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Background: Asthma is closely related to cardiovascular diseases (CVDs). Building upon Life’s Essential 
8 (LE8), the newly proposed Life’s Crucial 9 (LC9) further refines this assessment by incorporating 
psychological factors associated with cardiovascular health (CVH). Understanding the association between 
LC9 and asthma has potential clinical and public-health significance, as it may provide insights for the 
prevention or management of asthma. The objective of this study was to investigate the relationship between 
LC9 and prevalent asthma in U.S. adults.
Methods: We analyzed adults aged ≥20 years from National Health and Nutrition Examination Survey 
(NHANES) 2005–2018, excluding pregnant participants, those with unclear asthma status, and those missing 
LC9 data. Asthma was defined based on self-reported physician diagnosis and current status. Weighted 
logistic regression analyses were conducted to examine the association between LC9 scores and adult asthma. 
Restricted cubic spline (RCS) modeling was used to assess the dose-response relationship. Subgroup and 
sensitivity analyses were conducted to evaluate the robustness of the findings.
Results: Among 25,675 adults (mean age 48.1 years; 51.4% women), asthma prevalence was 8.4% (n=2,167). 
The fully adjusted weighted logistic regression model revealed that higher LC9 scores were associated with 
lower odds of prevalent asthma [odds ratio (OR) =0.79; 95% confidence interval (CI): 0.75–0.83, P<0.001]. 
RCS curves demonstrated an inverse, nonlinear relationship between LC9 scores and the prevalence of adult 
asthma (P for nonlinear <0.001). This inverse association was observed across all subgroups (all P<0.05) and 
was stronger among participants with lower education or income. The sensitivity analysis provided additional 
support, yielding results consistent with the main analysis.
Conclusions: The LC9 score is negatively correlated with the prevalence of asthma in U.S. adults. These 
cross-sectional findings reflect association rather than prediction and warrant longitudinal confirmation.
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Introduction

Asthma const i tutes  a  prevalent  chronic  disorder 
characterized by sustained airway inflammation, posing 
a significant global health burden (1,2). Its prevalence 
continues to rise globally, as shown by the Global Burden 
of Disease Study (3). Asthma has a complex etiology that 
includes lifestyle variables, environmental exposures, and 
genetic predisposition (4). There is growing evidence that 
cardiovascular disease (CVD) and asthma are significantly 
correlated (5-7). Smoking, exposure to environmental 
toxins, obesity, sedentary lifestyles, and chronic inflammation 
are risk factors for both illnesses (8-10). Accordingly, efforts 
to promote better cardiovascular health (CVH) may be able 
to successfully forestall the onset of asthma.

For the purpose of enhancing heart health and 
minimizing the likelihood of CVD, the American Heart 
Association developed Life’s Simple 7 in 2010 (11). 
Recognizing the importance of sleep for CVH, the 
American Heart Association added sleep to Life’s Simple 
7, creating Life’s Essential 8 (LE8) (12). Depression is a 
prevalent and debilitating mental disorder that significantly 
affects an individual’s emotional, cognitive, and physical 
well-being. More than 300 million individuals worldwide 
experience depression, making it a major contributor to 
impairment rates (13). Extensive research has robustly 
established depression as an independent risk factor for 
CVD (14-16). Recently, a new perspective has shown how 
important psychological health is for warding off CVD, 

and a new framework, Life’s Crucial 9 (LC9), has been 
suggested, which builds on the current LE8 by including 
psychological health (17). Recent research has examined 
LC9’s potential as a predictor of cardiovascular mortality, 
infertility, and overactive bladder (18-20). Nonetheless, 
no studies have investigated whether LC9 is associated 
with asthma incidence. Several lines of evidence support 
the rationale for investigating LC9 in relation to asthma. 
Previous studies have demonstrated that higher LE8 scores 
are associated with a lower likelihood of asthma, suggesting 
that overall CVH profiles may be linked to respiratory 
outcomes (21,22). LC9 builds on the LE8 framework by 
incorporating psychological health, which has been shown 
to have a bidirectional relationship with asthma (23).  
Furthermore, many individual components of LC9—
such as diet quality, obesity, sleep, smoking, and glucose 
metabolism—have already been implicated as important 
factors in asthma onset or control (24-27). Therefore, LC9 
provides a comprehensive construct that integrates multiple 
health dimensions relevant to asthma, making it a suitable 
index for examining their cross-sectional association in a 
nationally representative U.S. population.

