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A B S T R A C T   

Objectives: This study aims to investigate the influence of socioeconomic status (SES) on variations in physical 
activity (PA) levels and diabetes-related cognitive dysfunction and impairment amidst disruptions caused by the 
COVID-19 pandemic. 
Methods: With the sample of old population, comprising about 20 thousand from the Fact-Finding Survey on the 
Status of Senior Citizens (FSSSC) released by Ministry of Health and Welfare of South Korea in 2017 and 2020, 
we empirically tested the direct and indirect effects of SES on cognitive dysfunction using structural equation 
modeling (SEM). Two SEMs provided the comparison on the effects of COVID-19. 
Results: Household income had a negative impact on the likelihood of dementia diagnosis via PA related diabetes 
during the pandemic (p < 0.001), whereas no effects of household income on dementia diagnosis were found in 
2017, due to no direct effect of PA on diabetes confirmation in 2017. The disparity in PA based on SES becomes 
more prominent among the older individuals during the pandemic (z = 11.7) than 2017 (z = 6.0), emphasizing 
the significance of PA in mitigating diabetes-induced cognitive dysfunction during the pandemic. SES affects 
access to PA, contributing to diabetes-induced cognitive dysfunctions in the older population with lower SES 
during the pandemic. 
Conclusion: PA may serve as a preventive measure against diabetes-induced cognitive dysfunction and dementia 
in the older population. Thorough investigation of these mechanisms is imperative to establish the role of PA in 
preventing diabetes-induced cognitive impairment, particularly among the older population with lower SES.   

1. Introduction 

Socioeconomic status (SES), including variables such as education 
and household income, constitutes a vital determinant influencing 
physical activity (PA) behaviors and health outcomes within the older 
adult demographic (Stalling et al., 2022; Allen et al., 2017). A well- 
established association exists between PA in older adults and their 
overall health status, with the lower SES group often exhibiting dimin-
ished PA levels (Stalling et al., 2022; Lee et al., 2012). Given the widely 
acknowledged association between positive PA behaviors and mitiga-
tion of various disease risks, including cardiovascular diseases (CVDs), 
diabetes, and cancers (Lee et al., 2012), the mediation of PA behavior 

discrepancies between SES and health outcomes in older adults assumes 
significance. Notably, our previous study revealed that the disparity in 
PA levels mediates the influence of SES on CVDs among older adults 
(Yang et al., 2023). 

The advent of the COVID-19 pandemic precipitated substantial al-
terations in our lifestyle patterns, necessitated by government-enforced 
social distancing policies (Yang et al., 2023). While these lockdown 
measures effectively curtailed the spread of the virus, they concurrently 
posed adverse effects on PA behaviors among the older population, 
primarily attributable to restricted access to PA facilities and limitations 
on sports participation (Meyer et al., 2020). Importantly, the influence 
of SES on PA level persisted within the older population during the 
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COVID-19 pandemic (Yang et al., 2023). Despite the universal con-
straints on PA facilities, a higher SES group may have had disparate 
opportunities for accessing such facilities and engaging in PA (Stalling 
et al., 2022; Schlichtiger et al., 2021). Consequently, the manifestation 
of PA level discrepancies by SES during the COVID-19 pandemic is 
posited to exacerbate health inequalities within the older population. 

Cognitive dysfunction, characterized by declines in memory, 
learning capacity, information processing, and attention, stands as a 
prominent manifestation in the aging population, constituting a major 
health concern (Collaborators, 2019). The repercussions of these 
cognitive impairments adversely impact the quality of life and inde-
pendence of older individuals (Stites et al., 2018). Furthermore, cogni-
tive dysfunction is recognized as an early symptom of Alzheimer’s and 
dementia (Alzheimer’s disease facts and figures, 2020). The progression 
of cognitive dysfunction in the aging population involves multiple 
pathological processes, including neuroinflammation, oxidative stress, 
and damage to the blood–brain barrier, all of which are inevitable fac-
tors in the aging process and contribute to ischemic and degenerative 
pathology in older individuals (van den Kommer et al., 2012; Liu et al., 
2003; Barisano et al., 2022; Kandlur et al., 2020; Umegaki, 2010). 
Among the myriad risk factors implicated in cognitive dysfunction, 
diabetes emerges as a significant contributor, with diabetic individuals 
exhibiting a heightened susceptibility to cognitive impairments and 
related diseases (Rawlings et al., 2014; Ott et al., 1999). The inflam-
matory milieu induced by diabetes, coupled with the vascular ischemic 
condition in the brain, precipitates cognitive dysfunction and impair-
ment, including the onset of dementia in the older population (Li and 
Holscher, 2007). Moreover, this trajectory may extend to the develop-
ment of Alzheimer’s disease and other forms of dementia (Stites et al., 
2018). Understanding the intricate interplay between diabetes and the 
pathophysiological mechanisms leading to cognitive dysfunction is 
imperative for elucidating preventive strategies and interventions in the 
aging population. 

