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ABSTRACT 
 
Smolarek AC, Ferreira LHB, Schoenfeld B, Cordeiro GR, Alessi 
A, Laat EF, Mascarenhas LPG, Perin SC, Zandona BA, Souza 
WC, Souza-Junior TP. Cognitive Performance Changes after a 12- 
Week Strength Training Program in Overweight Older Women. 
JEPonline 2019;22(5):1-9. The purpose of this study was to evaluate 
the effects of strength training on cognitive performance in 
overweight older women. Twenty-one overweight older women were 
divided into a Control Group (n=5) and an Intervention Group (n=16) 
participated in 12 wks of regimented strength training. The subjects’ 
Upper Body Functional Capacity (UBFC), Lower Body Functional 
Capacity (LBFC), and cognitive performance measures were 
obtained pre- and post-study. To verify the differences between the 
groups, a 2-way ANOVA with Tukey’s post hoc were used. The 
findings indicated that the strength training resulted in significant 
differences (P≤0.05) in the cognitive performance. This study 
indicates that 12 wks of strength training had a positive influence on 
strength of the upper and lower limbs and increased the cognitive 
abilities in overweight elderly women. 
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INTRODUCTION 
 
The number of people aged 60 yrs old or older is increasing worldwide (20), including the 
adults who are living in Brazil (1). Healthy aging is becoming a challenge for the population, 
and the morphological changes that accompany age progression are of particular relevance 
in this regard. In particular, aging is associated with a physiopathological condition called 
sarcopenia, which is a complex syndrome linked to declines in muscular mass and functional 
capacity (23). Sarcopenia leads to increased body fat, altered muscle architecture, and the 
ability to generate and maintain strength, which in turn affects stability and balance. These 
maladies expose afflicted individuals to falls and the associated consequences (7).  

 
Additionally, aging is associated with a reduction in cognitive capacity that can result in 
irreversible effects detrimental to quality of life (4,17,30). Overweight and obese elders are at 
an increased risk of incurring a decrease in the activity of daily living (10). Toleo and Galvin, 
(28) found that elderly sarcopenic women were particularly susceptible to declines in 
cognitive performance. These findings emphasize the importance for developing strategies to 
prevent such changes that may affect the quality of life, autonomy, and independence of 
elderly women (18,27). 
 
Strength training (ST), given its ability to promote positive morphological and physiological 
adaptations, has been advocated as a potential strategy to combat age-related functional 
decline. However, research is lacking as to the efficacy of ST in overweight elderly women. 
Therefore, the purpose of this study was to investigate the effects of 12 wks of ST on 
anthropometric indicators, upper and lower limb strength, and cognitive performance in 
overweight elderly women. 
 
METHODS  
 
Subjects 
Twenty-one females participated until full completion of the study. The inclusion criteria for 
the Intervention Group (IG) were: (a) >60 yrs of age; (b) BMI ≥25.00 kg∙m-²; (c) availability to 
participate in the training sessions; and (d) no diagnosis of Alzheimer’s disease or any other 
condition that would compromise the quality and homogeneity of the data. Also, it was 
important that none of the subjects had previously participated in a specifically strength-
oriented exercise program. The subjects were advised to maintain normal eating habits 
during the 12 wks of training to avoid nutritional alterations that could interfere with the 
results. At the end of the screening, 16 subjects qualified for study admission.  
 
The inclusion criteria for the Control Group (CG) were the same as the IG, except for BMI, 
which could not be >25.00 kg∙m-². This resulted in an n of 5 participants. Consequently, the 
overweight female group had n=8 participants and the obese female group also had n=8 
participants. The study was approved by the ethics committee of the University of Contestado 
with the protocol number 03763312.7.0000.0117 that was consistent with principles outlined 
in the Declaration of Helsinki (2000). 
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Procedures 
To determine anthropometric measurements, the following protocols were adopted. For body 
mass (BM), we used a scale (Welmy™). For height, a stadiometer (Sanny™) attached to a 
wall; and for limb measurement, a measuring tape (Cardiomed™).  The BMI was calculated 
by the quotient of body mass∙height-², expressed in kg∙m-². Abdominal circumference was 
measured with a 200-cm scaled inelastic measuring tape with a 0.01-mm resolution.  
Measurements were taken on the mid-point between the iliac crest and the costal margin with 
the subject standing and with the arms stretched beside the body during the expired stage of 
breathing. Abdominal circumference was measured with the same measuring tape at the spot 
of maximum extension of the abdominal region. All evaluations of functional capacity were 
made by the same evaluator in one day between 8:00 and 9:00 a.m. for the pre-test and the 
post-test. All tests were conducted at the College’s physiology laboratory (24). 
 