This study explored the relationship between LC9 and 
the prevalence of asthma in adults using data from National 
Health and Nutrition Examination Survey (NHANES). 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-2025-839/rc).

Methods

Selection of participants

By employing a randomized sampling method, NHANES 
ensures that its biennial survey encompasses a diverse cross-
section of the population, spanning different age groups, 
genders, ethnic backgrounds, and socioeconomic statuses. 
This comprehensive study delves into an extensive spectrum 
of health-related subjects, ranging from persistent illnesses 
and dietary patterns to environmental influences and 
beyond. It employs a multifaceted approach, incorporating 
face-to-face interviews, clinical assessments, and advanced 
laboratory diagnostics (28). This study was conducted 
in accordance with the Declaration of Helsinki and its 
subsequent amendments. Between 2005 and 2018, a total of 
70,190 participants successfully completed the NHANES 
study. However, to refine our analysis, we applied several 
exclusion criteria: individuals under 20 years old, pregnant 

Highlight box
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•	 Higher Life’s Crucial 9 (LC9) scores are associated with lower 

odds of prevalent asthma and the association is non-linear.

What is known and what is new? 
•	 It is well established that asthma is linked to cardiovascular health 

(CVH), and Life’s Essential 8 (LE8) has been widely used to assess 
CVH.

•	 This study introduces LC9, a refinement of LE8 incorporating 
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associated with asthma risk. 

What is the implication, and what should change now? 
•	 Incorporating psychological health into CVH assessment 
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participants, those with ambiguous asthma diagnoses, and 
those missing LC9 data were omitted. After implementing 
these exclusions, our final dataset comprised 25,675 eligible 
individuals, ensuring a more precise and reliable foundation 
for our study (Figure 1).

Definition and criteria of LC9

LC9 encompasses a comprehensive framework of nine 
essential health parameters, divided into two primary 
domains: lifestyle behaviors and health indicators. The 
behavioral domain includes dietary patterns, engagement 
in physical activities, nicotine exposure, and sleep quality. 
On the other hand, the health indicators consist of body 
mass index (BMI), blood pressure, blood sugar, lipid 
assessment, and psychological health. The assessment of 
psychological health was derived from the Patient Health 
Questionnaire-9 (PHQ-9), a widely recognized and validated 
tool designed for systematically screening and evaluating 
depressive symptoms through a structured questionnaire 
format (29). Dietary assessment was conducted using the 
Healthy Eating Index-2015 (HEI-2015), a standardized 
metric for evaluating overall diet quality (30). To analyze 

the 13 individual components of HEI-2015, we leveraged 
data from the NHANES database, specifically utilizing 
information obtained from the initial 24-hour dietary recall 
interview, which captures total nutrient intake within a 
single day (Table S1). A comprehensive breakdown of the 
scoring methodology for each LC9 indicator is presented in 
Table S2, offering an in-depth explanation of the calculation 
criteria and assessment framework. Each indicator was 
scored 0–100. LE8 score was the mean of the eight non-
psychological components; LC9 score was the mean of all 
nine. Participants were grouped into tertiles by LC9 score.

Diagnosis of asthma

Asthma status was determined through in-person interviews, 
during which participants were asked two key questions: (I) 
“Has a doctor or healthcare professional ever diagnosed you 
with asthma?” and (II) “Do you currently have asthma?” 
Individuals who responded affirmatively to both questions 
were classified as having asthma, while those who answered 
“No” to either were categorized as non-asthmatic. While 
self-report may be subject to recall bias or misclassification, 
this approach is widely used in large-scale epidemiological 

NHANES 2005–2018
(N=70,190)

Participants were excluded if they were 
<20 years old or pregnant (N=31,152)

N=39,038

Participants were excluded if their asthma 
data was incomplete (N=145)

N=38,893

Participants were excluded if their LC9 
data was incomplete (N=13,218)

N=25,675

Non-asthma group 
(N=23,508)

Asthma group
(N=2,167)

Figure 1 Diagram outlining the participant selection process for the cross-sectional study based on NHANES data from 2005 to 2018. 
LC9, Life’s Crucial 9; NHANES, National Health and Nutrition Examination Survey. 

https://cdn.amegroups.cn/static/public/JTD-2025-839-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-2025-839-Supplementary.pdf
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studies, including NHANES, and has been shown to 
provide reasonably valid prevalence estimates (31,32).

