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INTRODUCTION
Mild cognitive impairment (MCI) is characterized as the transitional 
state between normal aging and dementia and is exemplified by 
abnormal memory loss for the age and educational level of the indi-
vidual who otherwise exhibits no cognitive impairment [1]. Reports 
for the past decade on populations aged over 65 indicate that MCI 
affects between 1.7 and 22.5% of community-dwelling elders in 
Western countries [1] and between 14.9 and 24.1% of counterparts 
in Asian countries [2]. In Korea, a recent nationwide survey showed 
that the estimated prevalence of dementia and MCI was 8.1% and 
24.1%, respectively. The same survey predicted that this prevalence 
would double every 20 years until 2050 in conjunction with the 
extended lifespan and rapidly growing elderly population in Korea [2]. 

Although anticholinesterase therapies such as donepezil, galan-
tamine and rivastigmine can treat the symptoms of MCI and demen-
tia [3], they do not significantly slow disease progression [4] and 
may have severe side effects [5]. These side effects, coupled with 
the projected dramatic increase in the number of patients with MCI 
and dementia in the coming decades, has created an urgent need 
for effective and inexpensive interventions. Physical activity and/or 
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fitness are emerging as promising lifestyle approaches that are evi-
dence-based and relatively free of side effects, and can be used as 
an alternative or adjunct to those anticholinesterase therapies.

Physical activity and fitness are well-established lifestyle factors 
linked to maintained cognition in aging, and have been used as a 
basis for interventions to prevent cognitive decline and MCI and/or 
to delay dementia. In healthy older people, a high level of physical 
activity is associated with a high level of cognitive performance, 
including speed of information processing, attention [6], and execu-
tive functions (EF) [7]. A high level of physical activity may also 
reduce the risk for dementia in later life [8]. Since participating in 
physical activity improves various physical fitness domains including 
muscle strength, gait speed, functional mobility and balance [9], it 
is not surprising to find a positive relationship between physical fit-
ness and cognitive function in healthy older people. [10]. In fact, 
longitudinal studies have shown that a decline in physical fitness 
preceded the onset of cognitive decline with normal aging [11-13]. 
In older populations, those who had better mobility [14], bal-
ance [15], strength [16] and aerobic fitness [17] had better cognitive 
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functions. Consequently, a high level of physical fitness in domains 
such as balance [15] and strength [16] may also decrease the risk 
for dementia in later life [11]. Together, the previous findings suggest 
that physical activity and/or fitness may have an important role as a 
non-pharmacologic means to combat MCI and perhaps dementia in 
older people. 

A growing body of evidence shows that insulin resistance (IR) 
increases the risk for cognitive decline and neurodegenerative dis-
eases such as Alzheimer’s disease (AD). IR is known to cause cogni-
tive dysfunction and increase the risk of developing dementia due to 
reduced basal and insulin-induced activation of cerebral IRs, higher 
cerebral neuritic plaque loads, lower hippocampal volume and cog-
nitive performance, inhibited brain glucose metabolism, and reduced 
memory recall. Along with MCI, on the other hand, IR is also in-
versely associated with physical activity and fitness. For example, 
the Insulin Resistance Atherosclerosis study showed that physical 
activity alters insulin sensitivity independently of changes in weight 
and body composition in adults [18]. Moderate to high levels of 
physical fitness may play a protective role in diabetes since indi-
viduals with low fitness are more likely to be insulin resistant [19]. 
Therefore, it seems possible that IR would modulate the association 
between physical fitness and AD in elderly adults However, previous 
studies reporting the inverse association between physical fitness 
and MCI did not consider IR as a potential compounding factor [12-
16]. Thus, it remains of interest to study whether the association 
between physical fitness and MCI is independent of IR in elderly 
adults. Further, gaining insight into this relationship would contribute 
to the development of new or improved options for the prevention 
and/or treatment of clinical conditions associated with cognitive de-
clines and MCI. The goal of the current study was to use a cross-
sectional research design to examine whether the association between 
physical fitness (strength, balance, mobility, and aerobic fitness) and 
MCI is independent of IR in elderly Koreans. 