Evaluation of upper body functional capacity (UBFC) was determined by the push up test with 
the knees touching the floor both getting up and sitting down and both within  30 sec, in which 
the number of proper repetitions was registered (24). Lower body functional capacity (LBFC) 
was determined by the sit-to-stand test in which the subject begins seated in the middle of 
the chair with the back straight, the feet separated shoulder-distance apart, and the arms 
crossed over the chest. The results reflect the number of times the subject was able to get up 
and sit down in the chair in 30 sec without using her arms for support (3,24). 
 
Cognitive function was measured using a validated method for cognitive impairment detection 
in elderly adults. The Montreal Cognitive Assessment (MoCa) is a performance-based 
evaluation of visual-spatial skills, executive function, attention, language, memory retrieval, 
and guidance (21). The total score (interval, 0 to 30 points) was calculated as the sum of the 
individual scores. Lower scores represent a lower cognitive performance. In group samples, 
the cut score of <26 points has been shown to indicate an impaired cognitive function. To 
account for education differences, an extra point was added to the subjects with ≤12 yrs of 
education (21).  
 
The Intervention Group performed 12 wks of total-body strength training with machines and 
free weights. A circuit of 10 exercises was used: (a) 5 exercises for the lower body (adductor, 
abductor, leg extension machine, leg curl machine, and horizontal leg press); and (b) 5 
exercises for the upper body (lat pulldowns, peck-deck, triceps pushdown, alternate bicep 
curl, and dumbbell lateral raise). To estimate intensity of load, the subjects underwent 10 
repetition maximum (10RM) testing, from which the one repetition maximum (1RM) was 
estimated. After calculating 1RM, we established that the strength training intensity would be 
60 to 70% of 1RM and for the interval recovery 2 min was used between the exercises (24). 
 
Statistical Analyses 
 
The statistical analysis consisted of mean and standard deviation. A Shapiro Wilks normality 
test was used to verify the sample homogeneity. Then, a two-way ANOVA with Tukey’s post 
hoc were used with statistical significance set at an alpha level of P≤0.05. 
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RESULTS 
 
Descriptive and comparative results after the 12-wk period of strength training are presented 
in Table 1. The results indicate that there were no statistically significant changes in the 
subjects’ anthropometric variables after 12-wk. 
 
 
Table 1.  Descriptive Values of the Anthropometric Characteristics on Overweight 
Elderly Women. 
    

Variables  
Control 
Group 
(n=5) 

 

 
Intervention 

Group 
(n=16) 

 
 

F test 
(P) 

 
Pre 

Mean 
(±SD) 

 
Post 
Mean 
(±SD) 

 
Pre 

Mean 
(±SD) 

 
Post 
Mean 
(±SD) 

 
 

Height (cm) 

 
   1.55  
± 3.05 

 
  1.55  
± 3.05 

 
   1.54  
± 4.07 

 
   1.54  
± 4.07 

 
0.00  
0.99 

BM (kg)  72.40  
± 4.66 

 73.60  
± 5.05 

 73.38  
± 4.46 

 73.18  
± 4.24 

0.49  
0.65 

BMI (kg∙m-2)  31.63  
± 0.79 

 31.70  
± 0.91 

 30.47  
± 3.12 

 29.36  
± 3.39 

0.59  
0.56 

WHR (cm)  64.04  
± 3.48 

 64.92  
± 3.33 

 64.05  
± 4.47 

 63.28  
± 4.33 

1.48  
0.16 

AC (cm)  99.10  
± 7.68 

 99.90  
± 8.36 

 99.22  
± 8.25 

 98.02  
± 8.29 

1.45  
0.15 

(* = P<0.05); †non-normality; BM = Body mass; BMI = Body Mass Index; WHR = Waist to 
Height ratio; AC = Abdominal Circumference 

 
Table 2 presents the data of both groups in two separate points, which are the 12-wk strength 
training pre- and post-intervention. After analyzing Table 2, we observed that the strength 
training effects increased by 58.81% for LLS and by 54.98% in ULS. Cognitive performance 
improved by 21.72%. No statistically significant changes were seen in the anthropometric 
variables measured in the study with P>0.05. 
 



  
 

5

 
Table 2.  Differences in the Anthropometric Variables, Strength Capacity, and 
Cognitive Performance in Overweight Elderly Women. 
 
