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Object: Cognitive decline and obesity are major global public health issues, and their association has been widely acknowledged. The link between the visceral adiposity index (VAI) and cognitive function in the Chinese population remains uncertain. This study aims to investigate the effects of VAI levels on cognitive function in the Chinese middle-aged and elderly population.

Methods: We analyzed longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS) collected in 2011, 2013, 2015, and 2018. VAI levels were divided into three tertiles. Generalized estimating equation (GEE) models were used to explore the relationships between VAI levels and cognitive function, including overall cognitive scores, episodic memory, and mental status. Adjustments were made for potential confounders.

Results: The study consisted of 2,677 participants. Contrary to expectations, higher VAI levels were associated with higher overall cognitive scores and improved episodic memory scores, while no significant effect was observed on mental status. The GEE models consistently indicated that higher VAI levels were associated with higher overall cognitive scores, primarily due to their association with episodic memory. Stratified analyses revealed that the VAI was associated with better cognitive function primarily in males, individuals under 60 years old, those with lower education levels, rural residents, and married individuals, mainly in relation to episodic memory. No significant interactions were observed between VAI and demographic factors.

Conclusion: Our findings suggest that higher visceral adiposity is associated with slower cognitive decline in the Chinese middle-aged and elderly population, especially in its association with episodic memory. These results underline the need to further investigate the potential protective role of visceral fat in cognitive function, potentially offering new insights for interventions to enhance cognitive function and prevent dementia in this population.
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1. Introduction

Cognitive decline, as defined by the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), refers to the subjective and objective deterioration in one or more cognitive dimensions, including perception, attention, memory, thinking, language, judgment, and reasoning. It manifests when it affects daily instrumental activities or occurs alongside mental or other psychological conditions, ultimately leading to the development of dementia (Posar and Visconti, 2023). Cognitive decline has emerged as a pressing global public health issue. A study shows that around 55 million people are currently suffering from cognitive decline or dementia and this number may even increase to 139 million by 2050 according to proper estimation globally (Chowdhary et al., 2021). China, one of the countries with a large proportion of the world’s population, is also facing an increase in population in cognitive decline or dementia. A comprehensive cross-sectional study conducted in China found that among adults aged 60 years and older, the prevalence of cognition decline and dementia was 15.5 and 6.0%, respectively. In other words, approximately 15.07 million and 38.77 million individuals suffer from cognition decline and dementia, respectively (Jia et al., 2020). As we know, cognitive decline or impairment can indeed impose a significant burden on individuals, their families, and society as a whole, including healthcare costs, caregiver strain, economic impact, and social and emotional well-being. Hence we should raise attention to identify the risk factors of cognitive decline (Ren et al., 2022). Identifying risk factors for cognitive decline plays a crucial role in implementing strategies to prevent and slow down the progression of the disease. Several factors are recognized as potential risks for cognitive decline, such as age, level of education, hyperlipidemia, marital status, smoking, and the presence of certain chronic diseases such as diabetes, heart disease, and cerebrovascular disease (Jia et al., 2020). It is worth noting that many risk factors associated with obesity, such as hyperlipidemia, diabetes, heart disease, and cerebrovascular disease, are also closely related to cognitive decline.

