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Abstract: Different types of exercise interventions have shown to improve cognitive performance; however, there 

is scarce evidence on the acute effect of resistance training (RT) on cognitions in older adults. The purpose of this 

study is to determine the acute effect of RT on cognitive performance in healthy older adults. 45 adults (Mean age 

= 65.3 ± 3.7 yr.) were randomly allocated to one of three groups: high-intensity RT (G1), low-intensity RT (G2), or 

inactive control (G3). Participants completed cognitive tests assessing processing speed, visuospatial processing, 

executive function, and cognitive control, working memory and immediate memory. The RT protocol for G1 and G2 

consisted of six exercises. A 3x2 ANCOVA was performed with education as a covariate. Significant improvements 

were found on visuospatial processing in G1 (Pre = 61.6 ± 2.1 vs. Post = 69.7 ± 2.4; 95%CI = 4.8, 11.4; p ≤ 

0.001) and G2 (Pre = 62.4 ± 2.2 vs. Post = 67.0 ± 2.5; 95%CI = 1.2, 8.1; p = 0.009). Other tested cognitive 

abilities were unchanged by acute exercise or rest. Acute RT enhanced or maintained cognitive performance in 

older adults. It was possible to successfully perform 1RM tests with older adults. Additional evidence is needed to 

determine effective protocols to improve cognition in older adulthood. 
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1. Introduction  

 The World Health Organization (WHO) 

estimates that the number of older adults will grow 

from 524 million in 2010 to 1.5 billion in 2050 [1]. This 

global demographic change demands that immediate 

attention be paid to the prevention and intervention of 

neurodegenerative processes, as well as to the 

expected changes related to increasing age. Starting in 

the third decade of life and during ageing there is a 

gradual deterioration of brain function, which is 

associated with changes in cognitive abilities [2]. Even 

in older adults without pathologies, cognitive 

impairments that hinder daily activities and limit 

independence and security are common [3, 4]. 

However, this does not mean that ageing necessarily 

implies a significant deterioration, since lifestyle (e.g., 

healthy eating, physical activity, social interaction) also 

influences cognitive health as one ages. 

 Physical activity, especially aerobic exercise, is 

known to improve some cognitive domains [1, 5-8]. 

Chronic resistance exercise has also shown to increase 

performance on various cognitive variables. A meta-

analysis reported that resistance training (RT) 

positively affected cognitive scores including global 

cognition (SMD 0.71, 95%CI 0.30–1.12, p< 0.001), 

measures of cognitive impairment (SMD 1.28, 95%CI 

0.39–2.18, p = 0.005), and executive function (SMD 

0.39, 95%CI 0.04–0.74, p= 0.029), although working 

memory was not influenced [9].  

 Regarding the acute effect of RT on cognition, 

Chang and Etnier [10] reported a significant 

improvement in processing speed and executive 

function in young adults after a bout of resistance 

exercise. Tzuk et al. [11] found that an acute session 

of resistance exercise increased test scores on 

attention and executive functioning in young adults as 

well. Likewise, resistance exercise has been found to 

exert an acute positive effect on some cognitive 

functions in adolescents [5]. Meanwhile, the acute 

effect of RT has been less studied in older population 

[12]. A meta-analysis on the acute effect of RT on 

cognition including young, middle aged and older 

adults found a significant effect size of RT compared to 

non-exercise groups, favoring improvements on 

inhibitory control and cognitive flexibility [13]. 

 Chang et al. [14] evaluated the effect of acute 

resistance exercise on a sample of adults aged 55-70 

years and reported improvements in performance of 

the Stroop test. It has been suggested that intensity of 

RT has an impact on improvements observed following 

a single bout of exercise. However, there is conflicting 

evidence regarding which intensity provides better 

outcomes. Findings by Chang and Etnier [10] 

suggested that moderately intense RT (70% 10RM) 

leads to greater improvements than low (40% 10RM) 

or high (100% 10RM) RT. Soga et al. [12] also 

reported stronger effects for moderate intensities, 

while Wilke et al. [13] found a larger effect size for low 

and high intensity RT. However, there is insufficient 

evidence about which types of RT interventions could 

have a positive effect on the cognitive performance of 

older adults [4]. 