Given the established literature indicating the capacity of PA to 
mitigate chronic inflammation levels in the older individuals (Hamer 
et al., 2012) and enhance small vascular functions (Goto et al., 2003; 
Beavers et al., 2010), it is postulated that PA acts as a mediator in the 
association between SES and diabetes-induced cognitive dysfunctions, 
thus, potentially reducing the likelihood of dementia confirmation. 
Despite its acknowledged significance, there remains a paucity of studies 
examining the intermediary role of PA between SES and health out-
comes, both adverse and beneficial. While existing research has largely 
delineated connections between SES, PA, diabetes, and cognitive func-
tion, there is a dearth of comprehensive investigations into the interplay 
among these factors within a holistic framework. One study has explored 
the impact of SES on cognitive function, mediated by leisure time PA 
level spanning from low to high cognitive engagement (Singh-Manoux 
et al., 2003), however PA was not a focal point of this study. 

Furthermore, the fluctuating patterns of PA levels during the COVID- 
19 pandemic, under the influence of SES, create a scenario wherein 
existing disparities may worsen diabetes—related cognitive impairment 
and subsequent dementia onset, particularly among the elderly in-
dividuals with lower SES backgrounds. Overall, this study seeks to 
elucidate the mediating role of PA within the pathway linking SES – 
Behavior – Health, with specific emphasis on the policy implication 
stemming from COVID-19 pandemic, which has perturbed both SES and 
behavioral determinants. The primary objective of this study is to sys-
tematically explore the impact of SES on variations in PA levels during 
the COVID-19 pandemic and elucidate its consequential effects on 
diabetes-induced cognitive dysfunction and dementia occurrence with 
the older demographic. 

2. Method 

This study utilized human participants with health outcomes and SES 
information derived from periodic surveys to examine both the direct- 

and indirect-effects of SES on cognitive function. The SES and health- 
related data were sourced from the Fact-Finding Survey on the Status 
of Senior Citizens (FSSSC) conducted every three years by the South 
Korean Ministry of Health and Welfare in accordance with Article 5 of 
the Welfare of Senior Citizens Act. The FSSSC aims to collect diverse 
information about the lifestyles of individuals aged 65 years or older, 
including aspects such as health status, economic conditions, socializ-
ation, and recreation (Lee et al., 2020). The survey data is publicly 
accessible through the Micro-Data Integrated Services (MDIS) provided 
by Statistics Korea, a governmental organization specializing in national 
statistics. For our analysis, we obtained two-year datasets from MDIS for 
the years 2017 and 2020, enabling a comparison of the circumstances of 
the older population before and after the onset of the COVID-19 
pandemic. In 2017 and 2020, a total of 10,299 and 10,097 partici-
pants, respectively, reported information on household characteristics, 
health status, behaviors, recreational, and social activities, as well as 
economic activities (Lee et al., 2020). 

To empirically validate the established research model, we meticu-
lously synchronized and retrieved various variables from the dataset. 
SES was assessed using the annual household income of respondents 
obtained from the FSSSC. PA was quantified by multiplying the number 
of weekly activity sessions by the duration of each session to calculate 
the weekly PA volume. Diabetes-related variables were determined 
based on the presence or absence of a diabetes diagnosis. Cognitive 
function was assessed using the cognitive function score (CFS) data, 
measured on a scale from 0 to 30 points using the Korean version of the 
Min-Mental State Examination for Dementia Screening. The FSSSC 
dataset provides dementia diagnosis. 

