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Background: The biopsychosocial model of dementia emphasizes an integrative approach that takes into account the joint effects of biological and behavioral processes relevant to cognitive function. Based on this model, this study examined the interactive effects of biological (i.e., high-density lipoprotein; HDL) and behavioral (i.e., frequency of walking) factors on cognitive function (measured using KDSQ-C) among South Korean (hereafter “Korean”) older adults. We conducted a subgroup analysis to explore whether the interaction of these factors differs depending on older adults’ history of chronic conditions.

Methods: This study used cross-sectional Korean National Health Insurance Service data from 2009 that included a sample of older adults who remained qualified for health insurance and medical aid (n = 20,162). Linear regression models that tested for the interaction effects between HDL and frequency of walking on cognition were analyzed separately for two groups – no history of hypertension or diabetes and those with a history of hypertension or diabetes.

Results: Results showed significant interaction effects (β = −0.024, p < 0.05) between HDL cholesterol and walking only among older adults with a history of chronic diseases. Specifically, more frequent engagement in walking buffered the negative effect of low HDL cholesterol on cognitive function for those with a history of hypertension or diabetes.

Conclusion: These findings show that regular walking significantly attenuates the negative impact of low HDL cholesterol on cognitive function among Korean older adults with a chronic disease history. This highlights the importance of developing tailored intervention programs that emphasize the health benefits of walking, particularly for older adults with hypertension and diabetes, to help mitigate cognitive decline and promote overall cognitive health.
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Introduction

Korea has been experiencing a dramatic increase in the number of older population, with the number of older adults aged 65 and older projected to increase from 17.5% in 2022 to 20.6% in 2025 (1). Declines in cognitive functioning are one of the major health concerns in aging societies including Korea, and prior research has identified various correlates of cognitive function including biological and health behavioral factors (2, 3). One of the widely-examined biological correlates of cognitive function is high-density lipoprotein (HDL) cholesterol, which is considered as a “good cholesterol” that absorbs excess cholesterol from the blood and transports it to the liver to remove it from the body (4). In addition to its anti-inflammation, pro-endothelial function that is protective of cardiovascular health (5), increasing number of studies also show that lower levels of HDL cholesterol is associated with cognitive decline and higher risk of cognitive impairment and Alzheimer’s Disease and Related Dementia (6–8). This could be attributed to the biological mechanism where lower level of HDL cholesterol is associated with higher cardiovascular risk, which in turn poses negative influence on cognitive function (9). As for health behavioral factors, physical activity is commonly explored, with results showing that lack of physical activity including walking is a significant risk factor of cognitive decline and dementia (10–14).

However, existing research that identified risk and protective factors of cognitive function often focus either on biological or behavioral factors. Given that cognition is influenced by a simultaneous interplay of multiple factors, examining biological and health behavioral factors separately limits a holistic understanding of cognitive function in later life. According to the biopsychosocial model of dementia (15, 16), taking an integrative approach that takes into account the joint effects of biological and behavioral processes relevant to cognitive function is important in having a more in-depth understanding of cognitive functioning, which could be used to better inform interventions that aim to protect cognitive decline in later life.

Among the diverse types of healthy behaviors, walking in particular can be protective against the detrimental effects of biological risk factors (e.g., inflammation, cardiometabolic conditions, cholesterol) on cognition by increasing older adults’ resilience to adverse biological consequences (17). Walking is a widely preferred and easily accessible form of physical activity for older adults, as it requires no special skills or equipment and can easily fit into their daily life (18). Engaging in frequent walking may reduce the negative effects of biological risk by activating brain plasticity, stimulating neurogenesis, reducing inflammation, and optimizing hormonal stress responsive systems (19). Indeed, several studies find that lack of physical activity exacerbates the biological risk of cognitive decline while engagement in physical activity buffers the negative effect of biological risk factors (20–22). However, these studies focus on inflammation and metabolic syndrome; whether and how physical activity, specifically the frequency of walking, modulates the association between HDL cholesterol and cognitive function remain to be explored.

In examining the biological and behavioral correlates of cognitive function, one important factor to consider is physical health. The biopsychosocial model of dementia posits that different factors and processes that are relevant to cognitive function are closely related to one another, which suggest that the role of biological and behavioral correlates and their interactions in cognitive function may be dependent on individuals’ physical health. In other words, the well-established associations of biological and behavioral factors (e.g., HDL cholesterol and physical activity) with cognitive function may differ depending on preexisting health conditions. Hypertension and diabetes may be the most relevant in this regard, as these two conditions have long been identified as strong risk factors of AD/ADRD and cognitive impairment (23, 24). While there are separate studies that examined the correlates of cognitive function among patients with hypertension (25) or diabetes (26) and among healthy individuals without any conditions (27), whether and how the dynamic interplay between biological and behavioral factors related to cognitive function differ between those with and without health conditions remain less understood. Prior studies on the biological and behavioral correlates of cognitive function often include chronic conditions as a covariate, but their role as a potential modifying factor remains under examined. Given that older adults with chronic conditions often have dysfunctional metabolism or exercise capacity, stratifying by chronic conditions and examining whether the cognitive benefits of walking in the presence of biological risk differ can offer insights for precision prevention. In addition, understanding such differences could be helpful in developing tailored interventions that are designed to protect older adults against cognitive decline based on their preexisting health conditions.

