
Research paper

The Relationship Between Life’s simple 7 and
Generalized Anxiety Disorder: A Study Based on

KNHANES and Machine Learning

 Keywords
KNHANES, Machine Learning, Generalized Anxiety Disorder, Life’s Simple 7

 Abstract
Introduction
This study aimed to investigate the relationship between LS7 scores and GAD risk in a nationally
representative Korean population.

Material and methods
This study included 12,366 participants from 2001, 2005, 2007–2023 cycles of the Korean National
Health and Nutrition Examination Survey (KNHANES). Propensity score matching (1:1) balanced
baseline characteristics between GAD and non-GAD groups. Logistic regression analysis examined
the association between LS7 and GAD across three models. XGBoost combined with SHAP analysis
identified key variables associated with GAD. Restricted cubic spline analysis explored potential
nonlinear dose response relationships. Sensitivity analysis using complete case analysis was
conducted to assess the robustness of the findings.

Results
After propensity score matching (N = 1,126), the LS7 score was significantly lower in the GAD group
than in the Normal group (9.35 ± 1.77 vs. 9.65 ± 1.72, P = 0.004). Logistic regression demonstrated a
significant inverse association between LS7 and GAD risk (Model 1: OR = 0.88, 95% CI: 0.82–0.95, P
< 0.001), with a significant dose-response trend (P for trend = 0.002). SHAP analysis identified LS7 as
a key contributing feature (mean SHAP value = 0.044). Restricted cubic spline analysis confirmed a
significant overall inverse association (P for overall < 0.001) with no significant nonlinear relationship
detected (P for nonlinear = 0.426), and a notable inflection point observed at an LS7 score of 10.
Sensitivity analysis yielded consistent results.

Conclusions
A negative correlation exists between LS7 and generalized anxiety. Optimizing the risk factors covered
by LS7 may help improve and prevent GAD.Prep
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The Relationship Between Life’s simple 7 and Generalized 1 

Anxiety Disorder: A Study Based on KNHANES and Machine 2 

Learning 3 

Background：Generalized Anxiety Disorder (GAD) is a prevalent mental health condition 4 

associated with significant personal and societal burden. Although Life's Simple 7 (LS7) is an 5 

established cardiovascular health metric, its association with GAD risk remains insufficiently 6 

studied. 7 

Objective: This study aimed to investigate the relationship between LS7 scores and GAD risk in a 8 

nationally representative Korean population. 9 

Methods: This study included 12,366 participants from the 2001, 2005, and 2007–2023 cycles of 10 

the Korean National Health and Nutrition Examination Survey (KNHANES). Propensity score 11 

matching (1:1) was employed to balance baseline characteristics between GAD and non-GAD 12 

groups. Logistic regression analysis was used to examine the association between LS7 and GAD 13 

across three models. The XGBoost algorithm combined with SHAP analysis was applied to identify 14 

key variables associated with GAD. Restricted cubic spline analysis was performed to explore 15 

potential nonlinear dose-response relationships. Sensitivity analysis using complete case analysis 16 

was conducted to assess the robustness of the findings. 17 

Results: After propensity score matching (N = 1,126), the LS7 score was significantly lower in the 18 

GAD group than in the Normal group (9.35 ± 1.77 vs. 9.65 ± 1.72, P = 0.004). Logistic regression 19 

demonstrated a significant inverse association between LS7 and GAD risk (Model 1: OR = 0.88, 20 

95% CI: 0.82–0.95, P < 0.001), with a significant dose-response trend (P for trend = 0.002). SHAP 21 

analysis identified LS7 as a key contributing feature (mean SHAP value = 0.044). Restricted cubic 22 

spline analysis confirmed a significant overall inverse association (P for overall < 0.001) with no 23 

significant nonlinear relationship detected (P for nonlinear = 0.426), and a notable inflection point 24 

observed at an LS7 score of 10. Sensitivity analysis yielded consistent results. 25 

Conclusion: A negative correlation exists between LS7 and generalized anxiety. Optimizing the risk 26 

factors covered by LS7 may help improve and prevent GAD. 27 

Keywords: Generalized Anxiety Disorder, Life’s Simple 7, KNHANES, Machine Learning 28 

1. Introduction 29 

Generalized anxiety disorder (GAD) is a prevalent mental condition marked by chronic, 30 

unfocused apprehension and tension, often associated with symptoms like concentration 31 

difficulties, memory deficits, muscular tension, irritability, and sleep abnormalities [1][1]. Post-32 

pandemic, as life pressures continue to mount, the prevalence of GAD has risen significantly. 33 

