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A B S T R A C T   

Background: Physical activity (PA) is beneficial for the improvement of both physical and cognitive functions for 
older adults. Handgrip strength is strongly associated with cognition in cross-sectional studies, however, whether 
handgrip strength is associated with cognitive function in exercise intervention has not been well investigated. 
The purpose of the study was to investigate whether baseline handgrip strength is associated with cognitive 
function measured at baseline and after the intervention among community-living older adults. 
Methods: A 12-week resistance exercise program (3 times/week; 3 sets, 6–8 repetitions at 75–80% of the 1-repe-
tition maximum) was designed to increase strength and muscle mass of major muscle groups. At the end of the 
study, 201 out of 237 completed the study (mean age 73.0 ± 5.5 years, 57.0% female). Body composition, PA, 
handgrip strength, cardiovascular risk factors, and Mini-Mental State Examination (MMSE) were measured at 
baseline and endpoint. The linear regression analysis was used to examine the association. 
Results: Baseline handgrip strength was 28.7 ± 8.7 (kg) and mean MMSE score was 27.6 ± 2.0 at baseline. We 
found that baseline handgrip strength was significantly associated with the MMSE score measured before the 
intervention adjusting basic characteristics and cardiovascular risk factors at baseline. Baseline handgrip strength 
was also significantly associated with MMSE measured after the intervention. One kg higher baseline handgrip 
strength was significantly associated with a 0.63 and 0.33 higher MMSE score measured at baseline and after the 
12-week resistence exercise intervention. 
Discussion: Our study found that baseline handgrip strength was strongly associated with cognitive function 
measured before and after the resistance training intervention. Handgrip strength could be an indicator for 
cognition among healthy independent older adults.   

1. Introduction 

Cognitive decline is one of the typical age-related changes among 
older adults [1,2] and dramatic increase of dementia among older 
population is one of the most important public health concern in the 
society [3,4]. Previous research suggested several biomarkers for the 
cognitive decline among older adults which includes reduced muscle 
strength [3], fatigue [5], and slower walking speed [6]. These bio-
markers are used as predictors for mild cognitive impairment (MCI) and 
dementia [7,8]. Cognitive decline is also strongly associated with motor 

task performances such as handgrip strength [9], gait [10], and balance 
[11]. The mechanism behind this association could be the decline of 
nervous function with aging which may compromise the coordinating of 
cognitive and motor activity [9]. 

Muscle strength is one of the main factors for maintaining physical 
function in old age [12]. Preserving a sufficient level of muscle mass and 
strength can delay the decline of physical function of older adults [13]. 
There is evidence that physical activity (PA) helps to maintain both 
physical [14] and cognitive function in late life [15]. Exercise has been 
suggested as one of the alternative treatment to improve neurocognitive 
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function for the older population [16]. Generally, exercise intervention 
studies reported that both physical and cognitive function had improved 
after the intervention period among the older population [17,18]. 
Further, it is well known that both cognitive function and physical 
function are strongly related with the level of functional limitation in old 
age [10,19]. Ability to perform ordinary activities is critical for main-
taining independent life, but it has been shown that cognitive impair-
ment among older people increases the risk of functional limitation in 
daily life [20]. 