Therefore, using HDL cholesterol and frequency of walking as the measures of biological and behavioral factors, this study aimed to explore the interactive effect of biological and behavioral factors on cognitive function among Korean older adults. Specifically, we tested whether the association between HDL cholesterol and cognitive function differed by frequency of walking. We further examined whether the moderating role of walking differed between those with and without a history of diabetes or hypertension. Based on the previous literature, we hypothesized that lower HDL cholesterol will be associated with worse cognitive functioning, and that this association will be moderated by frequency of walking such that the association will be weaker among older adults with more frequent walking. We further hypothesized that the moderating effect of walking will differ by chronic condition history, where the buffering role of walking will be stronger for older adults with a history of diabetes and hypertension.



Methods


Data and sample

The National Health Insurance Service - Senior Database (NHIS-Senior; 2002~2019) offers a unique advantage for examining Korean older adults’ health. As a part of the country’s universal healthcare system, the NHIS-Senior covers almost all of the Korean population, thereby minimizing selection bias. These features support rigorous cross-sectional analysis of the interactions between biological and behavioral factors related to cognitive function, with sufficient power for subgroup analyses by chronic disease status.

Data for this study were drawn from the 2009 NHIS-Senior dataset of the National Health Insurance Service (NHIS; NHIS-2024-2-141), which includes Korean older adults aged 60 to 80 years who were eligible for National Health Insurance or Medical Aid in 2008. Approximately 511,953 individuals - representing 8% of about 6.4 million older adults in this age group - were surveyed regarding their socioeconomic background, history of hospital visits, results of medical check-ups, and usage of long-term care services (28).

Figure 1 presents the final sample selection process. We first merged the health check-up database and the qualification database that included study variables (N = 347,532). Because the national health screening guidelines primarily targeted individuals aged 66, 70, and 74 for cognitive screening, a large proportion of the initial sample who did not meet age requirements were missing on cognitive function data and thus were dropped from the analyses sample. Participants with a valid cognition function score was N = 40,787.
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FIGURE 1
 Flow chart of study participants.


From this subset of participants, we further classified participants into two groups based on the presence or absence of chronic diseases (i.e., hypertension or diabetes): the non-chronic disease group (n = 12,503; does not have a history of diagnosis with either hypertension or diabetes) and chronic disease group (n = 18,024; has a history of diagnosis with hypertension or diabetes, or both). After excluding cases with missing values on key variables, the final analytic sample consisted of 29,848 individuals, including 12,113 in the non-chronic disease group and 17,735 in the chronic disease group.

We used a health check-up database to obtain data on HDL cholesterol, frequency of walking, cognitive function, drinking, smoking, and chronic diseases. The qualification database provided information on sex, age, and income quintile. The final analytic model included cognitive function as the dependent variable; HDL cholesterol and frequency of walking as independent variables; and sex, age, income quintile, drinking habits, and smoking as covariates – examined separately for groups with and without a history of chronic disease. Approval of research was obtained from the Institutional Review Board (IRB) of Pusan National University (PNU IRB/2023_156_HR).



Measures


Cognitive function

Cognitive function was measured using the Korean Dementia Screening Questionnaire-Cognition (KDSQ-C). KDSQ-C is a subset of the larger KDSQ, and focuses on KDSQ items related to cognition. KDSQ is a validated questionnaire developed to screen early dementia patients in Korea. More information about the development of KDSQ can be found elsewhere (29). KDSQ is found to have high validity and reliability (r = 0.81). With KDSQ-C, we calculated the sum of five items, each ranging from 1 = not at all to 3 = very much, where higher scores indicate poorer cognitive function. Examples of items are: “Do you consider your memory to be lacking compared to your friends or colleagues?” and “Do you think it has become more difficult for you to perform everyday tasks?” Cronbach’s α for each group were α = 0.878 for the non-chronic disease group (no history of hypertension or diabetes) and α = 0.865 for the chronic disease group (has a history of hypertension or diabetes).



HDL cholesterol

HDL cholesterol was coded according to Panel NCEPNE (2002). HDL cholesterol was dichotomized as the following: <40 mg/dL for males and <50 mg/dL for females were coded as HDL risk factor (=1), and higher values as no-HDL risk factor (=0).



Frequency of walk

Frequency of walk was measured by asking how often respondents walked for more than 30 min during the past week. The question specifically asked, “During the past week, on how many days did you walk for a total of at least 30 min a day, combining walks of at least 10 min each time (for example, light exercise, commute, leisure walking)?” Responses ranged from 0 = none to 7 = 7 days a week.



Chronic condition

NHIS-Senior had two items that asked if respondents have been diagnosed with hypertension or diabetes. Based on the responses, this study divided the sample into two groups: the no-chronic diseases group (no history of hypertension or diabetes) and the chronic diseases group (has a history of being diagnosed with hypertension or diabetes).