Epidemiological data indicates that the prevalence of GAD has reached as high as 7.3%. This 34 

situation not only severely compromises individuals' physical and mental health but also imposes 35 

a heavy burden on personal finances, family relationships, and other aspects of life [2]. Life's 36 

Simple 7 (LS7) is a health guideline developed by the American Heart Association based on 37 

cardiovascular health indicators, including four behavioral factors: Body Mass Index (BMI), 38 

physical activity, diet, and smoking. Initially designed to assess cardiovascular health, ongoing 39 

research has revealed associations between LS7 and non-cardiovascular conditions such as 40 

dementia, depression, and cognitive impairment [3]. Research demonstrates that higher LS7 scores 41 

effectively reduce dementia risk and slow cognitive decline. This effect may stem from enhanced 42 

social engagement, reduced depressive symptoms, and improved cognitive function [4]. 43 
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Furthermore, numerous studies have identified associations between body mass index, serum 44 

cholesterol, blood pressure, and anxiety/depression [5][6][7]. However, to date, no comprehensive 45 

indicator integrating these influencing factors has been developed to investigate their relationship 46 

with anxiety. Therefore, this study utilizes data from the Korean National Health and Nutrition 47 

Examination Survey (KNHANES) to explore the association between LS7 and anxiety. The aim is 48 

to identify indicators that may influence anxiety risk factors and enhance anxiety prevention 49 

strategies. 50 

2. Materials and Methods 51 

2.1 Study Population 52 

2.1.2 KNHANES 53 

KNHANES is an ongoing, cross-sectional, nationally representative survey in Korea. For our 54 

study, we utilized KNHANES data from 2001, 2005, and 2007–2023, as these cycles contained 55 

complete GAD assessment data for participants [8]. KNHANES is a nationally representative cross-56 

sectional survey conducted periodically by the Korea Disease Control and Prevention Agency 57 

(KDCA), assessing the health and nutritional status of the non-institutionalized Korean population 58 

through stratified, multistage probability sampling. It encompasses health interviews, health 59 

examinations, and nutritional surveys. The survey has been approved by the Institutional Review 60 

Board of the KDCA and reviewed by the Institutional Review Board of Seoul National University 61 

(Ethics No.: E2211/004-003). As this study involved only secondary analysis of publicly available 62 

de-identified data, no additional ethics approval was required. 63 

From the initial cohort of 205,398 participants, we excluded cases for the following reasons: 64 

(1) Removal of data samples under 20 years of age (N=49,146). (2) Removal of samples lacking 65 

GAD data (N=139,776). (3) Removal of samples missing LS7 indicators and cutoff values 66 

(N=4,110). The final study cohort comprised 12,366 participants, including 563 GAD cases and 67 

11,803 controls. The exclusion flowchart is shown in Figure 1. 68 
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 69 

Fig. 1. Flowchart of the sample selection from the KNHANES  70 

2.2 LS7 Indicator Measurement 71 

LS7 comprises seven indicators: physical activity, dietary patterns, smoking habits, BMI, blood 72 

glucose, blood pressure, and cholesterol levels. Each indicator is categorized into three standards: 73 

ideal, moderate, and poor. Physical activity is measured by the frequency and duration of moderate-74 

to-vigorous exercise (e.g., walking, running, swimming, yard work) over the past 30 days. Dietary 75 

patterns are assessed using the Healthy Eating Index-2015 (HEI-2015), which evaluates intake of 76 

13 food groups. The HEI-2015 score is calculated by summing the daily intake scores for these 13 77 

food groups [9]. The GAD-7 was used to assess generalized anxiety disorder symptoms. This seven-78 

item self-report scale has been validated as a reliable anxiety screening tool and can measure anxiety 79 

severity. It is based on criteria from the Diagnostic and Statistical Manual of Mental Disorders, 80 

Fourth Edition [10]. 81 

2.3. Diagnosis of GAD 82 

GAD was diagnosed according to DSM-5 criteria, defined as excessive and uncontrollable 83 

anxiety persisting for at least 6 months, accompanied by at least three associated symptoms such as 84 

restlessness, fatigue, and difficulty concentrating, and not attributable to substances, other medical 85 

conditions, or other mental disorders [11]. Individuals with secondary anxiety due to medical 86 

conditions, substance use disorders, or who were pregnant or breastfeeding were excluded. 87 

