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ABSTRACT 
International Journal of Exercise Science 14(7): 707-726, 2021. Considering the negative impact of 
obesity on neuromuscular and immune systems, we sought to compare the effects of a 10-week resistance training 
(RT) program on muscle quality index (MQI), muscle strength, functional capacity, and immunoglobulins in older 
women with and without obesity. Thirty-nine older women participated in the present study (age: 69.02 ± 6.16, fat 
(%): 38.80% ± 6.28) and underwent a linear RT program performed on two non-consecutive days of the week. Body 
composition, functional tests, immunoglobulins, muscle quality of upper and lower limbs and absolute muscular 
strength of the upper and lower limbs were measured. Both groups displayed an increased statistically significant 
difference in MQI between pre-post training, however obese participants showed a lower field and laboratory MQI 
when compared to non-obese participants at the same time-points. Obese participants displayed an increased 
statistically significant 30-second chair stand test, with no differences for non-obese participants. Obese participants 
showed a higher statistically significant difference for immunoglobulin M when compared to the non-obese group 
at post-training. Finally, both groups displayed an increased statistically significant difference in muscle strength 
between pre-post-training. However, obese participants showed a statistically significant lower 10-RM low row 
score when compared to non-obese participants at post-training. Obese older women showed a lower field and 
laboratory MQI when compared to non-obese post-training, besides a lower 10-RM low row score which reinforces 
that obesity blunts the beneficial effects of RT on muscle quality and strength. 
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INTRODUCTION 
 
In the next decade the number of people 60 years of age or older will increase 46% worldwide, 
and it is estimated that by the year 2030 there will be 1.4 billon elderly in the world, surpassing 
the number of young people. This scenario is due to a combination of factors, such as decreased 
fertility rates, mortality, increased in life expectancy, and improved health services (50). 
Although the aging process itself results in decreased functional capacity, obesity associated 
with insufficient physical activity levels significantly elevates the degree of impairment of the 
physiological systems in elderly participants. Therefore, aging and obesity together result in 
decreased capacity to perform activities of daily living, physical disability, cognitive 
impairment, balance and gait disturbances (9, 10, 15). 
 
Recently, Silva et al. (12) demonstrated that older sarcopenic obesity participants demonstrated 
attenuated 16 week resistance training (RT) adaptations with respect to muscle strength and 
functional capacity. In addition, Villareal et al. (52) demonstrated that obese older participants 
displayed a lower muscle quality index and physical function when compared with non-obese 
older participants. The possible explanation is that older obese participants, present a greater 
proportion of intermuscular adipose tissue to contractile elements, demonstrating that fat is a 
determinant of muscle function and quality in later life (32).  
 
Acknowledging this, muscle quality index (MQI) or muscle strength per unit of muscle mass, 
has been recognized as an important surrogate for physical function and mortality in older 
individuals (8, 25). This simple measure provides an estimate of the contribution of 
neuromuscular factors affecting muscle strength as well as loss of muscle strength during the 
aging process (21). For a better evaluation of MQI, field (ratio of handgrip strength to body mass 
index [BMI]) and laboratory-based (ratio of handgrip strength to the entire arm muscle in 
kilograms measured by DXA) estimates were previously compared and demonstrated a strong 
relationship, inferring that field-based MQI may be implemented as an initial assessment tool 
for older adults, due to the ease of assessment, cost and relevance (35).  
 
Furthermore, considering that age and adipose tissue potentially have a negative impact on MQI 
(35) and considering that MQI may be a better indicator for physical performance in older adults 
than muscle strength (8, 36), additional research is necessary to better characterize the impact of 
chronic RT on both field and laboratory-based estimates between obese and non-obese older 
adults (47).  
 
Among the possible behavioral changes to be implemented during aging, resistance training 
(RT) is a popular and efficient form of exercise recommended by health organizations, such as 
the American College of Sports Medicine (1, 28), and the National Strength and Conditioning 
Association (19). Resistance training is considered an important non-pharmacologic tool capable 
of inducing significant positive effects on MQI, muscle strength and mass, functional capacity 
and inflammation in older people (1, 38), which contributes to better health and well-being.  
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On the other hand,  excess adipose tissue is responsible for generating chronic low grade 
inflammation (48), while adipose tissue cells, especially viscerally located, are considered to be 
an immune organ (45).  
 
Regarding the immune system, humoral immunity is an essential mechanism of defense, acting 
as the primary barriers against antigens. Furthermore, obesity may also act in specific immune 
responses generated by humoral immunity (44). This immune activity is organized by molecules 
from blood and mucous secretion known as immunoglobulins (Igs) (14). The Igs are a class of 
glycoprotein molecules (antibodies) produced by B lymphocytes (plasmocytes) in the event of 
an immune response to an antigen. It has been reported that serum immunoglobulins play a 
crucial role in the first line of defense against harmful environmental factors, which can be 
relevant to producing enhanced immune responses in obese elderly individuals. 
 
The different classes of Igs are IgA, IgD, IgE, IgG and IgM, while IgA is designed to defend the 
exterior of the intestinal mucosa against microscopic pathogens, and blocks parasitic bacteria in 
the intestinal lumen (30). IgG is highly present in blood and exerts immune functions in the 
complement system (4). Lin et al. (29) suggest that lower serum IgG levels may be found in 
individuals with components of metabolic syndrome. IgM is an antibody activated by a 
previous contact with antigens (17). Marzullo et al. (31) reported that IgM levels are significantly 
decreased in patients with obesity in association to significant increments in leukocyte counts. 
However, previous data have shown that adaptive immune system in athletes and healthy 
individuals can be altered by exercise programs through up-regulating serum 
immunoglobulins, which play an important role in strengthening humoral immunity (23). The 
link between different Igs with RT in obese and non-obese older adults has been neglected. This 
information would be valuable to elucidate potential mechanisms induced by exercise training 
that could attenuate harmful alterations inherent to the immune system. 
 
Considering the negative impact of the aging process and obesity on both the neuromuscular 
and immune systems, the overall aim was to compare the effects of 10-weeks of RT on muscle 
quality, functional capacity, muscle strength and immunoglobulins between older women with 
and without obesity. The initial hypothesis is that obesity blunts the beneficial effects of RT on 
muscle quality, muscle strength, functional capacity, and immunoglobulins. 
 
