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Background: Although previous research has substantiated lifestyle and

cardiovascular-related measures have some impact on cognitive function,

studies focusing on the correlation between Life’s Essential 8 (LE8), an indicator

for quantifying cardiovascular health (CVH), and cognitive function are limited.

Consequently, this study sought to explore the potential link between CVH and

cognitive function as well as to determine if depressive states mediated the

relationship.

Methods: A total of 2,263 individuals were selected from the 2011–2014

National Health and Nutrition Examination Survey (NHANES). Post-averaged LE8

scores was classified as low CVH (0–49), moderate CVH (50–79), and high

CVH (80–100) according to the American Heart Association (AHA). Cognitive

function was evaluated using the Animal Fluency Test (AFT), the Digit Symbol

Substitution Test (DSST), the instant recall test (IRT), and the delayed recall test

(DRT). The Z-score is figured by subtracting the average of the scores of four test

sections and dividing by the standard deviation. Models of multi-variable linear

regression were employed to appraise the relationships between CVH and the

Z-score for cognitive function. Depression was assessed through the utilization

of the Patient Health Questionnaire (PHQ-9). Points of 10 or above indicated a

positive diagnosis. Weighted linear regression and restricted cubic spline (RCS)

were employed to evaluate the correlation between CVH and cognitive function.

Pearson’s test was utilized to explore the interrelation among primary variables

and mediated effects analyses of depressive states.

Results: A significant positive linear relationship was observed between LE8

score and cognitive function Z-score. In all models, there was a positive

correlation between higher Z-score for cognitive function and every ten points

added to the LE8 score, which evaluates CVH. The findings of the mediating

effect study indicated that the effects of cardiovascular health on cognitive

function were partially mediated by depression.
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Conclusion: Results showed a meaningful positive linear correlation between

the level of CVH and cognitive function, with a mediating role for depression.

These results accentuate the significance of sustaining high CVH and avoiding

depression to improve cognitive functioning.
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cardiovascular health, cognition function, Life’s Essential 8, depression state, NHANES

1 Introduction

In the World Health Statistics Report 2023, the number
of deaths and disease burden caused by cardiovascular diseases
(CVDs) remain in the first place (World Health Organization,
2023). Cardiovascular health (CVH) is of paramount importance
in reducing mortality and morbidity rates worldwide, with poor
CVH leading to severe outcomes like myocardial infarction
and cerebrovascular accident. Furthermore, the health of the
cardiovascular system has extensive implications beyond physical
health, influencing mental health, cognitive function, and overall
quality of life (Wei et al., 2023; Xian et al., 2024). In order to
gain a comprehensive understanding of cardiovascular health, the
American Heart Association (AHA) proposed a revised definition
“Life’s Essential 8 (LE8),” including two primary categories: health
behaviors and health factors. The health behaviors domain contains
diet, physical activity, nicotine exposure, and sleep health, while the
health factors domain includes body mass index (BMI), non-high-
density lipoprotein (non-HDL) cholesterol, blood glucose levels,
and blood pressure (Donald et al., 2022). According to the release
of the President’s recommendations, LE8 score range from 0 to 100,
with higher scores indicating better CVH. The value and reliability
of the indicator have been fully confirmed by the numerous studies
that show a strong negative correlation between the endpoints of
non-cardiovascular disease, all-cause mortality, and the incidence
of various CVDs as measured by this indicator (Bundy et al., 2021).
The updated LE8 also takes into account individual and age-related
variations, rendering it more applicable to public health initiatives
(Lloyd-Jones et al., 2022).

Previously, it was believed that cardiovascular disease posed
little risk to the brain (Lassen, 1964). Conversely, there is increasing
evidence indicates that cardiovascular health is inextricably linked
to brain function (de Leeuw et al., 2004, den Heijer et al., 2005).
Cognitive function is a kind of advanced function of brain to
process information, assess and interpret external stimuli, and
execute complex mental tasks. As population aging intensifies
worldwide, cognitive decline associated with aging has gradually
become a primary public health problem (Lassi et al., 2023).
Cognitive impairment is significantly associated with diseases such
as dementia and depression, which has unfavorable effects on the
health and quality of life of elderly people (Denver and McClean,
2018). Moreover, studies have shown that several cardiovascular
diseases are risk factors for cognitive decline, and the two interact
and influence each other (Paul et al., 2005, Schievink et al., 2022).
Therefore, it is necessary to further study the mechanism between
cognitive decline in old age and CVH in order to propose effective
preventive measures.

Depression is acknowledged as one of the primary causes of
disability globally, making a significant contribution to the total
global illness burden (Malhi and Mann, 2018). Several longitudinal
studies and meta-analyses have shown an association between
depression and CVD (Frasure-Smith et al., 1993; Lespérance et al.,
2002; Vicario and Cerezo, 2023). Of note, clinical studies have
found that 85–94% of patients with depression have cognitive
dysfunction at the time of onset, and 39–44% still have cognitive
dysfunction after remission of depression (Conradi et al., 2011),
suggesting that there is some relation between depression and
cognitive function (Lim et al., 2013). Besides, there are few
studies on the relationship among CVH and cognitive function
and depression state in the population. This study received some
support from earlier research on the mediating role of depression
in the association between an active lifestyle and cognitive function
in the elderly (Xian et al., 2024).

In view of the above, the purpose of this study was to examine
the relationship between CVH levels and cognitive function, as well
as the impact of depression on cognitive abilities. The goal is to
provide more precise and valuable information for measures that
can enhance cognitive function, thereby improving the health and
quality of life for the elderly population.

2 Materials and methods

2.1 Study design and participants

The National Health and Nutrition Examination Survey
(NHANES) is a comprehensive program of studies. This cross-
sectional study employed data from the 2011–2014 NHANES cycles
and participants completed informed consent forms.

The 2011–2014 survey yielded results from 19,931 participants.
Initially, we removed individuals with incomplete data in the
eight scoring items that defined the LE8 score. We also excluded
those who did not complete the cognitive function assessment.
The study included participants who displayed complete scores
for both measures. Among them, 8,082 participants had the eight
scoring indicators of LE8, and 2,934 participants had the cognitive
function Z-score data. Finally, 2,263 participants with LE8 scores
and Z-score for cognitive function and other required indicators
were included in the statistical analysis.

2.2 Demographic characteristics

The basic characteristics of population were collected by
questionnaires during the home interview. In this study, age was
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divided into three groups: 60–69 years, 70–79 years, or ≥ 80 years.
Race/ethnicity was categorized as Mexican American, Hispanic,
non- Hispanic (NH) White, NH Black, and Other. The poverty
ratio was calculated as the ratio of monthly household income to
poverty levels and sorted into 3 groups: < 1.3 (low income), 1.3–3.5
(middle income), and > 3.5 (high income). Less than ninth grade,
ninth to eleventh grade, high school graduate/GED or equivalent,
some college/AA degree, college graduate/above, and don’t know
where the categories used to classify education levels. Marital status
was classified as coupled and single.

2.3 Measurement of LE8

As mentioned earlier, LE8 updated model encompasses eight
key components and each integral to maintaining and enhancing
heart function. According to the AHA, each indicator is given a
new scoring algorithm with a score ranging from 0 to 100. The total
score is then divided by 8 to derive a comprehensive cardiovascular
health score, also ranging from 0 to 100. Supplementary Table 1
provides a detailed explanation of how the scores for each LE8
measure were calculated using NHANES data. In this study, LE8
score was calculated for each participant based on detailed score
calculation tables published in the past (Lloyd-Jones et al., 2022).
Participants with a LE8 score of 0–49 were deemed low CVH;
50–79, moderate CVH; and 80–100, high CVH.

The 2015 version of the Healthy Eating Index (HEI) assessed
diet metrics (Krebs-Smith et al., 2018). HEI-2015 was calculated
by combining the dietary intake data for the corresponding
cycle in the Food Pattern Equivalents Database (FPED) with
the nutrient intake from the dietary data for the corresponding
cycle in the NHANES database, using the Dietaryindex package
in the R language. Data on medication history, amount and
kind of physical activity, sleeping and smoking patterns, and
diabetic condition were gathered using self-report questionnaires.
The self-reported frequency of exercise activity was multiplied to
get the physical activity and the metabolic equivalent (MET) of
each exercise as an indicator of the participant’s exercise status.
Measurements of height, weight, and blood pressure were checked
up during medical examination. And BMI values were derived from
information on height and weight. Results for lipids, blood sugar
and glycosylated hemoglobin are available from laboratory data for
the corresponding year.

2.4 Measurements of cognitive function
Z-score

The cognitive component of the NHANES 2011–2014
primarily consists of three tests: the Consortium for the Registry of
Alzheimer’s Disease (CERAD) Word Learning and Recall Module,
the Animal Fluency Test (AFT), and the Digit Symbol Substitution
Test (DSST). The CERAD Word Learning Subtest (CERAD W-L)
evaluates the capacity to acquire new linguistic information in the
Memory domain through immediate and delayed recall (Morris
et al., 1989). It involves three consecutive learning trials in a row
and one delayed recall. The reliability of these tests has been
proven (Shi et al., 2023). The task for participants is to read out

ten unrelated words aloud and then try to remember as many of
those words as they can. Throughout the learning trials, the word
order is altered. In the AFT, participants are given a minute to
identify as many animals as they can and each species they name
earns them one point, which is used to evaluate categorical verbal
fluency (Balzano et al., 2006). The DSST, a component of the
Wechsler Adult Intelligence Scale (WAIS III), evaluates working
memory, sustained attention and processing speed (Jaeger, 2018).
Participators use a paper form to quickly match symbols to
numbers in 133 boxes containing nine numbers and symbols. The
sum of all the right matches determines the score. To integrate the
results from these distinct cognitive tests, we employed Z-score,
which standardize the raw scores by accounting for the population
mean and standard deviation. The Z-score is calculated as follows:
Z = (X−µ)

σ
. Where X is the participant’s score, µ is the population

mean, and σ is the standard deviation. By converting test scores
to Z-score, we eliminate differences in test scaling and ensure that
each test contributes equally to the overall cognitive assessment
(Wei et al., 2023). A higher score represents better cognitive
function.