Covariates

Demographic and socioeconomic data were collected using 
a structured questionnaire, covering key variables such as 
age, gender, race, educational attainment, poverty-income 
ratio (PIR), marital status, and family history of asthma. Age 
groups were classified into three distinct categories: 20–39, 
40–59, and 60 years or older. Educational background was 
segmented based on years of schooling into three levels: 
less than high school, high school graduate or equivalent, 
and college education or higher. PIR was divided into three 
financial strata: below 1.3, between 1.3 and 3.5, and above 
3.5. Marital status was dichotomized based on partnership 
status, grouping individuals as either married/living with 
a partner or single, which included widowed, divorced, 
separated, or never married individuals.

Statistical analysis

R software (v 4.3.1) was used for data analysis and 
interpretation. This study is a cross-sectional analysis 
based on data from the NHANES, which uses a complex, 
multistage, stratified probability sampling design to select 
participants representative of the U.S. civilian. Specifically, 
the 2-year MEC weights (WTMEC2YR) were adjusted to 
account for the seven combined survey cycles from 2005 
to 2018 by dividing each weight by seven, in accordance 
with NHANES analytic guidelines. The analysis employed 
weighted percentages (%) alongside observed frequencies to 
characterize categorical variables, with group comparisons 
conducted through a weighted Chi-squared statistical 
approach. Continuous variables were summarized as 
mean [95% confidence interval (CI)] and compared using 
weighted t-tests. 

In order to assess the reliability of the correlation 
between LC9 and asthma, we used weighted logistic 
regression models that divided LC9 into tertiles and 
computed P values for linear trends. Crude model 
was univariate analysis; Model 1 was adjusted for age 
(continuous), gender and race; Model 2 expanded upon 
Model 1 by include additional adjustments for factors such 
as educational level, PIR, marital status and family history 
of asthma. To achieve more detailed characterization 
of the relationship, we utilized restricted cubic splines 
(RCS) functions within logistic regression models, which 

allowed exploration of potential dose-response patterns. 
In addition, to gain deeper insights into how LC9 scores 
relate to asthma across various subpopulations and to 
detect any potential differences among them, we carried 
out comprehensive subgroup analyses and performed 
interaction tests to assess potential variations. To rigorously 
test the robustness of our findings, we performed a 
sensitivity analysis. In this reassessment, we deliberately 
excluded individuals with a history of CVD to minimize 
potential confounding influences and ensure a clearer 
understanding of the true relationship between LC9 and 
asthma risk. Odds ratios (ORs) were computed to quantify 
the association corresponding to each 10-point increment 
in LC9. Statistical significance was defined as a two-sided P 
value <0.05.

Results

Baseline characteristics

This study analyzed data from 25,675 participants, whose 
average age was 48.1 years (95% CI: 47.6–48.6). The 
gender distribution showed a slight female predominance, 
with 51.4% women and 48.6% men. A total of 2,167 
individuals were identified as having asthma, corresponding 
to a prevalence of 8.4%. Relative to the non-asthma group, 
individuals in the asthma group were more likely to be 
female, had a lower representation of Mexican Americans, 
faced greater economic hardship, were more frequently 
living alone, and had a higher occurrence of familial asthma 
history (P<0.05). Furthermore, the LC9 scores were lower 
in the asthma group compared to the non-asthma group 
(P<0.05). Among the nine components of LC9, all exhibited 
lower values in the asthma group, except for the Blood 
Lipids score (Table 1).