Handgrip strength is considered as an overall indicator for general 
muscle strength, and the most popular method of measurement [9,13]. 
Measurement of handgrip strength is a simple, fast, and inexpensive way 
to assess maximum muscle strength in the older population [9]. The 
direction of the association between handgrip strength and cognition 
among older adults is still in debate [8,21,22]. To understand the cau-
sality of the association, it should be examined on longitudinal design. 
Previous studies that reported associations between handgrip strength 
and cognitive function relied on cross-section designs [22], while few 
longitudinal studies reported significant association [22,23]. A longi-
tudinal study of 12 years reported significant association between 
handgrip strength and incidence of MCI among older population [24]. 
Particularly, low handgrip strength is reported to be associated with an 
increased risk of developing Alzheimer’s disease [25], cognitive decline 
[26,27], and lower quality of life [28]. On the other hand, high handgrip 
strength at baseline was protective for cognitive function after 7 years of 
follow-up [29]. A possible mechanism behind this association is that 
nervous system deficiencies among older adults may limit the muscle 
force which is due to poor neuromuscular activation and motor unit 
recruitment [30,31]. The decline of function in the neural and motor 
systems due to aging could be linked to the declines in handgrip strength 
which may also influence the progressing cognitive impairment [32]. In 
general, most exercise intervention studies for older adults look at the 
improvement of both cognitive [18,33] and physical function [34] after 
the exercise intervention. However, there is limited information on the 
association in the exercise intervention study. Considering the strong 
association between PA, handgrip strength, and cognitive function 
among older adults, baseline handgrip strength may have an effect on 
cognitive changes after the exercise intervention. Therefore, the purpose 
of the study was to investigate whether baseline handgrip strength is 
associated with cognitive function measured at baseline and whether 
baseline handgrip strength is still associated with cognitive function 
measured after the 12-week resistance exercise intervention among 
community-living Icelandic older adults. 

2. Methods 

2.1. Study and intervention 

At baseline, 237 healthy community-living older adults (aged 62–92) 
participated in structured exercise program. PA and dietary intake in-
formation were collected at baseline and at the end of the intervention. 
The details of study design and intervention protocol have been pub-
lished previously [35,36]. In short, the current study was a 12-week 
resistance exercise intervention study. The study was structured to in-
crease muscle strength and muscle mass of all major muscle groups for 
older adults. Data was obtained from the measurement at baseline and 
after a 12-week exercise period. Participants were excluded if they had 
low cognitive function (Mini-Mental State Examination (MMSE) ≤ 19), 
major orthopedic disease, or use of pharmacological interventions with 
exogenous testosterone or other drugs known to influence muscle mass. 
Further, participants were free of any musculoskeletal disorders or other 
disorders that could affect their muscle mass. Among the total of 237 
participants at baseline, 201 (87 men, and 114 women) completed the 
resistance exercise intervention. All participants were recruited by 
advertisement in the Reykjavik area. The study was approved by the 
Icelandic National Bioethics Committee (VSNb2008060007/03–15. 

Informed consent was obtained from all participants. 

2.1.1. Resistance exercise intervention 
The current study adjusted the difficulty level of the resistance ex-

ercise program to fit the level of individual physical fitness, as well as to 
maximize the improvement in physical performance. Each participant 
received updated personalized exercise prescription during the exercise 
intervention training. The exercise program was conducted in groups 
(20 to 30 participants) for one and half hour on three non-consecutive 
days per week for 12 weeks. All sessions were supervised by study 
staff, a professional exercise trainer and a physical therapist following 
the same training protocol. All participants were advised not to make 
other changes of daily lifestyle. 

2.1.2. Exercise education and fitness assessment 
Two weeks before the initiation of the intervention, exercise edu-

cation training was conducted. All participants received personalized 
exercise prescription during exercise intervention training. The 1-repeti-
tion maximum (1-RM) was determined with weight adjustment on each 
exercise machine for all individuals (Life Fitness, IL, USA). 

Training protocol: The training started with 10 to 15 min warm-up 
routine consisting of activities such as stretching, twisting, and shoul-
der and ankle rotations. All sessions were supervised by 4–5 staff 
members. 

Resistance training: Each training session included 10 different 
muscle group exercises using weight machines: (1) leg extension, (2) leg 
curl, (3) leg press, (4) chest fly, (5) row, (6) pull-down, (7) biceps curl, 
(8) triceps curl, (9) lower back extension, and (10) abdominal curl. 
Exercise was performed based on the prescribed weights at the first 
fitness assessment. After the exercise of each muscle group, the partic-
ipants had a resting time until they are ready to train the next muscle 
group. 

The frequency and intensity: Each exercise is composed with 3 sets 
of 6–8 repetitions, starting with a 60% load of their 1-RM measured at 
first week. During the first week, the participants were instructed on 
correct exercise techniques. After the first week, each participant 
increased the load to 75–80% of 1-RM. The progressive exercise load 
protocol was set to increase 5–10% weekly. After finishing all muscle 
group exercises, participants performed stretching exercises to end the 
training. 