Variables 

 
Control 
Group 
(n=5) 

 
Intervention 

Group 
(n=16) 

 

 
 

F test 
(P) 

 
Pre 

Mean 
(±SD) 

 
Post 
Mean 
(±SD) 

 
Pre 

Mean 
(±SD) 

 
Post 
Mean 
(±SD) 

 
UBFC (rep)  11.60  

± 3.36 
 10.80  
± 2.77 

 13.33  
± 3.20 

     20.66d 

 ± 4.9 
 4.51 

  0.01* 

LBFC (rep)  16.80  
± 2.94 

 17.00  
± 3.24 

 15.88  
± 2.71 

   25.22d  
± 3.63 

 8.25 
  0.01* 

MoCA (points)  15.20  
± 4.43 

 15.40  
± 4.50 

 15.33 
± 4.52 

 18.66 
± 5.95 

 3.08 
  0.01* 

(* = P<0.05); a = significant difference of CG-pre to IG-S-pre; b = significant difference of CG-
post to IG-S-pre; c = significant difference of CG-pre to IG-S-post; d = significant difference of 
CG-post to IG-S-post; (rep) = repetition; MoCA = Montreal Cognitive Assessment; UBFC = 
Upper Body Functional Capacity; LBFC = Lower Body Functional Capacity 
 

DISCUSSION 
 
Beneficial effects of ST are evident in elderly women (10), as demonstrated by the increases 
in strength and cognitive performance in overweight subjects. However, no significant 
changes were seen in the anthropometric indicators, which contradicted the meta-analytic 
findings of Kuhle et al. (18) who reported improvements in BMI and abdominal circumference 
(AC) in overweight elderly individuals following participation in regimented resistance and/or 
aerobic exercise programs. Given that we did not measure body composition, it can be 
speculated that our non-significant results for body mass and BMI may be due to the 
decrease in the subjects’ fat mass and an increase lean mass that resulted in no observed 
change in the studied variables (13,14). Our findings are consistent with those of Nicklas et 
al. (22) in which the Intervention Group also performed a strength training program, but did 
not show a significant body mass change and, consequently, BMI remained the same.  
 
Our results showed a marked improvement in muscular strength for the ST condition, with 
observed increases of >50% in functional strength-related outcomes. These results are 
consistent with those of Senechal et al. (25), who found greater improvements in functional 
performance with ST versus control after 12 wks in a cohort of obese elderly women, These 
findings add strong support to the emerging body of evidence showing that regimented ST 
markedly enhances physical capacity across a wide range of populations. 
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Cognitive performance in elderly women is indirectly linked to a lower body fat percentage 
(9). Lojko et al. (19) found that higher BMI values – and thus higher body fat percentages in 
this population – are inversely correlated with cognitive performance. Alternatively, Smith et 
al. (26) found a positive BMI relation between percentage body fat and cognitive performance 
in elders. Consequently, the link between the aging effects on the architecture and brain 
performance is still related to the BMI, indicating a cognitive impairment tendency in subjects 
in which this indicator’s values are high (5). It may explain the very low cognitive performance 
rates in this sample. When elderly women change their life habits and become physically 
active, we expect better executive function results because the movements required by the 
exercises tend to stimulate areas that are little used. However, we also know that the results 
are clearer with adherence to a strength training program (2).  
 
Chang et al. (6) also verified an improvement in the elders’ muscle strength. Significant 
differences were noticed in their cognitive performance and executive functions after only 6 
wks of strength training. However, these results are different from other studies regarding the 
cognitive evaluation methodology that was used, which was not the same. Tsai et al. (29) 
noticed a significant link between strength training and cognitive performance after 6 months 
of intervention. They reported a significant increase in the IGF-I hormone, which is linked 
both to a strength increase and to neural tissue biogenesis due to a liberation increase of the 
brain-derived neurotrophic factor (BDNF) (28). The literature points to a brain-muscle relation 
induced by physical exercises, especially in strength training intervention studies (11), which 
promotes neurogenesis and inhibits neural apoptosis. These changes are also characterized 
by a reduction of interleukin 6, which is linked to the effects of oxygen-reactive species (16).  
 
Limitations in this Study 
 
It should be noted that the present study has several limitations. For one, we did not control 
caloric intake, which is directly linked to weight control. Moreover, we did not collect blood 
markers that could have helped to provide mechanistic insights into the results. These 
limitations should be addressed in future studies to further understand the role of resistance 
exercise in anthropometric measures as well as physical and cognitive performance in the 
overweight older women. 
 
CONCLUSIONS 
 
Our results indicate that a 12-wk strength training program contributed to an increase in 
upper and lower limb strength and improved cognitive performance in overweight elderly 
women. 
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