Associations of LC9 scores with adult asthma

Weighted logistic regression analysis indicated that, after 
controlling for all covariates, each 10-point increase in 
LC9 was associated with lower odds of prevalent asthma 
(OR =0.79; 95% CI: 0.75–0.83; P<0.001), highlighting a 
potential protective effect of higher LC9 scores against 
asthma. Following the tertile-based classification of LC9 
scores, weighted logistic regression analysis of the fully 
adjusted model demonstrated a significant reduction in 
asthma prevalence for those in the highest LC9 score group 
compared to the lowest (OR =0.54, 95% CI: 0.46–0.63, 
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Table 1 Weighted clinical characteristics of the participants

Characteristic Total (n=25,675) Non-asthma group (n=23,508) Asthma group (n=2,167) P

Age, years 48.1 (47.6–48.6) 48.1 (47.6–48.6) 48.0 (47.1–48.9) 0.94

Age strata, years 0.99

20–39 8,221 (34.2) 7,547 (34.2) 674 (34.2)

40–59 8,638 (38.7) 7,876 (38.8) 762 (38.5)

≥60 8,816 (27.1) 8,085 (27.0) 731 (27.3)

Gender <0.001

Male 12,631 (48.6) 11,842 (49.9) 789 (35.1)

Female 13,044 (51.4) 11,666 (50.1) 1,378 (64.9)

Race <0.001

Mexican American 3,836 (7.7) 3,641 (8.0) 195 (4.5)

Other Hispanic 2,391 (5.1) 2,205 (5.2) 186 (4.5)

Non-Hispanic White 11,716 (70.5) 10,630 (70.4) 1,086 (72.2)

Non-Hispanic Black 5,265 (10.1) 4,749 (9.9) 516 (11.9)

Other races 2,467 (6.6) 2,283 (6.5) 184 (6.9)

Educational level 0.80

Under high school 5,664 (14.0) 5,192 (14.0) 472 (14.4)

High school or equivalent 5,937 (23.2) 5,432 (23.2) 505 (22.4)

College or above 14,074 (62.8) 12,884 (62.8) 1,190 (63.2)

PIR <0.001

<1.3 6,942 (18.0) 6,150 (17.2) 792 (26.0)

1.3–3.5 9,098 (33.8) 8,418 (34.0) 680 (32.0)

>3.5 7,689 (42.1) 7,143 (42.6) 546 (36.6)

Not record 1,946 (6.1) 1,797 (6.2) 149 (5.4)

Marital status <0.001

Married/living with partner 15,584 (65.0) 14,443 (65.6) 1,141 (58.8)

Widowed/divorced/separated/never married 10,091 (35.0) 9,065 (34.4) 1,026 (41.2)

Asthma family history <0.001

Yes 5,244 (20.6) 4,280 (18.5) 964 (43.9)

No 19,910 (77.4) 18,787 (79.6) 1,123 (52.7)

Not record 521 (2.0) 441 (1.9) 80 (3.4)

LC9 score 70.9 (70.4–71.3) 71.2 (70.8–71.7) 66.7 (65.7–67.7) <0.001

Psychological health score 91.7 (91.3–92.1) 92.3 (91.9–92.7) 84.6 (83.2–85.9) <0.001

HEI-2015 diet score 39.4 (38.5–40.3) 39.7 (38.9–40.6) 35.8 (33.8–37.8) <0.001

Physical activity score 71.9 (71.0–72.8) 72.2 (71.3–73.2) 68.7 (66.4–70.9) 0.005

Nicotine exposure score 71.4 (70.5–72.4) 71.8 (70.9–72.7) 67.2 (64.2–70.3) 0.002

Table 1 (continued)
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Table 1 (continued)

Characteristic Total (n=25,675) Non-asthma group (n=23,508) Asthma group (n=2,167) P

Sleep health score 83.5 (83.0–84.0) 84.1 (83.5–84.6) 77.7 (76.1–79.4) <0.001

BMI score 60.5 (59.6–61.3) 61.3 (60.5–62.1) 51.3 (49.1–53.5) <0.001

Blood lipids score 64.3 (63.7–64.9) 64.3 (63.6–65.0) 64.5 (62.9–66.1) 0.83

Blood glucose score 85.9 (85.4–86.4) 86.2 (85.7–86.6) 82.7 (81.3–84.1) <0.001

Blood pressure score 69.3 (68.6–69.9) 69.4 (68.7–70.1) 67.5 (65.7–69.3) 0.04

Data are shown as mean (95% CI) or n (%). BMI, body mass index; CI, confidence interval; HEI-2015, Healthy Eating Index-2015; LC9, 
Life’s Crucial 9; PIR, poverty-income ratio.

