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ABSTRACT
Objectives: To analyze the role of moderate-to-vigorous physical activity (MVPA) in mediating the re-
lationship between central adiposity and immune and metabolic profile in postmenopausal women. 
Materials and methods: Cross-sectional study comprising 49 postmenopausal women (aged 59.26 
± 8.32 years) without regular physical exercise practice. Body composition was measured by dual-
energy X-ray absorptiometry. Fasting blood samples were collected for assessment of nonesterified 
fatty acids, tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), adiponectin, insulin and estimation of 
insulin resistance (HOMA-IR). Physical activity level was assessed with an accelerometer (Actigraph 
GTX3x) and reported as a percentage of time spent in sedentary behavior and MVPA. All analyses 
were performed using the software SPSS 17.0, with a significance level set at 5%. Results: Sedentary 
women had a positive relationship between trunk fat and IL-6 (rho = 0.471; p = 0.020), and trunk fat 
and HOMA-IR (rho = 0.418; p = 0.042). Adiponectin and fat mass (%) were only positively correlated 
in physically active women (rho = 0.441; p = 0.027). Physically active women with normal trunk fat 
values presented a 14.7% lower chance of having increased HOMA-IR levels (β [95%CI] = 0.147 [0.027; 
0.811]). Conclusions: The practice of sufficient levels of MVPA was a protective factor against immu-
nometabolic disorders in postmenopausal women. Arch Endocrinol Metab. 2017;61(3):354-60.
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INTRODUCTION

M enopause contributes to changes in body com-
position, particularly increased central adiposity 

(1). It is also associated with decreased physical activ-
ity levels (2), which can favor the development of obe-
sity (3). In contrast, engaging in recommended (≥ 150 
minutes per week) moderate-to-vigorous physical ac-
tivity (MVPA) (4) has been associated with improved 
body composition profile, including decreased body fat 
and increased lean mass (5,6).

Obesity is currently considered a public health 
problem. It is responsible for the development of 
chronic low-grade inflammation (7), a condition 
that is characterized by increased plasma endotoxin 
(i.e., lipopolysaccharide), saturated fatty acids, and 
proinflammatory factors, which are involved in the 

development of morbidities such as type 2 diabetes 
mellitus, hypertension, dyslipidemia and metabolic 
syndrome, and decreased anti-inflammatory mediators 
(8,9). Taken together, these comorbidities may increase 
the likelihood of cardiovascular diseases, one of the 
leading causes of death worldwide (10). 

Insufficient levels of physical activity also increase 
plasma concentrations of inflammatory mediators 
such as interleukin (IL)-6 and tumor necrosis factor 
(TNF)-α, and decrease adiponectin levels and insulin 
sensitivity (11,12). We have previously shown that 
postmenopausal women with two or more risk factors, 
including low MVPA levels, are more likely to have 
metabolic abnormalities such as insulin resistance (13). 
As aforementioned, central adiposity is one of the 
main factors responsible for increased proinflammatory 
mediators, displaying a linear relationship with 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

355

MVPA in postmenopausal women

Arch Endocrinol Metab. 2017;61/4 

these mediators. However, little is known about the 
protective role of MVPA in regards to the association 
of central adiposity, proinflammatory mediators, and 
metabolic profile in postmenopausal women.

Thus, the purpose of the present study was to analyze 
the role of MVPA in mediating the association between 
central adiposity and the immune and metabolic profile 
of postmenopausal women. 

MATERIALS AND METHODS
Sample

This was a cross-sectional study conducted between 
2013–2014 in a city with ~220,000 inhabitants and a 
human development index of 0.846, located in the west 
part of the state of São Paulo, southeastern Brazil (14).

To be included in the present study, the participants 
had to meet the following criteria: i) be postmenopausal 
(absence of a menstrual cycle for at least 1 year and 
follicle-stimulating hormone [FSH] > 30 IU/L) (15); 
ii) be older than 50 years on the date of the assessment; 
iii) have not engaged in regular physical exercise (e.g., 
walking/running, strength training, etc.) for at least 6 
months prior to the study; iv) not be receiving hormone 
replacement treatment; v) not be using drugs such as 
beta-blockers, statins, etc.; vi) have signed the written 
informed consent form for study participation. 

 We performed a power analysis for the design of this 
study, based on the observation from a previous study 
that verified a correlation between time of physical 
activity practice after spinal cord injury and HOMA-IR 
(r = -0.591; p = 0.033) (16). Using a power of 0.80% 
and a type I error of 0.05, according to Miot (17), 
the required sample size was estimated at 21 subjects; 
however, we opted for over-recruitment.