2.4 Covariates 88 

Based on prior literature, several potential confounding factors were analyzed, including age, 89 

age group, gender, and household income relative to the poverty line. Age, age group, gender, and 90 

household income relative to the poverty line were determined using demographic variable files. 91 

Household income relative to the poverty line was categorized as low income (≤1.3), medium 92 

income (1.3–3.5), or high income (>3.5). Diabetes and hypertension were identified through 93 
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questionnaire surveys. 94 

2.5 Statistical Methods 95 

All data processing and analysis were performed using R software (version 4.1.1). Baseline 96 

characteristics were analyzed by describing continuous variables using mean and standard deviation 97 

(SD). Categorical variables were reported as sample counts and percentages. To examine differences 98 

in variable characteristics between GAD and Normal groups, we employed independent samples t-99 

tests for continuous variables and chi-square tests for categorical variables, providing a 100 

comprehensive description of the entire population. For missing values in the data, if the proportion 101 

of missing data was less than 20%, multiple imputation was performed using the chained equations 102 

method with classification and regression trees (with the number of imputed datasets set to 5). Prior 103 

to imputation, observations with missing values in the outcome variable (GAD) and the primary 104 

exposure variable (LS7) were excluded. Variables with more than 20% missing data were also 105 

removed. The remaining covariates with missing proportions not exceeding 20% were imputed, 106 

including age group, gender, poverty income ratio (PIR), alanine aminotransferase (ALT), and white 107 

blood cell count, among other sociodemographic and biochemical indicators. Imputation was 108 

completed prior to propensity score matching to ensure complete covariate data for propensity score 109 

estimation. 110 

Logistic regression was employed to analyze the potential association between LS7 and GAD. 111 

LS7 levels were incorporated into the regression model as both continuous and categorical variables. 112 

This facilitated the calculation of odds ratios (OR) and their corresponding 95% confidence intervals 113 

(95% CI). LS7 levels were introduced into the model as a continuous variable. The raw LS7 levels 114 

were divided into quartiles based on interquartile ranges and ranked from low to high. These 115 

quartiles were labeled as the first quartile (Q1), second quartile (Q2), third quartile (Q3), and fourth 116 

quartile (Q4). They were further evaluated as categorical variables. When LS7 levels were treated 117 

as categorical variables, the lowest quartile (Q1) served as the reference category. Three distinct 118 

statistical analysis groups were established: the Crude Model was unadjusted; Model 1 was adjusted 119 

for age group, gender, and poverty income ratio (PIR); Model 2 was adjusted for alanine 120 

aminotransferase (ALT) and white blood cell count. The three models represent parallel adjustment 121 

designs, each evaluating the influence of a different category of covariates. Restricted Cubic Splines 122 

(RCS) were then employed to examine whether a nonlinear relationship exists between LS7 and 123 

anxiety. Subgroup analyses were performed by age group and gender using multivariate logistic 124 

regression, with interaction effects between each subgroup and LS7 assessed by incorporating 125 

interaction terms into the model. 126 

The XGBoost (Extreme Gradient Boosting) algorithm was applied as an exploratory tool to 127 

assess the relative contributions of various factors to GAD risk and identify key disease-associated 128 

features, rather than to develop a clinical predictive model[12][13]. XGBoost (Extreme Gradient 129 

Boosting) is an efficient Gradient Boosting Tree (GBT) algorithm belonging to ensemble learning. 130 

Based on decision tree models, XGBoost employs gradient boosting techniques to enhance 131 

predictive accuracy by integrating multiple weak learners (i.e., weak classifiers) into a single strong 132 

learner. We employed the XGBoost algorithm model to discuss the relative importance of indicators 133 

in influencing GAD. In this study, a learning rate of 0.08 was selected to balance model complexity 134 

and generalization capability. To prevent overfitting, the maximum depth was capped at 6, and the 135 

number of trees was set to 80% of the total sample size to achieve stable and accurate results. 136 

Sensitivity analysis is a statistical method used to assess the robustness of research findings. 137 
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By altering key assumptions or parameters within a model, sensitivity analysis examines how 138 

sensitive the results are to these changes, thereby validating the reliability of conclusions. In this 139 

study, to ensure the robustness of the association between LS7 indicator levels and GAD, we 140 

employed a sensitivity analysis using direct deletion of missing values (NA values) rather than data 141 

imputation techniques. Statistical analysis was two-tailed, with P < 0.05 considered statistically 142 

significant. This study was reported in accordance with the Strengthening the Reporting of 143 