2.2. Measurements 

2.2.1. Exposure measurement: handgrip strength 
The handgrip strength was measured for all participants during a 

personal interview at baseline and after the exercise intervention was 
terminated with hydraulic hand dynamometer (Baseline Evaluations 
Corporation). The maximal handgrip strength in kg was measured three 
times and the average was used for the analysis. 

2.2.2. Outcome measurement: cognitive function 
The cognitive function was assessed with MMSE [37]. Cognitive 

function was measured during a personal interview at baseline and after 
the exercise intervention was terminated. Before the initiation of the 
exercise intervention, participants who had MMSE 19 or below at 
baseline measurement were excluded from the study. 

2.2.3. Covariates 
Covariates and potential confounders were assessed at baseline and 

end point of the 12-week resistance exercise intervention. Baseline 
covariates were included in the statistical analysis to examine the as-
sociations to compare the outcomes of baseline handgrip strength with 
two MMSE scores measured before and after the intervention. Infor-
mation on demographical characteristics was collected during a per-
sonal interview at baseline and after the resistance exercise intervention 
which included age, gender, and education. Education was categorized 
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into non-formal education, elementary school, secondary school, voca-
tional school (professional skill training school), and university. Blood 
pressure was measured in sitting position. Participants were instructed 
to avoid strenuous exercise and alcohol consumption the day before the 
drawing of fasting blood samples at baseline and endpoint [36,38]. 
Blood measurement included serum cholesterol, trygriceride, diabetes 
and c-reactive protein. Body weight was assessed with light underwear 
on a calibrated scale (model no. 708; Seca, Hamburg, Germany) and we 
used a calibrated stadiometer (model no. 206; Seca) to measure height. 
Lean body mass was assessed at the Icelandic Heart Association, Kopa-
vogur, Iceland by a dual-energy x-ray absorptiometer (DXA, Hologic 
QDR-2000 plus, Hologic Inc., Waltham, MA). BMI was calculated with 
height and weight (kg/m2). We used BMI classification defined by World 
Health Organization as normal (18.5 ≤ BMI < 25), overweight (25.0 ≤
BMI < 30.0), and obese (BMI ≥ 30.0). PA was assessed by self-reports 
with the first question asking D́o you practice regular physical 
activity?́ with yes/no option. Then, those who reported regular PA 
answered minutes per week with various sports or PA type. Kilo-calories 
per week for all PA data were calculated by multiplying the kilo-calorie 
score based on metabolic equivalent of the task values for each of the 
activities [39]. Total PA was the sum of the activity as converted to 
metabolic equivalent (MET) reported on the questionnaire for walking, 
and other moderate and vigorous exercise activities. 

2.3. Statistical analysis 

Analysis of variance for continuous variables and χ 2 test for cate-
gorical variables were used to compare subject characteristics by groups. 
To examine whether the baseline handgrip strength was associated with 
cognitive function measured before and after the resistance exercise 
intervention, we used multiple linear regression analysis. The multiple 
linear regression analyses were performed with 4 models for the asso-
ciation between baseline grip strength and MMSE (measured at baseline 
and end of the intervention). Model 1 was adjusted for baseline cova-
riates including age, gender, and education. Model 2 was additionally 
adjusted for BMI, and lean body mass. Model 3 further included systolic 
blood pressure, total cholesterol, diabetes and PA. The final model 3-1 
was performed to examine the association between baseline grip 
strength and MMSE measured at the end of intervention . To take into 
account the relevant changes of handgrip strength during the resistance 
exercise training, the final model 3-1 was adjusted for the difference of 
handgrip strength measured before and after the intervention. Analyses 
were performed with STATA software, version 10 (Statacorp, Texas, 
USA). 