P<0.001) (Table 2). The RCS analysis revealed a complex 
nonlinear association between LC9 scores and asthma (P 
for nonlinear <0.001). Rather than a straightforward linear 
decline, the prevalence of asthma exhibited a dynamic and 
nonlinear pattern, progressively decreasing as LC9 scores 
increased (Figure 2). 

LC9 components and asthma

Table 3 presents the associations between individual LC9 
components and asthma. Stronger inverse associations were 
observed for psychological health (OR =0.87, 95% CI: 
0.85–0.89), diet quality (OR =0.96, 95% CI: 0.94–0.98), 
sleep health (OR =0.92, 95% CI: 0.90–0.94), BMI (OR 
=0.92, 95% CI: 0.91–0.94), and blood glucose (OR =0.94, 
95% CI: 0.92–0.97), all with P<0.001. Blood pressure and 
nicotine exposure also demonstrated significant, though 
weaker, associations. In contrast, physical activity and 

blood lipid scores were not significantly related to asthma 
prevalence. The tabulation format of component-level 
analysis was adapted from our previous work (33).

Subgroup analysis and interaction test

In all subgroups, there was a negative correlation between 
LC9 scores and the prevalence of adult asthma (P<0.05). 
Additionally, interaction tests revealed that education 
level and PIR had a significant interactive effect on this 
correlation (P<0.05 for interaction tests). The negative 
association between LC9 scores and adult asthma 
prevalence was more pronounced in populations with low 
levels of education and poverty (Figure 3).

Sensitivity analysis

A total of 2,179 individuals with a prior diagnosis of CVD 

Table 2 Weighted logistic regression showing the relationship between LC9 scores and adult asthma

Variables
Crude model Model 1 Model 2

OR (95% CI) P OR (95% CI) P OR (95% CI) P

LC9 scores 0.78 (0.74–0.82) <0.001 0.77 (0.73–0.81) <0.001 0.79 (0.75–0.83) <0.001

Tertile

T1 Ref Ref Ref

T2 0.61 (0.53–0.72) <0.001 0.61 (0.53–0.71) <0.001 0.64 (0.55–0.74) <0.001

T3 0.52 (0.44–0.61) <0.001 0.48 (0.41–0.57) <0.001 0.54 (0.46–0.63) <0.001

P for trend <0.001 <0.001 <0.001

Crude model, not adjusted; Model 1, adjusting for age (continuous), gender, race; Model 2, adjusting for age (continuous), gender, race, 
educational level, poverty-income ratio, marital status and asthma family history. CI, confidence interval; LC9, Life’s Crucial 9; OR, odds 
ratio.
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(heart attack, angina, congestive heart failure, and coronary 
heart disease) were removed from the study to ensure a 

more precise assessment of the targeted associations. The 
sensitivity analysis confirmed that, even after excluding 
individuals with a history of CVD, the results of the fully 
adjusted weighted logistic regression model remained 
consistent with the primary findings (Table 4).

Discussion

Based on national data from NHANES 2005–2018, this 
study revealed an inverse relationship between LC9 scores 
and asthma prevalence in adults. Subgroup analyses revealed 
that the inverse relationship was notably more significant 
among individuals from disadvantaged socioeconomic 
backgrounds, particularly those with limited education and 
lower income levels. 