2.5 Measurements and definition of
depressive state

The evaluation of depression diagnosis and severity was carried
out using the PHQ-9, which comprises nine items with scores
ranging from 0 to 27 (Kroenke and Spitzer, 2002). A score
exceeding 10 indicates clinically significant depression, suggesting
symptoms that fall into the category of moderate to severe.

2.6 Statistical analyses

Firstly, in consideration of the intricate sampling design of
NHANES, this study takes a methodology that incorporates sample
weights and stratification in analysis to make the resulting estimates
nationally representative. Weighted means and their accompanying
standard deviation (SD) were provided for normally distributed
continuous variables in the findings, whereas numerical values
and corresponding weighted proportions were used to describe
categorical variables.

This study investigated the relationship between independent
variable CVH (low, moderate and high CVH groups or per 10-
point increment) and dependent variable cognitive function. Rate
estimates expressed as β with 95% confidence intervals (CIs) were
calculated using weighted linear regression models. Model-1 of the
weighted linear regression was adjusted for various demographic
variables, such as age, gender, race and ethnicity, marital status,
poverty ratio, and educational level. Model-2 included these
adjustments and also added the depression symptoms. According
to existing theories and literature support, confounder pair
adjustment of the mentioned variables is helpful to reduce bias and
obtain a more accurate and true relationship between CVH and
cognitive function.

The survival rate of the subjects was measured over the
study period using Kaplan–Meier curves, and they were grouped
according to their levels of cardiovascular health to compare the
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effect of CVH on survival. The change in time and the probability
of survival between different CVH groups were demonstrated.

A subgroup analysis was conducted to investigate potential
differences in the effects of CVH on cognitive function among
different population groups. The analysis included stratification by
age level, gender, race and ethnicity, poverty ratio, marital status,
and depressive state. The significance of interactions was estimated
using the P-values for the production terms between CVH (levels
or continued points) and the stratification components.

A regression model utilizing weighted ordinary least squares
was utilized to examine the correlation between continuous LE8
score and cognitive function. The number and position of nodes
in restricted cubic spline (RCS) were selected under the guidance
of the Akaike information criterion in order to achieve an optimal
balance (Johannesen et al., 2020).

Pearson’s correlation analysis was utilized to assess the bivariate
relationships among CVH, depressive state and cognitive function.

Causal mediation analysis was utilized to explore the potential
mediating effect of depression on the association between CVH
and cognitive function. The mediation analysis was conducted
using the “mediation” package in R, which is widely recognized
for conducting such analyses in health research. The mediation
analysis provides estimates for the average causal mediation effect
(ACME), which captures the indirect effect, and the average
direct effect (ADE), representing the direct pathway. We used
bootstrapping to compute confidence intervals for both ACME and
ADE, ensuring the results are statistically robust.

Data analyses were conducted using R and R Studio software,
version 4.3.2. Statistical significance was determined with a p-value
less than 0.05, applying a two-sided test.

3 Results

3.1 Population baseline characteristics

The study comprised 2,263 participants aged 60 and above,
representing 43.67 million US residents. The weighted mean age of
the sample was 69.06 years (6.60), with 1,155 individuals (weighted
percentage [WP] 53.7%) identified as women. The majority of
participants were identified as NH White (81.8%), had some
college or an Associate’s degree (28.8%), were from middle-income
groups (72.3%), and were in a coupled relationship (58.4%). The
weighted means for the LE8 score and cognition function Z-score
were 71.32 (13.01) and 1.10 (3.02), respectively. Moreover, 9.0%
of participants exhibited depressive symptoms at a moderate or
higher level. The weighted percentages of low, moderate, and
high CVH were 5.95, 65.0, and 29.05%, respectively (Table 1).
Those participants with moderate or low CVH were more likely
to be older, male, Mexican American, single and alone, as well
as to have a lower education level, when compared to high
CVH individuals. In addition, a significant decline in cognitive
function Z-score was observed in individuals belonging to the low
and moderate categories of CVH. Additionally, the proportion
of moderate to severe depressive symptoms was discovered to be
higher in these groups compared to individuals belonging to the
high CVH.

3.2 Contribution analysis of individual
components of LE8 to overall score

In our study, the contributions of the various components of
LE8 were quantified through regression analysis (Supplementary
Table 2). The result demonstrates that all components reached
statistical significance (p < 0.001) for their contributions to the
overall health score. Sleep (β = 1.1729, 95% CI: 1.074–1.272)
and diet (β = 1.1211, 95% CI: 1.019–1.223) emerged as the two
most significant contributors among health behaviors. Nicotine
Exposure (β = 1.0810, 95% CI: 0.989–1.173) and PA (β = 0.5337,
95% CI: 0.485–0.583) also showed significant contributions. As
for health factors: BMI (β = 1.2084, 95% CI: 1.108–1.309) ranked
as the most influential health factor, followed by blood glucose
(β = 0.8845, 95% CI: 0.761–1.009) and lipid levels (β = 0.8773, 95%
CI: 0.791–0.964). Blood pressure (β = 0.4093, 95% CI: 0.347–0.471),
while statistically significant, had a relatively smaller contribution
to the health score.

3.3 Associations of CVH with survival
probability

The survival curves graph illustrates the probability of
the population surviving over a specified period of follow-up
(Figure 1). The X-axis in the figure represents the follow-up time,
which was measured in months in this study. The Y-axis represents
the probability of survival, ranging from 0 to 1, which depicts
the proportion of individuals who did not die within a specific
follow-up time in this study.

The red curve represents the group with a low CVH, and
these individuals exhibit the most adverse survival prospects. The
curves demonstrated the greatest decline, indicating the lowest
probability of survival over time. The precipitous decline of the
red line indicates that issues emerge at an early stage and recur
frequently. The green curve represents a moderate CVH, and it can
be observed that the probability of survival begins to decline after a
period of time. This is a more gradual decline compared to the red
line. The blue curve represents the high CVH group, whose curves
remained the highest, flattest, and smoothest. This indicates that
they persisted the longest throughout the observation period and
had a higher chance of survival.

3.4 Associations of CVH with cognitive
function

We calculated the variance inflation factor (VIF) for covariables
in models separately. The VIF of all variables was less than 2,
indicating no excessive multicollinearity problem (Wei et al., 2022).
As shown in Table 2, for every ten points increment in LE8 score,
the cognitive function of the regression model without adding any
covariates improved by 0.42 (95% CI, 0.28–0.56) points, and in the
adjusted model 1 and model 2, the cognitive function improved by
about 0.23 (95% CI, 0.12–0.33) points and 0.21 (95% CI, 0.11–0.31)
points. Further analysis of the discrepancies between different CVH
groups revealed that when low CVH level was set as the reference
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TABLE 1 Baseline characteristics of the study population by cardiovascular health level (Weighted)*.

Overall Low CVH† Moderate CVH† High CVH† P-value

Weighted n 43666424 2597171 28383489 12685765

Age, y 69.06 (6.60) 66.42 (5.55) 69.19 (6.61) 69.32 (6.68) < 0.001

Age level 0.047

60–69 1,235 (54.6) 121 (71.2) 836 (54.3) 278 (50.4)

70–79 677 (29.9) 41 (24.1) 470 (30.5) 166 (30.1)

80+ 351 (15.5) 8 (4.7) 235 (15.2) 108 (19.6)

Gender 0.610

Male 1,108 (49.0) 76 (44.7) 764 (49.6) 268 (48.6)

Female 1,155 (51.0) 94 (55.3) 777 (50.4) 284 (51.4)

Race < 0.001

Mexican American 197 (8.7) 10 (5.9) 158 (10.3) 29 (5.3)

Hispanic 217 (9.6) 18 (10.6) 151 (9.8) 48 (8.7)

NH White 1,153 (51.0) 65 (38.2) 764 (49.6) 324 (58.7)

NH Black 500 (22.1) 69 (40.6) 356 (23.1) 75 (13.6)

Other Race 196 (8.7) 8 (4.7) 112 (7.3) 76 (13.8)

Poverty ratio < 0.001

< 1.3 538 (23.8) 71 (41.8) 381 (24.7) 86 (15.6)

1.3–3.5 1,637 (72.3) 93 (54.7) 1,099 (71.3) 445 (80.6)

> 3.5 88 (3.9) 6 (3.5) 61 (4.0) 21 (3.8)

Education < 0.001

Less than 9th grade 235 (10.4) 24 (14.1) 185 (12.0) 26 (4.7)

9–11th grade 298 (13.2) 37 (21.8) 214 (13.9) 47 (8.5)

High school graduate/GED or equivalent 531 (23.5) 49 (28.8) 386 (25.0) 96 (17.4)

Some college/AA degree 652 (28.8) 49 (28.8) 434 (28.2) 169 (30.6)

College graduate/above 545 (24.1) 11 (6.5) 320 (20.8) 214 (38.8)

Don’t know 2 (0.1) 0 (0.0) 2 (0.1) 0 (0.0)

Marital status < 0.001

Coupled 1,295 (58.4) 84 (49.4) 878 (57.0) 360 (65.2)

Single 941 (41.6) 86 (50.6) 663 (43.0) 192 (34.8)

Depressive state < 0.001

None/wild 2,059 (91.0) 134 (78.8) 1,392 (90.3) 533 (96.6)

Moderate/above 204 (9.0) 36 (21.2) 149 (9.7) 19 (3.4)

LE8 score 71.32 (13.01) 44.24 (4.46) 67.09 (7.84) 86.83 (40.06) < 0.001

Cognition function (Z score) 1.10 (3.02) 0.41 (2.84) 0.85 (2.95) 1.77 (3.11) < 0.001

CVH, cardiovascular health; NH, non-Hispanic; AA, associate degree. *. Data were presented as weighted percentages or means. † . Low CVH was defined as a LE8 score (out of 100 possible
points) of 0–49, moderate CVH of 50–79, and high CVH of 80–100.

group, cognitive function scores increased by 0.80 (95% CI, 0.12–
1.47, model-1) and 0.70 (95% CI, 0.07–1.34, model-2) points in high
CVH, respectively. These results were statistically significant, with
all P-values less than 0.05 (Table 2).