MATERIALS AND METHODS 
Subjects. In a cross-sectional study, we initially recruited 500 study 
participants (165 men and 335 women aged >65 years and fluent 
in Korean) who participated in the Community-based Dementia Pre-
screening Project conducted at 5 community healthcare centres lo-
cated in the north-western Gyeonggi Province of South Korea between 
March 2013 and July 2014. All the participants consisted of com-
munity-dwelling elderly persons who represented the typical elderly 
population residing in a metropolitan city in South Korea. 
Data were collected during three separate visits. At the first visit, 
demographic characteristics were gathered from 151 men (3 miss-
ing) and 335 women (11 missing), and general health status was 
assessed based on standardized self-administered questionnaires 
and interviews conducted by nurses specializing in geriatrics. After 
the first visit, a detailed medical history, including these variables, 
was obtained from the participants or their informants. Cardiovas-
cular disease was defined as present if the participant had a history 

of coronary artery disease, myocardial infarction, atrial fibrillation 
and other arrhythmias, heart valve disease, or congestive heart fail-
ure. Cerebrovascular disease was defined as present if the participant 
had a history of haemorrhagic or ischaemic stroke or transient isch-
aemic attacks. Consequently, 16 men and 10 women were exclud-
ed due to a known history of alcoholism (n=8) or neurological dis-
eases (n=2) or head trauma or stroke (n=3) or any other physical 
illness affecting cognitive function (n=13). One week after the first 
visit, participants attended a second session at which neuropsychi-
atric specialists conducted a comprehensive neuropsychological test 
to assess global cognitive function. Within 2 hours of completing the 
cognitive function assessment, participants attended a third session 
at which exercise specialists conducted a senior fitness test to assess 
six domains of functional fitness [20]. Additionally, 12 men and 15 
women did not show up or refused to complete either the Mini-
Mental State Examination (n=11) or senior fitness test (n=16). 
Consequently, 433 (134 men and 299 women) out of 500 initial 
participants completed all the tests and were included in the final 
data analyses. The third visit involved an overnight fast, after which 
laboratory tests were performed to evaluate the general physical and 
metabolic health of the remaining 433 participants, including resting 
blood pressures, blood lipids, fasting glucose and insulin, and ho-
meostasis model assessment of insulin resistance (HOMA-IR). Com-
mon geriatric disorders were also identified. The Sungkyunkwan 
University Institutional Review Board, in accordance with the Dec-
laration of Helsinki of the World Medical Association, approved the 
study protocol. All participants provided written informed consent to 
participate in the study.

Cognitive function
Global cognitive function was assessed by trained nurses using the 
Korean version of the Mini-Mental State Examination (MMSE). The 
MMSE measures the cognitive level of elders in terms of orientation 
(10 points), short-term memory and recall (6 points), attention (5 
points), phonic fluency (2 points), following verbal commands (4 
points), judgment (2 points) and copying a double pentagon (1 point) 
[21]. Scores of MMSE ranged between 0 and 30, where higher scores 
indicate better cognition level. The most widely accepted and fre-
quently used cut‑off score for the MMSE is 23, with scores of 23 or 
lower indicating the presence of cognitive impairment. The Korean 
version of MMSE is the same as the MMSE described above, except 
instead of phonic fluency (2 points) they are rated on naming (2 
points). The MMSE was validated in Korean elderly [22]. Those who 
had an age- and education-adjusted MMSE score of 23 or lower 
were classified as CASE, and those who had an age- and education-
adjusted MMSE score of 24 or higher were classified as CON [22].

Senior fitness test
The various components of physical fitness can be assessed accu-
rately in the laboratory and, in many cases, in the field by using a 
composite of performance tests. The Senior Fitness Test (SFT) as-
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sesses the physiological capacity for carrying out normal daily ac-
tivities independently and safely without the appearance of fatigue. 
Participants performed 10 minutes of warm-up as instructed by a 
trained fitness instructor. The test was then completed in the designed 
order: (1) Chair stand up for 30 seconds was to assess lower body 
strength, (2) Arm curl was to assess upper body strength, (3) Back 
scratch was to assess upper body (shoulder) flexibility, (4) Chair-sit-
and-reach was to assess the flexibility of the lower extremities, (5) 
Eight-foot-up-and-go was to assess agility/dynamic balance as an 
index of basic mobility skills, and (6) The 6-minute walk test was to 
assess aerobic capacity. Detailed descriptions of procedures are avail-
able elsewhere [21] and test validity was published [20]. 