METHODS 
 
Participants 
A total of 157 elderly women were assessed for eligibility; 104 were excluded (did not meet 
inclusion criteria), 14 dropped out before completion the study and thus 39 elderly women 
completed the RT program. The sample consisted of older women (≥ 60 years) who were 
recruited on a voluntary basis from the Catholic University of Brasilia following advertisements 
and lectures. Sedentary and physically active women with controlled essential hypertension 
were included. Participants that declared to have any immune and/or inflammatory disease 
were excluded. The Institutional Research Ethics Committee of the Catholic University of 
Brasilia approved all procedures and measurements (protocol number: 
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45648115.8.0000.5650/2016). The study design and employed procedures were in accordance 
with the ethical standards of the Declaration of Helsinki (41). Each participant was fully 
informed about the risks and benefits associated with participation and provided signed 
consent. Each participant was interviewed and responded to a health history questionnaire (43). 
Participants then completed an exercise electrocardiogram, resting blood pressure 
measurements, body composition assessment by dual-energy x-ray absorptiometry (DXA), and 
orthopedic evaluation by a physiotherapist. Obesity was considered as a body fat percentage ≥ 
38%(6) accordance with specifications proposed in the literature and none of the participants in 
this study were sarcopenic according to Cruz-Jentoft et al 2019 (11). During the study, 
participants maintained the prescribed use of their medications (20) and were encouraged to 
maintain their usual diet, and to avoid unusual physical activity during the 10-week RT 
program. 
 
Protocol 
Ten Repetitions Maximum Tests: First, participants completed a 2-week familiarization prior to the RT 
10-repetition maximum test (10 RM). During the familiarization period, older adults completed 
2 sessions per week, performing 2 sets of 15 submaximal repetitions with a 1-minute rest interval 
between sets and exercises (15). 
 
The week after familiarization, upper and lower body strength was evaluated by ten-repetition 
maximum (10-RM) strength testing. Participants were tested for 10-RM at the same time of day 
for the following exercises in this order: machine leg press, machine chest press, machine leg 
extension, machine low row, and machine leg curl (Righetto Fitness Equipment®, Sao Paulo, 
Brazil). In brief, participants warmed-up on each exercise with 5-10 submaximal repetitions. All 
procedures were in accordance with a previously published study (3). 
 
Two experienced RT professionals supervised the tests. Furthermore, participants were 
evaluated by an experienced physiotherapist before the 10-RM testing and study participation. 
Previous studies from our research group demonstrated a high test and retest reliability for this 
type of test r > 0.97 (16, 37). 
 
Resistance training program: There were two groups of training and because of this, the RT 
sessions were scheduled between the hours of 8:00 AM and 10:00 AM (morning class, N = 21), 
and 1:00 PM and 3:00 PM (afternoon class, N = 18). There was no randomization of groups for 
period of training. 
 
The program lasted 10-weeks, with two weekly sessions, and an interval of at least 24 hours 
between sessions. The periodization scheme was in accordance and adapted with our previous 
research described in detail elsewhere (34, 38). 
 
Briefly, older women were instructed to lift and lower loads at a constant velocity, taking ~2 sec 
for the concentric and 2 sec for the eccentric phase. In the first 3 weeks, three sets of 12–14 
repetition maximum (RM) with a 60-sec rest interval were performed; from weeks 4–6, three 
sets of 10–12 RM with a 80-sec rest interval were performed; from weeks 7–8, three sets of 8–10 



Int J Exerc Sci 14(7): 707-726, 2021 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
711 

RM with a 100-sec rest interval were performed; and from weeks 9–10, three sets of 6–8 RM with 
a 120-sec rest interval were performed. When subjects performed more than three repetitions in 
the third set beyond the RM zone prescribed the loads were adjusted. During sessions, 
participants commonly reported tiredness and difficulty to complete the proposed repetition 
range on the third set. In all weeks, repetitions were performed close to concentric failure at the 
intensities indicated. The loads were monitored in each session. The list and order of the used 
exercises were as follows: 1) machine leg press; 2) machine chest press; 3) machine leg extension; 
4) machine low row; and 5) machine leg curl. Training volume for each exercise was calculated 
as the product of number of repetitions by the load lifted. All sessions were supervised by 
experienced RT professionals with a high supervision ratio of 1:1 to favor greater strength gains 
and for safety.  
 
Handgrip strength: Handgrip strength (HGS) was evaluated using a validated handgrip 
Hydraulic dynamometer (Saehan Corp®, SH5001, S. Korea) (40). Three measures on the right 
and left hand were obtained and the highest value was recorded. Verbal encouragement was 
used for all participants with 1-minute rest intervals between measurements. Measurements for 
handgrip strength were scheduled between the hours of 8:00 AM and 10:00 AM and 1:00 PM 
and 3:00 PM after familiarization period for pre-training and 2 days after the last training session 
(post-training). 
 
Functional tests: The functional tests performed were the 6-minute walk test, 30-second chair-
stand, and the timed-up-and-go test(26). Measurements for functional tests were scheduled 
between the hours of 8:00 AM and 10:00 AM and 1:00 PM and 3:00 PM after familiarization 
period for pre-training and 2 days after the last training session (post-training). 
 
Muscle quality index: To calculate upper body MQI, the highest reading from each hand was 
divided by the participant’s BMI (46) (field-based approach) and by lean mass (measured in kg) 
from both arms evaluated by DXA (laboratory-based approach) (22, 35). To calculate the lower 
body MQI, the 10 RM obtained from the leg extension exercise was divided by the participant’s 
lean mass from both legs (measured in kg) evaluated by DXA (22). In addition, previous research 
supported strength corrected for BMI over absolute strength measures (39, 46, 49), as a field-
based approach with handgrip normalized by BMI can predict performance on objective 
measures of physical function similar to a laboratory based-approach (46).  
 