Obesity refers to the state of being excessively overweight or obese, which is typically caused by an excessive accumulation of body fat, including total body obesity and central obesity (Anand et al., 2022; Panuganti et al., 2023). Body mass index (BMI) is a convenient and economical means of estimating obesity (BMI over 25 kg/m^2) that is in total obesity but fails to estimate central obesity efficiently (Anand et al., 2022). Obesity has emerged as a grave global health concern, this trend can be attributed to rapid economic development and shifts in lifestyle patterns (Ng et al., 2014; Afshin et al., 2017). Notably, China has witnessed a gradual increase in obesity prevalence, establishing itself as the country with the highest number of overweight and obese individuals worldwide (Wang Y. et al., 2021). In 2018, data from the Chinese Center for Disease Control and Prevention revealed that more than 8.1% of Chinese adults, equating to approximately 85 million individuals, were classified as obese (Wang L. et al., 2021). Furthermore, studies have indicated that obesity also shows a significant association with cognitive function (Dye et al., 2017). Previous studies have shown that obesity is associated with an increased risk of cognitive decline and dementia. However, some studies on the “obesity paradox” have found that using BMI or waist circumference as indicators of obesity, obesity seems to provide a certain level of protection for cognition (Qizilbash et al., 2015; Tang et al., 2021). In fact, it is unreasonable to assess obesity using BMI fails to indicate the distribution of obesity (Stevens et al., 2008). While waist circumference plays a role in identifying central obesity, it is limited in its ability to effectively assess the overall distribution of fat. These measures may not fully capture the health risks associated with abdominal obesity. The visceral adiposity index (VAI) is a scientifically devised mathematical model used to approximate the function and quantity of visceral fat within an individual’s body (Amato et al., 2010). Visceral fat, when present in increased amounts, has been linked to various health conditions such as metabolic syndrome, diabetes, cardiovascular diseases, and certain types of cancer (Kahn, 2005; Amato and Giordano, 2014). The VAI assessment method incorporates both anthropometric data, such as waist circumference, and metabolic markers, such as triglycerides and high-density lipoprotein cholesterol levels. In essence, the VAI offers a holistic assessment of a person’s visceral fat status. Previous studies demonstrate that higher visceral adipose is associated with poor cognitive functioning but relations are attenuated by age (Isaac et al., 2011; Yoon et al., 2012; Anand et al., 2022).

In our research, we intend to scrutinize the correlation between the VAI and cognitive function in Chinese individuals who are 45 years of age or older. The data for this study will be sourced from the China Health and Retirement Longitudinal Study (CHARLS). Employing longitudinal analyses, we will explore the connection between the VAI and cognitive performance. Moreover, we aim to understand how this association may be affected by varying factors such as age, gender, educational attainment, and the presence of certain chronic diseases. By shedding light on the intricate link between visceral fat and cognitive function, our study could potentially inform and enhance interventions designed to mitigate the risk of cognitive deterioration and dementia.



2. Methods


2.1. Study population and design

The data for this study were obtained from the CHARLS, an ongoing longitudinal survey that aims to capture the health conditions and related factors among community-dwelling adults aged 45 years and older across 28 provinces in China. CHARLS provides comprehensive information on personal characteristics, family dynamics, health status, cognitive function, retirement, and personal property status. It is a nationally representative survey that offers reliable data on middle-aged and older individuals.

The data used in our study were freely accessible to the general public and were collected through a series of exams conducted every 2 to 3 years. We utilized data from four waves: wave 1 (collected in 2011), wave 2 (collected in 2013), wave 3 (collected in 2015), and wave 4 (collected in 2018) of the CHARLS survey. These waves allowed for a longitudinal analysis of the study variables.

Out of the initial 25,586 participants enrolled, a total of 22,590 participants were excluded for reasons including missing essential information such as age, gender, region, etc. Additionally, 110 participants below the age of 45 were excluded. To ensure data quality, any participants with missing information or abnormal values for the VAI, as determined by the Tukey method based on VAI quartiles, were also excluded. After applying these exclusion criteria, a total of 2,677 eligible individuals remained in the final analysis sample. The selection process for participant inclusion is illustrated in Figure 1, providing a visual representation of the steps taken to arrive at the study sample used for analysis.

[image: Figure 1]

FIGURE 1
 Flowchart of study population selection. Flowchart of the participants’ selection from CHARLS 2011 to 2018.




2.2. Calculation of VAI

VAI was calculated using gender-specific formulas proposed by Amato et al. (2010) to account for physiological differences between males and females in terms of visceral adiposity. VAI serves as an indicator of visceral adiposity and is derived from anthropometric and metabolic parameters. The formulas used for calculating the VAI were as follows: For males: VAI = (WC/(39.68 + 1.88 × BMI)) × (TG/1.03) × (1.31/HDL), For females: VAI = (WC/(36.58 + 1.89 × BMI)) × (TG/0.81) × (1.52/HDL). Here, WC represents waist circumference, BMI is body mass index, TG stands for triglycerides, and HDLC represents high-density lipoprotein cholesterol. These formulas allowed us to calculate gender-specific VAI values, providing a more accurate assessment of visceral adiposity for males and females. The calculated VAI values were subsequently divided into tertiles, yielding three levels: Tertile 1 (T1), Tertile 2 (T2), and Tertile 3 (T3). The corresponding ranges for these levels in our study were “< 2.36,” “2.36–4.54,” and “> 4.54.”