Observational Studies in Epidemiology (STROBE) guidelines for cross-sectional studies, and the 144 

completed STROBE checklist is provided as supplementary material. 145 

3. Results 146 

3.1 Description of Baseline Characteristics of Patients 147 

 Baseline characteristics of the 1,126 participants, stratified by the presence of GAD, are 148 

presented in Table 1. The mean age was 48 ± 18 years, with 31.8% classified as old and 68.2% as 149 

young, and the cohort was 69.9% female. The distribution of participants across age groups 150 

(P=0.798), gender (P=0.649), and poverty-income ratio (PIR) categories (P=0.945) was balanced 151 

between the GAD (n=563) and Normal (n=563) groups, with no statistically significant differences 152 

observed. Similarly, no significant between-group differences were found for the mean levels of 153 

alanine aminotransferase (ALT) (22 ± 17 vs. 21 ± 18, p=0.405) or white blood cell count (6.03 ± 154 

1.69 vs. 5.95 ± 1.71, P=0.412). However, a statistically significant difference was noted in the mean 155 

LS7 score, with the Normal group demonstrating a higher cardiovascular health score compared to 156 

the GAD group (9.65 ± 1.72 vs. 9.35 ± 1.77, P=0.004). 157 

 158 
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Table 1. Baseline characteristics of participants after propensity score matching. 180 

Variable Overall   GAD   Normal   p-value 
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N = 1,126 N = 563 N = 563 

Age 48 (18) 48 (18) 48 (18) 0.822 

Age Group    0.798 

Old 358 (32%) 177 (31%) 181 (32%)  

Young 768 (68%) 386 (69%) 382 (68%)  

Gender    0.649 

Female 787 (70%) 397 (71%) 390 (69%)  

Male 339 (30%) 166 (29%) 173 (31%)  

PIR    0.945 

≤ 1.3 370 (33%) 184 (33%) 186 (33%)  

1.3-3.5 745 (66%) 374 (66%) 371 (66%)  

> 3.5 11 (1.0%) 5 (0.9%) 6 (1.1%)  

ALT 21 (17) 22 (17) 21 (18) 0.405 

White blood cell count 5.99 (1.70) 6.03 (1.69) 5.95 (1.71) 0.412 

LS7 9.50 (1.75) 9.35 (1.77) 9.65 (1.72) 0.004 

 181 
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3.2 Relationship Between GAD and LS7 182 

In the unadjusted model (Model 1), each unit increase in the continuous LS7 score was 183 

associated with a 10% lower risk of disease (OR 0.90, 95% CI 0.85 to 0.97, P=0.004). This 184 

association remained significant after adjusting for demographic factors (Model 2: OR 0.88, 95% 185 

CI 0.82 to 0.95, P<0.001) and for laboratory markers (Model 3: OR 0.91, 95% CI 0.84 to 0.97, 186 

P=0.007). When analyzed categorically, significant inverse associations were observed for the 187 

highest quartiles (Q3 and Q4) compared to the reference (Q1 [4,8)). In Model 2, the odds of disease 188 

were significantly lower for Q3 (OR 0.63, 95% CI 0.42 to 0.96, P=0.032) and Q4 (OR 0.60, 95% 189 

CI 0.40 to 0.90, P=0.014). The trend test was significant across all models (Crude Model: P = 0.007; 190 

Model 1: P = 0.002; Model 2: P = 0.013), which suggests that higher LS7 scores may help protect 191 

against GAD (Table 2). 192 

 193 

Table 2. The association between LS7 exposure and GAD 194 

    Crude Model     Model1     Model2   

Characteristic OR 95%CI P-value OR 95%CI P-value OR 95%CI P-value 

LS7          

LS7 continuous 0.90 (0.85, 0.97) 0.004 0.88 (0.82, 0.95) <0.001 0.91 (0.84, 0.97) 0.007 

LS7 quantile          

Q1(< 8) Ref Ref  Ref Ref  Ref Ref  

Q2(8-10) 0.93 (0.64, 1.37) 0.719 0.90 (0.61, 1.33) 0.587 0.95 (0.64, 1.40) 0.784 

Q3(10-11) 0.68 (0.46, 1.02) 0.062 0.63 (0.42, 0.96) 0.032 0.69 (0.46, 1.05) 0.087 

Q4(≥ 11) 0.67 (0.46, 0.98) 0.039 0.60 (0.40, 0.90) 0.014 0.68 (0.45, 1.03) 0.069 

P for trend     0.007     0.002     0.013 

Note: The Crude Model was non-adjusted. Model 1 was adjusted for age group, gender, and poverty 195 

income ratio (PIR). Model 2 was adjusted for alanine aminotransferase (ALT) and white blood cell 196 

count. 197 

 198 

 199 

3.3 Machine Learning Analysis of GAD-Related Factors Using the XGBoost Model 200 

To further identify key factors associated with GAD, the XGBoost algorithm was applied to 201 

rank variable importance using SHAP analysis. SHAP analysis revealed that triglycerides (mean 202 