We have developed an analytical framework to elucidate the impact 
of SES on cognitive dysfunction, incorporating covariates to regulate 
integrations between the variables. Our model delineates pathways 
involving SES, PA, diabetes, cognitive function, and dementia. The 
model incorporates direct relationships among these factors, with SES 
exerting a direct effect on PA, diabetes, and cognitive functioning. 
Likewise, the PA level directly influences both diabetes and cognitive 
function. Notably, diabetes emerges as a critical mediator, contributing 
to a reduction in cognitive function and subsequent dementia (Fig. 1). 
The research model posits direct or indirect connections among SES, PA, 
diabetes, cognitive function, and dementia (Fig. 1). Furthermore, we 
seek to empirically investigate whether the occurrence of the COVID-19 
pandemic has induced variations in the influence of the factors outlined 
in the research model. Given the significant alterations in social and 
economic structures resulting from the pandemic, we conducted tests to 
discern changes in the magnitude of SES’s impact on other variables 
during the pre- and post-COVID-19 pandemic periods. 

Unlike the conventional multivariate regression analysis, the 
framework of this study avoids a predominantly single path explanation 

Fig. 1. Theoretical framework for the SES-induced physical activity and dia-
betes discrepancy influence on cognitive function and dementia confirmation. 
SES: socioeconomic status; PA: physical activity; DB: diabetes; CF: cognitive 
function; BMI: body mass index; A letter in lower case represents the path co-
efficients of a variable to another and exhibits a direct effect. The numbers on 
arrows show the direct effects of control variables. An indirect effect can be 
calculated by multiplying the coefficients on the pathway. 
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for one dependent variable with multiple explanatory variables. Instead, 
it features a multi-path structure wherein explanatory variables are 
interlinked. Consequently, structural equation modeling (SEM) was 
employed as the analytical approach to empirically scrutinize the 
research model. Two distinct SEM models were constructed for the years 
2017 and 2020. In Fig. 1, observed variables are represented within 
boxes. Owing to differing measurement scales, additional SES-related 
variables beyond annual household income were excluded. Conse-
quently, latent variables were not incorporated into this study. Within 
our SEM models, gender was introduced as a control variable affecting 
PA, diabetes, and cognitive function, while variability in diabetes was 
controlled for BMI. Sample sizes for the year 2017 and 2020 were 
consistent at 10,299 and 10,097 respondents, respectively, mirroring 
the participant numbers of the FSSC for the corresponding years. See 
(Fig. 2). 

Using SEM, direct relationship between each pair of variables con-
nected with an arrow were estimated. By multiplying the path co-
efficients, indirect effects of annual household income on cognitive 
function and dementia could be computed. Regarding CFS, four path-
ways from household income to CFS were identified. Among these 
pathways, three demonstrated indirect effects of household income on 
CFS (specifically, pathways denoted as a × b × c, a × f, and a × e in 
Fig. 1), while the remaining pathway indicated a direct of effect (i.e. g in 
Fig. 1). In the case of dementia confirmation, only indirect effects of 
household income were considered. Hence, indirect effects of household 
income could be assessed through four identified pathways (i.e. a × b ×
c × d, a × f × d, a × e × d, and g × d in Fig. 1). 

3. Results 

In the 2017 and 2020 FSSSCs, 10,299 and 10,097 older adults 
participated, respectively. A higher proportion of male participants was 
observed in both years, accounting for 73.3 % in 2017 and 66.4 % in 
2020. The average annual household income increased from 24 million 
KRW (equivalent to 18,000 USD) in 2017 and 27 million KRW (equiv-
alent to 20,000 USD) in 2020 (Table 1), attributed to the initial release 
of Emergency Disaster Relief Funds (Lee and Hong, 2021). 