2.3. Cognitive score assessment

Cognitive function assessment in the CHARLS database included measures of global cognitive score, episodic memory, and mental status. Episodic memory assessment involved the presentation of a list of Chinese words to participants, who were then asked to immediately recall as many nouns as possible. After a 5-min delay, participants were prompted to recall the nouns again (delayed recall). Episodic memory scores were computed as the sum of the immediate and delayed recall scores, ranging from 0 to 20. A higher episodic memory score indicated better performance in remembering and recalling the presented nouns. Mental status was evaluated using the Telephone Interview of Cognitive Status (TICS) questionnaire. Participants were asked to perform several tasks, including subtracting 7 from 100 multiple times, naming the current date, and redrawing a previously shown picture. The correct responses were tallied to calculate a single TICS score ranging from 0 to 11. A higher TICS score reflected better mental status and cognitive functioning. The global cognitive score was determined by summing the episodic memory score and the TICS score. This composite score provided an overall measure of cognitive function, ranging from 0 to 31. Higher global cognitive scores indicated better overall cognitive performance, considering both episodic memory and mental status. Cognitive assessments, including episodic memory and mental status, were conducted by trained investigators following standardized protocols. These assessments, along with the calculation of the global cognitive score, enabled a comprehensive evaluation of cognitive function within the CHARLS study population.



2.4. Assessment of other variables

Data on various demographic and clinical characteristics were obtained for the participants from the CHARLS public database. These included age, gender, education, marital status, region (urban or rural), drinking and smoking status, as well as self-reported or physician-diagnosed chronic diseases such as cancer, hypertension, diabetes, heart disease, dyslipidemia, stroke, liver disease, kidney disease, and digestive disease. Education was categorized into three levels based on the official coding file of the CHARLS. Level 1 represented individuals with no formal education (illiterate), those who did not complete primary school but could read, those who received private tutoring (Sishu), or those who completed elementary or middle school. Level 2 included individuals who completed high school or vocational school. Level 3 encompassed respondents with two/three-year college education, a college degree, or a postgraduate degree.



2.5. Statistical analysis

Descriptive statistics were used to summarize the baseline characteristics of the study population. Continuous variables were assessed for normality using the Shapiro–Wilk test. For variables that were found to be non-normally distributed, we chose to report the median and interquartile range (IQR), whereas normally distributed variables were represented using the mean and standard deviation. Categorical variables were presented as counts and percentages. One-way analysis of variance (ANOVA) was used to compare the differences in continuous variables, while the Chi-square test was employed to compare the differences in categorical variables among the three groups. The relationship between the VAI and cognitive scores was assessed using generalized estimating equation (GEE) models. Four different models were employed to examine this association, with each model incorporating specific adjustments: Model 1: Adjusted for the cognitive score in 2011. Model 2: Further adjusted for gender and age. Model 3: In addition to the adjustments in Model 2, further adjustments were made for education, marital status, smoking, and drinking. Model 4: In addition to the adjustments in Model 3, further adjustments were made for hypertension, diabetes, heart disease, stroke, dyslipidemia, liver disease, kidney disease, and digestive system disease. Furthermore, four sensitivity analyses were performed to evaluate the robustness of the findings: 1. Exclusion of individuals with cognitive decline in 2011. 2. Exclusion of individuals with brain injury, intellectual retardation, or memory-related diseases, along with those having cognitive decline in 2011. 3. Combination of exclusion of individuals with cognitive decline in 2011 and individuals with brain injury, intellectual retardation, or memory-related diseases. 4. Addition of follow-up time as a confounding factor correction variable. Model 5 is reported for the fourth sensitivity analysis. In the sensitivity analysis, individuals with low cognitive function in 2011 were excluded from the study population. Low cognitive function was defined as having a cognitive total score below two standard deviations from the mean baseline cognitive score. Participants whose cognitive total score in 2011 fell below the threshold of two standard deviations below the mean baseline cognitive score were classified as having low cognitive function. All statistical analyses were conducted using R version 4.1.2. A significance level of p < 0.05 was considered statistically significant, indicating evidence of a meaningful association.