Body composition analysis and anthropometric measurements: Body composition analysis was 
evaluated using DXA (General Electric-GE model 8548 BX1L, year 2005, Lunar DPX type, 
software Encore 2005; Rommelsdorf, Germany). Briefly, the apparatus was operated by a 
technically trained professional who performed a complete body scan with the participant in 
the supine position. DXA calibration was performed, and a phantom was used to check this 
calibration daily before body composition was evaluated. Legs were secured using non-elastic 
straps at the knee and ankles, and the arms were aligned along the trunk with the palms facing 
the thighs. Body mass (kg) was measured using a scale (W200 LCD Portable Welmy), and a 
conventional stadiometer was used to measure height (m). Body mass index was calculated by 
the traditional equation (body mass/height2). Measurements for body composition analysis and 
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anthropometric measurements were scheduled between the hours of 8:00 AM and 10:00 AM 
and 1:00 PM and 3:00 PM after familiarization period for pre-training and 2 days after the last 
training session (post-training). 
 
Immunoglobulin quantification: To measure Igs, blood samples were drawn from the 
antecubital vein 48h after the end of experimental period. A 4 mL blood sample was collected, 
centrifuged at 2,500 rpm for 15 minutes for serum, and posteriorly stored at −70°C at the 
laboratory. The quantification of immunoglobulins was measured by the equipment BN™ II 
System with the method of nephelometric analyzer using the BN Prospec Nephelometer 
Analyzer and commercially available kits from Dade Behring, Marburg, Germany. Analysis of 
immunoglobulins was provided by an experienced laboratory (Sabin Institute).  The CV of intra‐ 
and inter‐assays were < 5%. For sample collection, a voucher was distributed for participants, 
and were requested for participants to attend Sabin Institute between the hours of 8:00 AM and 
10:00 AM 2 days after the last training session (post-training). 
 
Statistical Analysis 
Descriptive statistics were expressed as means and standard deviation (SD). Normality was 
assessed by Shapiro-Wilk’s and a Two-way ANCOVA was conducted to examine the effects of 
group (obese and non-obese) on MQI, functional capacity, muscle strength and immunoglobulin 
concentration after controlling for baseline percent body fat values (51). Baseline percent body 
fat was included as a covariate because it negatively impacts MQI, absolute muscle strength, 
relative muscle strength and immunoglobulin levels (24, 49). In addition, a Two-way ANOVA 
without controlling for baseline percent body fat values as covariate was also conducted because 
adaptations in obese elderly women are attenuated and compromises improvements in strength 
gains and functional capacity (12). Thus, using percent body fat as covariate would probably 
hinder important chronic differences between obese and non-obese participants. Furthermore, 
an analysis of simple main effects and main effects for group and pre-post training were 
performed. For the nonparametric variables (disease), a χ2 for proportions with Fisher’s exact 
test (expected cell frequencies less than five) was applied. An alpha level of α ≤ .05 was 
considered significant and all calculations were performed using SPSS (version 19.0). 
Furthermore, to illustrate significant findings displayed on Tables 2, 3, 4, 5 and 6 (body 
composition data), figures and results can be found in the Supplemental Appendix Material. 
 
RESULTS 
 
Baseline characteristics 
General characteristics and medications between obese and non-obese older adult’s women are 
presented in Table 1. Considering the baseline characteristics, obese participants displayed a 
significantly higher body weight and BMI than non-obese participants, but no differences were 
verified for other characteristics. Table 1. 
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Table 1. Participants’ baseline characteristicsa.  
 Obese (N = 25) Non-Obese (N = 14) P 
Age, years 67.76 (5.50) 71.28 (6.82) 0.087 
Body weight, kg 72.00 (10.32)† 58.80 (8.55) 0.001 
Height, m 1.55 (0.05) 1.54 (0.06) 0.567 
BMI, kg/m² 29.55 (3.38)† 24.56 (3.41) 0.001 
Disease Yes No Yes No X² 
Diabetes mellitus type 2 2 (8) 23 (92) 3 (21.4) 11 (78.6) 0.221 
Hypertension 19 (76) 6 (24) 8 (57.1) 6 (42.9) 0.229 

Note: aValues are expressed as means ± DP and frequency and percentage values. X² = qui-square. BMI = body 
mass index; †Significantly different between groups (p < 0.05). 
 
Field muscle quality index controlling for percent body fat as a covariate 
There was no statistically significant interaction between group and pre-post training on field 
MQI handgrip [F(1, 73) = .000, p = .99], whilst controlling for baseline percent body fat. (Please 
see the Post-training Madj columnc in Table 2). 
 
After a main effect analysis, obese participants showed a lower statistically significant difference 
in field MQI handgrip of -0.46 (95% CI, -0.73 to -0.20, p = 0.001) and a lower field MQI handgrip 
of -0.44 (95% CI, -0.71 to -0.18, p = 0.001) at post-training when compared with non-obese 
participants. (Please see the Post-training Madj columnc in Table 2). 
 
There was no statistically significant interaction between group and pre-post training on field 
MQI leg press [F(1, 72) = .001, p = .97], field MQI chest press [F(1, 72) = 0.02, p = .87], field MQI 
10-RM leg extension [F(1, 72) = .07, p = .78], field MQI low row [F(1, 72) = .34, p = .55] and field 
MQI leg curl [F(1, 72) = .02, p = .87], whilst controlling for baseline percent body fat. (Please see 
the Post-training Madj columnc in Table 2). 
 
However, a main effect for pre-post training was observed and obese participants displayed a 
higher statistically significant difference at post-training for field MQI leg press of .43 (95% CI, 
.30 to .56, p = .001), field MQI press of .35 (95% CI, .27 to .44, p = .001), field MQI leg extension 
of .43 (95% CI, .24 to .61, p = .001), field MQI low row of .26 (95% CI, .17 to .35, p = .001), and 
field MQI leg curl of .30 (95% CI, .16 to .43, p = .001) when compared to pre-training. (Please see 
the Post-training Madj columnc in Table 2). 
 