Furthermore, a sensitivity analysis was conducted to excluding
from the analysis any participants whose PHQ-9 scores indicated
depression. The relationship between CVH and cognitive function
persisted and was significant after removing subjects with PHQ-9
values over the depression threshold, although the effect size was
slightly weakened (β = 0.338, p < 0.001).

3.5 Subgroup analyses of factors
impacting the correlation of CVH with
cognitive function

Table 3 shows the relationship between the CVH (continues
LE8 score or levels) and cognitive function through subgroup
analyses, which are stratified by age, gender, race and ethnicity,
poverty ratio, marital status, and depressive state. P-value
emphasizes whether the relationship between the independent
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FIGURE 1

Kaplan–Meier survival curves stratified by cardiovascular health levels (Low, Middle, High) over the follow-up period. The shaded areas around each
curve represent the 95% CIs. X-axis in the figure represents the follow-up time, which was measured in months in this study. Y-axis represents the
probability of survival, ranging from 0 to 1.

variable and the dependent variable is significant in a particular
subgroup. P for interaction focuses on whether this relationship is
significantly different across subgroups.

We investigated the connection between CVH and cognitive
function across various subgroups. These subgroups include
factors such as β gender, age, poverty rates, marital status, race
and ethnicity, and depression status. Results indicate that the
relationship between CVH and cognitive function differs among
these subgroups. Specifically, we found stronger associations in
female (β = 0.2, p-value = 0.001) and individuals aged 70 to 79
(β = 0.19, p-value = 0.017). This was evident through higher
β coefficient and significant P-value. However, no significant
difference between groups was achieved compared with men and
other age groups (p for interaction > 0.05). The results also showed
that CVH on cognitive function remained consistent across all
predefined subgroups except income level, with P-values greater
than 0.05 for interactions. Whereas, when the poverty income
ratio was employed, the P for interaction was less than 0.05 (p for
interaction = 0.03), suggested that the positive effects of high CVH
on cognitive function are different in different poverty levels.

3.6 Dose-response analysis of LE8 score
with cognitive function

The X-axis represents the overall LE8 score for CVH, with
larger scores representing higher levels of cardiovascular fitness.
The Y-axis represents the β coefficient, which measures the
association between CVH and cognitive function. The β coefficient
shows the magnitude of change in cognitive function for each unit
change in the CVH score. The 95% CI is displayed as a shaded
area around the β coefficient line. This indicates the range of

values within which the true beta coefficient is likely to fall, with
95% confidence.

The multivariable adjusted RCS analyses revealed a linear
association between LE8 score and cognitive function Z-score (P
for overall < 0.001, P for nonlinear = 0.573; Figure 2).

3.7 Associations between CVH,
depressive state, and cognitive function
and the mediating effects of depressive
state

As shown in Table 4, Pearson correlation analysis revealed
correlation among CVH, depressive state and cognitive function.
CVH was shown to be favorably correlated with cognitive function
(r = 0.159, p < 0.001) and negatively correlated with depressed state
(r = −0.234, p < 0.001). Cognitive function and depression were
adversely correlated (r =−0.137, p < 0.001) (Table 4).

As Table 5 illustrated, the ADE of CVH on cognitive function
is substantial, quantified at 0.365 (95% CI, 0.33–0.40, p < 0.001).
The Total Effect of CVH on cognitive function, combining both
direct and mediated paths is 0.416 (95% CI, 0.375–0.45, p < 0.001).
Depression as a mediating variable, the ACME representing the
mediating effect was 0.051 (95% CI, 0.04–0.06) and the proportion
mediated was 12.2% (p < 0.001) (Table 5).

4 Discussion

In this nationally typical cross-sectional investigation, we
discovered a significant positive dose-response association between
CVH, as represented by the LE8 score, and cognitive function
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TABLE 2 Association of the Life’s Essential 8 scores with cognition function Z score (Weighted).

Univariable model Multivariable model-1* Multivariable model-2†

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

CVH levels

Low (0–49) 1 (Reference) / 1 (Reference) / 1 (Reference) /

Moderate (50–79) 0.44 (−0.28 to 1.17) 0.223 0.35 (−0.26 to 0.96) 0.24 0.28 (−0.30 to 0.86) 0.42

High (80–100) 1.36 (0.50–2.23) < 0.01 0.80 (0.12–1.47) < 0.05 0.70 (0.07–1.34) < 0.05

LE8 scores (Continuous)

Per 10 points increase 0.42 (0.28–0.56) < 0.001 0.23 (0.12–0.33) < 0.001 0.21 (0.11–0.31) < 0.001

CI, confidence interval; LE8, Life’s Essential 8. *Adjusted for age (as a continuous variable), gender, race, poverty ratio, education levels, and marital status. †Adjusted for age (as a continuous
variable), gender, race, poverty ratio, education levels, marital status and depressive state.

TABLE 3 Associations of Life’s Essential 8 score for cognition function Z score grouped by gender, age, race and ethnicity, poverty ratio, marital status.

Subgroups β (95% CI) Cardiovascular health group P-value P-for
interaction

Low CVH Moderate CVH High CVH

Gender 0.4

Male 0.16 (0.05–0.28) Reference 0.61 (0.03–3.29) 0.77 (0.14–1.41) 0.006

Female 0.2 (0.08–0.31) Reference 0.26 (−0.28 to 0.8) 0.6 (0–1.21) 0.001

Age 0.5

60–69 0.17 (0.07–0.28) Reference 0.23 (−0.23 to 0.69) 0.53 (0–1.06) 0.001

70–79 0.19 (0.03–0.34) Reference 0.65 (−0.15 to 1.45) 0.79 (−0.07 to 1.65) 0.017

80+ 0.14 (−0.12 to 0.39) Reference −0.12 (−2.14 to 1.89) 0.31 (−1.74 to 2.36) 0.293

Poverty ratio 0.03*

< 1.3 0.09 (−0.07 to 0.26) Reference −0.12 (−0.76 to 0.52) 0.25 (−0.57 to 1.08) 0.263

1.3–3.5 0.19 (0.09–0.29) Reference 0.64 (0.13–1.16) 0.86 (0.3–1.41) 0.000

> 3.5 0.19 (−0.34 to 0.73) Reference 1.6 (−1.04 to 4.25) 1.24 (−1.78 to 4.27) 0.48

Marital status 0.16

Coupled 0.20 (0.1–0.31) Reference 0.62 (0.07–1.17) 0.94 (0.34–1.53) 0.000

Single 0.14 (0.01–0.26) Reference 0.24 (−0.33 to 0.81) 0.34 (−0.32 to 1) 0.035

Race and ethnicity 0.35

Mexican American 0.3 (0.02–0.58) Reference 1.01 (−0.54 to 2.56) 1.37 (−0.34 to 3.08) 0.034

Hispanic 0.17 (−0.08 to 0.42) Reference −0.08 (−1.22 to 1.05) 0.5 (−0.79 to 1.79) 0.195

NH White 0.22 (0.1 to 0.34) Reference 0.71 (0.05 to 1.37) 1.07 (0.36 to 1.78) 0.000

NH Black 0.08 (−0.08 to 0.24) Reference 0.36 (−0.25 to 0.97) 0.07 (−0.71 to 0.86) 0.332

Other Race 0.02 (−0.24 to 0.29) Reference −0.32 (−1.96 to 1.32) −0.3 (−2 to 1.39) 0.881

Depressive state 0.55

None/wild 0.15 (0.06–0.23) Reference 0.31 (−0.13 to 0.74) 0.51 (0.03–0.98) 0.001

Moderate/above 0.29 (0.01–0.58) Reference 0.54 (−0.42 to 1.51) 1.36 (−0.1 to 2.83) 0.045

Each stratification was adjusted for age (continuous), gender, race and ethnicity, marital status, poverty income ratio, and educational level, except the stratification factor itself. *P-value is less
than 0.05, which is statistically significant.

in the senior population, presented as a linear association and
remained significant after adjusting multiple variables (Table 2).
And the result of the RCS also strengthens the credibility of this
result (Figure 1). Survival analysis found that people with a high
level of CVH represented by a high LE8 score had better survival
prospects and a higher probability of survival, which is consistent
with previous findings (Figure 2; Yi et al., 2023). Subgroup analyses
showed the positive correlativity between LE8 scores and cognitive

function was more prominent among participants who were
younger, female, coupled, Mexican American, and moderate-to-
severe depressed. People with normal or mild depression had a
higher LE8 score than those with moderate to severe depression,
suggesting some association between CVH and depressive
states (Table 3). Correlation analysis results showed depression
was significantly negatively correlate with CVH and cognitive
function (Table 4), which is congruous with previous outcomes
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FIGURE 2

Relationship between cognitive function Z score and the Life’s Essential 8 score (stand for CVH), using restricted cubic spline regression model.
Multivariable adjusted β (blue solid line) for the Life’s Essential 8 score’s relationship to cognitive performance, along with a 95% confidence interval
(blue shaded region), adjusted for age, gender, race and ethnicity, poverty ratio, education and marital status. X-axis represents the overall LE8 score
for CVH, with larger scores representing higher levels of cardiovascular fitness. Y-axis represents the β coefficient, which measures the association
between CVH and cognitive function.