 Most studies of exercise and cognition during 

ageing have focused on the effect of aerobic exercise, 

even though RT has several benefits for the elderly 

population such as improving body composition, 

coordination, strength and quality of life [5]. Therefore, 

the purpose of this study was to determine if there is 

an acute effect of RT on the cognitive performance of 

healthy older adults.  

 

2. Materials and Methods 

2.1 Participants  

45 adults (37 women and 8 men) aged over 60 

years (average age = 65.3 ± 3.7 years), were 

randomly assigned to one of three possible groups: a) 

high intensity RT (G1), b) low intensity RT (G2), or c) 

inactive control (G3). Participants were recruited 

through the Institutional Program for Adults and the 

Elderly (PIAM) of the University of Costa Rica. As a 

requirement for their voluntary participation, subjects 

had no contraindications to exercise and were 

cognitively intact (Mini Mental State Examination score 

≥25). 

 

2.2 Measures 

Personal and demographic information. Data 

on age, sex, education (years of formal education), 

and weekly physical activity was collected. In addition, 

they reported medical conditions and medications of 

regular use.  

 Cognitive evaluations. Participants completed 

four cognitive tests, which were applied by the 

psychologist. The Mini Mental State Examination 

(MMSE) [15], a brief assessment of basic cognitive 

awareness, episodic memory, and visuospatial 

construction, was used as a first screening. This test 

allows to discriminate persons with possible cognitive 

impairment. The test is scored from 0 to 30; scores 

below 25 indicate possible cognitive decline [15, 16]. 
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As an inclusion criterion, participants had to obtain a 

minimum score of 25. The three forms of the Stroop 

Test were also applied [17]: a) color naming, b) word 

reading and c) interference. Each form assesses 

different cognitive functions such as processing speed 

(word reading), visuospatial processing (color naming), 

executive function, and cognitive control (interference). 

The Trail Making Test (TMT) was also employed [18]. 

Forms A and B of this test were applied as measures of 

visuospatial processing (A), executive function (B) and 

cognitive control (B). Finally, the Digit Span (DS) was 

applied [19]. Both the forward and backward versions 

of the test were used to evaluate working memory 

(backward) and immediate memory (forward). 

 

2.3 Procedures 

 Session 1. Each participant signed an Informed 

Consent form, in which the objective and methodology 

of the study were detailed. Next, demographic and 

personal information was recorded, and the cognitive 

screening test (MMSE) was completed to determine if 

the person could participate. Then the pretest cognitive 

tests (Stroop Test, TMT and DS) were completed. 

 Sessions 2-4 (exercise groups). Participants 

completed a familiarization phase with the exercises to 

be performed in the intervention, in which they learned 

to use each machine with the correct posture and 

breathing patterns. In each session the degree of 

perceived exertion was increased (from 1 to 9), using 

the OMNI effort scale [20]. Subjects in the control 

group did not attend these sessions. 

Session 5. Participants in G1 and G2 performed 

a one repetition maximum test (1RM), which identified 

the maximum amount of weight that the person could 

lift in each exercise to perform one repetition. A 

maximum of five attempts was used for each exercise, 

with at least three minutes of rest between attempts, 

and alternating upper and lower body exercises. 

Session 6. In the intervention session, subjects 

in groups G1 and G2 performed a five-minute warm-up 

on a stationary bicycle. Next, they carried out the 

training protocol. Immediately after finishing exercise, 

the cognitive tests of the posttest were applied. The 

control group had to remain sitting on a chair for 30 

min and then perform the cognitive tests. All groups 

were asked not to exercise that day before attending 

the session. 