In addition, a main effect for pre-post training was observed for non-obese participants. Non-
obese participants displayed a higher statistically significant difference at post-training for field 
MQI leg press of .43 (95% CI, .26 to .61), p = .001), field MQI chest press of .36 (95% CI, .25 to .48, 
p = .001), field MQI leg extension of .47 (95% CI, .22 to .71, p = .001), field MQI low row of .30 
(95% CI, .19 to .42, p = .001), and field MQI leg curl of .31 (95% CI, .13 to .50, p = .001) when 
compared to pre-training. (Please see the Post-training Madj columnc in Table 2). 
 
 
 
Field muscle quality index removing percent body fat as a covariate 
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After removing body fat percent as covariate, no statistically significant interaction between 
group and pre-post training on field MQI handgrip [F(1, 74) = .009, p = .92] was noted. (Table 
2b).  
 
After removing body fat percent as a covariate, there was no a statistically significant interaction 
between group and pre-post training on field MQI leg press [F(1, 73) = .000, p = .99], field MQI 
chest press [F(1, 73) = .01, p = .90], field MQI leg extension [F(1, 73) = .06, p = .80],  field MQI low 
row [F(1, 73) = .27, p = .60], or field MQI leg curl [F(1, 73) = .0.009, p = .92] (Table 2b). 
 
After a main effect analysis, obese participants showed a lower statistically significant difference 
at pre-training for field MQI chest press of -.11 (95% CI, -.21 to -.01, p = .03), lower field MQI low 
row of -.23 (95% CI, -.34 to -.12, p = .001) and lower field MQI leg curl test -.28 (95% CI, -.45 to -
.10, p = .002) when compared to non-obese participants. (Table 2b). 
 
Furthermore, obese participants showed a lower statistically significant difference at post-
training for field MQI chest press of -.12 (95% CI, -.22 to -.01, p = .02), lower field MQI leg 
extension of -.25 (95% CI, -.47 to -.03, p = .02), lower field MQI low row of -.27 (95% CI, -.38 to -
.16, p = .001) and lower field MQI leg curl of -.29 (95% CI, -.46 to -.11, p = .001) when compared 
to non-obese participants. (Table 2b). 
 
Additionally, obese participants displayed a higher statistically significant difference at post-
training for field MQI leg press of .43 (95% CI, .30 to .56), p = .001), field MQI chest press of .35 
(95% CI, .27 to .44, p = .001), field MQI leg extension of .43 (95% CI, .24 to .61, p = .001), field MQI 
low row of .26 (95% CI, .17 to .35, p = .001), and field MQI leg curl of .30 (95% CI, .16 to .43, p = 
.001) when compared to pre-training. (Table 2b). 
 
Non-obese participants displayed a higher statistically significant difference at post-training for 
field MQI leg press of .43 (95% CI, .26 to .60), p = .001), field MQI chest press of .35 (95% CI, .24 
to .48, p = .001), field MQI leg extension of .46 (95% CI, .21 to .71, p = .001), field MQI 10-RM low 
row of .30 (95% CI, .18 to .42, p = .001), and field MQI leg curl of .31 (95% CI, .11 to .50, p = .002) 
when compared to pre-training. (Table 2b). 
 
Laboratory muscle quality index controlling for percent body fat as a covariate 
There was no statistically significant interaction between group and pre-post training on upper 
extremity right handgrip MQI [F(1,72) = .003, p =.85], and lower extremity MQI [F(1,72) = .000 p 
=.99], whilst controlling for baseline percent body fat. However, a statistically significant 
interaction between group and pre-post training on upper extremity left handgrip MQI [F(1,72) 
= 5.55, p =.02] was verified. Therefore, an analysis of main effects for group and pre-post training 
were verified. (Please see the Post-training Madj columnc in Table 2). 
 
After a main effect analysis, obese participants displayed a higher statistically significant 
difference at post-training upper extremity left handgrip MQI of 1.29 (95% CI, .76 to 1.81, p = 
.001) and lower extremity MQI of .79 (95% CI, .36 to 1.21, p = .001) when compared to pre-
training. (Please see the Post-training Madj columnc in Table 2). 
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After a main effect analysis, non-obese participants displayed a higher statistically significant 
difference at post-training upper extremity left handgrip MQI of 2.32 (95% CI, 1.62 to 3.01, p = 
.001) and lower extremity MQI of .78 (95% CI, .22 to 1.35, p = .001) when compared to pre-
training. (Please see the Post-training Madj columnc in Table 2). 
 
Laboratory muscle quality index removing percent body fat as a covariate 
After removing body fat percent as a covariate, there was no statistically significant interaction 
between group and pre-post training on upper extremity right handgrip MQI [F(1,73) = .04, p 
=.82], and lower extremity MQI [F(1,73) = .000, p =.99]. However, a statistically significant 
interaction between group and pre-post training on upper extremity left handgrip MQI [F(1,73) 
= 5.59, p =.02] was verified. (Table 2b). 
 
After a main effect analysis, obese participants displayed a lower statistically significant 
difference at pre-training for left handgrip MQI of -.84 (95% CI, -1.49 to -.19, p = .012) and post-
training of -.74 (95% CI, -1.40 to -.08, p = .027) when compared to non-obese participants. In 
addition, these participants displayed a lower statistically significant difference at post-training 
for right handgrip MQI of -.80 (95% CI, -1.42 to -.19, p = .011) when compared to non-obese 
participants. (Table 2b). 
 
After a main effect analysis, obese participants displayed a higher statistically significant 
difference at post-training for upper extremity left handgrip MQI of 1.29 (95% CI, .76 to 1.81, p 
= .001) and lower extremity MQI of .78 (95% CI, .36 to 1.21, p = .001) when compared to pre-
training. (Table 2b). 
 
After a main effect analysis, non-obese participants displayed a higher statistically significant 
difference at post-training for upper extremity left handgrip MQI of 2.32 (95% CI, 1.62 to 3.01, p 
= .001) and lower extremity MQI of .79 (95% CI, .22 to 1.35, p = .006) when compared to pre-
training. (Table 2b). 
 
Functional tests controlling for percent body fat as a covariate 
There was no statistically significant interaction between group and pre-post training on timed-
up-and-go test [F(1, 73) = .08, p = .76], 30-second chair stand test [F(1, 73) = .28, p = .59], 6-minute 
walking test [F(1, 73) = 1.35, p = .24], whilst controlling for baseline percent body fat. (Table 3c). 
 