Covariates

Covariates were sex (male = 0, female = 1), age (years), and income quintile (ranged from 0 to 10), smoking (not-smoking or smoked in the past = 0, currently smoking = 1). Drinking habits (ranged from 0 = never to 7 = 7 days a week).




Plan of analyses

First, we conducted descriptive statistics and frequency analysis of the study sample. Second, linear regression models were analyzed with HDL cholesterol as the independent variable and cognitive function as the dependent variables. To test for the moderating effect of walking frequency, an interaction term between HDL cholesterol and walking frequency was added to the analyses model. The moderation analysis aimed to examine whether the relationship between HDL cholesterol and cognitive function differs by frequency of walk. All models were analyzed separately for two subgroups: the no-chronic disease group and the chronic disease group.




Results


Demographic characteristics

Table 1 shows the demographic characteristics of the sample for this study among the non-chronic disease group and chronic disease group. For the no-chronic disease group, 48.9% were male, the mean age was 68.50 (SD = 4.05), and the income quintile was 6.33 (SD = 3.10). The percentage of respondents with HDL cholesterol risk factor was 26.2%, frequency of walk was 2.55 (i.e., about 2.5 times a week; SD = 2.69), and the score for cognitive function was 6.51 (SD = 2.09).


TABLE 1 Sample demographic characteristics.

	Variables
	N(%)/M(SD)
	Categories
	No-chronic disease group
 (n = 12,113)
	Chronic disease
 group
 (n = 17,735)
	T-test /Chi-square test

 

 	Sociodemographic factors


 	Sex
 (male = 0, female = 1) 	N (%) 	Male 	5,923 (48.9) 	7,672 (43.3) 	−9.646***


 	Female 	6,187 (51.1) 	10,063 (56.7)


 	Age (years) 	M (SD) 	 	68.50 (4.05) 	69.20 (3.39) 	−15.298***


 	Income quintile (1 to 10) 	M (SD) 	 	6.33 (3.10) 	6.44 (3.12) 	−3.027**


 	Drinking habits (0 to 7) 	 	 	0.83 (1.72) 	0.76 (1.64) 	3.679***


 	Smoking (current = 1) 	N (%) 	Currently not smoking 	10,237 (84.5) 	15,736 (88.7) 	10.396***


 	Currently smoking 	1,876 (15.5) 	1,999 (11.3) 	


 	Biological factor


 	HDL cholesterol
 (risk factor = 1) 	N (%) 	No risk 	8,941 (73.8) 	11,985 (67.6) 	−11.718***


 	At risk 	3,172 (26.2) 	5,750 (32.4)


 	Behavioral factor


 	Frequency of walk (0 to 7) 	M (SD) 	 	2.55 (2.69) 	2.84 (2.73) 	−9.177***


 	Cognitive function
 (score, 1–15) 	M (SD) 	 	6.51 (2.09) 	6.50 (2.03) 	0.340


 	Number of Chronic diseases


 	One (hypertension or diabetes) 	N (%) 	 	- 	14,381 (81.1) 	


 	Two (hypertension and diabetes) 	N (%) 	 	– 	3,354 (18.9) 	





**p < 0.01; ***p < 0.001.
 

For the chronic disease group, 43.3% were male, mean age was 69.20 (SD = 3.39), and income quintile was 6.44 (SD = 3.12). The percentage of respondents with HDL cholesterol risk factor was 32.4%, frequency of walk was 2.84 (i.e., about 2.8 times a week; SD = 2.73), and the score for cognitive function was 6.50 (SD = 2.03). The differences between the two groups were significant for all variables except cognitive function.



The moderating effect of walking frequency in the association between HDL cholesterol risk and cognitive function

Table 2 shows the moderating effect of walking frequency on the association between HDL cholesterol and cognitive function, after adjusting for all covariates. For the no-chronic disease group, HDL cholesterol was not significantly associated with cognitive function. However, walking frequency was significantly associated with cognitive function (β = −0.016, p < 0.05, 95% CI = [−0.03, −0.0004]), where one more day of walking during the past week was associated with better cognitive function by 0.016 points. The interaction between HDL cholesterol and walking was not significant, which indicates that the association between HDL cholesterol and cognitive function did not differ by the frequency of walk among the no-chronic disease group.


TABLE 2 Linear regression results on the associations between HDL cholesterol and cognition and the moderating effect of walk frequency, by chronic disease history.

	Variables
	No-chronic disease group
 (n = 12,113)
	Chronic disease group
 (n = 17,735)



	B
	SE
	β
	B
	SE
	β

 

 	Constant 	3.929*** 	0.322 	 	6.078*** 	0.314 	


 	Covariates


 	Sex
 (male = 0, female = 1) 	0.341*** 	0.044 	0.082 	0.358*** 	0.036 	0.087


 	Age (years) 	0.034*** 	0.005 	0.066 	0.002 	0.005 	0.003


 	Income quintile (1 to 10) 	0.006 	0.006 	0.009 	0.010* 	0.005 	0.015


 	Drinking habits (0 to 7) 	0.071*** 	0.012 	0.059 	0.026 	0.010 	0.021


 	Smoking (current = 1) 	0.004 	0.057 	0.001 	0.058 	0.051 	0.009


 	Biological factor


 	HDL cholesterol
 (risk factor = 1) 	0.071 	0.059 	0.015 	0.138** 	0.047 	0.032


 	Behavioral factor


 	Frequency of walk (0 to 7) 	−0.016* 	0.008 	−0.021 	−0.006 	0.007 	−0.008


 	Interaction term


 	HDL cholesterol x
 Frequency of walk 	0.016 	0.016 	0.013 	−0.024* 	0.012 	−0.023





For the outcome variable, higher values indicate worse cognitive function.