3. Results 

The characteristics of study participants are shown in Table 1. The 
mean age of the study participants was 73.0 ± 5.5 years old (n = 201). 
The average and standard deviation of MMSE was 27.6 ± 2.0 at base-
line, and 28.0 ± 2.2 after the 12-week of resistance exercise interven-
tion. The average handgrip strength was 28.7 ± 8.7 kg at the baseline, 
and 30.1 ± 8.9 kg after the intervention. Table 2 presents the average of 
MMSE and handgrip strength before and after the intervention, and 
changes after the intervention in both handgrip strength and MMSE 
were significant. 

Table 3 presents results of the multiple linear regression between 
handgrip strength and cognitive function. Model 1 was adjusted for age 
gender, and education and baseline grip strength was significantly 
associated with pre-MMSE (coefficient = 0.60, 95% confidence interval 
(CI) 0.25- 0.95, p = 0.001) as well as with post-MMSE measured at the 
end of the intervention (coefficient = 0.30, 95% CI − 0.03–0.63, p =
0.064). The coefficient in the model 1 indicates that 1 kg of higher 
handgrip strength at baseline corresponded to 0.6 higher baseline 
MMSE, and 0.3 higher MMSE measured after the intervention. Both 
associations were attenuated in model 2 after the additional adjustment 

for baseline health related risk factors (pre-MMSE coefficient = 0.64, CI: 
0.16–1.03, p = 0.001: post-MMSE coefficient = 0.31, CI: 0.02–0.64, p =
0.064). The Model 3 was adjusted with additional variables including 
total lean body mass and PA, and the associations were slightly atten-
uated (pre-MMSE coefficient = 0.63, 95% confidence interval (CI) 0.26- 
1.00, p = 0.001: post-MMSE coefficient = 0.31, 95% CI 0.02 - 0.64, p =
0.065). The finding from the model 3 with pre-MMSE means that 1 kg 
higher baseline handgrip strength was associated with a 0.63 higher 
score of baseline MMSE, and 0.31 higher score of MMSE measured after 
the intervention. In the Model 3–1 looking at the association between 
baseline handgrip strength and follow-up MMSE, we added handgrip 
strength measured after the intervention to take into account for 
changes in handgrip strength after the 12-week resistance exercise 
intervention. However, the results of model 3–1 remained the same 
(post-MMSE coefficient = 0.33, CI: 0.008–0.66, p = 0.044). The final 
model 3-1 revealed that the association was strong even after the 
adjustment for the changes of handgrip strength during the 12-week 
exercise intervention, meaning that 1 kg higher baseline handgrip 
strength was associated with a 0.33 increased MMSE score measured 
after the intervention. 

4. Discussion 

The current study investigated the association between handgrip 
strength and cognitive function with a 12-week resistance exercise 
intervention among community-living older adults in Iceland. Our study 
found that baseline handgrip strength was significantly associated with 
cognitive function measured at baseline and at the end of the inter-
vention after adjusting for various covariates and the changes of hand-
grip strength during the intervention. Our results suggest that handgrip 
strength is strongly associated with cognitive function in cross-sectional 
analysis as well as cognitive function measured after the 12-week 

Table 1 
Health characteristics of study participants at baseline according to gender.   

Total (N = 201) Men (N = 87) Women (N =
114) 

Age, years, Mean (SD) * 73.0 (5.5) 74.1 (5.7) 72.1 (5.3) 

Education, n (%) *       
Primary school 24 (11.9) 8 (9.2) 16 (14.0) 
Secondary or vocational 

school 
97 (48.3) 37 (42.5) 60 (52.6) 

University 37 (18.4) 21 (24.1) 16 (14.0) 
Non-formal school 43 (21.4) 21 (24.1) 22 (19.3) 
BMI,kg/m2, Mean (SD) 28.7 (4.9) 29.6 (4.5) 28.2 (5.1) 
Total cholesterol, mg/dl, 

Mean (SD) * 
5.6 (1.2) 5.1 (1.1) 6.0 (1.1) 

Total Triglyceride, mg/ 
dl, Mean (SD) 

1.3 (0.7) 1.3 (0.8) 1.2 (0.6) 

C-reactive protein, mg/ 
dl, Mean (SD) 

