.001]. Moreover, within the health behavior score 
group, only in Model (1, 2) did the moderate and high score groups exhibit a significant association with PRISm 
compared to the low score group. In the health factor score group, the moderate and high score groups exhibited 
a significant association with PRISm across all models.

The associations between PRISm and each component of LE8 score was shown in Supplementary Table S3. 
Only the BMI and glucose score groups showed a significant association with PRISm across all models.

The linear relationship between the LE8 score with PRISm
A restricted cubic spline model was used to define the nonlinear relationship between the LE8 score and PRISm, 
as shown in Fig. 2. A linear relationship was observed between the LE8 score and PRISm (p overall = 0.000, p for 
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Variables Total (n = 2,869, Weighted%)

PRISm Normal

P-valueN = 316 N = 2,553

Age, years(S.E) 44.09(0.44) 47.61(1.03) 43.78(0.51) 0.002

Sex, n(%) 0.180

Female 1403(48.68) 169(52.48) 1234(48.35)

Male 1466(51.32) 147(47.52) 1319(51.65)

Race, n(%) < 0.001

Non-Hispanic white 1350(71.86) 82(47.20) 1268(74.03)

Non-Hispanic black 497( 9.25) 152(33.24) 345( 7.14)

Mexican American 482( 8.09) 18(3.01) 464(8.54)

Other 540(10.80) 64(16.55) 476(10.29)

Marital status, n(%) 0.010

Married/ With partner 1826(66.95) 185(61.68) 1641(67.41)

Never married 566(19.65) 64(18.81) 502(19.73)

Divorced/ Separated 362(10.62) 48(12.96) 314(10.41)

Widowed 115( 2.78) 19(6.55) 96(2.45)

Education, n(%) < 0.001

High school/GED/AA 1268(43.94) 157(48.44) 1111(43.55)

College and above 840(36.95) 66(23.07) 774(38.17)

≤ 12th grade 761(19.11) 93(28.49) 668(18.28)

PIR, n(S.E) 3.19(0.06) 2.75(0.14) 3.22(0.06) 0.001

PIR status, n(%) 0.020

< 1 512(12.10) 57(14.42) 455(11.89)

1–4 1497(47.56) 179(56.01) 1318(46.82)

> 4 860(40.34) 80(29.57) 780(41.29)

BMI, n(S.E) 27.97(0.18) 30.18(0.44) 27.78(0.18) < 0.001

BMI status, n(%) < 0.001

Under & health weight 893(34.22) 78(26.19) 815(34.92)

Overweight 1025(35.72) 103(28.68) 922(36.34)

Obese 951(30.06) 135(45.13) 816(28.74)

Smoking status, n(%) 0.260

Never 1679(58.31) 180(54.42) 1499(58.65)

Former 686(25.23) 66(24.59) 620(25.28)

Current 504(16.46) 70(20.99) 434(16.06)

Alcohol user, n(%) < 0.001

Mild 993(39.01) 95(36.60) 898(40.78)

Moderate 445(16.54) 49(15.86) 396(17.27)

Heavy 619(21.57) 55(15.07) 564(23.01)

Former 403(11.85) 50(15.69) 353(11.98)

Never 288( 7.48) 57(16.78) 231( 6.96)

Hypertension, n(%) 0.002

No 1904(69.89) 174(58.41) 1730(70.90)

Yes 965(30.11) 142(41.59) 823(29.10)

Diabetes, n(%) < 0.001

DM 453(10.99) 90(26.35) 363( 9.74)

IFG 230( 7.97) 26(9.86) 204(7.88)

IGT 245( 7.53) 28(7.15) 217(7.64)

No 1915(72.64) 169(56.64) 1746(74.74)