A total of 77 women were evaluated, but only 60 met 
the study inclusion criteria. After assessing the physical 
activity levels of the participants using accelerometry, 
we found that 11 of them had not used the device for 
the prescribed minimum number of days (4 days during 
the week and 1 day during the weekend). Thus, the final 
sample selected for the analysis comprised 49 women. 

All procedures used in this study met the criteria 
of the 196/96 Resolution on Ethics in Research 
of the Brazilian National Health Council (Brasília, 
DF). All participants included in the study signed an 
informed consent form approved by the Research 
Ethics Committee at the university linked to the project 
(Protocol: 64/2011).

Data collection

Anthropometry and body composition

During anthropometric measurement, all participants 
wore light clothing and remained barefoot. The height 
of the subjects was measured using a fixed stadiometer 
(Sanny, São Bernardo do Campo, São Paulo, Brazil) with 
an accuracy of 0.1 cm. Body weight was measured using 
a digital scale (Filizola PL 50, Filizola Ltda., Brazil) with 
an accuracy of 0.1 kg. 

Body fat was analyzed with dual-energy X-ray 
absorptiometry (DXA; Lunar DPX-NT, version 
4.7, General Electric Healthcare, Little Chalfont, 
Buckinghamshire, United Kingdom). Each examination 
lasted for approximately 15 minutes. During the 
examination, the participants were positioned in 
the supine position on the scanner. The values ​​were 
expressed as a percentage of body fat (%BF), and trunk 
and abdominal fat, all in kilograms.

Non-exercise physical activity

The habitual levels of physical activity of the participants 
were assessed using a triaxial accelerometer sensor 
(Actigraph model GT3X, Actigraph LLC, Pensacola, 
Florida, United States), which recorded the movements 
in the three orthogonal planes: vertical, horizontal 
anteroposterior, and horizontal mediolateral. To carry 
out the measurements, the accelerometers were attached 
to an elastic tape and placed on the subjects’ waist, above 
the hip, at the height of the iliac crest on the right side 
of the body. The participants were required to use the 
accelerometer for 7 days, and received instructions for 
using it during all waking hours, except during bathing 
or aquatic activities such as swimming (5).

A specific software (ActiLife5, data analysis software 
by Actigraph) was used to process the obtained data, 
and only results obtained during full monitoring days 
were analyzed. A non-wear time was defined as at 
least 60 consecutive minutes with zero counts, with 
an allowance of up to 2 minutes of counts between 0 
and 100 (18). A valid day was defined as ≥ 10 hours of 
monitor wear time, and only participants with ≥ 5 valid 
days (including at least 1 day during the weekend) were 
included in the present analyses (19). 

Raw measurements from the accelerometer 
were determined as counts, which was an arbitrary 
measurement: the greater the number of counts, the 
higher the level of physical activity. Counts from each 
sample were added over a specific period of 60 seconds, 
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called an epoch. The period of 60 seconds was chosen 
for this study population due to the type of physical 
activity, which is characterized by a low intensity and 
long duration pattern (20).

In an attempt to obtain a biological value and 
facilitate the interpretation of data (counts per 
minute [cpm]) provided by the accelerometer, cpms 
were translated into physical activity minutes. To 
classify the intensity of the physical activity, we used 
the recommendations for accelerometers proposed 
by Freedson and cols. (21). We defined the physical 
activities as moderate for values between 1952–5724 
cpm (from 3.00 to 5.99 METs), as vigorous for values 
between 5725–9498 cpm (6.00 to 8.99 METs), and as 
very vigorous for values above 9499 cpm (≥ 9 METs). 
We also used Freedson cut points to categorize an 
epoch as sedentary (< 100 cpm).

Thereby, the practice of habitual physical activity 
was expressed in percentage of time in sedentary 
behavior and MVPA. In addition, women who engaged 
in less than 150 minutes of MVPA were considered to 
be sedentary, according to recommendations by the 
American College of Sports Medicine (ACSM) (4).

Blood collection and inflammatory and  
metabolic profile

After a 12-hour fast, blood samples were collected 
by nurses in sterile tubes containing heparin, an 
anticoagulant for blood samples. Triacylglycerol (mg/dL) 
and FSH levels were processed in a private laboratory in 
the city where the study was conducted. Nonesterified 
fatty acids were assessed by a colorimetric method with 
a commercial kit (ZenBio Inc., Research Triangle Park, 
North Carolina, United States). Serum insulin, IL-6, 
TNF-α, and adiponectin were quantified using enzyme-
linked immunosorbent assay (ELISA) with a commercial 
kit (RayBio® Human ELISA Kit, Norcross, Georgia, 
United States), as per the manufacturer’s manual. In 
addition, the HOMA-IR and HOMA-β were calculated 
using a previously reported method (22).