6.8 (3.4) 6.8 (3.1) 6.8 (3.7) 

SBP, mm Hg, Mean (SD) 143.6 (18.9) 151.0 (17.9) 138.1 (17.8) 
Diabetes, n (%) 12 (6.0) 7 (8.1) 5 (4.4) 
PA, MET, Mean (SD) 28.7 (28.9) 26.0 (26.7) 30.7 (30.5) 
Handgrip strength, Kg, 

Mean (SD)       
Baseline handgrip 

strength* 
28.7 (8.7) 36.9 (6.2) 22.4 (3.8) 

Endpoint handgrip 
strength 

30.1 (8.9) 38.2 (6.8) 23.9 (4.0) 

Changes of handgrip 
strength 

3.0 (5.7) 2.9 (6.1) 3.0 (5.4) 

MMSE, Mean (SD)       
Baseline MMSE 27.6 (2.0) 27.3 (2.1) 27.9 (1.9) 
Endpoint MMSE 28.0 (2.2) 27.7 (2.2) 28.3 (2.1) 
Changes of MMSE 0.4 (1.9) 0.4 (1.9) 0.5 (1.8) 

Note. SD = standard deviation, MMSE = Mini Mental State Examination, BMI=
Body Mass Index, HDL=High-Density Lipoprotein, DBP= Diastolic Blood Pres-
sure, SBP= Systolic Blood Pressure, Physical activity= PA, MET=Metabolic 
Equivalent. Age adjusted *p < 0.05. 

M. Chang et al.                                                                                                                                                                                                                                  



Aging and Health Research 2 (2022) 100092

4

resistance exercise training among community-living older adults. 
Older adults with low physical performance had significantly lower 

cognitive scores as compared to those with higher physical performance 
[34,40]. Decline of both physical and cognitive abilities is one of the 
most critical consequences of aging [9] which is related to an increased 
risk of dementia and adverse health outcomes [8,41]. Regular exercise is 
strongly recommended for older adults [42] because low PA level is 
highly associated with low physical and cognitive function [17]. 

Epidemiological studies reported that older adults who practiced regular 
PA compared to those who reported no regular PA in early life had 
significantly better physical function [14] and cognitive function after 
more than 20 years [15,43,44]. Muscle mass and muscle strength 
decrease with aging as a result of hormonal changes and decreased PA 
[45]. The significant associations of decreased muscle strength, muscle 
mass with physical function and cognitive function have been consis-
tently reported [43,46]. Muscle strength plays a critical role in main-
taining physical function because of its broad physiological and 
functional roles in daily life among older adults [47]. Therefore, resis-
tance training is suggested as an effective type of exercise for older 
adults to improve muscle mass [48], and physical function [49]. 

While age-related declines in muscle strength are due to physiolog-
ical changes [50], muscle weakness could also be more a product of 
diminished neural system functioning [51]. Evidences suggest that 
changes in the brain and nervous system is strongly associated with 
handgrip strength [52] as well as mobility [53]. The cortical and 
subcortical regions of the brain regulating hand dexterity are related to 
cognitive functions [7]. Health-promoting behavior such as PA is also 
associated with self-regulation ability [54] which is an executive func-
tion explained by the neural network functions in the prefrontal cortex 
[55]. Handgrip strength is a valid and reliable measure of upper limb 
muscles and it is used as an indicator of health status, muscle strength, 
and frailty of older adults [9,13]. In cohort studies, baseline handgrip 
strength also predicted future cognitive function [25], mobility [56], 
and mortality [24]. It is suggested that handgrip strength is a valuable 
marker of well-being which could indicate the level of independence in 
activities of daily living (ADL) among older adults who are at risk of 
developing disability [57]. Handgrip strength is largely due to neuro-
muscular activation and motor unit recruitment [58]. Age-related neu-
rodegeneration contributes to decreased handgrip strength which may 
be further linked to lower cognitive function. Although many studies 
have investigated the age related association between handgrip strength 
and cognitive function among older adults [22,26,56,59], the associa-
tion is often debated as it is bidirectional [40]. The longitudinal asso-
ciation was examined to see whether baseline handgrip strength is 
associated with cognitive decline over time in observational studies [8, 
60]. Most intervention studies also reported mainly the changes in either 
only handgrip strength or only cognitive function [18,34]. Therefore, it 
is difficult to determine whether there is also an association after both 
handgrip strength and cognitive function changed with an exercise 
intervention for older adults. 