 Session 7. All participants underwent a bone 

mineral density test by means of dual energy X-

rayabsorptiometry (DEXA) and their anthropometric 

information was collected. 

Experimental protocol. The intervention 

consisted of a RT program with biomechanical 

equipment. Cybex machines (Cybex International, 

Medway, MA, USA) were used to perform the following 

exercises: a) knee extension, b) chest press, c) knee 

flexion, d) seated row, e) leg press, and f) biceps curl. 

Participants in G1 performed three sets of eight 

repetitions at 70% of 1RM, while participants in G2 

completed four sets of 14 repetitions at 30% of 1RM. 

Each set consisted of two exercises; one lower body 

combined with one upper body movement. At the end 

of each series, there was a two-minute break. Verbal 

cues were used to guide the speed of execution. 

Participants in the control group remained seated for 

30 minutes. 

 

2.4 Statistical Analysis 

Given that educational level is known to 

influence performance on the cognitive tests used in 

this study [21-23], the analysis was performed 

adjusting according to participants’ years of formal 

education. Thus, a two-way (3x2) analysis of 

covariance (ANCOVA) was performed using education 

as a covariate. All analyses were performed with the 

Statistical Package for the Social Sciences, version 24 

(IBM Corporation, Armonk, New York, USA). 

Descriptive statistics are presented as mean and 

standard deviation (M ± SD). 

 

3. Results and Discussion 

 Table 1 shows the participants’ characteristics. 

All participants were physically active. Nine participants 

exercised for one hour a week, 11 exercised two hours 

a week, 10 exercised three hours a week, seven 

exercised four hours a week, and eight exercised five 

hours a week. 36 of the 45 older adults were found to 

have chronic non-transmittable diseases such as 

diabetes, high blood pressure, and dyslipidemia. Six 

had osteoporosis or osteopenia and were undergoing 

treatment for this condition. All participants had 

medical permission to perform RT, and there were no 

injuries or adverse events as a result of their 

participation in the study. One G2 participant did not 

attend the intervention session for reasons unrelated 

to the study. 
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Table 1. Descriptive characteristics of the sample (n = 45) 

Variable G1 (n = 15) G2 (n = 15) G3 (n = 15) 

Age (years) 65.1 ± 3.9 65.6 ± 4.3 65.5 ± 3.4 

Education* (yr.) 12.7 ± 3.8 12.9 ± 4.8 13.2 ± 3.4 

MMSE (score) 29 ± 1.2 28.9 ± 1.5 28.3 ± 1.8 

*Years of formal education; G1 = High intensity RT; G2 = Low intensity RT; G3 = Inactive control group 

 

Table 2. ANCOVA results for cognitive measures 

Test 

Source of Variance 

A: 

Groups 

B: 

Measurement 

A x B: 

Group x measurement 

Stroop Color Naming .350 .112 .009* 

Stroop Word Reading .412 .846 .307 

Stroop Interference .584 .878 .318 

Stroop Interference – Color Naming .278 .361 .321 

TMT-A time .503 .148 .153 

TMT-A errors .908 .249 .756 

TMT-B time .454 .057 .841 

TMT-B errors .107 .539 .865 

Digit Span Forward .102 .698 .866 

Digit Span Backward .297 .584 .178 

Forward - Backward .274 .534 .503 

P values for each dependent variable. 

 

 Significant improvements were found on 

visuospatial processing in G1 (Pre = 61.6 ± 2.1 vs. 

Post = 69.7 ± 2.4 pts.; 95%CI = 4.8, 11.4; p ≤ 0.001) 

and G2 (Pre = 62.4 ± 2.2 vs. Post = 67.0 ± 2.5 pts.; 

95%CI = 1.2, 8.1; p = 0.009, Table 2). Processing 

speed, executive function, cognitive control, working 

memory and immediate memory were unchanged by 

acute exercise or rest. 