3. Results


3.1. Baseline characteristics of study participants stratified by VAI tertiles

In this research, we scrutinized data from 2,677 subjects, segregating them into three categories based on the tertiles of their VAI: T1, T2, and T3. As shown in Table 1, the average age in the T1 group was 57.3 years (Standard deviations (SD) = 8.10), in the T2 group it was 56.3 years (SD = 7.65), and in the T3 group it was 56.0 years (SD = 7.48). We observed a significant age difference among these groups (p = 0.001), with an evident declining pattern (P for trend = 0.001) as we moved from lower to higher VAI groups. When considering gender, the percentage of females escalated from T1 (28.6%) to T2 (46.9%) and T3 (57.5%), whereas the male percentage displayed a converse trend. The gender differences were statistically significant (p < 0.001), and a distinct trend was observed (P for trend<0.001). With respect to variables such as education, marital status, and geographic region, no significant discrepancies or patterns were discernible among the VAI groups. Nevertheless, lifestyle habits, specifically drinking and smoking, presented notable differences and patterns across the groups (p < 0.001 for both). The data indicated a declining ratio of drinkers and smokers in the higher VAI groups. Finally, as for health conditions including hypertension, diabetes, heart disease, and dyslipidemia, we found significant differences and patterns among the VAI groups (all p < 0.001), suggesting a greater incidence of these conditions in the higher VAI groups. Other health conditions like cancer, stroke, liver disease, kidney disease, and digestive disease did not exhibit significant differences or patterns across the groups, except for digestive disease which did show a significant pattern (P for trend = 0.04).



TABLE 1 Baseline characteristics of the study population.
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3.2. Baseline cognitive scores across four waves stratified by VAI tertiles

Our observations across each wave indicated a slight increase in cognitive scores as we transitioned from the lower VAI group (T1) to the higher VAI groups (T2, T3). As shown in Table 2, in the first wave, for instance, the global cognitive score saw a slight increase from T1 (mean = 16.3, SD = 4.04) to T3 (mean = 16.7, SD = 3.94). This trend was consistent in the second wave as well, with scores marginally rising from T1 (mean = 16.3, SD = 3.95) to T3 (mean = 16.8, SD = 3.87). Similar patterns emerged across all waves and all three cognitive measures (As shown in Figure 2). Overall, these results suggest a potential association between VAI and cognitive function, particularly in terms of global cognition and episodic memory.



TABLE 2 Baseline cognitive scores of the study population: comparison across four waves.
[image: Table2]

[image: Figure 2]

FIGURE 2
 Longitudinal changes in cognitive scores over four waves. Wave 1 (collected in 2011), wave 2 (collected in 2013), wave 3 (collected in 2015), and wave 4 (collected in 2018) of the CHARLS survey.




3.3. Gee analysis of the association between VAI tertiles and cognitive scores

In our study, we employed generalized estimating equations to investigate the influence of the VAI on three cognitive scores: global Cognitive, episodic memory, and mental status. As shown in Table 3, For global cognitive scores, all models showed a significant positive association with VAI. In Model 1, which adjusted for the cognitive score in 2011, the regression coefficient (β) for VAI was 0.074 (95% CI: 0.034 to 0.113, p < 0.001). This association remained significant after further adjusting for gender and age in Model 2 (β = 0.067, 95% CI: 0.027 to 0.106, p < 0.001), and additional adjustments for education, marital status, smoking, and drinking in Model 3 (β = 0.070, 95% CI: 0.031 to 0.108, p < 0.001). The significance persisted in Model 4, which further adjusted for hypertension, diabetes, heart disease, stroke, dyslipidemia, liver disease, kidney disease and digestive diseases (β = 0.064, 95% CI: 0.025 to 0.104, p = 0.001). For episodic memory scores, the association with VAI was also significant across all models, with the highest β in Model 1 (β = 0.071, 95% CI: 0.039 to 0.104, p < 0.001) and the lowest β in Model 4 (β = 0.051, 95% CI: 0.019 to 0.082, p = 0.002). However, for mental status scores, the association with VAI was not significant across all models.