During the pandemic, older adults manifested a decline in PA, with 
48.1 % reporting no engagement in PA, marking 13.8 % increase from 
the statistics observed in 2017 (Table 1). The average duration of weekly 
PA exhibited a reduction from 173.9 min to 121.5 min. Particularly 
noteworthy was the intensified reduction in weekly participating PA 
minutes devoted to participating in PA among those who engaged in 
such activities at least once a week, with the average workout time 
during the pandemic period being 30 min less than that recorded in 
2017. Concurrently, the prevalence of diabetes experienced a modest 
increment during the pandemic, reaching 24 %. A noteworthy difference 
in diabetes risk ratio emerged between individuals who engaged in PA at 
least once a week (e.g., workout group) and those who did not (e.g., no 
workout group), particularly during the pandemic. The no workout 
group exhibited a diabetes diagnosis rate of 25.4 %, which was 2.6 % 

points higher than that observed in the workout group. Cognitive 
function, as assessed by the CFS, demonstrated a slight decrement dur-
ing the pandemic, recording 24.3 % in 2020 as opposed to 24.9 % in 
2017). The impact of diabetes on CFS was more pronounced during the 
pandemic, as individuals with diabetes exhibited lower CFS scores 
compared to their non-diabetic counterparts. Concurrently, the preva-
lence of dementia decreased from 2.5 % in 2017 to 1.8 % in 2020. The 
association between CFS and dementia remained consistent across both 
years. 

SEM analysis revealed that household income positively influenced 
PA volume in both 2017 and 2020, with a greater impact observed 
during the pandemic. The effect of household income on PA volume 
during the pandemic was about 1.7 times greater than pre-pandemic 

Fig. 2. Direct effects between household income, physical activity level, diabetes, cognitive function, and dementia confirmation in SEM models for older adults in 
South Korea year 2017 and 2020. INClog: annual household income, log-transformed; PAlog: minutes engaged in physical activities per week, log-transformed; BMI: 
body mass index (kg/m2); Male: male subject (1: male; 0: female); DB: diabetes (1: diagnosed; 0: not diagnosed); CFS: cognitive function scores; Dementia: dementia 
diagnosed (1: diagnosed; 0: not diagnosed); Dashed arrows represent paths without statistical significancy.; *** p < 0.001 ** p < 0.025 * p < 0.050. 

Table 1 
Descriptive statistics for research variables for older adults in South Korea be-
tween 2017 and 2020.  

Variables 2017 2020 

n (%) mean [ 95 % C. 
I. ] 

n (%) mean [ 95 % C. 
I. ] 

Gender     
Male 7547 

(73.3)  
6707 
(66.4)  

Female 2752 
(26.7)  

3390 
(33.6)  

Annual 
HH income 

10,298 2419.4 [2378.9, 
2459.8] 

10,097 2700.9 [2623.8, 
2778.1] 

PA time 
(min/week) 

10,299 173.9 [170, 
178] 

10,097 121.5 [118.1, 
124.8] 

PA 6768 
(65.7) 

264.7 [259.8, 
269.6] 

5242 
(51.9) 

234.0 [229.3, 
238.7] 

No-PA 3531 
(34.3)  

4855 
(48.1)  

Diabetes 2395 
(23.3)  

2427 
(24.0)  

PA 1583 
(23.4)  

1193 
(22.8)  

No-PA 812 
(23.0)  

1234 
(25.4)  

CFS 10,083 24.9 [24.9, 
25.0] 

9885 24.3 [24.2, 
24.4] 

DB 2341 
(23.2) 

24.7 [24.5, 
24.9] 

2362 
(23.9) 

23.6 [23.4, 
23.8] 

No-DB 7742 
(76.8) 

25.0 [24.9, 
25.1] 

7523 
(76.1) 

24.5 [24.4, 
24.6] 

Dementia 252 (2.5)  189 (1.9)  
Lower CFS 207 (5.1)  166 (3.8)  
Higher CFS 137 (2.1)  69 (1.2)  
Body Mass Index 

(kg⋅m− 2) 
10,278 23.5 [23.4, 

23.6] 
10,079 23.6 [23.5, 

23.6] 

95% C.I.: 95 percent confidence interval; HH: household; PA: participation 
group who were engaged in physical exercise at least once a week; No-PA: 
participation group who never participated in PA; CFS: cognitive function 
scores; Diabetes: diabetes diagnosed; DB: participant group who were diag-
nosed with diabetes; No-DB: participant group who were not diagnosed with 
diabetes; Dementia: dementia diagnosed. 
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(Table 2). In 2017, PA volume showed no significant causality with 
diabetes prevalence, but during the pandemic, increased PA time 
correlated with a 5 % decrease in diabetes diagnosis likelihood. The 
negative causality between diabetes and CFS persisted in both years, 
with a more pronounced effect during the pandemic (Table 2). 