In order to study the role of physical fitness as a non-pharmaco-
logic means for preventing MCI, a Z score was computed for each 
domain of the SFT as the number of SD units from the sample mean 
after normalization of the variables. A composite score was com-
puted as a sum of Z-scores for the 6 SFT domains, including upper 
and lower body muscle strength, lower and upper body flexibility, 
agility/dynamic balance, and aerobic capacity, by sex. The participants 
were classified in the low- (lowest 25%), moderate- (middle 50%) 
or high-fitness (highest 25%) group based on the composite physical 
fitness score.

Covariates
Covariates such as age and level of education were assessed and 
included in the analyses. Education was defined as a categorical 
variable (high school education or less, vocational school or some 
college education, or college degree or higher). Measured body fat-
ness, blood lipids, and IR markers such as glucose and insulin levels, 
and HOMA-IR were included as additional covariates.

Statistics
Characteristics of participants with and without MMSE-based MCI 
were compared using χ2 tests for categorical variables and an inde-
pendent t-test for continuous variable. Characteristics of participants 
according to incremental physical fitness levels were compared using 
a Kruskal–Wallis one-way analysis of variance for both categorical 
and continuous variables. Odds of MMSE-based MCI in relation to 
a composite score of physical fitness measures were estimated using 
logistic regression after adjustment for age and sex and level of edu-
cation. Further analyses were conducted to adjust for additional 
potential confounders, such as body fatness parameters, blood lipids, 
and IR markers such as glucose and insulin levels and HOMA-IR. All 
analyses were performed at p=0.05 using SPSS statistical software, 
version 19 (SPSS, Inc.).

RESULTS 
Table 1 presents demographic and physical characteristics of those 
who had age- and education-adjusted MMSE scores of 23 or low-
er (CASE) and those who had age- and education-adjusted MMSE 
scores of 24 or higher (CON). There were no significant differences 

in sex, age, education level, BMI, and percent body fat between the 
CASE and CON groups. There were significant differences in sev-
eral domains of physical fitness including upper body flexibility, 
agility/dynamic balance, and upper and lower body muscle strength 
between the CASE and CON groups. There were no significant dif-

TABLE 1. Characteristics of participants with and without mild 
cognitive impairment (MCI) in this study population.

CON CASE p-value

Sex (M/F) 107/249 23/64 0.730

Age (yrs) 71.9±5.3 71.4±5.2 0.598

Education (yrs) 8.2±3.8 7.9±3.9 0.875

BMI (kg · m-2) 24.3±2.9 24.6±2.6 0.219

Body fat (%) 30.5±6.8 30.6±7.0 0.772

Arm curl (no. of reps) 20.6±5.6 19.5±3.9 0.077

Chair stand (no. of stands) 17.3±4.9 16.1±4.2 0.084

2-min walk (m) 90.1±29.2 86.5±30.1 0.530

Back scratch (cm) -8.7±12.9 -14.6±15.4 0.033

Chair-sit-and-stretch (cm) 8.4±13.7 5.2±12.8 0.072

8-ft up and go (s) 5.3±1.6 5.7±1.6 0.029

MMSE score 26.9±2.1 22.0±2.9 <0.001

Note: CASE: those who had age- and education-adjusted MMSE scores 
of 23 or lower. CON: those who had age- and education-adjusted MMSE 
scores of 24 or higher [20].

Low fit 
(n=108)

Moderate fit 
(n=217)

High fit 
(n=108)

P value 
for linear 

trend

Sex (M/F) 31/77 65/152 38/70

Age (yrs) 74.8±6.4 71.2±5.6 69.7±4.8 <0.001

Education (yrs) 7.0±4.2 8.0±3.5 9.5±3.7 0.001

BMI (kg · m-2) 24.4±3.3 24.6±2.7 23.7±2.7 0.148

Body fat (%) 31.4±7.2 30.9±6.9 29.0±5.9 0.109

MMSE score 24.1±3.6 26.3±2.6 28.4±2.2 <0.001

SBP (mmHg) 126.9±15.5 125.5±14.0 124.2±11.6 0.548

DBP (mmHg) 70.6±10.0 71.3±10.8 72.8±8.0 0.456

TG (mg · dl-1) 119.3±73.6 111.7±75.0 116.8±111.7 0.488

TC (mg · dl-1) 141.6±34.5 142.7±37.1 141.0±39.2 0.949

LDLC (mg · dl-1) 78.2±26.6 78.8±28.9 72.8±27.7 0.362

HDLC (mg · dl-1) 39.4±11.3 41.6±10.6 43.5±18.6 0.230

FBG (mg · dl-1) 118.7±27.9 115.2±18.4 114.4±23.7 0.506

Insulin (µU · ml-1) 7.8±8.5 7.9±5.6 6.6±4.0 0.210

HOMA-IR 2.37±2.79 2.33±1.90 1.90±1.28 0.305

TABLE 2. Demographics, body fatness, global cognitive function, 
and metabolic profiles according to physical fitness levels.