There are already some studies investigating the 
relationship between CVH and asthma incidence (21,22,34). 
A prospective cohort study by Zhang et al. followed 249,713 
participants for over a decade and found that individuals 
with higher LE8 scores had a lower risk of developing 
asthma (22). Xu et al. provided compelling evidence that 
individuals with higher LE8 scores exhibit a significantly 
reduced risk of asthma, highlighting the potential protective 
role of LE8 in asthma prevention (34). However, the 
aforementioned studies have all explored the relationship 
between CVH and asthma based on the LE8 framework, 
while neglecting the role of mental health. In recent years, 
numerous studies have demonstrated a strong association 
between mental health and both the risk and prognosis 
of CVD (35-37). Moreover, there is a bidirectional 
relationship between mental health and asthma (23). 
Therefore, investigations into the association between CVH 
and asthma should not overlook the influence of mental 
health. In our study, we included a sufficiently large sample 
and applied weighted analysis. Our findings indicated that 
when the LC9 score was treated as a continuous variable, 
it was negatively correlated with the prevalence of adult 
asthma. Furthermore, after stratifying LC9 scores into 
tertiles, we observed that individuals in the highest LC9 
score group had the lowest prevalence of asthma. The RCS 
analysis further demonstrated a dose-response relationship, 
indicating that asthma prevalence declined progressively 
as LC9 scores increased, thereby reinforcing the inverse 
association between LC9 scores and adult asthma 
prevalence. 

The onset and progression of asthma vary among 
individuals and are influenced by a combination of lifestyle, 
environmental factors, psychological state, and overall 
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Figure 2 Dose-response relationship between LC9 scores and 
adult asthma based on a restricted cubic spline (3 knots). The solid 
purple curve shows the multivariable-adjusted OR, with the shaded 
area indicating the 95% CI. Horizontal dashed black line at OR 
=1.0 serves as the reference for no association. The vertical dashed 
black represents the minimum threshold for beneficial associations. 
The association was adjusted for age (continuous), gender, race, 
educational level, poverty-income ratio, marital status and asthma 
family history. CI, confidence interval; LC9, Life’s Crucial 9; OR, 
odds ratio.

Table 3 Associations between components of LC9 and asthma

LC9 components (per 10 points) OR (95% CI) P

Psychological health score 0.87 (0.85–0.89) <0.001

HEI-2015 diet score 0.96 (0.94–0.98) <0.001

Physical activity score 0.99 (0.98–1.00) 0.11

Nicotine exposure score 0.98 (0.96–0.99) 0.006

Sleep health score 0.92 (0.90–0.94) <0.001

BMI score 0.92 (0.91–0.94) <0.001

Blood lipids score 0.99 (0.98–1.01) 0.44

Blood glucose score 0.94 (0.92–0.97) <0.001

Blood pressure score 0.97 (0.95–0.99) 0.01

Table adapted in part from our previous work (33). The association 
was adjusted for age (continuous), gender, race, educational 
level, PIR, marital status and asthma family history. BMI, body 
mass index; CI, confidence interval; HEI-2015, Healthy Eating 
Index-2015; LC9, Life’s Crucial 9; OR, odds ratio; PIR, poverty-
income ratio.



Wang et al. LC9 and asthma9552

© AME Publishing Company. J Thorac Dis 2025;17(11):9545-9556 | https://dx.doi.org/10.21037/jtd-2025-839

health conditions. A well-documented asthma risk factor is 
smoking, as it not only increases the likelihood of disease 
onset but also exacerbates symptoms, impairs lung function, 

and reduces treatment effectiveness (26). Alwarith et al. 
suggested that increasing fruit and vegetable intake while 
reducing saturated fat consumption may lower the risk of 
developing asthma, highlighting dietary modifications as 
a key preventive strategy (38). A meta-analysis of eleven 
studies revealed that aerobic exercise plays a beneficial 
role in asthma management by enhancing lung function 
and improving overall disease control (39). As a newly 
incorporated factor in CVH assessment, sleep health is 
gaining increasing attention. Kavanagh et al. highlighted 
that poor sleep quality exacerbates asthma control and 
diminishes overall quality of life (25). Obesity is undeniably 
a major risk factor for asthma, and reducing BMI has been 
shown to improve lung function and asthma outcomes (40). 
Diabetes, hypertension, and dyslipidemia have also been 
identified as risk factors for asthma (41-43). LC9 not only 
encompasses the aforementioned eight factors but also 
incorporates mental health, making it a more suitable 
predictor of asthma risk. To explore the association between 
LC9 scores and asthma across different demographic 
groups, we conducted a subgroup analysis. We found a 