SHAP value = 0.103), white blood cell count (mean SHAP value = 0.097), alanine aminotransferase 203 

(ALT; mean SHAP value = 0.050), and LS7 (mean SHAP value = 0.044) were the most influential 204 

features associated with GAD (Fig. 2A). Furthermore, SHAP dependency plots indicated that higher 205 

LS7 values were associated with a negative contribution to the predicted probability of GAD, 206 

suggesting a protective role of LS7 against GAD (Fig. 2B). 207 

Prep
rin

t



 208 

Fig 2. Clarification of machine learning models through SHAP summary and dependence 209 

plots 210 

   211 

3.4 Stratified Statistics 212 

Stratified results in Fig. 3A show that the GAD incidence rate gradually decreases across 213 

quartiles of LS7. The first quartile (Q1) had the highest incidence rate at 55.92%, while the fourth 214 

quartile (Q4) had the lowest at 45.87%. Fig. 3B displays GAD incidence stratified by age and PIR. 215 

Across all age groups, moderate PIR showed the highest GAD incidence, followed by low PIR. 216 

High PIR consistently exhibited the lowest GAD incidence across all age cohorts. 217 

 218 
Fig. 3 (A) Bar graph depicting the incidence of GAD across different LS7 quartiles;(B) 219 

Comparative graph illustrating GAD incidence across age groups 220 

3.5 RCS Curves for GAD and LS7 and Its Subgroups 221 

Having confirmed a significant inverse association between LS7 scores and GAD risk 222 
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through logistic regression analysis, we further employed restricted cubic spline (RCS) analysis to 223 

explore whether this association followed a nonlinear dose-response pattern. RCS revealed a 224 

significant overall inverse association between LS7 scores and GAD risk in the total population (P 225 

for overall < 0.001), with no significant nonlinear relationship (P for nonlinear = 0.426) and a 226 

notable inflection point at an LS7 score of 10 (Fig. 4A). Subgroup analysis by gender indicated 227 

that this inverse association remained significant in females (P for overall < 0.001, P for nonlinear 228 

= 0.252), whereas no significant association was observed in males (P for overall = 0.121, P for 229 

nonlinear = 0.711), suggesting that the protective effect of higher LS7 scores against GAD may be 230 

more pronounced in females (Fig.4B).231 

 232 
Fig. 4. Restricted cubic spline curves for the association between LS7 scores and GAD risk. 233 

(A) Overall population; (B) Stratified by gender (Female vs. Male); 234 

 235 

3.6 Relationship Between LS7 and Subgroups Based on Baseline Characteristics 236 

To examine whether the protective association between LS7 and GAD was consistent across 237 

different population subgroups, this study further analyzed the association between LS7 and GAD 238 

across subgroups defined by baseline characteristics using multivariate logistic regression (Fig. 239 

5).In the overall analysis of 1,126 participants, a higher LS7 score was significantly associated 240 

with a lower risk of disease (OR 0.90, 95% CI 0.85-0.97, P=0.004). Subgroup analyses were 241 

conducted by age group and gender. The association was significant in the young group (OR 0.89, 242 

95% CI 0.82-0.96, P=0.003) but not in the old group (OR 0.95, 95% CI 0.83-1.10, P=0.509), with 243 

no significant interaction by age (P for interaction = 0.401). Similarly, a significant inverse 244 

association was observed in females (OR 0.84, 95% CI 0.77-0.92, P<0.001) but not in males (OR 245 

0.97, 95% CI 0.86-1.10, P=0.645). The interaction by gender approached but did not reach 246 

statistical significance (P for interaction = 0.058).247 

 248 

Fig. 5. Subgroup analyses of the relationship between LS7 Score and GAD. 249 

 250 

3.7 Sensitivity Analysis 251 

Sensitivity analysis using complete case analysis (excluding imputed data) yielded consistent 252 

results. The unadjusted model showed that for each one-unit increase in LS7 as a continuous 253 
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variable, the risk of GAD significantly decreased (OR = 0.91, 95% CI: 0.84–0.99, P = 0.022). 254 

After multivariable adjustment, this association remained significant (Model 1: OR = 0.90, 95% 255 