TABLE 4 Bivariate correlation matrix for cardiovascular health,
depressive state, and cognitive function.

Variable Cardio-
vascular
health

Depressive
state

Cognitive
function

Cardiovascular
health

1

Depressive state −0.234*** 1

Cognitive
function

0.159*** −0.137*** 1

***p < 0.001.

TABLE 5 Intermediary effect analysis model.

Observed
coefficient

95% CI P-value

Average direct effect 0.365 (0.33–0.40) < 0.001

Average causal
mediation effect

0.051 (0.04–0.06) < 0.001

Total effect 0.416 (0.38–0.45) < 0.001

Proportion mediated 0.122 (0.10–0.15) < 0.001

(Shen and Zou, 2024; Xian et al., 2024). The analysis of mediating
variables of depression revealed depression demonstrated a notable
mediating role in the relationship between CVH and cognitive
function but the direct effect of cardiovascular health remained
the primary pathway (Table 5). The sensitivity analysis results after
excluding depression showed that the exclusion of depression did
not affect the significance of the direct effect of CVH on cognitive
function. On the whole, our findings accentuate the importance of
maintenance of higher CVH and avoiding depression as means of
prevention of cognitive decline.

Researchers frequently concentrate on the role of enhancement
in one domain in enhancing the overall function. However,
the factors influencing cardiovascular health and cognitive
function are diverse and complex. Consequently, we selected
two comprehensive test scores with recognition to measure the
functionality of them. As mentioned earlier, to assess CVH, we
selected the LE8 score, an enhanced measurement tool developed
by the AHA and its partners that assesses the full range of lifestyle
and physical indicators in the participants. To evaluate cognitive
function, we selected a comprehensive assessment tool that is
broadly applicable across diverse populations. In order to evaluate
verbal fluency and semantic memory, participants in the AFT must
name as many animals as they can in a certain amount of time.
This exam is a reliable indicator of language proficiency, covering
executive function and word retrieval. Previous study showed that
cerebral blood flow is impacted by CVH, especially in the frontal
lobes of the brain, which are linked to verbal fluency (Murata et al.,
2010). The DSST assesses executive function, attention span, and
processing speed. The DSST is a useful instrument for evaluating
cognitive decline associated with CVH since processing speed is
one of the cognitive areas that is typically affected by the condition
(Walker et al., 2024). The CERAD Word List Learning Test tests
both short-term and delayed memory by having participants learn
and then recall a list of words. Given the correlation between
memory impairment and hippocampus shrinkage and CVH, this
test offers important new information on the connection between
cardiovascular risk factors and memory decline (Shih et al., 2018,
Kulshreshtha et al., 2019). Using Z-score allows us to combine the
scores from the AFT, DSST, and CERAD word list learning tests
into a comprehensive measure of cognitive function. This approach
enables a more thorough assessment of how cardiovascular health
impacts multiple cognitive domains.
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Previous mechanism studies support the necessity and
feasibility of analyzing the association between CVH and cognitive
function. For example, Andrew R. Marks and his colleagues have
found that heart failure causes the leakage of calcium ions in the
endoplasmic reticulum (ER) in neurons in the brain, which leads
to disruption of neurotransmission pathways and activation of
various enzymes, leading to cognitive decline (Dridi et al., 2023).
The CVH level in this study is defined by healthy lifestyle and
health factors that have a positive effect on cognitive function
and there are several relevant mechanism studies that support
this relationship (Lloyd-Jones et al., 2022). Cognitive problems
have a complicated and poorly understood etiology, with genetics,
beta amyloid theory, tau protein theory and neuroinflammatory
theory currently recognized (Torres et al., 2022, Zhang et al., 2024).
It is worthwhile to investigate the complex and varied elements
influencing cognitive function, as shown by prior research on the
connection between blood heavy metal and cognitive function
(Song et al., 2023). The findings of our investigation align with other
studies on the connection between a healthy lifestyle and cognitive
function in elderly individuals (Xian et al., 2024).

We found the level of CVH significantly affected the level of
cognitive function (Table 2), which indicates that the indicators
contained in LE8 have a certain effect on cognitive function.
In the context of CVD, endothelial dysfunction stemming from
hypertension, atherosclerosis, obesity, or metabolic syndrome can
induce endothelial damage and inflammation (Horton and Barrett,
2021). This may reduce cerebral perfusion and lead to a decline
in cognitive function, thereby corroborating our findings. Studies
have shown that receiving daily vitamin supplementation may
potentially act as a preventive measure in reducing cognitive
decline and neurodegeneration in older adults (Harrison et al.,
2014; Baker et al., 2023). Additionally, the appetite and digestive
function of the elderly population are decreasing with the increase
of age, and various bad eating habits will also affect cognitive
function (Andriollo-Sanchez et al., 2005; Phillips, 2012). Given
that some elderly individuals exhibit a diminished inclination
to purchase healthcare products or possess limited capacity to
assess product quality, enhancing their daily dietary intake quality
could yield more significant benefits. Several policy measures
may be implemented, including subsidizing farmers who cultivate
fruits and vegetables, strengthening food safety oversight, and
categorizing the sugar content in certain processed foods. It has
been found that during PA, chemical signaling molecules produced
by muscle cells stimulate hippocampal neurons, astrocytes regulate
neuronal activity to prevent overexcitation, and both work
together to co-ordinate the balance of brain function, thereby
improving cognitive function (Lee et al., 2023). The increasing
engagement of elderly individuals in various physical activities is
noteworthy. This trend results from heightened health awareness
within the population and government initiatives for widespread
promotion. Furthermore, the regular organization of group
activities across different regions may enhance motivation among
seniors. Various harms caused by nicotine exposure, including
cognitive impairment, have been extensively studied, for example,
smoking can give rise to elevated oxidative stress and increased
inflammation (Ge et al., 2020). But interestingly, recent studies have
shown nicotine may reduce mortality and improve brain function,
so whether it is friend or foe needs further research (Wang et al.,
2023; Yang et al., 2023). Sleep is an important cause affecting

cognitive function, and studies have reported that shorter (< 6 h)
or longer (> 9 h) sleep duration and sleep fragmentation are related
to cognitive decline, which is consistent with the scoring criteria for
the sleep component in LE8 (Aakre et al., 2023). In our study, the
contribution of sleep scores to the overall LE8 score ranks second
(Supplementary Table 2). This indicates that sleep status is crucial
for CVH. This finding aligns with research on the mechanisms by
which sleep disorders lead to metabolic disruptions and cognitive
decline (He et al., 2024). Besides, good sleep quality and circadian
rhythms are associated with clearance of amyloid beta protein in
the brain, and prolonged sleep increases the risk of occasional
cognitive decline in cognitively normal adults (Musiek et al., 2015;
Suh et al., 2018). Previous research indicates that darkness plays
a vital role in melatonin synthesis, essential for sleep (Claustrat
and Leston, 2015). Urbanization, particularly city lights at night
and ubiquitous mobile phone usage, can adversely affect melatonin
secretion. Consequently, the younger generation should consider
enhancing the sleep environment for the elderly.