Note: BMI: body mass index; MMSE: mini-mental state examination;  
SBP: systolic blood pressure; DBP: diastolic blood pressure;  
TG: triglycerides; TC: total cholesterol; LDLC: low-density lipoprotein 
cholesterol; HDLC: high-density lipoprotein cholesterol; FBG: fasting 
blood glucose; HOMA-IR: homeostasis model assessment-estimated 
insulin resistance. Log10 transformed TG, insulin and HOMA-IR were used 
for statistical analyses.
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ferences in resting blood pressures, blood lipids and glucose, insu-
lin, and HOMA-IR between the CASE and CON groups. 

Table 2 represents characteristics of study participants accord-
ing to physical fitness levels. A significant inverse trend (p<0.001) 
was observed for age and a significant positive trend (p<0.001) 
was observed for education across incremental physical fitness 
levels (lowest tertile to highest tertile), with no such linear trends 
for body mass index and percent body fat. As expected, significant 
positive trends were observed for 6 domains of physical fitness (i.e., 
upper and lower body muscle strength, upper and lower body flex-
ibility, agility/dynamic balance, and aerobic capacity) across incre-
mental physical fitness levels. In addition, a significant positive 
trend was observed for average MMSE score (p<0.001) across 
incremental physical fitness levels. On the other hand, we found 
no significant linear trend for any of the measured metabolic risk 
factors across incremental physical fitness levels.

Table 3 represents odds ratios and 95% confidence intervals for 
mild cognitive impairment (MCI) according to physical fitness levels. 
Using age, sex, and education levels as covariates, individuals with 
moderate and high levels of physical fitness were less likely to have 
MMSE-based MCI than those who with low levels of physical fitness 
defined as low-fitness (referent, OR=1). The strength of the as-
sociations between incremental physical fitness levels and MMSE-
based MCI was somewhat attenuated but remained statistically 
significant even when additionally adjusted for body fatness, resting 
blood pressures, blood lipids, and IR markers such as fasting glucose 
and insulin and HOMA-IR (OR=0.377 (p=0.038) and OR=0.282 
(p=0.050) for moderate- and high-fitness, respectively). 

DISCUSSION 
One common outcome of aging is cognitive decline, including a 
negative impact on memory, attention, and perception. These declines 
have been identified as major risks for age-associated disease such 
as dementia [24]. IR, which is characterized by reduced insulin 
sensitivity and efficacy, is positively associated with normal aging 
and contributes to the development of MCI and dementia. On the 
other hand, physical activity and/or fitness are correlated with great-
er maintenance of cognitive ability, particularly executive control 
functions, with age [25]. In this study, we investigated whether the 

association of physical fitness and MMSE-based cognitive impairment 
is independent of body fatness and IR markers in elderly Koreans.

After adjusting for age, sex and education level, the prevalence of 
MMSE-based MCI (as defined by an MMSE score of 23 or lower) 
was 21% in this study population, which is comparable to those 
previously reported [2]. Those who had MMSE-based MCI had sig-
nificantly lower levels of physical fitness, especially upper body flex-
ibility and agility/dynamic balance, compared to those without MMSE-
based MCI. Further analyses showed that a composite score of 
physical fitness, calculated as a sum of 6 physical fitness measures, 
was inversely associated with age and positively with education 
level and MMSE scores. Finally, logistic regression analyses showed 
that the association between the composite score of physical fitness 
tests and MMSE-based MCI was somewhat attenuated but remained 
statistically significant even after being adjusted for compounding 
factors such as age, sex, education levels, body fatness, resting blood 
pressures, blood lipids and IR markers. This suggests that poor 
physical fitness is significantly associated with MMSE-based MCI 
independently of the measured compounding factors in this study 
population.