After a main effect analysis, obese participants showed a higher statistically significant 
difference of 1.95 (95% CI, 0.48 to 3.42, p = 0.01) at post-training vs. pre-training for 30-second 
chair stand test, but no differences were verified for other variables. (Table 3c).  
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Table 2. Pre- vs. post-training outcome measures for muscle quality index between obese and non-obese older 
adults womena.  

Obese (N = 25) 

 Pre-training 
M (SD) 

Post-training 
M (SD)b 

Pre-
training 

Madj (SE)c 

Post-training 
Madj (SE)c 

Field muscle quality index     
Relative handgrip strength, kg/BMI 1.68 (0.33) 1.77 (0.31) 1.88 (0.08) 1.96 (0.08) 
Relative leg press strength, kg/BMI 1.33 (0.21) 1.76 (0.22)† 1.36 (0.05) 1.80 (0.05)† 
Relative chest press strength, kg/BMI 0.75 (0.11) 1.10 (0.13)† 0.79 (0.03) 1.15 (0.03)† 
Relative leg extension strength, kg/BMI 1.31 (0.32) 1.74 (0.26)† 1.38 (0.07) 1.80 (0.07)† 
Relative low row strength, kg/BMI 1.16 (0.15) 1.42 (0.12)† 1.22 (0.03) 1.48 (0.03)† 
Relative leg curl strength, kg/BMI 1.33 (0.24) 1.63 (0.22)† 1.44 (0.05) 1.74 (0.05)† 
Laboratory muscle quality index     
Right handgrip strength, kg strength/kg mass‡ 5.76 (0.94) 5.88 (0.86) 6.14 (0.22) 6.25 (0.22) 
Left handgrip strength, kg strength /kg mass‡ 4.06 (0.85) 5.35 (1.06)† 4.12 (0.22) 5.41 (0.22)† 
Lower extremity force, kg strength/kg mass‡ 3.02 (0.73) 3.81 (0.56)† 2.94 (0.17) 3.73 (0.18)† 

Non-Obese (N = 14) 

 Pre-training 
M (SD) 

Post-training 
M (SD)b 

Pre-
training 

Madj (SE)c 

Post-training 
Madj (SE)c 

Field muscle quality index     
Relative handgrip strength, kg/BMI 2.15 (0.48)* 2.22 (0.52)* 1.80 (0.12) 1.88 (0.12) 
Relative leg press strength, kg/BMI 1.46 (0.24) 1.90 (0.23)† 1.40 (0.08) 1.84 (0.07)† 
Relative chest press strength, kg/BMI 0.86 (0.22)* 1.23 (0.17)*† 0.78 (0.05) 1.15 (0.05)† 
Relative leg extension strength, kg/BMI 1.53 (0.37)* 2.00 (0.39)*† 1.42 (0.11) 1.89 (0.11)† 
Relative low row strength, kg/BMI 1.39 (0.14)* 1.70 (0.23)*† 1.30 (0.05) 1.60 (0.05)† 
Relative leg curl strength, kg/BMI 1.61 (0.28)* 1.92 (0.31)*† 1.41 (0.08) 1.73 (0.08)† 
Laboratory muscle quality index     
Right handgrip strength, kg strength/kg mass‡ 6.61 (1.16)* 6.62 (1.03)* 5.94 (0.32) 5.97 (0.32) 
Left handgrip strength, kg strength /kg mass‡ 3.84 (0.97) 6.16 (0.66)*† 3.75 (0.32) 6.07 (0.32)† 
Lower extremity force, kg strength/kg mass‡ 3.01 (0.84) 3.80 (0.93)† 3.15 (0.26) 3.94 (0.26)† 

Note: aValues are expressed as means and standard deviation for pre-training and means and adjusted means 
(Madj) for post-training. bNot corrected for percent body fat, cCorrected for percent body fat, BMI = body mass 
index, *Significantly different between groups (p < 0.05), †Significantly different between pre-training vs post-
training (p < 0.05). ‡Upper extremity strength was defined as ratio of grip strength (measured in kg of force) to arm 
lean mass (measured in kg) and lower extremity specific force as ratio of quadriceps (measured in kg of force) to 
leg lean mass (measured in kg). 
 
Functional tests removing percent body fat as a covariate 
After removing body fat percent as a covariate, no statistically significant interaction between 
group and pre-post training on timed-up-and-go test [F(1, 74) = .04, p = .83], 30-second chair 
stand test [F(1, 74) = .30, p = .58], 6-minute walking test [F(1, 74) = 1.26, p = .26] were observed. 
(Table 3b). 
 
After a main effect analysis, obese participants showed a higher statistically significant 
difference in 30-second chair stand test of 1.96 (95% CI, 0.49 to 3.42, p = 0.009) at post-training 
vs. pre-training, but no differences were verified for other variables. (Table 3b). 
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Table 3. Pre- vs. post-training outcome measures for functional tests between obese and non-obese older adults 
womena.  

Obese (N = 25) 

 Pre-training 
M (SD) 

Post-training 
M (SD)b 

Pre-training 
Madj (SE)c 

Post-training 
Madj (SE)c 

Time-up and go, s 6.69 (0.72) 6.39 (0.63) 6.43 (0.15) 6.13 (0.15) 
30- second chair stand, reps 14.16 (2.74) 16.12 (2.48)† 14.30 (0.62) 16.26 (0.61)† 
Six-minute walking test, m 491.97 (39.93) 484.79 (49.22) 500.36 (10.63) 492.90 (10.52) 

Non-Obese (N = 14) 

 Pre-training 
M (SD) 

Post-training 
M (SD)b 

Pre-training 
Madj (SE)c 

Post-training 
Madj (SE)c 

Time-up and go, s 6.40 (0.79) 6.02 (0.58) 6.87 (0.23) 6.49 (0.22) 
Chair stand, reps 15.64 (2.20) 16.92 (2.84) 15.38 (0.92) 16.67 (0.91) 
Six-minute walking test, m 504.21 (45.63) 520.80 (44.08) 489.27 (15.76) 506.27 (15.58) 

Note: aValues are expressed as means and standard deviation for pre-training and means and adjusted means 
(Madj) for post-training. bNot corrected for percent body fat, cCorrected for percent body fat, *Significantly different 
between groups (p < 0.05), †Significantly different between pre-training vs post-training (p < 0.05).  
 