LE8 score, n(S.E) 70.54(0.45) 64.02(0.98) 71.11(0.44) < 0.001

Health behavior score, n(S.E) 71.40(0.41) 67.76(1.17) 71.72(0.42) 0.002

HEI-2015 diet score, n(S.E) 39.57(0.45) 36.95(1.20) 39.80(0.48) 0.040

PA score, n(S.E) 93.83(0.35) 91.00(1.41) 94.08(0.36) 0.020

Smoke score, n(S.E) 67.22(1.13) 62.81(3.62) 67.61(1.12) 0.190

Sleep score, n(S.E) 84.99(0.56) 80.27(1.42) 85.41(0.59) 0.002

Health factor score, n(S.E) 69.67(0.66) 60.28(1.54) 70.50(0.65) < 0.001

BMI score, n(S.E) 65.98(1.03) 54.98(2.20) 66.95(1.01) < 0.001

Non-HDL score, n(S.E) 64.78(0.94) 62.08(2.04) 65.01(0.97) 0.170

Continued
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nonlinear = 0.881) (Fig. 2A). In addition, there was significant association between the health behavior score (p 
overall = 0.009, p for nonlinear = 0.835) (Fig. 2B), health factor score (p overall < 0.001, p for nonlinear = 0.233) 
(Fig. 2C), and PRISm, the restricted cubic spline model suggested a linear relationship.

Subgroup analysis stratified by covariates
The subgroup analysis investigated the association between the LE8 score and PRISm, as presented in Fig. 3. 
Significant effect modification was found between the LE8 score and PIR status on PRISm risk (interaction 
p < 0.05). The association between a higher LE8 score and lower odds of PRISm was more pronounced among 
individuals with higher income.

Discussion
In this nationally representative cross-sectional study of 2,869 participants from 2007 to 2012 in NHANES, we 
revealed a negative correlation between the LE8 score, its health factor score, and behavior score with PRISm 
among individuals. We found a notable linear dose-response relationship between the LE8 score, its health 
behavior score, and health factor score with PRISm. This study indicated that higher LE8 score levels correspond 
to a reduced risk of PRISm. Furthermore, subgroup analyses indicated enhanced inverse LE8-PRISm associations 
among individuals with higher income.

Fan et al.19 explored the relationship between the American Heart Association’s “Life’s Simple 7” (LS7) metrics 
and lung function in both COPD and non-COPD subjects, finding that a higher LS7 score is linked with better 
lung function. Compared to LS7, LE8 not only incorporates sleep health as a pivotal factor but also enhances the 

Variables Model 1 OR (95% CI) P value Model 2 OR (95% CI) P value Model 3 OR (95% CI) P value

LE8 score 0.96(0.95,0.97) < 0.001 0.96(0.95,0.97) < 0.001 0.97(0.96,0.98) < 0.001

LE8 score level

Low (0–49) Ref Ref Ref

Moderate (50–79) 0.37(0.24,0.57) < 0.001 0.38(0.25,0.57) < 0.001 0.42(0.27,0.64) < 0.001

High (80–100) 0.13(0.08,0.20) < 0.001 0.13(0.08,0.21) < 0.001 0.18(0.11,0.32) < 0.001

Per 10-point increase 0.67(0.60,0.74) < 0.001 0.68(0.60,0.75) < 0.001 0.73(0.64,0.83) < 0.001

Health behavior score 0.98(0.97,0.99) 0.002 0.98(0.97,0.99) 0.001 0.98(0.97,1.00) 0.027

Health behavior score level

Low (0–49) Ref Ref Ref

Moderate (50–79) 0.55(0.31,1.00) 0.051 0.52(0.29,0.95) 0.033 0.60(0.30,1.20) 0.145

High (80–100) 0.44(0.25,0.77) 0.005 0.42(0.24,0.74) 0.004 0.52(0.26,1.01) 0.053

Per 10-point increase 0.83(0.73,0.93) 0.002 0.81(0.72,0.92) 0.001 0.85(0.73,0.98) 0.027

Health factor score 0.98(0.97,0.98) < 0.001 0.98(0.97,0.98) < 0.001 0.98(0.98,0.99) < 0.001

Health factor score level

Low (0–49) Ref Ref Ref

Moderate (50–79) 0.46(0.31,0.68) < 0.001 0.48 (0.33,0.70) < 0.001 0.55(0.37,0.82) 0.005

High (80–100) 0.33(0.23,0.46) < 0.001 0.36(0.26,0.50) < 0.001 0.51(0.35,0.75) 0.001

Per 10-point increase 0.80(0.75,0.85) < 0.001 0.80(0.76,0.85) < 0.001 0.85(0.80,0.91) < 0.001

Table 2.  Weighted ORs (95%CIs) for the association between LE8 score and PRISm. Ref reference, OR 
odds ratio, CI confdence interval, LE8 life’s essential 8, PRISm preserved ratio impaired spirometry. Model1: 
unadjusted model. Model2: adjustment for age, sex. Model3: adjustment for age, gender, race, marital status, 
education, alcohol consumption, PIR.