Variables Total OR (95% CI) P for interaction
Age, years

20–39
40–59
≥60

Gender
Male
Female

Race
Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Other races

Educational level
Under high school
High school or equivalent
College or above

PIR
<1.3
1.3–3.5
>3.5

Marital status
Married/living with partner
Widowed/divorced/separated/never married

Asthma family history
Yes
No

8,221 
8,638 
8,816
 
12,631 
13,044
 
3,836 
2,391 
11,716 
5,265 
2,467
 
5,664 
5,937 
14,074
 
6,942 
9,098 
7,689
 
15,584 
10,091
 
5,244 
19,910

0.80 (0.74–0.86) 
0.77 (0.72–0.82) 
0.79 (0.71–0.87)
 
0.78 (0.71–0.84) 
0.79 (0.75–0.83)
 
0.79 (0.67–0.93) 
0.69 (0.60–0.79) 
0.80 (0.75–0.85) 
0.80 (0.73–0.87) 
0.69 (0.59–0.78)
 
0.69 (0.63–0.76) 
0.74 (0.66–0.83) 
0.82 (0.78–0.87)
 
0.72 (0.67–0.77) 
0.77 (0.71–0.84) 
0.86 (0.78–0.95)
 
0.78 (0.74–0.83) 
0.79 (0.74–0.84)
 
0.79 (0.74–0.85) 
0.80 (0.75–0.85)

0.92

 
0.49

 
0.21

 
<0.001

 
0.002

 
0.76

 
0.07

0.5         0.6         0.7         0.8         0.9          1
Adjusted OR

Figure 3 Forest plot illustrating the relationship between LC9 scores and adult asthma in different subgroups. The association was adjusted 
for age (continuous), gender, race, educational level, poverty-income ratio, marital status and asthma family history. CI, confidence interval; 
OR, odds ratio; PIR, poverty-income ratio.

Table 4 Sensitivity analysis of the association between LC9 scores 
and adult asthma

Variables
Excluding participants with CVD history

Total OR (95% CI) P

Continuous  
(per 10 points)

23,496 0.81 (0.77–0.85) <0.001

Tertile

T1 7,941 Ref

T2 7,720 0.64 (0.54–0.75) <0.001

T3 7,835 0.56 (0.48–0.66) <0.001

P for trend <0.001

The association was adjusted for age (continuous), gender, 
race, educational level, poverty-income ratio, marital status 
and asthma family history. CI, confidence interval; CVD, 
cardiovascular disease; LC9, Life’s Crucial 9; OR, odds ratio.
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negative association between LC9 scores and asthma across 
all subgroups, with this relationship being more pronounced 
among individuals with lower education levels and lower 
income. Meanwhile, a meta-analysis found that low income 
and low education levels are risk factors for CVH (44). 
Thus, individuals exhibiting these clinical traits should 
place a strong emphasis on CVH and actively cultivate 
long-term healthy habits. Recognizing that a history of 
CVD could distort LC9 scores and influence our findings, 
we performed a reanalysis after excluding individuals with 
prior CVD. The consistency of the results confirms the 
stability and reliability of our conclusions. In addition to 
overall LC9 scores, we further examined the contribution 
of its individual components. Our component-level analysis 
revealed that psychological health, sleep, BMI, and blood 
glucose contributed most strongly to the inverse association 
between LC9 and asthma. These results highlight the 
roles of mental well-being, metabolic regulation, and sleep 
quality in respiratory health. Interestingly, physical activity 
and blood lipids were not significantly associated with 
asthma in this cross-sectional setting. This discrepancy may 
reflect measurement limitations in NHANES (e.g., self-
reported physical activity, single lipid measurement) or 
complex pathophysiological pathways in asthma that extend 
beyond classical metabolic markers. Further longitudinal 
and mechanistic research is warranted to clarify these 
relationships.