As for the mechanism between the health factors part of LE8
and cognitive function. Among them, the BMI score had the
greatest influence on the overall LE8 score (Supplementary Table 2).
Weight gain was discovered to be associated with a decrease in
episodic memory, and waist-to-hip ratio was recommended over
BMI (Hartanto et al., 2019). There are also studies showing that
new indicators that can better predict the relationship between
weight and CVD risk which may be updated in the future to
measure obesity (Cai et al., 2023; Zhao et al., 2024). Prior research
indicates that individuals with higher body mass often experience
increased levels of blood pressure, lipids, and glucose (Cercato and
Fonseca, 2019). Furthermore, in conjunction with our findings, we
determine that weight loss within a normal range may provide
more significant CVH advantages compared to pharmacological
management of these three blood markers. Hyperglycemia raises
the risk of cognitive decline and can cause harm to the nervous
system. The mechanisms involved include synaptic dysfunction,
neuronal apoptosis, oxidative stress and neuroinflammation. It is
believed that metabolic disorders represented by impaired glucose
metabolism and insulin resistance are significant (Gupta et al.,
2023). Thus, it is essential to regulate sugar consumption in a
time when sugary products are plentiful. Establishing guidelines
for the permissible sugar levels or explicitly outlining sugar content
standards can help decrease the chances of unintentional excessive
sugar intake. Hyperlipidemia is more common in middle-aged and
elderly people, who are at high risk for cognitive decline (Yang
et al., 2020). For example, when low-density lipoprotein is high, it
will accumulate the arterial walls of blood vessels in the heart and
brain, gradually forming atherosclerotic plaque that obstructs the
corresponding blood vessels. At the same time, it also increasing
the inflammatory response, leading to white matter lesion and
cognitive decline (Smit et al., 2016). Hypertension has been widely
(Cai et al., 2024). For the past years, the relationship between
hypertension and cognitive function has received considerable
attention from epidemiological researchers, with recent evidence
suggesting that a relation between cognitive impairment and
hypertension, including its severity. Additionally, researchers have
identified a link between elevated arterial stiffness as determined
by pulse wave velocity and lower cognitive function. These studies
suggest vascular stiffness could be a contributing factor to dementia
and cognitive decline (Muela et al., 2018). However, a study found
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that middle-aged hypertension is widely associated with cognitive
impairment but well-managed hypertension in older adults may
not necessarily lead to a decline in cognitive abilities (Tadic
and Cuspidi, 2022). This suggests that while hypertension can
cause cognitive impairment, other health conditions and overall
management of hypertension may alleviate or even counteract its
effects on cognition. This indicates that research on hypertension
related to cognitive impairment should broadly include more
influencing factors. In short, a diet low in oil, fat, and salt
proves more advantageous for the elderly demographic. Continued
investigation into specific dietary patterns will be crucial in
formulating tailored nutritional guidelines that promote longevity
and overall health among older adults. These findings offer a solid
theoretical foundation for this research. These results establish a
robust theoretical framework for this research and offer insights for
diverse perspectives in public health discourse.

Depression is a common psychiatric disorder that results
from a complex interplay of social, psychological and biological
factors (Monroe and Harkness, 2022). Although there is no
clear evidence that cerebrovascular lesions can directly lead to
depression, some studies believe that vascular brain injury is a
crucial risk factor for depression in later life (Allan et al., 2012).
Other mechanisms include dysregulation of the autonomic nervous
system, dysfunction of hypothalamic-pituitary-adrenal axis and
endothelial dysfunction (Schiepers et al., 2005; Janssen et al., 2021).
Cerebrovascular lesions (white matter lesions, WML) due to risk
factors such as hypertension compromise the integrity of frontal
striatal circuits that regulate mood and executive function, which
may be a mechanism (Vicario and Cerezo, 2023). Studies have
shown that higher BMI are more likely to lead to depression,
regardless of other health problems caused by obesity, and this
phenomenon affects women more (Tyrrell et al., 2019). At the
same time, the presence of depression also increases the risk of
CVD (Li et al., 2019). Furthermore, we found that CVH containing
lifestyle habits is directly associated with depressive status, which is
consistent with prior findings that poor lifestyle habits are common
in patients with affective disorders (Musselman et al., 1998). Some
previous studies could explain the underlying mechanism. For
example, physical activities promote DA secretion, and substantia
nigra compacta (SNc) DA neurons project to the striatum, which in
turn releases DA (Matsuda et al., 2009). These DAs play a significant
role in exercise, motor learning, reward, motivation, and mood to
maintain a positive state of mind (Threlfell et al., 2012). Excessive
exposure to nicotine may lead to addiction, making people more
sensitive and anxious (Kolla et al., 2023). In addition, a good diet
and a variety of nutrients can help improve the health of the
human body, for example, tyrosine and tryptophan in protein have
a positive effect on improving depression (Yun et al., 2021). The
influence of sleep quality and rhythm on depression is obvious, and
the related mechanisms include the decrease of circadian oscillation
activity associated with aging, the decrease of melatonin secretion,
and the functional changes of neural circuits (Dong et al., 2022; Yao
et al., 2024).

Depression is often accompanied by a loss of interest
in activities and refusal of social activities, which may
lead to a decline in cognitive functioning (van der Linde
et al., 2014; Kelly et al., 2017). The mechanisms linking
depression and cognitive dysfunction are multifaceted, involving
neurobiological, psychological, and environmental factors.

In terms of neurotransmitters, alterations in serotonergic
neuronal pathways have been associated with emotion regulation
and cognitive processes, particularly memory and executive
function, while dopaminergic deficits have been associated
with reduced motivation, executive dysfunction and attention
deficits (Schapira et al., 2017; Smith et al., 2023). Additionally,
depression is associated with reduced hippocampal volume and
neuroinflammation, affecting memory and learning, and amygdala
hyperactivity is associated with negative emotion processing
(Nolan et al., 2020; Li et al., 2023).

Several studies showed that inflammation serves as a
critical link among cardiovascular disease, cognitive decline,
and depression. Chronic inflammation tied to obesity and
cardiovascular issues has shown to foster neuroinflammation
(Swanson et al., 2012). This factor significantly influences
the pathophysiology behind cognitive decline and depressive
symptoms. Increased levels of pro-inflammatory cytokines,
including interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-α), appear in patients with cardiovascular ailments.
Moreover, these cytokines contribute to hippocampal atrophy
and neurodegeneration, which are foundational to cognitive
impairment and depression (Miller and Raison, 2016).
Additionally, metabolic syndrome, marked by insulin resistance,
dyslipidemia, and obesity, poses a collective risk for cardiovascular
disease, cognitive decline, and depression. Notably, insulin
resistance correlates with diminished cerebral glucose metabolism.
This decline negatively impacts cognitive function over time
(Woodfield et al., 2022). Furthermore, insulin resistance interrupts
neurotransmitter equilibrium, particularly within serotonin and
dopamine pathways, thereby elevating the risk of depression
(Sarwar et al., 2022). These studies demonstrate that the
interplay between cardiovascular health, cognitive function,
and depression is intricate and layered. Factors such as vascular
dysfunction, inflammation, oxidative stress, metabolic disorders,
neurotransmitter imbalances, and psychosocial issues all play a
role in the onset and advancement of cognitive and emotional
disorders linked to cardiovascular disease. In this study, analyzing
depression’s mediating role may offer insights for future discussions
regarding its intermediary position in the relationship between
cardiovascular disease and cognitive decline. According to our
research, there may be some partial mediation of the relationship
between cognitive function and CVH by depressed state. In
particular, a high level of CVH may prevent the emergence of
depressive symptoms, thereby lowering the risk of cognitive
decline. This is supported by the results that the direct effect of
CVH on cognitive function was 0.365, the total effect was 0.416,
and the indirect effect mediated by depressive symptoms was
0.051 (Table 5). These results suggest that paying attention to the
cardiovascular health of the elderly might enhance their mental
and cognitive functioning in addition to lowering the incidence
and mortality of cardiovascular illnesses. Future cohort studies
may evaluate the effect of early intervention with cardiovascular
health on emotional health and cognitive function in aging
populations. By employing longitudinal designs, researchers can
capture changes over time, providing a deeper understanding of the
interplay between cardiovascular health and psychosocial factors
in senior citizens. Improving the CVH of the elderly population in
accordance with the recommended measures in the corresponding
guidelines or government documents can have multiple benefits,
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thereby improving the quality of life. Therefore, all social security
departments should actively promote public health and medical
measures to maintain and enhance the CVH of the population. At
the same time, subgroup analysis results indicate that the beneficial
impacts of high CVH levels vary significantly among individuals
with different income levels (Table 3), which suggests the need to
account for socioeconomic status when developing interventions.

The LE8 index employed in this study is a comprehensive
index designed to evaluate the relationship between CVH and
cognitive function from a multitude of perspectives, underscoring
the necessity to consider not only physical indicators but also
lifestyle habits as equally significant. In addition, the NHANES
data selected in this study were collected using a complex, multi-
stage probability sampling design with non-institutional resident
population serving as the representative sample. This approach
ensured the acquisition of high-quality data. A weighted analysis
and controlled for many confounding factors was also used in the
data analysis, so the results obtained in this study are reliable when
applied to the US non-institutional civilian. And there are some
limitations. First of all, the lack of some data inevitably leads to the
limitation of the survey sample size. Secondly, the data of life factors
were obtained through questionnaire survey, which may have some
limitations of authenticity. And antidepressant use was not taken
into account in the evaluation of depression due to limited data.
Finally, the specificity and sensitivity of LE8 index to cardiovascular
health level still need more investigation methods to determine.

5 Conclusion

Findings from this nationally representative sample of
Americans demonstrate a significant positive relationship between
CVH and cognitive function. Specifically, an increase in the LE8
score, which represents cardiovascular health, was associated with
an increased likelihood of cognitive function, and depression
played a negative role in this. These conclusions suggest that
the promotion of healthy lifestyle, improvement of cardiovascular
indicators, and mental health counseling can be considered in
the development of measures and treatment to improve cognitive
function in older adults. Through formulating appropriate diet and
exercise programs for the elderly, encouraging the supervision of
smoking cessation, regular physical examination, supervision of
taking medicine on time and other measures to achieve the goal
of healthy aging.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: https://www.cdc.gov/
nchs/nhanes/.

Ethics statement

The studies involving humans were approved by the National
Center for Health Statistics Health Care Surveys. The studies were

conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

YH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing –
original draft, Writing – review and editing. XS: Data curation,
Software, Writing – review and editing. CG: Funding acquisition,
Supervision, Writing – review and editing. RW: Supervision,
Visualization, Writing – review and editing. JD: Methodology,
Writing – review and editing. SS: Visualization, Writing – review
and editing. FG: Writing – review and editing. JW: Funding
acquisition, Writing – review and editing.