B = Unstandardized beta coefficient; SE = Standard error.

*p < 0.05; **p < 0.01; ***p < 0.001.
 

For the chronic disease group, results showed that HDL cholesterol was significantly associated with cognitive function (β = 0.138, p < 0.01, 95% CI = [0.05, 0.23]), where having HDL cholesterol risk factor (i.e., low levels of HDL cholesterol) was associated with lower cognitive function by 0.138 points compared to not having the HDL cholesterol risk factor. Frequency of walking was not significantly associated with cognitive function. The interaction between HDL cholesterol and Walking frequency was significant for the chronic disease group (β = −0.024, p < 0.05, 95% CI = [(−0.0471, −0.0002)]), which indicates that the association between HDL cholesterol and cognitive function differed by the frequency of walk for this group.

The interaction effects are plotted in Figure 2. More frequent walk was drawn at one standard deviation above the sample mean and less frequent walk was drawn at one standard deviation below the sample mean. Figure 2 suggests that the positive association between HDL cholesterol risk factor and cognitive function was weaker among older adults with a history of chronic condition who walk more frequently (dotted line) compared to those who walk less frequently (solid line), as indicated by the flatter dotted line. For example, estimates based on the regression coefficients presented in Table 2 show that for older adults with a history of chronic condition who do not engage in any walking, having a HDL cholesterol risk factor is associated with worse cognitive function by 0.138 points. However, for older adults who walk for more than 30 min 3 days a week, having a HDL cholesterol risk factor is associated with worse cognitive function by 0.066 points (0.138–0.024*3 = 0.066). Simple slope tests that examined the association between HDL cholesterol risk factor and cognition at low, medium, and high levels of walking frequency among older adults with chronic disease history showed that at low levels of walking frequency, having HDL cholesterol risk factor was marginally associated with worse cognition (β = 0.112, p = 0.054). The association was not significant at medium and high levels of walking frequency.

[image: Line graph showing the association between HDL cholesterol risk factor and cognitive function. Two lines represent walking frequency: a solid line showing that having risk factor is associated with worse cognitive function for those with less frequent walk, and a dashed line showing no association for those with more frequent walk.]

FIGURE 2
 The associations between HDL cholesterol and cognitive function by the frequency of walking among Korean older adults with a chronic disease history. (Higher cognitive function score indicates worse cognition).





Discussion

Using a nationwide population-based data collected from Korean older adults, this study examined the moderating role of walking frequency in the association between HDL cholesterol risk factor and cognitive function and whether these associations differ depending on the history of chronic conditions such as hypertension and diabetes. Results showed that among older adults with chronic conditions, engaging in frequent walking was protective of the negative effect of low HDL cholesterol on cognition. The interaction between HDL cholesterol risk and frequency of walking was not significant for those without a history of chronic conditions.

Based on the two separate lines of literature that identifies biological and behavioral factors related to cognitive functions in later life, prior studies consistently have examined the protective role of healthy behaviors against the biological risk factors of cognitive impairment. However, the dynamics involving HDL cholesterol, a biological factor that began to gain attention as a significant correlate of cognitive function (6), remain less understood. Also, the extent to which such relationships differ depending on the history of chronic conditions (e.g., hypertension, diabetes), which in and of itself is significantly related to cognitive impairment, has not yet been fully explored. Therefore, based on the biopsychosocial model of dementia (15, 16), this study contributes to the line of research on multidimensional correlates of cognition by emphasizing the interplay between biological (i.e., HDL cholesterol), behavioral (i.e., walking), and physical (i.e., chronic conditions) factors related to cognitive function in older adults.

Our results showed that engaging in frequent walking is protective of the detrimental effects of low HDL cholesterol on cognition only for older adults with a history of hypertension and diabetes, and not for those without a history of chronic condition. This is in line with findings from a previous study that compared frail and non-frail older adults (30) which found that physical exercise was particularly more beneficial for cognitive function for frail older adults compared to non-frail older adults. In addition, findings from a meta-analysis (31) show that physical activities play a significant role in managing chronic conditions and enhancing cognitive function. For patients with diabetes in particular, engaging in physical activities was crucial in regulating blood glucose levels which can influence cognitive functioning in the long run. Given the importance of physical activities for older adults with chronic conditions, these findings, along with the findings from our study, suggest that engaging in frequent walking may also matter more for the cognitive functioning of older adults with a history of hypertension or diabetes compared to those without any conditions. Frequent walking might be an important factor in maintaining and improving cognitive function among older adults with chronic conditions, by mitigating the negative consequences of having higher biological risk (i.e., low HDL cholesterol).