CI: 0.83–0.98, P = 0.015; Model 2: OR = 0.91, 95% CI: 0.83–0.99, P = 0.032). Quartile 256 

stratification analysis further confirmed this trend. Compared with Q1, participants in Q4 had a 257 

significantly lower risk of GAD in the Crude Model (OR = 0.59, 95% CI: 0.37–0.94, P = 0.025), 258 

Model 1 (OR = 0.55, 95% CI: 0.33–0.89, P = 0.016), and Model 2 (OR = 0.60, 95% CI: 0.36–259 

0.99, P = 0.045). The trend test was significant across all models (Crude Model: P = 0.011; Model 260 

1: P = 0.007; Model 2: P = 0.018) (Table S2). These findings indicate that the association between 261 

LS7 scores and GAD risk remains consistent across different analytical approaches, further 262 

supporting the robustness of the study conclusions. 263 

 264 

 265 

 266 

4. Discussion 267 

As a core comprehensive indicator for assessing cardiovascular health, the ideal state of LS7 268 

not only correlates closely with improved anxiety symptoms but also demonstrates significant 269 

neuroprotective effects. Existing research indicates that when LS7 scores are at ideal or moderate 270 

levels, they show significant correlations with multiple brain structural parameters: specifically, a 271 

marked reduction in white matter hyperintensity volume (β = -0.39, P < 0.001) and a significant 272 

increase in total brain volume (β = 0.14, P < 0.001). This finding suggests that LS7 may exert its 273 

alleviating effect on anxiety-related neurodegeneration through the mediating mechanism of 274 

optimizing cerebrovascular health [14]. This is consistent with our finding that higher LS7 scores 275 

were significantly associated with reduced GAD risk (Model 1: OR = 0.886, 95% CI: 0.823–276 

0.953), suggesting that optimization of cardiovascular health metrics may attenuate anxiety-related 277 

neurodegeneration through cerebrovascular pathways. Subsequent research demonstrates that 278 

behavioral intervention elements within the LS7 framework—such as consistent physical activity 279 

and nutritious food habits—are markedly correlated with the reduction of anxiety-like behaviors. 280 

Another study revealed that high-intensity stress induces excessive activation and 281 

sensitization of serotonin (5-HT) neurons in the dorsal raphe nucleus (DRN) region of rodent 282 

brains, thereby triggering anxiety and depression symptoms associated with human stress. 283 

Appropriate physical exercise, however, inhibits 5-HT neuron activity by inducing neural circuit 284 

plasticity (enhancing 5-HT 1A auto receptor function and reducing 5-HT 2C receptor sensitivity), 285 

thereby attenuating anxiety symptoms induced by sharp increases in serotonin levels [15]. A 286 

bidirectional Mendelian randomization analysis examining the effects of physical activity, 287 

sedentary behavior, anxiety, depression, and well-being revealed that sedentary individuals had a 288 

2.59-fold higher probability of anxiety compared to non-sedentary individuals, while regular 289 

physical activity promoted well-being [16]. These findings support the observed dose-response 290 

relationship between LS7 scores and GAD risk in our study (P for trend = 0.0024), wherein 291 

physical activity as a core LS7 component may contribute to GAD prevention through 292 

serotonergic pathway modulation. This effect may be attributed to post-exercise increases in β-293 

endorphins, endocannabinoids, monoamines, and BDNF [17][18]. Recent updates to 294 

cardiovascular health frameworks further underscore the clinical relevance of our findings. The 295 

American Heart Association has expanded Life's Simple 7 to Life's Crucial 9, incorporating sleep 296 

health and social determinants of health as additional metrics. Notably, the ILEP-SMILE 297 
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algorithm has identified stress, which is strongly correlated with anxiety, as a critically important 298 

cardiovascular risk factor, suggesting that effective stress management may help maintain 299 

cardiovascular health [19]. Our findings that higher LS7 scores are inversely associated with GAD 300 

risk imply that jointly optimizing cardiovascular health behaviors and addressing anxiety and 301 

stress may confer synergistic cardioprotective benefits. 302 

Not only exercise, but healthy eating can also effectively alleviate anxiety symptoms.Within 303 

the LS7 framework, dietary quality is one of the seven core components. Poor dietary patterns, 304 

particularly those rich in refined carbohydrates, have been shown to elevate C-reactive protein 305 

levels [20] and decrease brain-derived neurotrophic factor levels [21] , causing neuronal oxidative 306 

stress degeneration, which may contribute to GAD development [22]. Another study indicates that 307 

nutrients such as B vitamins, vitamin C, magnesium, and zinc can alleviate metabolic disorders 308 

and abnormal hormone secretion caused by long-term chronic stress. They do this by protecting 309 

the integrity and stability of neuronal membrane structures through the production of 310 

neurotransmitters like serotonin, norepinephrine, and dopamine, thereby reducing the risk of 311 

anxiety disorders [23]. These mechanisms may partly explain the inverse association between LS7 312 

scores and GAD risk observed in our study, as dietary optimization within the LS7 framework 313 

could attenuate neuroinflammation and support neurotransmitter homeostasis, thereby reducing 314 