Funding

The authors declare that financial support was received for
the research, authorship, and/or publication of this article. This
work was supported by grants from Shaanxi Provincial Science
and Technology Department (No. 2020ZDLSF02-09) and Natural
Science Basic Research Program of Shaanxi Province–General
Project (No. 2024JC-YBQN-0791).

Acknowledgments

We thank the NHANES participants and staff and the National
Center for Health Statistics for their valuable contributions

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.
1465310/full#supplementary-material

Frontiers in Aging Neuroscience 11 frontiersin.org

https://doi.org/10.3389/fnagi.2024.1465310
https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1465310/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1465310/full#supplementary-material
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-16-1465310 December 14, 2024 Time: 10:57 # 12

Hu et al. 10.3389/fnagi.2024.1465310

References

Aakre, J. A., Schulz, J., Ballard, C., Corbett, A., Bjorvatn, B., Aarsland, D., et al.
(2023). Self-reported sleep fragmentation and sleep duration and their association with
cognitive function in PROTECT, a large digital community-based cohort of people
over 50. Int. J. Geriatr. Psychiatry 38:e6022. doi: 10.1002/gps.6022

Allan, C. L., Sexton, C. E., Kalu, U. G., McDermott, L. M., Kivim, M., Ebmeier, K. P.,
et al. (2012). Does the framingham stroke risk profile predict white-matter changes in
late-life depression?". Int. Psychogeriatr. 24, 524–531.

Andriollo-Sanchez, M., Hininger-Favier, I., Meunier, N., Venneria, E., O’Connor,
M., Maiani, G., et al. (2005). Age-related oxidative stress and antioxidant parameters
in middle-aged and older European subjects: The ZENITH study. Eur. J. Clin. Nutr.
59(Suppl. 2), S58–S62. doi: 10.1038/sj.ejcn.1602300

Baker, L. D., Manson, J. E., Rapp, S. R., Sesso, H. D., Gaussoin, S. A., Shumaker,
S. A., et al. (2023). Effects of cocoa extract and a multivitamin on cognitive function: A
randomized clinical trial. Alzheimers Dement. 19, 1308–1319. doi: 10.1002/alz.12767

Balzano, J., Chiaravalloti, N., Lengenfelder, J., Moore, N., and DeLuca, J. (2006).
Does the scoring of late responses affect the outcome of the paced auditory serial
addition task (PASAT)?". Arch. Clin. Neuropsychol. 21, 819–825. doi: 10.1016/j.acn.
2006.09.002

Bundy, J. D., Zhu, Z., Ning, H., Zhong, V. W., Paluch, A. E., and Wilkins, J. T.
(2021). Estimated impact of achieving optimal cardiovascular health among US adults
on cardiovascular disease events. J. Am. Heart Assoc. 10:e019681.

Cai, X., Song, S., Hu, J., Zhu, Q., Shen, D., Yang, W., et al. (2024). Association of the
trajectory of plasma aldosterone concentration with the risk of cardiovascular disease
in patients with hypertension: A cohort study. Sci. Rep. 14:4906.

Cai, X., Song, S., Hu, J., Zhu, Q., Yang, W., Hong, J., et al. (2023). Body roundness
index improves the predictive value of cardiovascular disease risk in hypertensive
patients with obstructive sleep apnea: A cohort study. Clin. Exp. Hypertens 45:2259132.
doi: 10.1080/10641963.2023.2259132

Centers for Disease Control and Prevention. Available online at: https://www.cdc.
gov/nchs/nhanes/ (accessed April 1, 2024).

Cercato, C., and Fonseca, F. A. (2019). Cardiovascular risk and obesity. Diabetol.
Metab. Syndr. 11:74.

Claustrat, B., and Leston, J. (2015). Melatonin: Physiological effects in humans.
Neurochirurgie 61, 77–84.

Conradi, H. J., Ormel, J., and de Jonge, P. (2011). Presence of individual (residual)
symptoms during depressive episodes and periods of remission: A 3-year prospective
study. Psychol. Med. 41, 1165–1174. doi: 10.1017/S0033291710001911

de Leeuw, F. E., Richard, F., de Groot, J. C., van Duijn, M., Hofman, A.,
and Van Gijn, J. (2004). Interaction between hypertension, apoE, and cerebral
white matter lesions. Stroke 35, 1057–1060. doi: 10.1161/01.STR.0000125859.
71051.83

den Heijer, T., Launer, L. J., Prins, N. D., van Dijk, J., Vermeer, S. E., Hofman, A.,
et al. (2005). Association between blood pressure, white matter lesions, and atrophy of
the medial temporal lobe. Neurology 64, 263–267.

Denver, P., and McClean, P. L. (2018). Distinguishing normal brain aging from the
development of Alzheimer’s disease: Inflammation, insulin signaling and cognition.
Neural Regen. Res. 13, 1719–1730.

Donald, M., Norrina, L. J., Anderson, A., Terrie, C. A. M., Laprincess, B., Randi,
B. C., et al. (2022). Life’s essential 8: Updating and enhancing the american heart
association’s construct of cardiovascular health: A presidential advisory from the
american heart association. Circulation 146, e18–e43.

Dong, L., Xie, Y., and Zou, X. (2022). Association between sleep duration and
depression in US adults: A cross-sectional study. J. Affect. Disord. 296, 183–188.

Dridi, H., Liu, Y., Reiken, S., Liu, X., Argyrousi, E. K., and Yuan, Q. (2023). Heart
failure-induced cognitive dysfunction is mediated by intracellular Ca(2+) leak through
ryanodine receptor type 2. Nat. Neurosci. 26, 1365–1378. doi: 10.1038/s41593-023-
01377-6

Frasure-Smith, N., Lespérance, F., and Talajic, M. (1993). Depression following
myocardial infarction. Impact on 6-month survival. JAMA 270, 1819–1825.

Ge, S., Tang, X., Wei, Z., Dune, L., Liu, T., Li, J., et al. (2020). Smoking and
cognitive function among middle-aged adults in China: Findings from the china
health and retirement longitudinal study baseline survey. J. Addict. Nurs. 31, E5–E12.
doi: 10.1097/JAN.0000000000000352

Gupta, M., Pandey, S., Rumman, M., Singh, B., and Mahdi, A. A. (2023). Molecular
mechanisms underlying hyperglycemia associated cognitive decline. IBRO Neurosci.
Rep. 14, 57–63.

Harrison, F. E., Bowman, G. L., and Polidori, M. C. (2014). Ascorbic acid and
the brain: Rationale for the use against cognitive decline. Nutrients 6, 1752–1781.
doi: 10.3390/nu6041752

Hartanto, A., Yong, J. C., and Toh, W. X. (2019). Bidirectional associations between
obesity and cognitive function in midlife adults: A longitudinal study. Nutrients
11:2343.

He, Q., Ji, L., Wang, Y., Zhang, Y., Wang, H., Wang, J., et al. (2024). Acetate enables
metabolic fitness and cognitive performance during sleep disruption. Cell Metab. 36,
1998–2014.e1915. doi: 10.1016/j.cmet.2024.07.019

Horton, W. B., and Barrett, E. J. (2021). Microvascular dysfunction in diabetes
mellitus and cardiometabolic disease. Endocr. Rev. 42, 29–55.

Jaeger, J. (2018). Digit symbol substitution test: The case for sensitivity over
specificity in neuropsychological testing. J. Clin. Psychopharmacol. 38, 513–519. doi:
10.1097/JCP.0000000000000941

Janssen, E., Köhler, S., Geraets, A. F. J., Stehouwer, C. D. A., Schaper, N. C., and Sep,
S. J. S. (2021). Low-grade inflammation and endothelial dysfunction predict four-year
risk and course of depressive symptoms: The Maastricht study. Brain Behav. Immun.
97, 61–67. doi: 10.1016/j.bbi.2021.06.013

Johannesen, C. D. L., Langsted, A., Mortensen, M. B., and Nordestgaard, B. G.
(2020). Association between low density lipoprotein and all cause and cause specific
mortality in Denmark: Prospective cohort study. BMJ 371:m4266.

Kelly, M. E., Duff, H., Kelly, S., McHugh, J. E., Power, S., Brennan, S., et al. (2017).
The impact of social activities, social networks, social support and social relationships
on the cognitive functioning of healthy older adults: A systematic review. Syst. Rev.
6:259. doi: 10.1186/s13643-017-0632-2

Kolla, B. P., Winham, S. J., Ho, A. M., Mansukhani, M. P., Loukianova, L. L.,
Pazdernik, V., et al. (2023). The interaction between brain-derived neurotrophic factor
levels and alcohol consumption, sleep disturbance and sex-hormones in alcohol use
disorders. Alcohol. Alcohol. 58, 209–215. doi: 10.1093/alcalc/agad001

Krebs-Smith, S. M., Pannucci, T. E., Subar, A. F., Kirkpatrick, S. I., Lerman, J. L.,
Tooze, J. A., et al. (2018). Update of the healthy eating index: HEI-2015. J. Acad. Nutr.
Diet 118, 1591–1602.

Kroenke, K., and Spitzer, R. L. (2002). The PHQ-9: A new depression diagnostic and
severity measure. Psychiatr. Ann. 32, 509–521.

Kulshreshtha, A., Goetz, M., Alonso, A., Shah, A. J., Bremner, J. D., Goldberg, J.,
et al. (2019). Association between cardiovascular health and cognitive performance: A
Twins study. J. Alzheimers Dis. 71, 957–968.