Immunoglobulins controlling for percent body fat as a covariate 
There was no statistically significant interaction between group and pre-post training on 
immunoglobulin A [F (1, 73) = 0.10, p = .74], immunoglobulin G [F (1, 73) = 0.52, p = .47], and 
immunoglobulin M [F (1, 73) = 0.00, p = .96], whilst controlling for baseline percent body fat. 
(Table 4c).   
 
After a main effect analysis, obese participants showed a higher statistically significant 
difference at post-training adjusted marginal means for immunoglobulin M 54.88 (95% CI, 1.63 
to 108.13, p = 0.044) when compared to non-obese group. (Table 4c). 
 
Immunoglobulins removing percent body fat as a covariate 
After removing body fat percent as a covariate no statistically significant interaction between 
group and pre-post training on immunoglobulin A [F (1, 74) = 0.12, p = .72], immunoglobulin G 
[F (1, 74) = 0.56, p = .45], and immunoglobulin M [F (1, 74) = .007, p = 0.93], were observed. After 
simple main effects analysis for group and pre-post training no differences were verified. (Table 
4b). 
 
Muscle strength variables controlling for percent body fat as a covariate 
For absolute handgrip strength, there was no statistically significant interaction between group 
and pre-post training on absolute right handgrip strength [F(1, 73) = .004, p = .94] and left 
absolute handgrip strength test [F(1, 73) = .007, p = .93], whilst controlling for baseline percent 
body fat. (Table 5c).  
 
There was no statistically significant interaction between group and pre-post training on 
absolute 10-RM leg press test [F(1, 72) = .33, p =.56], absolute 10-RM chest press test [F(1, 72) = 
0.26, p = .61], absolute 10-RM leg extension test [F(1, 72) = .03, p = .85], absolute 10-RM low row 
test [F(1, 72) = .018, p = .89] and absolute 10-RM leg curl test [F(1, 72) = .069, p = .79], whilst 
controlling for baseline percent body fat. (Table 5c). 
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Table 4. Pre- vs. post-training outcome measures for immunoglobulins between obese and non-obese older adults 
womena.  

Obese (N = 25) 
 Pre-training 

M (SD) 
Post-training 

M (SD)b 
Pre-training Madj 

(SE)c 
Post-training Madj 

(SE)c 
IgA, mg/dl 234.36 (93.65) 261.94 (121.61) 248.51 (30.03) 275.60 (29.72) 
IgG, mg/dl 1218.00 (211.99) 1248.16 (222.36) 1266.91 (68.24) 1295.37 (67.54) 
IgM, mg/dl 90.12 (59.12) 94.14 (69.38) 103.83 (13.15) 107.37 (13.01)* 

Non-Obese (N = 14) 
 Pre-training 

M (SD) 
Post-training 

M (SD)b 
Pre-training Madj 

(SE)c 
Post-training Madj 

(SE)c 
IgA, mg/dl 270 (146.49) 277.57 (156.95) 245.55 (44.52) 253.08 (44.01) 
IgG, mg/dl 1386.78 (424.49) 1315.28 (338.15) 1299.79 (101.17) 1230.61 (100.02) 
IgM, mg/dl 74.39 (34.81) 76.22 (36.03) 50.01 (19.49) 52.48 (19.27) 

Note: aValues are expressed as means and standard deviation for pre-training and means and adjusted means 
(Madj) for post-training. bNot corrected for percent body fat, cCorrected for percent body fat, Ig = immunoglobulin. 
*Significantly different between groups (p < 0.05). 
 
After a main effect analysis, obese participants showed a lower statistically significant difference 
for absolute 10-RM low row test of -5.64 (95% CI, -10.31 to -.97, p = .018) at pre-training and a 
lower statistically significant test of -5.34 (95% CI, -10.31 to -.97, p = .024) at post- training when 
compared to non-obese participants. (Table 5c). 
 
After a main effect analysis, obese participants displayed a higher statistically significant 
difference at post-training for absolute 10-RM leg press test of 12.63 (95% CI, 7.97 to 17.30), p = 
.001), absolute chest press test of 10.03 (95% CI, 7.35 to 12.70, p = .001), absolute leg extension 
test of 12.15 (95% CI, 6.14 to 18.17, p = .001), absolute 10-RM low row test of 7.41 (95% CI, 4.71 to 
10.11, p = .001), and absolute 10-RM leg curl test of 8.92 (95% CI, 3.86 to 12.71, p = .001) when 
compared to pre-training. (Table 5c). 
 
After a main effect analysis, non-obese participants displayed a higher statistically significant 
difference for absolute 10-RM leg press test of 10.40 (95% CI, 4.23 to 16.57), p = .001), absolute 
chest press test of 8.89 (95% CI, 5.35 to 12.43, p = .001), absolute leg extension test of 11.24 (95% 
CI, 3.28 to 19.19, p = .001), absolute 10-RM low row test of 7.11 (95% CI, 3.54 to 10.68, p = .001), 
and absolute 10-RM leg curl test of 7.32 (95% CI, 1.46 to 13.17, p = .001) when compared to pre-
training. (Table 5c). 
 
Muscle strength variables removing percent body fat as a covariate 
After removing body fat percent as a covariate, no statistically significant interaction between 
group and pre-post training on absolute right handgrip strength [F(1, 74) = .006, p = .93] and left 
absolute handgrip strength test [F(1, 74) = .007, p = .93] were verified. (Table 5b). 
 