GAD susceptibility. 315 

At the population level, ideal LS7 scores correlate with lower cerebral small vessel disease 316 

(CSVD) risk (cOR=0.73). Research indicates that white matter hyperintensity lesions caused by 317 

CSVD disrupt cortical and subcortical networks regulating emotional control, inducing anxiety, 318 

depression, apathy, impulsivity, and other emotional disorders in CSVD patients [24]. This is 319 

consistent with our finding that higher LS7 scores were associated with significantly reduced 320 

GAD risk (Q4 vs Q1: OR = 0.604, 95% CI: 0.399–0.909), suggesting that LS7-mediated reduction 321 

in CSVD burden may represent one pathway through which cardiovascular health optimization 322 

attenuates GAD susceptibility. Healthy lifestyle habits can reduce the incidence of cerebrovascular 323 

disease, thereby indirectly lowering anxiety prevalence.Under normal conditions, only minimal 324 

amounts of the pro-inflammatory cytokine IL-6 can cross the BBB. However, elevated IL-6 levels 325 

in cerebrospinal fluid have been observed in patients with severe anxiety and depression, a finding 326 

associated with increased BBB permeability [25]. Menard et al. observed significantly reduced 327 

Claudin-5 protein levels in the BBB of anxiety-prone rats compared to normal rats [26]. 328 

Furthermore, IL-6 decreases Claudin-5-related mRNA concentrations, inhibits Claudin-5 protein 329 

synthesis, increases BBB permeability, and induces anxiety and depressive symptoms [27]. 330 

Notably, several LS7 components—including physical activity, healthy diet, and blood pressure 331 

control—have been shown to maintain BBB integrity by suppressing IL-6-mediated inflammatory 332 

cascades, which may contribute to the protective association between higher LS7 scores and 333 

reduced GAD risk observed in our study 334 

Beyond this, optimizing medical indicators (such as blood pressure and blood glucose) 335 

demonstrates more pronounced preventive effects against brain inflammation and blood-brain 336 

barrier disruption. Research indicates that elevated blood glucose concentrations can induce 337 

systemic low-grade inflammatory mechanisms, leading to increased blood-brain barrier 338 

permeability. High glucose levels may also impair blood-brain barrier function by increasing 339 

paracellular permeability through metabolic overload and reducing trans endothelial resistance in 340 

human brain microvascular endothelial cells [28]. Within the LS7 framework, blood glucose 341 
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control is a core component; our finding that higher LS7 scores were associated with reduced 342 

GAD risk (Crude Model: OR = 0.905, 95% CI: 0.845–0.968) may partly reflect the 343 

neuroprotective effects of optimized glycemic control on BBB integrity. Elevated cholesterol 344 

levels also adversely affect BBB maintenance. Consistent with prior findings, after 30 days of 345 

high-cholesterol diet in mice, increased plasma cholesterol levels were accompanied by BBB 346 

disruption and heightened permeability in the prefrontal cortex and hippocampus [29]. Other 347 

studies report that high-cholesterol diets activate glial cells, mediate inflammatory cytokine 348 

expression, and induce more intense neuroinflammation [30]. This neuroinflammatory mechanism 349 

may further explain why triglycerides emerged as the most influential feature in our SHAP 350 

analysis (mean |SHAP value| = 0.103), underscoring the importance of lipid management within 351 

the LS7 framework in reducing GAD susceptibility. 352 

Additionally, studies indicate that LS7 scores correlate with the activity of the renin-353 

angiotensin-aldosterone system (RAAS). Higher LS7 scores are associated with reduced RAAS 354 

activity and decreased levels of inflammatory markers IL-6 and CRP [31]. This is directly relevant 355 

to our findings, as higher LS7 scores were associated with significantly reduced GAD risk across 356 

all three models (Model 1: OR = 0.886; Model 2: OR = 0.889), suggesting that RAAS suppression 357 