Among older adults with a history of hypertension or diabetes, our findings showed that engaging in frequent walks buffered the negative effect of low HDL cholesterol on cognitive status. It is possible that walking involves biological and psychological benefits of physical activity that protects the brain against the risks of low HDL cholesterol. Biologically, physical activity enhances blood flow and vascular health that improve cerebral perfusion and enable the brain to receive more oxygen (32, 33), which may strengthen the brain to be more resilient against the effect of risk factors. Engaging in physical activity is also known to reduce inflammation and oxidative stress (34, 35), which can contribute to enhanced brain functioning that buffers the biological risk posed by low HDL cholesterol. Also, studies find that physical activity stimulates the production of brain-derived neurotrophic factor (BDNF) that supports neuroplasticity (36, 37), which in turn, can promote cognitive function and reduce the negative impact of HDL dysfunction on the brain.

Engaging in physical activity such as walking may also protect the brain from the detrimental effects of low HDL cholesterol by enhancing psychological well-being (38–40). For example, physical activity reduces depressive symptoms and increases positive mood by modulating the peripheral levels of BDNF and decreasing oxidative stress (41, 42). These physiologic mechanisms, in turn, can improve brain health and mitigate the biological risk posed by low HDL cholesterol. Also, studies find that engaging in physical activity helps reduce unhealthy behaviors such as smoking and drinking that are detrimental to cognitive functioning (38, 43). In this regard, physical activity may buffer the impact of biological risk factors by decreasing unhealthy behaviors and increasing healthy behaviors.

There are several limitations to note. First, cognitive function in our data was collected from a limited number of participants, mainly from those who were aged 66, 70, and 74 years old at the time of the data collection. Also, information on participants’ education levels was not available in our data. Given that level of education is a significant correlate of cognitive functioning, the association between HDL cholesterol and cognitive function may in part be explained by including education. Second, this study only used frequency of walk to measure physical activity due to the limitations of the data. The moderating role of physical activity may differ depending on the type (e.g., aerobic exercise, weight training), intensity (e.g., light, moderate, intense), or exposure time of physical activities. Third, in measuring the frequency of walk, this study only measured the frequency of at least 30-min walk during the past week. Information on frequency of walking across a longer period of time (e.g., across multiple weeks or during a month) was not measured, which may limit the accurate measurement of our sample’s engagement in walking activities. Also, frequency of walk was a self-reported variable, which may be subject to recall bias or social desirability bias. As such, the actual engagement in walking activities might be different from the reported values, potentially introducing measurement error into the analysis. Fourth, while this study adjusted for multiple covariates that may be associated with cognitive function, residual confounding may remain due to unmeasured factors such as psychological factors (e.g., depressive symptoms), social factors (e.g., family relationships), undiagnosed health conditions, or lifestyle variables (e.g., sleep quality, diet, and stress). Based on the biopsychosocial model of cognitive functions, future studies should also consider the role of contextual factors such as socioeconomic status that may influence the association between biopsychological factors and cognitive functioning. Fifth, this study did not include neuroimaging or biomarker data to objectively measure cognitive status, which may limit the precision of cognitive assessments. Sixth, although statistically significant, the effect size of the interaction term between HDL cholesterol risk factor and frequency of walk was small for this study (Cohen’s f2 = 0.001, which corresponds to the change in R2 between the regression models without and with the interaction term). This might be attributed to the measurement of walking frequency in our data that reflects engagement in walking activities within a short time window (i.e., during the past week). Future studies that examine the cumulative benefits of walking across a longer period (e.g., months or years) may find larger effect sizes. In addition, given the cross-sectional nature of the study design, causality cannot be inferred from the study findings. It is possible that older adults with worse cognitive function engage in less frequent walking. Future studies should utilize longitudinal data to better examine the causal relationships between health behaviors and cognition. Lastly, this study focused on the history of hypertension and diabetes, which are two of the most prevalent chronic conditions among Korean adults. Future studies should expand upon this research and consider other types of chronic conditions.

Despite the limitations, there are important strengths to our study design. First, we focused on regular walking as a potential buffer against the negative effects of biological risk on cognition. Walking is a cost-effective and accessible health behavior that older adults can easily practice in their daily lives, which can be an effective point of lifestyle intervention. Second, we examined differences by history of chronic health conditions, which is an easily obtainable information from medical check-ups. This can be used to design tailored interventions for diverse subgroups of older adults based on their medical history. Third, we used data from NHIS-Senior, which was collected from a nationally representative sample of Korean older adults. This represents the value of leveraging comprehensive national health data for aging research. Using the NHIS-Senior dataset allows to capture health profiles of a large, representative sample of Korean older adults, which strengthens the utility of the findings for public health policy and intervention.

In addition, findings from this study have potential practical implications for both clinical and public health settings. Given that having a HDL cholesterol risk factor was associated with worse cognitive health only among older adults who walked less frequently compared to those who walked more frequently, clinicians could incorporate physical activity counseling as part of preventive strategies for cognitive health for at-risk older populations. Public health professionals may also consider developing community-based walking programs targeting older adults with biological and physical risk profiles as a cost-effective intervention to preserve cognitive function. As the burden of cognition-related diseases continues to grow (44), using rich administrative health data such as the one used in our study will be critical in informing scalable public health interventions.