Lassen, N. A. (1964). Autoregulation of cerebral blood flow. Circ. Res. 15, 201–204.

Lassi, M., Fabbiani, C., Mazzeo, S., Burali, R., Vergani, A. A., Giacomucci, G.,
et al. (2023). Degradation of EEG microstates patterns in subjective cognitive decline
and mild cognitive impairment: Early biomarkers along the Alzheimer’s disease
continuum?". Neuroimage Clin. 38:103407. doi: 10.1016/j.nicl.2023.103407

Lee, K. Y., Rhodes, J. S., and Saif, M. T. A. (2023). Astrocyte-mediated
transduction of muscle fiber contractions synchronizes hippocampal neuronal
network development. Neuroscience 515, 25–36. doi: 10.1016/j.neuroscience.2023.01.
028

Lespérance, F., Frasure-Smith, N., Talajic, M., and Bourassa, M. G. (2002). Five-
year risk of cardiac mortality in relation to initial severity and one-year changes in
depression symptoms after myocardial infarction. Circulation 105, 1049–1053. doi:
10.1161/hc0902.104707

Li, H., Zheng, D., Li, Z., Wu, Z., Feng, W., Cao, X., et al. (2019). Association of
depressive symptoms with incident cardiovascular diseases in middle-aged and older
chinese adults. JAMA Netw. Open 2:e1916591.

Li, J. M., Hu, T., Zhou, X. N., Zhang, T., Guo, J. H., Wang, M. Y., et al. (2023).
The involvement of NLRP3 inflammasome in CUMS-induced AD-like pathological
changes and related cognitive decline in mice. J. Neuroinflammation 20:112. doi:
10.1186/s12974-023-02791-0

Lim, J., Oh, I. K., Han, C., Huh, Y. J., Jung, I. K., Patkar, A. A., et al. (2013). Sensitivity
of cognitive tests in four cognitive domains in discriminating MDD patients from
healthy controls: A meta-analysis. Int. Psychogeriatr. 25, 1543–1557. doi: 10.1017/
S1041610213000689

Lloyd-Jones, D. M., Allen, N. B., Anderson, C. A. M., Black, T., Brewer,
L. C., Foraker, R. E., et al. (2022). Life’s Essential 8: Updating and enhancing
the American heart association’s construct of cardiovascular health: A presidential
advisory from the american heart association. Circulation 146, e18–e43. doi: 10.1161/
CIR.0000000000001078

Malhi, G. S., and Mann, J. J. (2018). Depression. Lancet 392, 2299–2312.

Matsuda, W., Furuta, T., Nakamura, K. C., Hioki, H., Fujiyama, F., Arai, R., et al.
(2009). Single nigrostriatal dopaminergic neurons form widely spread and highly
dense axonal arborizations in the neostriatum. J. Neurosci. 29, 444–453. doi: 10.1523/
JNEUROSCI.4029-08.2009

Miller, A. H., and Raison, C. L. (2016). The role of inflammation in depression: From
evolutionary imperative to modern treatment target. Nat. Rev. Immunol. 16, 22–34.
doi: 10.1038/nri.2015.5

Monroe, S. M., and Harkness, K. L. (2022). Major depression and its recurrences:
Life course matters. Annu. Rev. Clin. Psychol. 18, 329–357.

Morris, J. C., Heyman, A., Mohs, R. C., Hughes, J. P., van Belle, G., Fillenbaum, G.,
et al. (1989). The consortium to establish a registry for Alzheimer’s disease (CERAD).

Frontiers in Aging Neuroscience 12 frontiersin.org

https://doi.org/10.3389/fnagi.2024.1465310
https://doi.org/10.1002/gps.6022
https://doi.org/10.1038/sj.ejcn.1602300
https://doi.org/10.1002/alz.12767
https://doi.org/10.1016/j.acn.2006.09.002
https://doi.org/10.1016/j.acn.2006.09.002
https://doi.org/10.1080/10641963.2023.2259132
https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/
https://doi.org/10.1017/S0033291710001911
https://doi.org/10.1161/01.STR.0000125859.71051.83
https://doi.org/10.1161/01.STR.0000125859.71051.83
https://doi.org/10.1038/s41593-023-01377-6
https://doi.org/10.1038/s41593-023-01377-6
https://doi.org/10.1097/JAN.0000000000000352
https://doi.org/10.3390/nu6041752
https://doi.org/10.1016/j.cmet.2024.07.019
https://doi.org/10.1097/JCP.0000000000000941
https://doi.org/10.1097/JCP.0000000000000941
https://doi.org/10.1016/j.bbi.2021.06.013
https://doi.org/10.1186/s13643-017-0632-2
https://doi.org/10.1093/alcalc/agad001
https://doi.org/10.1016/j.nicl.2023.103407
https://doi.org/10.1016/j.neuroscience.2023.01.028
https://doi.org/10.1016/j.neuroscience.2023.01.028
https://doi.org/10.1161/hc0902.104707
https://doi.org/10.1161/hc0902.104707
https://doi.org/10.1186/s12974-023-02791-0
https://doi.org/10.1186/s12974-023-02791-0
https://doi.org/10.1017/S1041610213000689
https://doi.org/10.1017/S1041610213000689
https://doi.org/10.1161/CIR.0000000000001078
https://doi.org/10.1161/CIR.0000000000001078
https://doi.org/10.1523/JNEUROSCI.4029-08.2009
https://doi.org/10.1523/JNEUROSCI.4029-08.2009
https://doi.org/10.1038/nri.2015.5
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-16-1465310 December 14, 2024 Time: 10:57 # 13

Hu et al. 10.3389/fnagi.2024.1465310

part clinical, I., and neuropsychological assessment of Alzheimer’s disease. Neurology
39, 1159–1165. doi: 10.1212/wnl.39.9.1159

Muela, H. C. S., Costa-Hong, V. A., Yassuda, M. S., Moraes, N. C., Memxória, V. A.,
Machado, M. F., et al. (2018). Higher arterial stiffness is associated with lower cognitive
performance in patients with hypertension. J. Clin. Hypertens 20, 22–30.

Murata, Y., Sakatani, K., Hoshino, T., Fujiwara, N., Katayama, Y., Yamashita, D.,
et al. (2010). Changes of evoked cerebral blood oxygenation and optical pathlength
in the frontal lobe during language tasks: A study by multi-channel, time-resolved
near-infrared spectroscopy and functional MRI. Adv. Exp. Med. Biol. 662, 213–218.
doi: 10.1007/978-1-4419-1241-1_30

Musiek, E. S., Xiong, D. D., and Holtzman, D. M. (2015). Sleep, circadian rhythms,
and the pathogenesis of Alzheimer disease. Exp. Mol. Med. 47:e148.

Musselman, D. L., Evans, D. L., and Nemeroff, C. B. (1998). The relationship of
depression to cardiovascular disease: Epidemiology, biology, and treatment. Arch. Gen.
Psychiatry 55, 580–592.

Nolan, M., Roman, E., Nasa, A., Levins, K. J., O’Hanlon, E., O’Keane, V., et al.
(2020). Hippocampal and amygdalar volume changes in major depressive disorder: A
targeted review and focus on stress. Chronic Stress 4:2470547020944553. doi: 10.1177/
2470547020944553

Paul, R. H., Gunstad, J., Poppas, A., Tate, D. F., Foreman, D., Brickman, A. M., et al.
(2005). Neuroimaging and cardiac correlates of cognitive function among patients
with cardiac disease. Cerebrovasc. Dis. 20, 129–133.

Phillips, R. M. (2012). Nutrition and depression in the community-based oldest-old.
Home Healthc. Nurse 30, 462–471.

Sarwar, H., Rafiqi, S. I., Ahmad, S., Jinna, S., Khan, S. A., Karim, T., et al. (2022).
Hyperinsulinemia associated depression. Clin. Med. Insights Endocrinol. Diabetes
15:11795514221090244.

Schapira, A. H. V., Chaudhuri, K. R., and Jenner, P. (2017). Non-motor features of
Parkinson disease. Nat. Rev. Neurosci. 18, 435–450.

Schiepers, O. J., Wichers, M. C., and Maes, M. (2005). Cytokines and major
depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 29, 201–217.

Schievink, S. H. J., van Boxtel, M. P. J., Deckers, K. R., van Oostenbrugge, J.,
Verhey, F. R. J., and Köhler, S. (2022). Cognitive changes in prevalent and incident
cardiovascular disease: A 12-year follow-up in the Maastricht Aging Study (MAAS).
Eur. Heart J. 43, e2–e9. doi: 10.1093/eurheartj/ehx365

Shen, R., and Zou, T. (2024). The association between cardiovascular health and
depression: Results from the 2007-2020 NHANES. Psychiatry Res. 331:115663.