TABLE 3 Association between VAI and cognitive function: GEE analysis.
[image: Table3]



3.4. Stratified analysis of the association between VAI tertiles and cognitive scores

In the stratified analysis, we further investigated the effect of the VAI on global cognitive (Table 4), episodic memory (Table 5), and mental status scores (Table 6), using T1 as the reference group. The analysis was adjusted for cognitive scores from 2011 and potential confounders such as hypertension, diabetes, tumors, heart diseases, stroke, and dyslipidemia. For global cognitive scores, the gender-stratified analysis showed a significant positive association with VAI for male participants in both the T2 (β = 0.424, p = 0.021) and T3 (β = 0.598, p = 0.003) groups. No significant association was found for female participants in either group (T2: β = −0.056, p = 0.836; T3: β = 0.053, p = 0.842). The age-stratified analysis showed a significant positive association in the T3 group for participants aged <60 years (β = 0.406, p = 0.030). In the education-stratified analysis, both education groups in the T3 group showed significant associations (Education 1: β = 0.567, p < 0.001; Education 2&3: β = 0.595, p = 0.076). In the region-stratified analysis, a significant association was observed in the T3 group for participants from rural villages (β = 0.643, p = 0.002). The marital status-stratified analysis showed a significant association in the T3 group for married participants (β = 0.589, p < 0.001). The smoking-stratified analysis showed a significant association in the T2 and T3 groups for participants who reported smoking (β = 0.419, p = 0.034 and β = 0.495, p = 0.021). For the episodic memory scores, there is a statistically significant association consistent with the global cognitive scores for T2 or T3 in the following subgroups: males (T2: β = 0.293, p = 0.035; T3: β = 0.438, p = 0.004), individuals under the age of 60 (T3: β = 0.312, p = 0.025), education level 1 (T2: β = 0.335, p = 0.005; T3: β = 0.487, p < 0.001), individuals with religious affiliation (T3: β = 0.547, p < 0.001), married individuals (T2: β = 0.370, p = 0.001; T3: β = 0.514, p < 0.001), individuals who consume alcohol (T3: β = 0.389, p = 0.006), and individuals who smoke or not. No statistically significant associations were observed for mental status scores in any of the stratified analyses.



TABLE 4 Stratified analysis of the relationship between global cognitive function and VAI.
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TABLE 5 Stratified analysis of the relationship between episodic memory and VAI.
[image: Table5]



TABLE 6 Stratified analysis of the relationship between episodic memory and VAI.
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3.5. Sensitivity analysis of the association between VAI tertiles and cognitive scores

In the first sensitivity analysis (Table 7), which involved excluding individuals with a history of brain injury, intellectual retardation, or memory-related diseases, we observed significant associations between total VAI and global cognitive function in four Models (β = 0.080, p < 0.001; β = 0.070, p < 0.001; β = 0.074, p < 0.001; β = 0.069, p < 0.001), as well as between the T3 VAI tertile and global cognitive function (β = 0.432, p = 0.002; β = 0.368, p = 0.091; β = 0.390, p = 0.005; β = 0.347, p = 0.013). Similar interpretations can be made for the remaining sensitivity analyses (Tables 8–10). Additionally, the p-value for the trend across the VAI tertiles is provided. For example, in the first sensitivity analysis for global cognitive function across four models (Table 7), we found a statistically significant trend (p < 0.001). Similar interpretations can be made for the other sensitivity analyses. Similarly, we observed a similar relationship between VAI and episodic memory. For instance, in the first sensitivity analysis across four Models, we found a positive correlation between Total VAI and episodic memory scores (β = 0.082, p < 0.001; β = 0.074, p < 0.001; β = 0.078, p < 0.001; β = 0.072, p < 0.001), as well as between the T3 VAI tertile and episodic memory scores (β = 0.464, p = 0.001; β = 0.410, p = 0.004; β = 0.434, p = 0.002; β = 0.386, p = 0.007). The value of p for the trend across the VAI tertiles was less than 0.05 in all four models. Similar conclusions can be drawn from the other sensitivity analyses (Tables 8–10). However, for mental status scores, there was no significant correlation observed with VAI in any of the models or sensitivity analyses (Tables 7–10).