After removing body fat percent as a covariate, there was no statistically significant interaction 
between group and pre-post training on absolute 10 RM leg press test [F(1, 73) = .24, p = .62], 
absolute 10-RM chest press test [F(1, 73) = .018, p = .89], absolute 10-RM leg extension test [F(1, 
73) = .02, p = .87],  absolute 10-RM low row test [F(1, 73) = .005, p = .94], absolute 10-RM leg curl 
test [F(1, 73) = .06, p = .80]. (Table 5b). 
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After a main effect analysis, obese participants displayed a higher statistically significant 
difference at post-training for absolute 10-RM leg press test of 12.59 (95% CI, 7.66 to 17.53, p = 
.001), absolute chest press test of 10.01 (95% CI, 7.31 to 12.72, p = .001), absolute leg extension 
test of 12.12 (95% CI, 6.04 to 18.21, p = .001), absolute 10-RM low row test of 7.38 (95% CI, 4.50 to 
10.26, p = .001), and absolute 10-RM leg curl test of 8.28 (95% CI, 3.86 to 12.70, p = .001) when 
compared to pre-training. (Table 5b). 
 
After a main effect analysis, non-obese participants displayed a higher statistically significant 
difference at post-training for absolute 10-RM leg press test of 10.56 (95% CI, 4.04 to 17.08, p = 
.002), absolute chest press test of 8.93 (95% CI, 5.36 to 12.51, p = .001), absolute leg extension test 
of 11.35 (95% CI, 3.30 to 19.39, p = .006), absolute 10-RM low row test of 7.21 (95% CI, 3.39 to 
11.02, p = .001), and absolute 10-RM leg curl test of 7.36 (95% CI, 1.51 to 13.21, p = .014) when 
compared to pre-training. (Table 5b). 
 
Table 5. Pre- vs. post-training outcome measures for muscle strength between obese and non-obese older adults 
womena.  

 Obese (N = 25) 

 Pre-training 
M (SD) 

Post-training 
M (SD)b 

Pre-training 
Madj (SE)c 

Post-training 
Madj (SE)c 

Right handgrip strength, kg 26.16 (4.54) 26.84 (4.24) 26.52 (1.19) 27.14 (1.20) 
Left handgrip strength, kg 23.36 (5.37) 24.48 (4.38) 23.29 (1.19) 24.22 (1.20) 
10 RM leg press, kg 39.23 (6.93) 51.83 (9.70)† 35.88 (1.96) 48.52 (1.98)† 
10 RM chest press, kg 22.27 (4.54) 32.19 (4.58)† 21.29 (1.12) 31.32 (1.13)† 
10 RM leg extension, kg 38.91 (10.16) 51.04 (9.66)† 36.60 (2.52) 48.76 (2.55)† 
10 RM low row, kg 34.28 (4.90) 41.60 (4.94)† 32.18 (1.13) 39.60 (1.14)† 
10 RM leg curl, kg 39.38 (8.13) 47.55 (7.72)† 38.46 (1.86) 46.75 (1.88)† 
 Non-Obese (N = 14) 

 Pre-training 
M (SD) 

Post-training 
M (SD)b 

Pre-training 
Madj (SE)c 

Post-training 
Madj (SE)c 

Right handgrip strength, kg 27.21 (5.35) 27.71 (6.21) 26.57 (1.76) 27.09 (1.74) 
Left handgrip strength, kg 24.85 (4.81) 25.78 (5.25) 24.97 (1.76) 25.89 (1.74) 
10 RM leg press, kg 36.14 (8.69) 46.70 (9.50)† 42.05 (2.90) 52.45 (2.86)† 
10 RM chest press, kg 21.05 (5.20) 29.99 (4.80)† 22.78 (1.66) 31.67 (1.64)† 
10 RM leg extension, kg 37.78 (10.96) 49.13 (12.84)† 41.85 (3.74) 53.09 (3.69)† 
10 RM low row, kg 34.14 (4.32) 41.35 (5.98)† 37.83 (1.67) 44.94 (1.65)*† 
10 RM leg curl, kg 39.27 (7.03) 46.63 (7.54)† 40.88 (2.75) 48.21 (2.72)† 
Note: aValues are expressed as means and standard deviation for pre-training and means and adjusted means 
(Madj) for post-training. bNot corrected for percent body fat, cCorrected for percent body fat,*Significantly different 
between groups (p < 0.05), †Significantly different between pre-training vs post-training (p < 0.05). 

 
DISCUSSION 
 
The major new findings from this study are: 1) Obese and non-obese participants displayed an 
increased statistically significant difference in MQI between pre-post training moments, 
however obese participants showed a lower field and laboratory MQI when compared to non-
obese participants at the same time-points. 2) Obese participants displayed an increased 
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statistically significant performance on the 30-second chair stand test, with no differences for 
non-obese participants. 3) Obese participants showed a higher statistically significant difference 
for immunoglobulin M when compared to non-obese group at post-training moment. 4) Finally, 
obese and non-obese participants displayed an increased statistically significant difference in 
muscle strength tests between pre-post-training. However, obese participants showed a 
statistically significant lower 10-RM low row score when compared to non-obese participants at 
post-training whilst controlling for percent body fat. 
 
Recent observations provide evidence that obesity has considerable negative effects on muscle 
structure due to excessive intramuscular lipid accumulation and inflammatory profile, which 
consequently interferes in force generation and hypertrophy, potentially mitigating gains in 
physical function and muscle quality (5, 47). Our results partially corroborate with Silva et al. 
(12), which reported that gains in absolute muscle strength after 16 weeks of RT were attenuated 
in elderly women with sarcopenic obesity. Besides, in our study, only obese participants 
presented an improvement in physical functional.  
 
However, it is interesting to highlight that Silva et al. (12) did not use a statistical model 
controlling for a confounding variable such as percent body fat and using percent body fat as a 
covariate hindered important RT chronic differences between obese and non-obese participants. 
Furthermore, body weight and body mass index were statistically higher for obese participants 
at pre- and post-training when compared to non-obese participants (Supplemental Appendix 
Material). 
 
An additional factor that should be considered in this study is that most participants in both 
groups did not display improvements in handgrip strength. We infer that a prolonged training 
or different types of periodization are necessary, and for handgrip, a dissimilar effect in upper 
and lower body response in older obese and non-obese participants might occur. Furthermore, 
handgrip strength might not be used as a proxy of global muscle strength, independent of age 
and health status of the participant (18, 56). In addition, the decline of muscle strength between 
the lower and upper body is different (2, 42). Thus, caution is need when generalizing handgrip 
strength as a predictor of global muscle strength, especially in older adults.  
 