Shi, Y., Wang, H., Zhu, Z., Ye, Q., Lin, F., and Cai, G. (2023). Association between
exposure to phenols and parabens and cognitive function in older adults in the
United States: A cross-sectional study. Sci. Total Environ. 858(Pt 3):160129. doi: 10.
1016/j.scitotenv.2022.160129

Shih, Y. H., Wu, S. Y., Yu, M., Huang, S. H., Lee, C. W., Jiang, M. J., et al. (2018).
Hypertension accelerates Alzheimer’s disease-related pathologies in pigs and 3xTg
mice. Front. Aging Neurosci. 10:73. doi: 10.3389/fnagi.2018.00073

Smit, R. A., Trompet, S., Sabayan, B., le Cessie, S., van der Grond, J., van Buchem,
A., et al. (2016). Higher visit-to-visit low-density lipoprotein cholesterol variability is
associated with lower cognitive performance, lower cerebral blood flow, and greater
white matter hyperintensity load in older subjects. Circulation 134, 212–221. doi:
10.1161/CIRCULATIONAHA.115.020627

Smith, G. S., Kuwabara, H., Yan, H., Nassery, N., Yoon, M., and Kamath, V. (2023).
Serotonin degeneration and Amyloid-β deposition in mild cognitive impairment:
Relationship to cognitive deficits. J. Alzheimers Dis. 96, 215–227.

Song, S., Liu, N., Wang, G., Wang, Y., Zhang, X., Zhao, X., et al. (2023). Sex
specificity in the mixed effects of blood heavy metals and cognitive function on elderly:
Evidence from NHANES. Nutrients 15:2874. doi: 10.3390/nu15132874

Suh, S. W., Han, J. W., Lee, J. R., Byun, S., Kwon, S. J., Oh, S. H., et al. (2018). Sleep
and cognitive decline: A prospective nondemented elderly cohort study. Ann. Neurol.
83, 472–482.

Swanson, D., Block, R., and Mousa, S. A. (2012). Omega-3 fatty acids EPA and DHA:
Health benefits throughout life. Adv. Nutr. 3, 1–7.

Tadic, M., and Cuspidi, C. (2022). Hypertensive and cognitive function: Did we
come to a dead end?". Hypertens Res. 45, 1667–1669. doi: 10.1038/s41440-022-
00983-4

Threlfell, S., Lalic, T., Platt, N. J., Jennings, K. A., Deisseroth, K., and Cragg, S. J.
(2012). Striatal dopamine release is triggered by synchronized activity in cholinergic
interneurons. Neuron 75, 58–64.

Torres, A. K., Rivera, B. I., Polanco, C. M., Jara, C., and Tapia-Rojas, C. (2022).
Phosphorylated tau as a toxic agent in synaptic mitochondria: Implications in aging
and Alzheimer’s disease. Neural Regen. Res. 17, 1645–1651. doi: 10.4103/1673-5374.
332125

Tyrrell, J., Mulugeta, A., Wood, A. R., Zhou, A., Beaumont, R. N., Tuke, M. A., et al.
(2019). Using genetics to understand the causal influence of higher BMI on depression.
Int. J. Epidemiol. 48, 834–848.

van der Linde, R. M., Brayne, C., and Dening, T. (2014). Depression and other
behavioral and psychological symptoms of dementia–separate research worlds in
need of a common understanding. Int. Psychogeriatr. 26, 177–183. doi: 10.1017/
S1041610213001592

Vicario, A., and Cerezo, G. H. (2023). The heart and brain connection: Contribution
of cardiovascular disease to vascular depression – A narrative review. Heart Mind 7,
126–131.

Walker, R. M., Chong, M., Perrot, N., Pigeyre, M., Gadd, D. A., Stolicyn, A., et al.
(2024). The circulating proteome and brain health: Mendelian randomisation and
cross-sectional analyses. Transl. Psychiatry 14:204. doi: 10.1038/s41398-024-02915-x

Wang, Q., Du, W., Wang, H., Geng, P., Sun, Y., Zhang, J., et al. (2023). Nicotine’s
effect on cognition, a friend or foe?". Prog. Neuropsychopharmacol. Biol. Psychiatry
124:110723.

Wei, J., Xu, H., Liese, A. D., Merchant, A. T., Wang, L., Yang, C. H., et al. (2023). Ten-
year cardiovascular disease risk score and cognitive function among older adults: The
national health and nutrition examination survey 2011 to 2014. J. Am. Heart Assoc.
12:e028527. doi: 10.1161/JAHA.122.028527

Wei, K., Liu, Y., Yang, J., Gu, N., Cao, X., Zhao, X., et al. (2022). Living arrangement
modifies the associations of loneliness with adverse health outcomes in older adults:
Evidence from the CLHLS. BMC Geriatr. 22:59. doi: 10.1186/s12877-021-02742-5

Woodfield, A., Porter, T., Gilani, I., Noordin, S., Li, Q. X., and Collins, S. (2022).
Insulin resistance, cognition and Alzheimer’s disease biomarkers: Evidence that CSF
Aβ42 moderates the association between insulin resistance and increased CSF tau
levels. Neurobiol. Aging 114, 38–48.

World Health Organization (2023). World Health Statistics 2023: Monitoring Health
for the SDGs. Geneva: WHO.

Xian, G., Chai, Y., Gong, Y., He, W., Ma, C., Zhang, X., et al. (2024). The
relationship between healthy lifestyles and cognitive function in Chinese older adults:
The mediating effect of depressive symptoms. BMC Geriatr. 24:299. doi: 10.1186/
s12877-024-04922-5

Yang, F. N., Stanford, M., and Jiang, X. (2020). Low cholesterol level linked to
reduced semantic fluency performance and reduced gray matter volume in the medial
temporal lobe. Front. Aging Neurosci. 12:57. doi: 10.3389/fnagi.2020.00057

Yang, L., Shen, J., Liu, C., Kuang, Z., Tang, Y., Qian, Z., et al. (2023). Nicotine
rebalances NAD(+) homeostasis and improves aging-related symptoms in male mice
by enhancing NAMPT activity. Nat. Commun. 14:900. doi: 10.1038/s41467-023-
36543-8

Yao, Y., Guo, D., Liu, L., and Han, Y. (2024). An overview of mechanisms underlying
the comorbidity of sleep and depression disorders in the elderly. Stress Brain 4, 31–45.
doi: 10.1038/ncpneph0856

Yi, J., Wang, L., Guo, X., and Ren, X. (2023). Association of Life’s Essential 8
with all-cause and cardiovascular mortality among US adults: A prospective cohort
study from the NHANES 2005-2014. Nutr. Metab. Cardiovasc. Dis. 33, 1134–1143.
doi: 10.1016/j.numecd.2023.01.021

Yun, H., Kim, D. W., Lee, E. J., Jung, J., and Yoo, S. (2021). Analysis of the
effects of nutrient intake and dietary habits on depression in Korean adults. Nutrients
13:1360.

Zhang, C., Qi, H., Jia, D., Zhao, J., Xu, C., Liu, J., et al. (2024). Cognitive impairment
in Alzheimer’s disease FAD(4T) mouse model: Synaptic loss facilitated by activated
microglia via C1qA. Life Sci. 340:122457. doi: 10.1016/j.lfs.2024.122457

Zhao, J., Cai, X., Hu, J., Song, S., Zhu, Q., Shen, D., et al. (2024). J-shaped relationship
between weight-adjusted-waist index and cardiovascular disease risk in hypertensive
patients with obstructive sleep apnea: A cohort study. Diabetes Metab. Syndr. Obes. 17,
2671–2681. doi: 10.2147/DMSO.S469376

Frontiers in Aging Neuroscience 13 frontiersin.org

https://doi.org/10.3389/fnagi.2024.1465310
https://doi.org/10.1212/wnl.39.9.1159
https://doi.org/10.1007/978-1-4419-1241-1_30
https://doi.org/10.1177/2470547020944553
https://doi.org/10.1177/2470547020944553
https://doi.org/10.1093/eurheartj/ehx365
https://doi.org/10.1016/j.scitotenv.2022.160129
https://doi.org/10.1016/j.scitotenv.2022.160129
https://doi.org/10.3389/fnagi.2018.00073
https://doi.org/10.1161/CIRCULATIONAHA.115.020627
https://doi.org/10.1161/CIRCULATIONAHA.115.020627
https://doi.org/10.3390/nu15132874
https://doi.org/10.1038/s41440-022-00983-4
https://doi.org/10.1038/s41440-022-00983-4
https://doi.org/10.4103/1673-5374.332125
https://doi.org/10.4103/1673-5374.332125
https://doi.org/10.1017/S1041610213001592
https://doi.org/10.1017/S1041610213001592
https://doi.org/10.1038/s41398-024-02915-x
https://doi.org/10.1161/JAHA.122.028527
https://doi.org/10.1186/s12877-021-02742-5
https://doi.org/10.1186/s12877-024-04922-5
https://doi.org/10.1186/s12877-024-04922-5
https://doi.org/10.3389/fnagi.2020.00057
https://doi.org/10.1038/s41467-023-36543-8
https://doi.org/10.1038/s41467-023-36543-8
https://doi.org/10.1038/ncpneph0856
https://doi.org/10.1016/j.numecd.2023.01.021
https://doi.org/10.1016/j.lfs.2024.122457
https://doi.org/10.2147/DMSO.S469376
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Association of cardiovascular health with cognitive function and the mediating effect of depressive state
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Demographic characteristics
	2.3 Measurement of LE8
	2.4 Measurements of cognitive function Z-score
	2.5 Measurements and definition of depressive state
	2.6 Statistical analyses

	3 Results
	3.1 Population baseline characteristics
	3.2 Contribution analysis of individual components of LE8 to overall score
	3.3 Associations of CVH with survival probability
	3.4 Associations of CVH with cognitive function
	3.5 Subgroup analyses of factors impacting the correlation of CVH with cognitive function
	3.6 Dose-response analysis of LE8 score with cognitive function
	3.7 Associations between CVH, depressive state, and cognitive function and the mediating effects of depressive state

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