TABLE 7 Sensitivity analysis of VAI and cognitive function (Method 1).
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TABLE 8 Sensitivity analysis of VAI and cognitive function (Method 2).
[image: Table8]



TABLE 9 Sensitivity analysis of VAI and cognitive function (Method 3).
[image: Table9]



TABLE 10 Sensitivity analysis of VAI and cognitive function (Method 4).
[image: Table10]




4. Discussion

We undertook a longitudinal study to investigate the role of visceral fat accumulation on the evolution of cognitive function. Interestingly, our findings highlighted a correlation between higher VAI scores and improved cognitive abilities among Chinese individuals within the middle-aged and elderly brackets, spanning multiple years. This suggests that an increase in visceral fat might, in fact, have a beneficial influence on cognitive function. Moreover, our research underscores that the primary association of VAI with overall cognition appears to stem from its relationship with episodic memory performance, rather than on mental state. Our discovery of a positive relationship between a heightened VAI and superior cognitive performance stands in stark contrast to prior research, which has largely associated visceral adiposity with cognitive deterioration. This unexpected result challenges the prevailing notion that visceral adiposity uniformly exerts detrimental effects on cognitive health. The potential association of visceral adiposity with better cognitive function observed in our study warrants further investigation.

The relationship between obesity and cognitive function has garnered substantial attention in research. Obesity has been considered numerous underlying causes of diseases including cardiovascular disease, diabetes, and certain cancers for a long time (Wolin et al., 2010; Piché et al., 2020). In recent years, there has been growing interest in investigating the potential link between obesity and cognitive impairment. Several studies have reported an association between obesity and an increased risk of cognitive decline and dementia (Dye et al., 2017). Excess adipose tissue, particularly visceral adiposity, has been proposed as a potential risk factor for the development of cognitive impairment (Mina et al., 2023). Obesity is identified as various vascular risk factors, such as hypertension, dyslipidemia, and insulin resistance, which may lead to chronic brain hypoperfusion, oxidative stress, and inflammation, ultimately damaging brain tissues and compromising cognitive function (Jagust, 2013). However, the relationship between obesity and dementia is not straightforward and has presented a paradoxical finding in some studies. The “obesity paradox” suggests that individuals with obesity may have a lower risk of dementia than those with a BMI (Qizilbash et al., 2015; Tang et al., 2021). The underlying mechanisms behind this paradox are not well understood and may be influenced by factors such as age, sex, genetic susceptibility, and the presence of comorbidities. VAI is a composite indicator that reflects the accumulation of visceral adiposity, VAI has been proposed as a useful tool for assessing the distribution and impact of visceral adiposity on health outcomes (Amato et al., 2010). It provides a quantitative measure that captures the adverse effects of excess visceral fat, which is metabolically active and associated with a higher risk of insulin resistance, dyslipidemia, inflammation, and other cardiometabolic abnormalities (Amato et al., 2010, 2011; Al-Daghri et al., 2013; Jiang et al., 2022; Khanna et al., 2023). In our study, we employed the VAI as a measure of visceral adiposity to investigate its association with cognitive function. Surprisingly, our findings revealed a paradoxical phenomenon, whereby higher VAI scores were positively correlated with cognitive function scores. This unexpected relationship challenges the conventional understanding of the detrimental impact of visceral adiposity on cognitive function.