In conclusion, this study highlights the importance of considering the history of chronic conditions such as hypertension and diabetes, in identifying behavioral factors that may buffer against the negative effects of biological risk factors (i.e., low HDL cholesterol) on cognitive function among older adults. Expanding upon the findings of this study, future research should consider incorporating objective measures of physical activity (e.g., accelerometers) and cognitive function (e.g., neuroimaging or task-based assessments) in study design. Studies can also examine the role of other lifestyle factors—such as sleep quality, diet, and stress—as mechanisms or moderators of biomarker-cognition relationships. Longitudinal or intervention studies are also needed to explore the causal relationships and to evaluate the effectiveness of walking-based interventions in maintaining cognitive health among older adults with biological and physical risk factors.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: access to data is restricted and only available through permission and approval by the Korean National Health Insurance System (NHIS). Requests to access these datasets should be directed to https://nhiss.nhis.or.kr/. This study used NHIS-NSC data and approval number for this study is: NHIS-2024-2-141. The content of this study is solely the responsibility of the authors and does not represent the official views of the NHIS.



Ethics statement

The studies involving humans were approved by Pusan National University Institutional Review Board (PNU IRB/2023_156_HR). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

KC: Conceptualization, Writing – review & editing, Funding acquisition, Writing – original draft, Methodology, Formal Analysis. HC: Writing – review & editing, Writing – original draft, Conceptualization. MP: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Ministry of Education of the Republic of Korea and the National Research Foundation of Korea (NRF-2020S1A5A8042945). The authors also like to acknowledge that HC is partially supported by the South Carolina Alzheimer’s Disease Research Center.



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.