While the underlying mechanisms accounting for 
the inverse relationship between LC9 and adult asthma 
risk remain largely uncertain, potential insights may be 
derived through a comprehensive analysis of the individual 
components constituting the LC9 framework. Nicotine 
exposure triggers a cascade of immunological responses, 
notably the upregulation of pro-inflammatory cytokines, 
which exacerbates mucosal inflammation and oxidative 
damage—pathophysiological processes closely linked to 
increased asthma susceptibility (45). Produced by gut 
microbiota during fermentation of dietary fiber, short-
chain fatty acids contribute to immunomodulation and 
mucosal homeostasis in the lungs, resulting in a protective 
effect against asthma (46). Individuals with elevated BMI 
are more likely to exhibit excessive adipose accumulation, 
particularly in the thoracic and abdominal regions. This 
excess fat can mechanically compromise lung function by 
reducing pulmonary compliance, while also promoting 
systemic and airway inflammation—both of which have 
been implicated in the increased risk of asthma observed 
in obese populations (47). Reduced physical activity has 

been associated with elevated BMI and persistent low-
grade systemic inflammation, both of which are recognized 
risk factors in the development and progression of obesity-
related asthma (48,49). Poor sleep quality may disrupt 
melatonin production, diminishing its regulatory role in 
inflammation and oxidative stress, and thereby heightening 
susceptibility to asthma (50). Depression may exacerbate 
asthma through dysregulation of the hypothalamic-
pituitary-adrenal axis and increased systemic inflammation, 
marked by elevated cytokines such as IL-6 and TNF-α 
(51,52). Chronic inflammation and elevated levels of pro-
inflammatory mediators associated with diabetes may 
contribute to the development or exacerbation of asthma, 
suggesting a potential mechanistic link between metabolic 
dysregulation and respiratory diseases (53). Dyslipidemia 
may contribute to asthma by promoting Th17 cell 
differentiation and arachidonic acid metabolism, both of 
which are key drivers of airway inflammation (54,55). As a 
final point, in hypertensive patients, β2-receptor blockers 
may induce bronchoconstriction by disrupting airway 
smooth muscle relaxation, potentially worsening asthma 
symptoms (56).

To our knowledge, this is the first study to explore 
the association between LC9 and adult asthma in a US 
population. The findings may inform future approaches to 
asthma prevention and control. From a clinical perspective, 
comprehensive risk profiling such as LC9 may complement 
phenotype-directed care for eosinophilic exacerbations, 
where biologics have shown utility (57). In addition, device-
based interventions like bronchial thermoplasty can reduce 
exacerbations and improve quality of life in asthma with 
type-2 inflammation (58). Several limitations should be 
acknowledged. First, the cross-sectional design restricts our 
ability to draw causal inferences between LC9 and adult 
asthma, highlighting the need for longitudinal research. 
Second, the potential pathways through which LC9 may 
influence asthma risk remain speculative, underscoring 
the importance of mechanistic studies. Third, several LC9 
metrics (such as dietary intake and psychological health 
assessed via PHQ-9) and asthma diagnosis were obtained 
through self-reported questionnaires. Although these 
instruments are widely validated and used in large-scale 
epidemiological studies, potential misclassification and 
response bias cannot be excluded, which may attenuate 
the robustness of our findings. Future research using 
objective clinical assessments and biomarkers is needed to 
confirm these associations. Fourth, although we conducted 
sensitivity analyses excluding participants with prior CVD 
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and adjusted for multiple covariates, residual confounding 
from unmeasured variables (e.g., environmental exposures 
not captured in NHANES) cannot be completely ruled 
out. Therefore, our findings should be interpreted with 
caution. Finally, psychological health is a broad construct 
that includes multiple domains beyond depression. Because 
NHANES only provides validated data on depressive 
symptoms (PHQ-9), our operationalization of psychological 
health may not capture the full spectrum of mental health. 
This limitation should be considered when interpreting the 
results.

Conclusions

In this cross-sectional analysis of NHANES 2005–2018, 
higher LC9 scores were associated with lower odds of 
prevalent asthma among U.S. adults. This inverse, non-
linear association was robust across subgroups and in 
sensitivity analyses. Given the cross-sectional design and 
self-reported asthma, these results should be interpreted as 
associations rather than causal or predictive. Prospective 
studies are warranted to establish temporality, assess clinical 
utility, and elucidate potential pathways.
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