 

4. Discussion 

 The purpose of this study was to determine if 

a RT session influenced cognitive performance of 

healthy older adults. Visuospatial processing was 

improved in both exercise groups, while no changes 

were found on executive functioning, cognitive control, 

working memory or immediate memory. These results 

are consistent with previous reports. For example, a 

study by Pontifex et al. [24] compared the acute effect 

of RT and aerobic exercise on the working memory of 

young adults. While aerobic exercise improved reaction 

time and working memory, RT did not produce such 

effects. Dunsky et al. [2] studied the acute effect of 

aerobic and resistance training on cognitive functions 

and only found a significant improvement due to 

aerobic training. 

 It is noteworthy that other studies have 

reported improvements on executive functioning and 

cognitive control following an acute bout of RT [5, 10, 

11]. Regarding the chronic effect of RT, cognitive 



 Vol 11 Iss 2 Year 2022   R. Hernández-Gamboa & J. Moncada-Jiménez / 2022       DOI:10.34256/ijpefs2222 

 Int. J. Phys. Educ. Fit. Sports, 11(2) (2022), 13-19 | 17 

control has also been particularly susceptible to change 

[12]. However, in the present study, cognitive control 

performance was not altered. Visuospatial processing 

was evaluated with the Stroop Test, specifically the 

color naming task. Scores on this test have been 

reported to improve immediately after a session of RT 

[10, 14]. Performance in the color naming condition 

has also shown to improve linearly with increasing 

exercise intensity of an acute RT protocol [25]. In this 

sample, while Stroop Color Naming scores improved 

after RT, there were no differences between 

intensities.  

 The WHO recommends that older people 

engage in RT at least twice a week, in combination 

with aerobic and flexibility training. This form of 

training is known to prevent deterioration in the ability 

to perform daily tasks and decrease the risk of falling 

[26]. A meta-analytic study found that resistance 

training is effective at increasing muscle strength in the 

older adult population [27]. Based on their study, these 

authors also propose that this type of exercise can 

prevent disability during ageing. Likewise, evidence has 

been found that RT significantly increases the well-

being of older adults [26].  

 In this project, it was possible to recruit and 

maintain a group of 45 older people interested in doing 

an exercise modality less common for this age group. 

There was an exceptionally high adherence, with only 

one participant not participating in the last session for 

reasons unrelated to the study. Furthermore, unlike 

that reported by other authors, it was possible to 

successfully perform the maximum 1RM tests with 

older adults. Dunsky et al. [2], used a different 

strategy, allowing the participants to choose a weight 

with which they felt comfortable to execute between 

five and 15 repetitions of each exercise, and from this 

they estimated the value of 1RM. The researchers used 

this procedure because they considered it dangerous to 

perform a maximal test in this population. In the 

present study, the maximum tests were carried out 

without any injuries, pain or discomfort. However, it is 

important to note that, although the participants did 

not have recent experience in resistance exercise, they 

were physically active. For this reason, it is 

recommended that, when working with older adults, 

training plans and physical tests are chosen with 

caution and according to the physical capacity of the 

participants. 

 It should also be noted that there was low 

male participation in the study, with only eight men. 

Due to this, the random allocation of participants 

resulted in a group without men and statistical analysis 

by gender was not possible. 

 

5. Conclusion 

 In conclusion, the acute high intensity and low 

intensity resistance training protocols used in the 

present study improved visuospatial processing and did 

not generate positive or negative changes on other 

cognitive variables of healthy older people. However, 

other authors have found contrasting evidence. Given 

that there is still no consistent evidence on the acute 

effect of resistance exercise on cognitive function in 

older adults, more experimental and meta-analytical 

studies are needed on this topic. In addition, it is 

important that these investigations clearly report the 

training protocols executed, indicating the exercises, 

number of sets and repetitions, rest time and intensity, 

so that different protocols can be tested and eventually 

an effective protocol can be found to improve cognitive 

performance. 
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