 

Variables Total (n = 2,869, Weighted%)

PRISm Normal

P-valueN = 316 N = 2,553

Glucose score, n(S.E) 72.27(0.97) 57.26(2.85) 73.59(0.96) < 0.001

BP score, n(S.E) 75.65(0.93) 66.79(2.10) 76.43(0.98) < 0.001

LE8 score level, n(%) < 0.001

Low 252( 6.87) 54(17.49) 198( 5.94)

Moderate 1959(67.19) 230(72.34) 1729(66.74)

High 658(25.94) 32(10.18) 626(27.32)

Table 1.  Characteristic of all study participants. PRISm preserved ratio impaired spirometry, AA Associate of 
Arts, GED general educational development, BMI body mass index, PIR Poverty-to-income ratio, DM diabetes 
mellitus, IFG compromised impaired fasting glycemia, IGT impaired glucose tolerance, LE8 life’s essential 8.
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algorithm, reevaluating cardiovascular health on a more continuous scale18,31. Our study is first to examine the 
association between the LE8 score and PRISm, aiming to offer preventive strategies targeting PRISm.

PRISm is a newly discovered phenotype of lung function impairment that can transition to obstructive or 
restrictive spirometry over time. It also increased the risks of multiple adverse outcomes, including respiratory 
symptoms, hypertension, diabetes, cardiovascular disease, frailty, and all-cause mortality6,12,14,25,32–34. Our study 
revealed a significant negative correlation between LE8 score, its health factor score, and behavior score with 
PRISm. Additionally, we discovered a linear pattern in the associations between the LE8 score, its health factor 
score, and behavior score with PRISm. The mechanisms underlying the association between the LE8 score and 
PRISm may reflect the composite metric’s ability to capture metabolic disturbances and unhealthy behaviors 
implicated in PRISm. This highlights the potential for interventions focused on improving health behaviors and 
factors, as measured by the LE8 score, to reduce the risk of PRISm.

Smoking is a crucial etiological factor in the development of PRISm, as it can induce oxidative stress, 
inflammation, an imbalance between protease and anti-protease activity, and small airway disease10,35,36. These 
effects can directly damage lung function and increase the risk of developing PRISm36,37. Higher diet quality has 
been linked to a reduced prevalence of restrictive lung disease, COPD, and improved FEV1 and FVC38–40. The 
mechanism connecting diet and lung function is hypothesized to involve the antioxidant properties of certain 
nutrients such as vitamins A, C, and E, beta-carotene, and omega-3 fatty acids41–43. Maintaining a healthy diet 
pattern is necessary for individuals with PRISm. Previous studies have indicated that healthy dietary behaviors 
can protect lung function and prevent or improve COPD28,44. Additionally, several studies have demonstrated 
positive associations between physical activity and lung function, highlighting the beneficial effects of physical 
activity on lung function45–49. A UK biobank cohort study found that lower physical grip strength and potentially 
reduced cardiovascular fitness over time are associated with accelerated lung function decline50. Moreover, a 
previous study indicated that PRISm affects a significant portion of general population, with more than half 
being physically inactive51. It found that adherence to a minimum of 150 min per week of physical activity was 
associated with a 2/3 reduction in all-cause mortality. Therefore, recommending appropriate physical activity 
to individuals with PRISm may yield significant health benefitis. Sleep palys a crucial role in maintaining 
overall health. Sleep quality has been shown to be a predictor of the severity of day times symptoms, COPD-
hospitalization, mortality, and health-related quality of life in COPD subjects52,53. COPD subjects frequently 
report impaired sleep, which can exacerbate the complex effects on the respiratory systems54,55. A cross-section 
study found that both short and long sleep durations were significantly associated with reduced lung function56. 
PRISm is perceived as a transitional state to COPD, individuals with PRISm may be particularly vulnerable to 
developing COPD. Maintaining healthy behaviors may improve respiratory symptoms and decrease the risk of 
developing COPD.