A heightened household income is associated with an increased CFS 
overall. During the pandemic, 10 % rise in household income corre-
sponds to a CFS increase of approximately 0.1 point, a magnitude 
tenfold higher than the pre-pandemic period (Table 3). Regarding in-
direct effects, a higher household income indirectly influences a higher 
CFS. The cumulative indirect effects of household income on CFS were 
found to be 1.6 times greater than Higher CFS was associated with a 
lower risk of dementia diagnosis, consistent across both years. Indirect 
effects of household income on cognitive function were evident only in 
2020, with higher household income contributing to a 0.013-point in-
crease in CFS. This indirect effect is attributed to increased PA volume, 
which reduces the likelihood of diabetes diagnosis. Within the pathway 

of SES – PA – diabetes – CFS – dementia, household income negatively 
affected the likelihood of dementia diagnosis during the pandemic, 
underscoring the intricate interplay of socioeconomic factors and health 
outcomes (Table 3). 

4. Discussion 

The purpose of this study was to explore the impact of SES-induced 
disparities in PA levels on diabetes-induced cognitive dysfunction dur-
ing the COVID-19 pandemic. Our findings reveal a notable reduction in 
PA levels among individuals with lower SES during the pandemic. This 
diminished PA level exacerbated cognitive dysfunction in older adults 
with diabetes. Despite pre-existing SES-related variations in PA levels, 
the observed heightened disparity during the pandemic exacerbated 
diabetes-induced cognitive impairment in the older adult demographic. 

Diabetes, characterized by disruptions in blood glucose metabolism, 
is a prevalent chronic condition among the older population (American, 
2021). Failure to regulate blood glucose within the normal range (70 
mg/dL to 100 mg/dL), results in organ damage, impacting vital systems 
such as the cardiovascular, renal, and nervous systems (American, 
2021). Complications arising from diabetes, including CVDs, chronic 
kidney diseases (CKD), or nerve damage, have been implicated in 
cognitive dysfunction in diabetes patients (Umegaki, 2010; Rawlings 
et al., 2014). Elevated inflammation levels in brain vessels further 
contribute to cognitive impairment by impeding blood flow within the 
brain (Kanter et al., 2020; de Eulate et al., 2017). While cognitive 
dysfunction is not categorized as a distinct disease, it constitutes a 
precursor to cognitive disorders such as Alzheimer’s and dementia. 
(Stites et al., 2018). Our current data affirm the association between 
cognitive dysfunction and increased incidence of dementia in the older 
population. Although diabetes alone did not directly contribute to de-
mentia confirmations, diabetes-induced cognitive dysfunction emerged 
as a significant factor in increasing the likelihood of dementia confir-
mation. Moreover, our findings indicate that PA could be a counter-
measure to reduce dementia within this population. 

Within the spectrum of treatments and lifestyle interventions for 
diabetes control, PA emerges as a pivotal factor (Colberg et al., 2010). 
Our current data elucidates the substantial influence of SES on PA levels 
among the older population, both before and during the pandemic. 
Notably, before the pandemic, PA level exhibited no discernible impact 
on diabetes confirmation. However, during the pandemic period, a 
negative association between PA level and diabetes confirmation 
became evident. The empirical evidence from our study supports the 
assertion that highly active older adults demonstrated a reduced likeli-
hood of being diagnosed with diabetes in comparison to their inactive 
counterparts, as evidenced by the findings presented in Table 1. 

Table 2 
Direct effects between variables for older adults in South Korea between 2017 and 2020.     

2017  2020 

Pathway coef. s.e.  coef. s.e. 