Our results are consistent with previous cross-sectional studies 
reporting a significant association between poor physical fitness and 
poor cognitive function in older adults [26-29]. Huh et al. [14] 
showed that executive function based on the lexical fluency test was 
associated with performance-oriented mobility assessment scores 
and isokinetic muscle strength in a population-based sample of 629 
Korean adults aged 65 or older. In the EPIDOS cohort study consist-
ing of 7421 community-dwelling older women (mean age 80.41 ± 
0.04 years) living in five French cities, Annweiler et al. [16] found 
that compared to their counterparts, women with cognitive impair-
ment had poor performance in dynamic balance and functional mo-
bility, as assessed by the five-times-sit-to-stand test. Fitzpatrick et 
al. [27] found an association between cognitive function and physi-
cal fitness in 3035 healthy mobile participants of the Ginkgo Evalu-
ation of Memory Study and reported that slow walking was signifi-
cantly associated with cognitive impairment in healthy older adults. 
Similar to cross-sectional studies, prospective studies have also re-
ported an association between poor physical fitness (including walk-
ing, balance, chair stand, and grip strength) [11] or neurologic gait 

TABLE 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for mild cognitive impairment according to physical fitness levels.

Low fit  
(N=108)

Moderate fit
(N=217) P values High fit

(N=108) P values

Unadjusted 1.0 (referent) 0.425 (0.207~ 0.872) 0.020 0.337 (0.135~0.842) 0.020

Adjusteda 1.0 (referent) 0.343 (0.159~0.738) 0.006 0.253 (0.094~0.684) 0.007

Adjustedb 1.0 (referent) 0.341 (0.158~0.736) 0.006 0.247 (0.090~0.677) 0.007

Adjustedc 1.0 (referent) 0.377 (0.150~0.946) 0.038 0.282 (0.077~0.133) 0.050

Note: 
Adjusteda for age, sex and education.
Adjustedb for age, sex, education, body mass index and percent body fat.
Adjustedc for age, sex, education, body mass index, percent body fat, resting blood pressures, blood lipids, glucose, insulin and HOMA-IR
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abnormalities [12] and the development of all-cause [11] or vascu-
lar dementia [12]. A gait that slowed over time was significantly 
associated with persistent cognitive impairment [13] as well as de-
cline in several geriatric outcome measures including global health, 
falls and new difficulties with activities of daily living [30]. 

Although little is known about the links between physical fitness 
and cognitive function in older adults, both clinical and animal stud-
ies provided compelling evidence for the role of vascular adaptations 
including angiogenesis [31-32] as well as neurogenesis and synap-
togenesis [31, 33]. In addition, growing evidence suggests that 
structural changes of the brain in older people are related to physical 
fitness, such as gait dysfunction [34-35], postural instability [36], 
and lack of cardiorespiratory fitness [37], suggesting that brain func-
tion is associated with physical fitness. For example, a previous 
multi-study analysis [38] demonstrated that older, fit adults had 
significantly greater activation in those cortical regions implicated in 
executive control (i.e., frontal, temporal, and parietal cortices) than 
a group of unfit adults. Other studies reported that lower brain volume 
in the prefrontal areas was associated with slower gait in high-
functioning or cognitively normal older adults [39-40]. Neuroimaging 
studies have indicated that gait requires complex visuo-sensorimotor 
coordination, and is associated with activation of the medial fronto-
parietal region, including the primary sensory and motor areas, 
supplementary motor area, lateral premotor cortex, cingulate cortex, 
superior parietal lobule, precuneus, and the infratentorial region 
including the dorsal region [41-42]. Finally, Deary et al. [43] proposed 
the brain reserve hypothesis as another theoretical framework to 
explain the beneficial effect of physical fitness on cognitive function. 
This hypothesis is based on the ability to optimize or maximize 
performance through differential recruitment of brain networks, which 

could reflect the use of alternative cognitive strategies. Mental and 
physical stimulation may increase such reserve during a person’s 
whole life, resulting in improved cognitive function in old age and 
delayed clinical manifestations of MCI, dementia and AD. This hy-
pothesis should be explored in future studies. 

Considering the cross-sectional nature of the current study, how-
ever, additional research is necessary to determine the temporal 
relationship between poor physical performance and cognitive de-
clines. In particular, physical training studies will be very important 
as they have the potential to identify and verify long-term beneficial 
effects of physical activity and fitness on the brain as well as overall 
general health in older adults.  

CONCLUSIONS 
In this study population, we found that poor physical fitness was 
significantly associated with MMSE-based MCI independently of 
compounding factors including demographics, body fatness param-
eters, and IR markers. This suggests that maintenance and/or promo-
tion of physical fitness via regular physical activity should be an 
important component of a healthy lifestyle strategy to combat declines 
in cognitive functions as well as poor general health in elderly Kore-
ans.
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