Furthermore, the addition of knee extension strength is recommended. A previous study (55) 
showed the superiority of knee extension strength over handgrip in explaining variance in 
health characteristics as social support (care support and dependent living) and nutritional 
characteristics (lower BMI). As a consequence, results from this study raise the importance of 
evaluating lower body muscle quality as part of a comprehensive geriatric assessment.  
 
Additionally, obese participants at pre-post training displayed a lower field and laboratory MQI 
when compared to non-obese participants. Both groups presented improved MQI after 10 weeks 
of RT. MQI is a better indicator for physical function performance in older adults than strength 
(36). An increase in field and laboratory lower body MQI might be partially correlated with the 
improvement in the 30-second chair stand test presented by obese participants. Also, the results 
from the present study corroborates previous research that a field based estimate of MQI may 
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be implemented as an initial assessment tool for older adults, due to ease of the assessment, cost 
and relevance in daily clinical practice (35).  
 
The rationale for evaluating Igs was based on previous studies demonstrating that immune 
system alteration contributes to increased morbidity and mortality in the older population. The 
Igs are affected by various physiological and pathological states, thus being an excellent marker 
of an elderly person's general health. Here, we demonstrate that serum Igs do not change after 
exercise training (pre x post training), suggesting limited RT effects on the adaptive immune 
system in obese and non-obese participants. However, obese older women displayed higher 
IgM levels post training when compared with non-obese older women. Obesity is often 
associated with increased susceptibility to infection with a number of different pathogens (29). 
Consequently, obesity itself may exacerbate certain other infections. Considering our findings, 
and a possible explanation, we speculate that higher IgM in the obese older women group might 
play a critical role in the obesity-associated autoimmune process and may reflect a 
compensatory mechanism associated with a disease phenotype. The present work represents an 
essential first step in understanding Igs as keys biochemical markers in older individuals. Igs 
have the potential to serve as an add-on to improve existing biomarkers of disease 
predisposition, as well as the establishment, prognosis and response to exercise. 
 
Studies have shown that hyperleptinemia, higher BMI, and obesity are associated with lower 
immunoglobulin responsiveness due to leptin resistance (7, 24). However, it is important to 
emphasize that both factors (i.e aging and obesity) are associated with inflammation and 
immune dysregulation, including pathogenic antibody production by functionally altered B 
cells, which likely affects immunoglobulin responses. Furthermore, it is possible that wide 
heterogeneity of older and different clinical phenotypes can interfere with the pharmacokinetics 
of immunoglobulin (24). Researchers should be careful when mixing elderly people with and 
without obesity in their analysis, because these states represent complex conditions which can 
lead to misleading interpretations of exercise responses as reported by Silva et al. (12). 
 
The discussion of our findings regarding Igs is not an easy task because the majority of previous 
studies were conducted on athlete and healthy individuals. Nevertheless, similar to the present 
results, Mohamed and Taha (33) reported not changes in different serum immunoglobulins in 
obese women (age: 35–45 years) after RT (12 weeks using free weights and dumbbells at 80% of 
the one repetition maximum). One suggested explanation is the possibly there was no IGs 
discharge in lymphatic sites, which might have obscured the effects of exercise training on Igs 
in the circulation. Therefore, it is possible that lymphocytes can migrate from the bloodstream 
into other tissues that requires greater action of Igs (i.e skeletal muscle) after RT, which decreases 
the secretion of serum Igs. These hypotheses are speculative, and more studies are needed to 
understand this complex outcome. 
 
On the other hand, the absence of a difference between pre-training vs post-training in serum 
Igs may be attributed to other factors. Karacabey et al. (27)  reported that the production of Igs 
have been associated with central nervous system stimulation and the increase of catecholamine 
and neuropeptide secretion. Moreover, synergic interactions between metabolism and 
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immunity affect many underpinning systems. It has been demonstrated that age-related loss of 
skeletal muscle mass is associated with the presence of a catabolic state, which consequently can 
induce protein degradation to generate glucose in order to maintain energy metabolism (13). In 
this process, there may sometimes be a lack of substrate for the production of important 
molecules, including immunoglobulins (54) and altered metabolic patterns provide 
opportunities to therapeutically target the immune aging process. Therefore, trainers and 
physicians are advised to analyze several factors that can modulate Igs in obese older women. 
 
Although RT is recommended for obese older women, there is no evidence to suggest what 
frequency and duration is more effective for MQI, functional capacity and serum 
immunoglobulin levels. Researchers should aim to fill this gap in order to clarify the appropriate 
stimulus to modify these variables, along with investigating acute variables (intensity, volume, 
rest period) modulated by training in order to potentiate exercise effects and highlight the 
cornerstone mechanisms involved. In addition, recent reviews revealed that isolated exercise 
training without caloric restriction has a limited ability to modify the RT adaptive responses. 
Lifestyle interventions with diet-induced adiposity loss and combined training (aerobic and 
resistance training) inclusion may be required in older obese participants. 
 
Some limitations of the present study should be highlighted, such as the lack of diet control and 
a small sample size of older women. Additionally, the present research provides valuable 
insights involved in the aging process and other immune clinical markers, hormonal profile and 
circulating metabolic measures should be investigated to clarify the adjacent mechanisms 
related to Igs. Besides, when evaluating chronotype individual predisposition, it is important to 
determine the participant’s predisposition towards morningness or eveningness by a self-
assessment questionnaire (53), as time of training affect performance, strength, oxidative stress, 
motivation and immunoglobulins. 
 
In summary, obese older women showed a lower field and laboratory muscle quality index 
when compared to non-obese post-training, besides 10-RM low row score whilst controlling for 
percent body fat, which reinforces that obesity can blunt the beneficial effects of RT on muscle 
quality and strength. Furthermore, while obese older women displayed higher IgM levels post 
training when compared with non-obese older women, the two groups displayed similar serum 
immunoglobulin levels in response to RT, which suggests limited adaptive immune system in 
both conditions. Our results provide important insights into the RT adaptations in obese and 
non-obese older women and can be useful to clinicians and coaches for the effective design of 
RT programs. 
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