INClog → PA  0.228  0.038 ***   0.373  0.032 *** 
Male → PA  0.083  0.062    0.248  0.058 *** 
PAlog → DB  0.000  0.002    − 0.005  0.001 ** 
INClog → DB  − 0.015  0.006 *   − 0.022  0.005 *** 
BMI → DB  0.013  0.001 ***   0.010  0.001 *** 
Male → DB  − 0.004  0.010    − 0.003  0.010  
DB → CFS  − 0.269  0.092 **   − 0.740  0.121 *** 
PAlog → CFS  0.297  0.015 ***   0.267  0.020 *** 
INClog → CFS  0.675  0.059 ***   1.008  0.064 *** 
Male → CFS  1.078  0.096 ***   1.020  0.114 *** 
CFS → Dementia  − 0.004  0.000 ***   − 0.004  0.000 *** 

INClog: annual household income, log-transformed; PAlog: minutes engaged in physical activities per week, log-transformed; BMI : body mass index (kg/m2); Male: 
male subject (1: male; 0: female); DB: diabetes (1: diagnosed; 0: not diagnosed); CFS: cognitive function scores; Dementia: dementia diagnosed (1: diagnosed; 0: not 
diagnosed); coef.: coefficient; s.e.: standard error; ***p < 0.001 **p < 0.025 *p < 0.050.  

Table 3 
Effects of household income on cognitive function scores and dementia diag-
nosed for older participants in South Korea between 2017 and 2020.  

Effects of 
HH income 
on  

Effect 
Type  

Pathways  2017  2020   

Cognitive 
Function 
Scores  

Indirect  INClog → PAlog → DB → CFS  NA   0.00124   
0.06754  0.00124  

INClog → DB → CFS 0.00393  0.01658   

Direct   INClog → CFS   0.67480    1.00780   

Total    0.74627    1.12508  

Dementia 
Prevalence  

Indirect  INClog → PAlog → DB → 
CFS → Dementia  

NA   − 0.00001  

INClog → PAlog → CFS → 
Dementia 

− 0.00026  − 0.00036  

INClog → DB → CFS → 
Dementia 

− 0.00001  − 0.00006  

INClog → CFS → Dementia − 0.00256  − 0.00363   

Total    − 0.00284    − 0.00406 

HH: household; INClog: annual household income, log-transformed; PAlog: mi-
nutes engaged in physical activities per week, log-transformed; DB: diabetes (1: 
diagnosed; 0: not diagnosed); CFS: cognitive function scores; Dementia: de-
mentia diagnosed (1: diagnosed; 0: not diagnosed). 
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Throughout the pandemic, the older population encountered potential 
limitations in accessing medical facilities and resources (Thornton, 
2020). This constrained limited accessibility to healthcare providers 
might accentuate the influences of PA on diabetes confirmation during 
the pandemic, lower SES group being particularly vulnerable in this 
context. Therefore, PA serves as a mediator between SES and diabetes 
confirmations during the pandemic, ultimately contributing to a 
reduction in diabetes-induced cognitive dysfunction and impairment. 

The established benefits of PA for individuals with diabetes encom-
pass improvements in insulin sensitivity, muscular strength, and balance 
(Colberg et al., 2016; DeFronzo et al., 1987). Insulin sensitivity holds 
particular significance for type II diabetes patients, as impaired insulin 
function in this population hinders the absorption of blood glucose into 
tissues. Consequently, elevated levels of blood insulin and glucose 
contribute to the onset of various diseases such as CVDs, CKD, and nerve 
damage (Lee and Hong, 2021). PA plays a crucial role in enhancing 
insulin sensitivity through the translocation of glucose transporter-4 
(GLUT-4) and osteocalcin. GLUT-4 translocate to the cell membrane, 
facilitating increased blood glucose uptake by the tissues during skeletal 
muscle contractions (Bryant et al., 2002). This process improves insulin 
sensitivity (Holloszy, (1985). 2005). Exercise training emerges as the 
optimal method to elevate GLUT-4 levels on the cell membrane surface 
in diabetes conditions, thereby controlling blood insulin and glucose 
concentration (Holten et al., 2004; Kennedy et al., 1999; Kim et al., 
2004). The heightened presence of GLUT-4 on the cell membrane, 
facilitated by PA, aids in regulating blood glucose levels and contributes 
to symptom control for individuals with diabetes (Hughes et al., 1993). 
Another physiological mechanism through which PA mitigates the risk 
of diabetes involves the elevation of osteocalcin levels. Osteocalcin, a 
hormone released from osteoblasts, experiences increased secretion 
with PA (Mera et al., 2016; Kim et al., 2015). This hormone, in turn, 
enhances insulin secretion and sensitivity in skeletal muscle and adipose 
tissues (Ferron et al., 2008). The concurrent elevation of both GLUT-4 
and osteocalcin with PA may provide a plausible explanation for the 
observed attenuation in diabetes confirmation among older individuals 
with high PA levels and high SES during the COVID-19 pandemic. 