The current study is based on the 12-week resistance exercise 
intervention for older adults. The resistance training intervention pro-
gram was originally constructed to improve physical function among 
community-living older adults and all participants were progressively 
trained during the intervention period according to their fitness level as 
measured at baseline. The results of the study show whether handgrip 
strength and cognitive function assessed at baseline changed after 12- 
week resistance training and the study findings suggest that baseline 
handgrip strength is significantly associated with cognitive function 
measured before and after the intervention. The participants in our 
study were community-living older adults who had no disability or 
cognitive impairment at the time of admission for the intervention. 
Meaningful cognitive changes in MMSE among older adults have not 
been clearly identified, but a recent study reported − 0.09 MMSE score 
decline in 6 months among older adults who had no cognitive impair-
ment [61]. The mean change of MMSE in the current study after the 
12-week exercise intervention compared to the baseline MMSE was 0.6, 
and 1 kg higher handgrip strength at baseline was associated with 0.3 
higher MMSE after the intervention. Overall, our findings indicate that 
MMSE was changed positively after the resistance exercise intervention. 
The current study found that baseline handgrip strength was associated 
with the cognitive function before and after the exercise intervention. 

Although both handgrip strength and cognitive function changed 
during the intervention in the current study, the time to effect its 

Table 2 
Baseline health characteristics of study participants according to baseline 
handgrip strength ( group is defined by 50 percentile of low and high handgrip 
strength in each gender).   

Total (N = 201) Low Handgrip 
(N = 118) 

High Handgrip 
(N = 83) 

Age, years, Mean (SD) 73.0 (5.5) 74.3 (6.0) 71.2 (4.1) 

Gender, women, n (%) 114 (57.6) 70 (59.3) 44 (53.0) 
Education, n (%) *       
Primary school 24 (11.9) 15 (12.7) 9 (10.8) 
Secondary or vocational 

school 
97 (48.3) 49 (41.5) 48 (57.8) 

University 37 (18.4) 21 (17.8) 16 (19.3) 
Non-formal school 43 (21.4) 33 (28.0) 10 (12.1) 
BMI, kg/m2, Mean (SD) 28.8 (4.9) 28.7 (4.7) 29.0 (5.1) 
Total cholesterol, mg/dl, 

Mean (SD) 
5.6 (1.2) 5.6 (1.3) 5.6 (1.0) 

Total Triglyceride, mg/ 
dl, Mean (SD) 

1.3 (0.7) 1.2 (0.6) 1.3 (0.8) 

C-reactive protein, mg/ 
dl, Mean (SD) 

6.8 (3.4) 6.7 (3.3) 6.9 (3.6) 

SBP, mm Hg, Mean (SD) 143.6 (18.9) 143.9 (21.3) 143.2 (14.9) 
Diabetes, n (%) 12 (6.0) 8 (6.8) 4 (4.8) 
PA, MET, Mean (SD) 28.7 (28.9) 25.9 (25.9) 32.7 (32.5) 
Handgrip strength, Kg, 

Mean (SD)       
Baseline handgrip 

strength* 
28.7 (8.7) 25.1 (6.7) 33.9 (8.7) 

Endpoint handgrip 
strength* 

30.1 (8.9) 26.6 (7.0) 35.0 (9.2) 

Changes of handgrip 
strength 

3.0 (5.7) 3.4 (6.0) 2.5 (5.2) 

MMSE, Mean (SD)       
Baseline MMSE * 27.6 (2.0) 27.2 (2.3) 28.1 (1.2) 
Endpoint MMSE 28.0 (2.2) 27.8 (2.4) 28.4 (1.8) 
Changes of MMSE 0.4 (1.9) 0.5 (2.0) 0.3 (1.7) 

Note. SD = standard deviation, MMSE = Mini Mental State Examination, BMI=
Body Mass Index, HDL=High-Density Lipoprotein, DBP= Diastolic Blood Pres-
sure, SBP= Systolic Blood Pressure, Physical activity= PA, MET=Metabolic 
Equivalent. *p < 0.05. 