References
	 1. Statistics Korea (2022). Statistics on the Aged 2022. Daejeon: Statistics Korea, Available from: https://kostat.go.kr/board.es?mid=a20111010000&bid=11759&act=view&list_no=421350
	 2. Qiu,C, Kivipelto,M, and Von Strauss,E. Epidemiology of Alzheimer’s disease: occurrence, determinants, and strategies toward intervention. Dialogues Clin Neurosci. (2022) 11:111–28. doi: 10.31887/DCNS.2009.11.2/cqiu 
	 3. Shin,J, and Cho,E. Patterns and risk factors of cognitive decline among community-dwelling older adults in South Korea. Arch Gerontol Geriatr. (2023) 104:104809. doi: 10.1016/j.archger.2022.104809 
	 4. Link,JJ, Rohatgi,A, and de Lemos,JA. HDL cholesterol: physiology, pathophysiology, and management. Curr Probl Cardiol. (2007) 32:268–314. doi: 10.1016/j.cpcardiol.2007.01.004
	 5. Allard-Ratick,MP, Kindya,BR, Khambhati,J, Engels,MC, Sandesara,PB, Rosenson,RS , et al. HDL: fact, fiction, or function? HDL cholesterol and cardiovascular risk. Eur J Prev Cardiol. (2021) 28:166–73. doi: 10.1177/2047487319848214
	 6. Crichton,GE, Elias,MF, Davey,A, Sullivan,KJ, and Robbins,MA. Higher HDL cholesterol is associated with better cognitive function: the Maine-Syracuse study. J Int Neuropsychol Soc. (2014) 20:961–70. doi: 10.1017/S1355617714000885 
	 7. Hottman,DA, Chernick,D, Cheng,S, Wang,Z, and Li,L. HDL and cognition in neurodegenerative disorders. Neurobiol Dis. (2014) 72:22–36. doi: 10.1016/j.nbd.2014.07.015 
	 8. van Vliet,P. Cholesterol and late-life cognitive decline. J Alzheimer’s Dis. (2012) 30:S147–62. doi: 10.3233/JAD-2011-111028 
	 9. Waldstein,S. R., and Elias,M. F. (Neuropsychology of cardiovascular disease (2nd ed.)). Taylor & Francis, New York. (2015).
	 10. Carvalho,A, Rea,IM, Parimon,T, and Cusack,BJ. Physical activity and cognitive function in individuals over 60 years of age: a systematic review. Clin Interv Aging. (2014) 9:661–82. doi: 10.2147/CIA.S55520 
	 11. Gregory,SM, Parker,B, and Thompson,PD. Physical activity, cognitive function, and brain health: what is the role of exercise training in the prevention of dementia? Brain Sci. (2012) 2:684–708. doi: 10.3390/brainsci2040684 
	 12. Lee,Y, Back,JH, Kim,J, Kim,SH, Na,DL, Cheong,HK , et al. Systematic review of health behavioral risks and cognitive health in older adults. Int Psychogeriatr. (2010) 22:174–87. doi: 10.1017/S1041610209991189 
	 13. Prohaska,TR, Eisenstein,AR, Satariano,WA, Hunter,R, Bayles,CM, Kurtovich,E , et al. Walking and the preservation of cognitive function in older populations. Gerontologist. (2009) 49:S86–93. doi: 10.1093/geront/gnp079
	 14. Seo,M, Won,CW, Kim,S, Yoo,JH, Kim,YH, and Kim,BS. The association of gait speed and frontal lobe among various cognitive domains: the Korean frailty and aging cohort study (KFACS). J Nut Health Aging. (2020) 24:91–7. doi: 10.1007/s12603-019-1276-9 
	 15. Hopper,S, Hammond,NG, Taler,V, and Stinchcombe,A. Biopsychosocial correlates of subjective cognitive decline and related worry in the Canadian longitudinal study on aging. Gerontology. (2022) 69:84–97. doi: 10.1159/000524280 
	 16. Spector,A, and Orrell,M. Using a biopsychosocial model of dementia as a tool to guide clinical practice. Int Psychogeriatr. (2010) 22:957–65. doi: 10.1017/S1041610210000840 
	 17. Pedrinolla,A, Schena,F, and Venturelli,M. Resilience to Alzheimer’s disease: the role of physical activity. Curr Alzheimer Res. (2017) 14:546–53. doi: 10.2174/1567205014666170111145817 
	 18. Morris,JN, and Hardman,AE. Walking to health. Sports Med. (1997) 23:306–32. doi: 10.2165/00007256-199723050-00004 
	 19. Silverman,MN, and Deuster,PA. Biological mechanisms underlying the role of physical fitness in health and resilience. Interface Focus. (2014) 4:20140040. doi: 10.1098/rsfs.2014.0040 
	 20. Papenberg,G, Ferencz,B, Mangialasche,F, Mecocci,P, Cecchetti,R, Kalpouzos,G , et al. Physical activity and inflammation: effects on gray-matter volume and cognitive decline in aging. Hum Brain Mapp. (2016) 37:3462–73. doi: 10.1002/hbm.2325
	 21. Pasha,EP, Birdsill,AC, Oleson,S, Haley,AP, and Tanaka,H. Physical activity mitigates adverse effect of metabolic syndrome on vessels and brain. Brain Imaging Behav. (2018) 12:1658–68. doi: 10.1007/s11682-018-9830-3 
	 22. Yuede,CM, Timson,BF, Hettinger,JC, Yuede,KM, Edwards,HM, Lawson,JE , et al. Interactions between stress and physical activity on Alzheimer’s disease pathology. Neurobiol Stress. (2018) 8:158–71. doi: 10.1016/j.ynstr.2018.02.004 
	 23. Boo,YY, Jutila,OE, Cupp,MA, Manikam,L, and Cho,SI. The identification of established modifiable mid-life risk factors for cardiovascular disease which contribute to cognitive decline: Korean longitudinal study of aging (KLoSA). Aging Clin Exp Res. (2021) 33:2573–86. doi: 10.1007/s40520-020-01783-x 
	 24. Cooper,C, Sommerlad,A, Lyketsos,CG, and Livingston,G. Modifiable predictors of dementia in mild cognitive impairment: a systematic review and meta-analysis. Am J Psychiatry. (2015) 172:323–34. doi: 10.1176/appi.ajp.2014.14070878 
	 25. Zuo,M, Gan,C, Liu,T, Tang,J, Dai,J, and Hu,X. Physical predictors of cognitive function in individuals with hypertension: evidence from the CHARLS baseline survey. West J Nurs Res. (2019) 41:592–614. doi: 10.1177/0193945918770794 
	 26. Bruce,DG, Davis,WA, Casey,GP, Starkstein,SE, Clarnette,RM, Almeida,OP , et al. Predictors of cognitive decline in older individuals with diabetes. Diabetes Care. (2008) 31:2103–7. doi: 10.2337/dc08-0562 
	 27. Gatto,NM, Henderson,VW, St John,JA, McCleary,C, Hodis,HN, and Mack,WJ. Metabolic syndrome and cognitive function in healthy middle-aged and older adults without diabetes. Aging Neuropsychol Cogn. (2008) 15:627–41. doi: 10.1080/13825580802036936 
	 28. National Health Insurance Service, Big Data Platform (2024). User manual for the NHIS-Senior DB 2.0 (ver. 1.0). Wonju: National Health Insurance Service. Available from: https://nhiss.nhis.or.kr/
	 29. Yang,DW, Chey,JY, Kim,SY, and Kim,BS. The development and validation of Korean dementia screening questionnaire (KDSQ). J Korean Neurol Assoc. (2002) 20:135–41.
	 30. Langlois,F, Vu,TTM, Chassé,K, Dupuis,G, Kergoat,MJ, and Bherer,L. Benefits of physical exercise training on cognition and quality of life in frail older adults. J Gerontol Ser B Psychol Sci Soc Sci. (2013) 68:400–4. doi: 10.1093/geronb/gbs069 
	 31. Wang,R, Yan,W, Du,M, Tao,L, and Liu,J. The effect of physical activity interventions on cognitive function in patients with diabetes: a systematic review and meta-analysis. Diabetes Metab Res Rev. (2021) 37:e3443. doi: 10.1002/dmrr.3443 
	 32. Maass,A, Düzel,S, Goerke,M, Becke,A, Sobieray,U, Neumann,K , et al. Vascular hippocampal plasticity after aerobic exercise in older adults. Mol Psychiatry. (2015) 20:585–93. doi: 10.1038/mp.2014.114 
	 33. Mobasseri,M, Yavari,A, Najafipoor,F, Aliasgarzadeh,A, and Niafar,M. Effect of a long-term regular physical activity on hypertension and body mass index in type 2 diabetes patients. J Sports Med Phys Fitness. (2014) 55:84–90.
	 34. Cheng,ST. Cognitive reserve and the prevention of dementia: the role of physical and cognitive activities. Curr Psychiatry Rep. (2016) 18:85–12. doi: 10.1007/s11920-016-0721-2 
	 35. Koščak Tivadar,B. Physical activity improves cognition: possible explanations. Biogerontology. (2017) 18:477–83. doi: 10.1007/s10522-017-9708-6 
	 36. Lista,I, and Sorrentino,G. Biological mechanisms of physical activity in preventing cognitive decline. Cell Mol Neurobiol. (2010) 30:493–503. doi: 10.1007/s10571-009-9488-x 
	 37. Vaughan,S, Wallis,M, Polit,D, Steele,M, Shum,D, and Morris,N. The effects of multimodal exercise on cognitive and physical functioning and brain-derived neurotrophic factor in older women: a randomised controlled trial. Age Ageing. (2014) 43:623–9. doi: 10.1093/ageing/afu010 
	 38. Mandolesi,L, Polverino,A, Montuori,S, Foti,F, Ferraioli,G, Sorrentino,P , et al. Effects of physical exercise on cognitive functioning and wellbeing: biological and psychological benefits. Front Psychol. (2018) 9:509. doi: 10.3389/fpsyg.2018.00509 
	 39. Won,D, Bae,JS, Byun,H, and Seo,KB. Enhancing subjective well-being through physical activity for the elderly in Korea: a meta-analysis approach. Int J Environ Res Public Health. (2020) 17:262. doi: 10.3390/ijerph17010262 
	 40. Zubala,A, MacGillivray,S, Frost,H, Kroll,T, Skelton,DA, Gavine,A , et al. Promotion of physical activity interventions for community dwelling older adults: a systematic review of reviews. PLoS One. (2017) 12:e0180902. doi: 10.1371/journal.pone.0180902 
	 41. Coelho,FDM, Gobbi,S, Andreatto,CAA, Corazza,DI, Pedroso,RV, and Santos-Galduróz,RF. Physical exercise modulates peripheral levels of brain-derived neurotrophic factor (BDNF): a systematic review of experimental studies in the elderly. Arch Gerontol Geriatr. (2013) 56:10–5. doi: 10.1016/j.archger.2012.06.003
	 42. Thomson,D, Turner,A, Lauder,S, Gigler,ME, Berk,L, Singh,AB , et al. A brief review of exercise, bipolar disorder, and mechanistic pathways. Front Psychol. (2015) 6:147. doi: 10.3389/fpsyg.2015.00147 
	 43. Giesen,ES, Deimel,H, and Bloch,W. Clinical exercise interventions in alcohol use disorders: a systematic review. J Subst Abus Treat. (2015) 52:1–9. doi: 10.1016/j.jsat.2014.12.001 
	 44. Shon,C, and Yoon,H. Health-economic burden of dementia in South Korea. BMC Geriatr. (2021) 21:549. doi: 10.1186/s12877-021-02526-x 