One possible mechanism is the role of adipose tissue-derived hormones and cytokines, known as adipokines, which have been implicated in regulating inflammation, insulin resistance, and energy metabolism. Adipokines such as adiponectin and leptin may exert neuroprotective effects and promote neuronal growth and survival, potentially contributing to better cognitive function (Fasshauer and Blüher, 2015; Rizzo et al., 2020; Flores-Cordero et al., 2022). Furthermore, the presence of comorbidities often associated with obesity, such as hypertension, diabetes, and dyslipidemia, raises questions about the interplay between these conditions and cognitive health. Individuals with obesity may receive more medical attention and intervention, leading to better management of these comorbidities, which in turn may contribute to preserved cognitive function.

Notably, we found that VAI is positively associated with cognitive function in males, who are under 60 years old. The possible mechanism may reflect processes related to the regulation of androgen. The study has shown that lipolysis was decreased in the androgen-deficient state, in other words, androgen promotes lipolysis (Pecquery et al., 1988; Amengual-Cladera et al., 2012). When men are older than 60 years of age, androgens decrease causing less adipocyte factor. Therefore, a higher VAI is associated with better cognitive function only in men younger than 60 years of age. On the other hand, females are more vulnerable in cognitive function in the old, these may also reflect processes related to the regulation of female hormones. Studies have shown that endogenous estradiol is associated with a decreased risk of cognitive impairment (Yaffe et al., 2000; Bagger et al., 2004). In young women, they have enough endogenous estradiol to protect themselves, while in postmenopausal women, the major source of endogenous estrogen is adipose tissue (Newton et al., 1986; Szymczak et al., 1998). Postmenopausal women need more adipose tissue with higher VAI to decrease the risk of cognitive impairment. Also, factors like metabolism, vascular health, and inflammation, which can be influenced by visceral adiposity, might also play a role in cognitive performance variations with age.

It is important to acknowledge that the obesity paradox is still a topic of ongoing research and debate, and the proposed mechanisms are not yet fully validated. Future studies, employing advanced techniques and longitudinal designs, are needed to unravel the complex interplay between obesity and cognitive health and to identify the underlying molecular, physiological, and behavioral mechanisms.

This study has several strengths worth highlighting. First, we utilized longitudinal data from CHARLS, which provides a comprehensive understanding of cognitive function in the middle-aged and older Chinese population with its extensive representativeness. Second, we employed rigorous statistical analysis methods, including generalized estimating equations and sensitivity analyses, to ensure the reliability and robustness of our results. Additionally, we conducted detailed measurements and categorizations of VAI and cognitive function, allowing for in-depth exploration of the impact of different VAI levels on cognitive function. However, there are limitations to consider in this study. First, our study sample was limited to the middle-aged and older Chinese population, and thus, the generalizability of the findings may be restricted by geographical and cultural factors. Second, our study design was observational, and causality cannot be established. While we conducted multiple adjustments and sensitivity analyses to minimize the influence of confounding factors, there may still be unmeasured potential variables, including factors like mental illnesses, that could impact the results. Moreover, our study primarily relied on self-reported or physician-diagnosed chronic disease information, which may introduce measurement bias.

Further research is needed to overcome these limitations and deepen our understanding of the relationship between VAI and cognitive function. Future studies could incorporate larger sample sizes and multi-center designs, along with objective measures such as biomarkers and neuroimaging, to investigate the biological mechanisms underlying the association.