Diabetes-induced cognitive function impairment may be elucidated 
through the reduction of brain blood flow resulting from inflammation- 
induced impairment of small brain vessels (Kanter et al., 2020; de Eulate 
et al., 2017; Brauner et al., 2014; Forrester et al., 2020). Notably, PA has 
been shown to decrease chronic systemic inflammation levels in the 
body (Li and Holscher, 2007). The attenuated systemic inflammation 
level with PA may be a potential mechanism explaining the prevention 
of diabetes-induced cognitive dysfunction and dementia in the current 
study. This protective effect by PA may be attributed to the mitigated 
impairment of small brain vessels in higher SES older populations during 
the pandemic period. Furthermore, the synthesis of neurotransmitters in 
the brain related to learning and memory formation by osteocalcin, a 
product of PA (Oury et al., 2013) may further explain the impact of PA 
on diabetes-induced cognitive dysfunction and dementia. Given that 
osteocalcin has dual impacts on both glucose metabolism and cognitive 
functions, the elevation of PA-induced osteocalcin level may offer an 
additional explanation for the observed attenuation in diabetes-induced 
cognitive dysfunction in the higher PA group. Those mechanisms may 
directly safeguard older adults with higher SES from cognitive impair-
ment. Thus, the multifaceted impact of PA, encompassing the reduction 
of systemic inflammation and the elevation of memory formation 
related neurotransmitters by osteocalcin, provides a comprehensive 
framework for understanding how PA mitigates diabetes-induced 
cognitive dysfunction and dementia in older individuals with higher 
SES. Consequently, SES-driven disparities at the PA level impede the 
attainment of health equality during the pandemic. The constraints 
imposed on the older population’s ability to visit medical facilities 
during the pandemic period (Thornton, 2020) underscore the 
augmented significance of non-pharmaceutical interventions, particu-
larly PA. 

This methodological robustness of this study lies in its adoption of 
SEM to delineate the influence of SES-related disparities in PA level on 
diabetes-induced cognitive dysfunction and dementia within the older 
population. An inherent limitation of cross-sectional research is 
acknowledged, as the empirical analysis was reliant on datasets from 
specific time points, specifically 2017 and 2020. Although cross- 
sectional SEM provides valuable insights into potential causal relation-
ships among variables, future investigations should integrate cross- 
sectional SEM with longitudinal analyses to bolster the evidence for 
causality. Moreover, this study is limited by its failure to account for 
changes in social distancing policy implementation, an issue will be 
addressed in the future research utilizing a new dataset from the FSSSC 
slated for release. Furthermore, this investigation did not assess muscle 
GLUT-4 translocation and osteocalcin level, which are key factors in 
understanding the underlying mechanisms. These limitations, while 
acknowledged, may curtail the generalizability and comprehensive 
interpretation of our current findings. 

5. Conclusion 

The discernible discrepancy in PA levels within the older population, 
stratified by SES, during the COVID-19 pandemic accentuates the crit-
ical role of non-pharmaceutical interventions, with particular emphasis 
on PA, in ameliorating cognitive dysfunction induced by diabetes. 
However, the influence of SES on PA accessibility contributes to the 
manifestation of cognitive dysfunctions and dementia among older in-
dividuals in lower SES strata. Although the present dataset does not 
establish a direct causal link between diabetes to dementia, a plausible 
temporal progression from diabetes to cognitive dysfunction and 
potentially to dementia is postulated, given the early indication of 
cognitive dysfunction sin the context of Alzheimer’s and dementia 
(Stites et al., 2018). 
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