and reduced systemic inflammation may represent key mechanistic pathways underlying this 358 

protective association. Current research widely acknowledges the association between depression 359 

and anxiety with heightened RAAS axis function, which is linked to neuroinflammation, stress, 360 

and oxidative stress induction [32]. Ang II was previously identified as a prohypertensive factor in 361 

brain regions associated with cardiovascular function, and recent studies have implicated it in 362 

motor activity, anxiety, learning, and memory [33].Chronic neuroinflammation triggers microglial 363 

activation and neural dysfunction in the brain. This leads to reduced levels of brain-derived 364 

neurotrophic factor (BDNF), exacerbates nitric oxide stress, and alters monoamine levels, thereby 365 

increasing the risk of psychiatric disorders [34]. 366 

This evidence collectively demonstrates that LS7 exerts anxiolytic effects through a multi-367 

target mechanism (modulation of neuroinflammation, cerebrovascular protection, and metabolic 368 

optimization). 369 

Limitations in medical record data, particularly incompleteness, may impact assessment. 370 

Future prospective, multicenter cohort studies are warranted to provide clearer guidance for 371 

clinical management. 372 
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Table 1. Baseline characteristics of participants after propensity score matching. 

Variable 

Overall   

N = 1,126 

GAD   

N = 563 

Normal   

N = 563 p-value 

Age 48 (18) 48 (18) 48 (18) 0.822 

Age Group       0.798 

Old 358 (32%) 177 (31%) 181 (32%)   

Young 768 (68%) 386 (69%) 382 (68%)   

Gender       0.649 

Female 787 (70%) 397 (71%) 390 (69%)   

Male 339 (30%) 166 (29%) 173 (31%)   

PIR       0.945 

≤ 1.3 370 (33%) 184 (33%) 186 (33%)   

1.3-3.5 745 (66%) 374 (66%) 371 (66%)   

> 3.5 11 (1.0%) 5 (0.9%) 6 (1.1%)   

ALT 21 (17) 22 (17) 21 (18) 0.405 

White blood cell count 5.99 (1.70) 6.03 (1.69) 5.95 (1.71) 0.412 

LS7 9.50 (1.75) 9.35 (1.77) 9.65 (1.72) 0.004 

 

Table 2. The association between LS7 exposure and GAD 

    Crude Model     Model1     Model2   

Characteristic OR 95%CI P-value OR 95%CI P-value OR 95%CI P-value 

LS7          

LS7 continuous 0.90 (0.85, 0.97) 0.004 0.88 (0.82, 0.95) <0.001 0.91 (0.84, 0.97) 0.007 

LS7 quantile          

Q1(< 8) Ref Ref  Ref Ref  Ref Ref  

Q2(8-10) 0.93 (0.64, 1.37) 0.719 0.90 (0.61, 1.33) 0.587 0.95 (0.64, 1.40) 0.784 

Q3(10-11) 0.68 (0.46, 1.02) 0.062 0.63 (0.42, 0.96) 0.032 0.69 (0.46, 1.05) 0.087 

Q4(≥ 11) 0.67 (0.46, 0.98) 0.039 0.60 (0.40, 0.90) 0.014 0.68 (0.45, 1.03) 0.069 

P for trend     0.007     0.002     0.013 

 

Note: The Crude Model was non-adjusted ; The Model 1 was adjusted by Age、Gender、PIR; 

The Model 2 was adjusted by ALT、White blood cell count 
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Table S2. Univariate logistic regression analysis of the association between LS7 exposure and  

GAD (Sensitivity analysis) 

    Crude Model     Model1     Model2   

Characteristic OR 95%CI P-value OR 95%CI P-value OR 95%CI P-value 

LS7          

LS7 continuous 0.91 (0.84, 0.99) 0.022 0.90 (0.83, 0.98) 0.015 0.91 (0.83, 0.99) 0.032 

LS7 quantile          

Q1(< 8) Ref Ref  Ref Ref  Ref Ref  

Q2(8-10) 0.80 (0.51, 1.27) 0.347 0.78 (0.48, 1.24) 0.293 0.83 (0.51, 1.34) 0.443 

Q3(10-11) 0.61 (0.38, 0.99) 0.048 0.58 (0.35, 0.96) 0.034 0.62 (0.37, 1.03) 0.063 

Q4(≥ 11) 0.59 (0.37, 0.94) 0.025 0.55 (0.33, 0.89) 0.016 0.60 (0.36, 0.99) 0.045 

p for trend   0.011   0.007   0.018 
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