5. Conclusion

In conclusion, our longitudinal study reveals a surprising association between increased VAI and better cognitive function among middle-aged and older Chinese adults. Individuals with higher VAI scores demonstrated higher overall cognitive scores and improved episodic memory performance. These findings challenge the conventional belief that increased visceral adiposity negatively impacts cognitive health. Further research is needed to understand the underlying mechanisms and confirm these unexpected results. These findings have important implications for our understanding of the relationship between visceral adiposity and cognitive function in the Chinese population.
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Never married 10 (037%) 4(0.45%) 5(0.56%) 10.1%)
Drinking <0.001 <0.001
No 966 (36.1%) 225 (25.2%) 346 (38.7%) 395 (44.3%)
Yes 1711 (63.9%) 667 (74.8%) 547 (61.3%) 497 (55.7%)
Smoke <0.001 <0.001
No 1351 (50.5%) 348 (39.0%) 473 (53.0%) 530 (59.4%)
Yes 1,326 (49.5%) 544 (61.0%) 420 (47.0%) 362 (40.6%)
Region 0,003 0.001
Rural village 1,579 (59.0%) 558 (62.6%) 533 (59.7%) 488 (54.7%)
Urban community 1,098 (41.0%) 334 (37.4%) 360 (40.3%) 404 (45.3%)
Cancer 0442 0219
No 261 (99.4%) 889 (99.7%) 887 (99.3%) 885 (99.2%)
Yes 16 (0.60%) 3(0.34%) 6(0.67%) 7(0.78%)
Hypertension <0.001 <0.001
No 2005 (74.9%) 724 (81.2%) 682 (76.4%) 599 (67.2%)
Yes 672(25.1%) 168 (18.8%) 211 (23.6%) 293 (32.8%)
Diabetes <0.001 <0.001
No 2521 (94.2%) 858 (96.2%) 848 (95.0%) 815 (91.4%)
Yes 156 (5.83%) 34(3.81%) 45 (5.04%) 77 (8.63%)
Heart disease <0.001 <0.001
No 2334 (87.2%) 809 (90.7%) 775 (86.8%) 750 (84.1%)
Yes 343 (12.8%) 83 (9.30%) 118 (13.2%) 142.(15.9%)
Stroke 0.858 0855
No 2631 (98.3%) 877 (98.3%) 876 (98.1%) 878 (98.4%)
Yes 46 (1.72%) 15 (1.68%) 17 (1.90%) 14.(1.57%)
Dyslipidemia <0.001 <0.001
No 2,392 (89.4%) 832/(93.3%) 819 (91.7%) 741 (83.1%)
Yes 285 (10.6%) 60 (6.73%) 74 (8.29%) 151 (16.9%)
Liver disease 0.901 0.694
No 2587 (96.6%) 863 (96.7%) 864 (96.8%) 860 (96.4%)
Yes 90 (3.36%) 29(3.25%) 29(3.25%) 32(3.59%)
Kidney Disease 0.585 0314
No 2520 (94.1%) 834 (93.5%) 842 (94.3%) 844 (94.6%)
Yes 157 (5.86%) 58 (6.50%) 51(5.71%) 48 (5.38%)
Digestive disease 0.052 0.040
No 2084 (77.8%) 683 (76.6%) 682(76.4%) 719 (80.6%)
Yes 593 (22.2%) 209 (23.4%) 211 (23.6%) 173 (19.4%)

Characteristis of study participants categorized by VAI tertles at baseline. Continuous variables are presented as mean (median) and SD (IQR), while categorical variables are represented as
N (percentage). ANOVA was used to compare the differences in continuous variables, while the Chi-square test was employed to compare the differences in categorical variables among the
three groups
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Characteristis of study participants categorized by VAI tetiles at baseline. Continuous variables are presented as mean (median) and SD (IQR), while categorical variables are represented as
N (percentage). ANOVA was used to compare the differences in continuous variables, while the Chi-square test was employed to compare the differences in categorical variables among the
three groups.
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Model 1: Adjusted for the cogitive score in 2011. Model 2: Further adjusted for gender and age. Model 3: In addition to the adjustments in Model 2, further adjustments were made for
education, marital status, smoking, and drinking, Model 4: In addition to the adjustments in Model 3, further adjustments were made for hypertension, diabetes, heart disease, stroke,
dyslipidemia, liver discase, kidney discase, and digestive system disease.
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Stratified analysis using GEE methodology. Model adjusted for the cognitive score in 2011, hypertension, diabetes, heart disease, stroke, dyslipidemia, cancer.
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Stratified analysis using GEE methodology. Model adjusted for the cognitive score in 2011, hypertension, diabetes, heart disease, stroke, dyslipidemia, cancer.
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