Table 3 
Association between baseline handgrip strength and MMSE assessed before and 
after the intervention (N = 201).    

Baseline handgrip strength   

Coefficient (SE) 95% CI (Low ~ High) p-value 

Pre-MMSE Model 1 0.60 (0.18) (0.25 ~ 0.95) 0.001  
Model 2 0.63 (0.18) (0.27 ~ 1.00) 0.001  
Model 3 0.63 (0.19) (0.26 ~ 1.00) 0.001 

Post-MMSE Model 1 0.30 (0.17) (− 0.03 ~ 0.63) 0.071  
Model 2 0.31 (0.16) (− 0.02 ~ 0.64) 0.064  
Model 3 0.31 (0.17) (− 0.02 ~ 0.64) 0.065  
Model 3-1 0.33 (0.16) (0.008 ~ 0.66) 0.044 

SE = Standard errors, CI = Confidence interval, BMI = Body Mass Index, 
physical activity = PA. 
Model 1= Adjusted for age, gender & education. 
Model 2= model 1 + BMI, systolic blood pressure, total cholesterol, Triglyceride, 
C-reactive protein, and diabetes. 
Model 3= model 2 + PA. 
Model 4= model 3 + difference in grip strength measured at baseline and end of 
the intervention. 
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changes to one another could be different. A recent longitudinal study 
reported that more than 5 kg decrease in handgrip strength over a period 
of 8 years significantly increased the likelihood of cognitive impairment 
[56]. In the current study, the handgrip strength increased by 1,4 kg 
after the resistance exercise intervention was terminated. The 28% (1.4 
kg) increase in handgrip strength during the 12-week strength training 
period means that the normal handgrip strength decline during aging 
can be reversed. Our findings suggest that it is possible to prevent the 
decline of muscle strength among older adults, which further could 
delay the cognitive impairment due to aging process. 

Our study has several limitations. The reported amount of PA or 
exercise did not include the activities that the participant possibly per-
formed outside of the study intervention. All participants were advised 
to maintain usual lifestyle and PA during the intervention period. 
However, it is possible that their PA level increased while they partici-
pated in the exercise program. When the data is being interpreted it 
should be considered that those with higher MMSE could have been 
highly active during the study while those with lower MMSE were not 
when interpreting the data. The issue of the personalized exercise pre-
scription according to the individual physical fitness could also be a 
limitation of the study, because participants with lower handgrip 
strength may have been assigned a lower level of exercise. Therefore, it 
is difficult to distinguish the effect between low handgrip strength and a 
low dose of exercise. 

Further, it is possible that there was a short-term practice effect on 
the measurement of MMSE since the intervention period was rather 
short (12-week). Although all confounding variables were statistically 
adjusted for in the final analysis, these limitations should be taken into 
consideration when interpreting the study outcome. The positive cross- 
sectional and longitudinal association between handgrip strength and 
cognitive function in the current study could possibly be due to the fact 
that our study participants were healthier than most of the previous 
intervention study participants. 

5. Conclusion 

In conclusion, we found that baseline handgrip strength was strongly 
associated with cognitive function before and after the 12 weeks of 
resistance exercise intervention among community-living older adults. 
Our study suggests that handgrip strength could be a strong indicator for 
cognitive function among healthy community-living older adults in ex-
ercise intervention. Baseline handgrip strength is an important factor in 
determining the effectiveness of physical activity programs for physical 
function as well as cognitive function among community-living older 
adults. Multidisciplinary approaches combined with cognitive training 
and resistance exercise training for older adults particularly targeting 
lower handgrip strength could enhance cognitive function and prevent 
cognitive impairment and disability. 
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