Copyright
 © 2025 Cho, Chai and Park. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The moderating role of walking in the association between HDL cholesterol and cognitive function among Korean older adults: a nationwide population-based cross-sectional study



		Introduction



		Methods



		Data and sample



		Measures



		Cognitive function



		HDL cholesterol



		Frequency of walk



		Chronic condition



		Covariates









		Plan of analyses









		Results



		Demographic characteristics



		The moderating effect of walking frequency in the association between HDL cholesterol risk and cognitive function









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fpubh-13-1637180-g001.jpg
Total participants in the 2009
health checkup database & 2009
qualification database
(N=347,532)

Participants with cognitive functions data (N = 40,787)

Participants with/without chronic discases (V = 30,527)
Non-chronic disease group (n = 12,503)
Chronic discase group (= 18,024)

Excluded participants
Missing values of drinking habits (2 =313)

Non-chronic disease group (7= 190)
Chronic disease group (1 = 123)
Missing values of smoking (n =142)
Non-chronic discase group (1= 80)
Chronic disease group (n = 62)
Missing values of HDL cholesterol (1 = 16)
Non-chronic disease group (1= 5)
Chronic disease group (n = 11)
Missing values of frequency of walk (7 = 360)
Non-chronic discase group (1= 202)

Chronic disease group (n = 158)

Final study sample (1 =29,848) among subgroup
Non-chronic disease group (1 = 12,113)
Chronic discase group (= 17,735)






OPS/images/fpubh-13-1637180-g002.jpg
6.5

5.5

——Less
Frequent
Walk

More
Frequent
Walk

No HDL Cholesterol Risk Factor ~ Has HDL Cholesterol Risk
Factor






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The moderating role of walking in
the association between HDL
cholesterol and cognitive
function among Korean older
adults: a nationwide
population-based cross-sectional
study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