The factors contributing to PRISm are multifaceted, including smoking, an abnormal BMI, air pollution, age, 
female sex, and a history of asthma36,37,57–59. Additionally, PRISm is significantly associated with a myriad of 

Fig. 2.  The linear association between LE8 and its sub-scores with PRISm. (A) the relationship between LE8 
score and PRISm; (B) the relationship between health behavior score and PRISm; (C) the relationship between 
health factor score and PRISm. Adjusted for age, gender, race, marital status, education, alcohol consumption, 
PIR.
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Fig. 3.  Subgroup analysis for association between LE8 score and PRISm. Note: Adjusted for age, sex, race, 
education status, marital status, alcohol consumption, PIR, except for subgroup variable.
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health concerns, including advanced age, obesity, hypertension, and diabetes14,32. Furthermore, lung function is 
closely linked to various physiological and pathological states.

An abnormal BMI (underweight and severely obese) is a significant factor that increases the risk of 
PRISm57,58. Obesity directly alters the mechanical properties of lungs and chest wall through fat accumulation in 
the mediastinum and within the abdominal and thoracic cavities, which cause pleural pressure to increase and 
functional residual capacity to decrease60,61. Both FEV1 and FVC decrease linearly with increasing obesity, while 
the FEV1/FVC ratio remains unchanged60,62,63. In addition to mechanical factors, adipocytes and infiltrating 
macrophages in obese individuals produces inflammatory cytokines and hormones that can contribute to a 
poor lung function63–65. Epidemiological and clinical studies consistently indicated that diabetes and various 
anomaly indices ( such as fasting insulin, fasting glucose, and hemoglobin A1c levels) have long been associated 
with poor lung function66–69, potentially increasing the risk for PRISm. In this study, we observed that in the DM 
subgroup, the association between LE8 score and PRISm was significantly negative in IGT group. Dyslipidemia 
may influence respiratory disease and lung function63. A previous study explored the relationship between lipids 
and lung function, finding that low-density lipoprotein was negatively associated with FEV1, while high-density 
lipoprotein was positively associated with FEV1

70. COPD and cardiovascular diseases frequently coexist71. 
Previous studies have identified an association between lung function and hypertension72–75. However, whether 
hypertension can cause a reduction in lung function and trigger PRISm remains unknown.

As a composite score, LE8 indicates the overall effect of LE8 metrics in association with PRISm. Elevated LE8 
scores may reduce the risk of PRISm by enhancing health behaviors and factors. We observed linear patterns in 
the associations between the LE8 score in PRISm. The management of PRISm is currently lacking, and lifestyle 
intervention may be an important cornerstone for its management. LE8 is a comprehensive and easy-to-use tool 
for assessing health behaviors and factors, and it could extend to monitoring and promoting a new paradigm 
focusing on pulmonary health. Our study suggests that adherence to ideal LE8 metrics could be an effective 
strategy for the prevention and management of PRISm. In addition, individuals with mild PRISm are more 
likely to revert to normal lung function, while those with severe PRISm tend to progress to more advanced stage 
of COPD9,15. Whether adherence to LE8 health metrics changes the outcomes for individuals with PRISm is 
unknown. Therefore, prospective studies should be conducted to validate this.

This study exhibits several strengths. Firstly, it is the first investigation of the relationship between LE8 and 
PRISm, presenting new evidence supporting the role of LE8 in the prevention and management of PRISm. 
Secondly, the use of a nationally representative sample of American adults enhances the generalizability of the 
study findings to a broader population.

Nonetheless, this study also has several limitations. Firstly, due to the inherent nature of the cross-sectional 
design, we could not make causal inferences between LE8 and PRISm. Consequently, large-scale prospective 
studies are essential to establish causality. Secondly, self-reported health behaviors indicators may introduce 
reporting biases. Thirdly, we used pre-bronchodilator spirometry values because of sample size limitations for 
post-bronchodilator data. While some research has found a non-significant discrepancy between the use of pre-
bronchodilator and post-bronchodilator values for diagnosing air obstruction76,77, GOLD standards recommend 
the use of post-bronchodilator data.

Conclusions
Our findings indicated a robust inverse association between the LE8 score and PRISm. Specifically, a higher LE8 
score is associated with a reduced likelihood of PRISm. Additionally, an independent linear association between 
LE8 score, its health factor score, and behavior score with PRISm were observed. These findings underscore the 
significance of adhering to LE8 health metrics and its potential utility in the prevention and management of 
PRISm. Future prospective investigations should explore the causal relationship and whether PRISm could be 
prevented through the promotion of healthy behaviors and factors.
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