Statistical analysis

The Kolmogorov-Smirnov test was used to test the 
normality of the data. Trunk fat groups were compared by 
independent Student’s t-test and corrected with Levene’s 
test for equality of variance. The proportion of women 
meeting the ACSM physical activity recommendation 
(MVPA ≥ 150 min/week) in each trunk fat group was 

evaluated with McNemar’s test. Spearman’s correlation 
(rho) was used to analyze the relationship between levels 
of physical activity and markers of systemic inflammation. 
In addition, odds ratios were obtained using binary 
logistic regression to analyze the magnitude of possible 
associations between MVPA practice, inflammation 
markers, and trunk fat. 

All analyses were performed using the statistical 
software SPSS (version 17.0). The level of significance 
was set at 5%.

RESULTS

Mean FSH levels were 59.33 ± 23.89 mUI/mL. 
Table 1 shows the baseline characteristics of the sample 
dichotomized by central adiposity. As expected, women 
with increased trunk fat had increased amount of total 
body fat and higher insulin resistance when compared 
with those with normal trunk fat. Interestingly, there 
was no difference between time in sedentary behavior in 
the trunk fat groups; however, participants in the normal 
trunk fat group accumulated approximately 20 minutes 
more than the other group, although the difference did 
not reach statistical significance. In addition, of a total 
of 49 postmenopausal women, 25 (51%) were physically 
active and 24 (49%) were sedentary according to the 
ACSM.

Table 2 shows the relationship between inflammation 
markers and central adiposity in 49 postmenopausal 
women. There were positive and significant correlations 
between trunk fat and both IL-6 and HOMA-IR. We 
further investigated the relationship between metabolic 
and inflammatory profiles and central adiposity 
dichotomized by MVPA level, according to ACSM 
recommendations (Figure 1). Interestingly, a positive 
association between proinflammatory cytokines and 
trunk fat was only found in sedentary women. Moreover, 
physically active women presented a positive association 
between percentage of body fat and adiponectin (p = 
0.027; data not shown).

We also found a positive and moderate correlation 
between IL-6 and HOMA-IR (rho = 0.550; p < 
0.001), and a weak correlation with HOMA-β (rho = 
0.296; p = 0.039). When we performed these analyses 
dichotomizing the participants by MVPA level, we 
found higher and positive correlation values between 
IL-6 and HOMA-IR in sedentary women (rho = 0.739; 
p < 0.001), in addition to moderate and positive but not 
significant correlation values among active women (rho 
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Table 1. Baseline characteristics of the sample dichotomized by central 
adiposity

Variable

Normal trunk 
fat (kg)
(Lower 

median)

Increased 
trunk fat (kg)

(Upper 
median)

p-value

Age (years) 59.80 (6.07) 59.07 (5.24) 0.652

FSH (mUI/mL) 61.48 (19.16) 57.38 (27.82) 0.594

Weight (kg) 60.31 (5.72) 79.66 (8.54) < 0.001

Height (cm) 154.75 (5.15) 157.70 (6.02) 0.073

BMI (kg.m-2) 25.20 (2.29) 32.07 (3.40) < 0.001

Body fat (%) 40.16 (4.69) 48.32 (4.31) < 0.001

Trunk fat (kg) 11.88 (2.97) 20.68 (2.88) < 0.001

Abdominal fat (kg) 2.05 (0.86) 3.50 (0.61) < 0.001

NEFA (µM) 192.45 (48.58) 199.64 (59.47) 0.646

TNF-α (pg/mL) 288.51 (108.86) 234.87 (141.31) 0.143

IL-6 (pg/mL) 105.50 (11.70) 108.12 (8.65) 0.375

Fasting plasma insulin 
(μIU/ml)

11.81 (9.85) 16.51 (13.92) 0.181

HOMA-IR 2.47 (1.94) 4.57 (3.93) 0.022

Adiponectin (μg/mL) 0.24 (0.17) 0.30 (0.35) 0.492

Sedentary behavior 
(hours/week)

118.45 (12.92) 117.78 (15.92) 0.871

MVPA (min/week) 190.62 (133.39) 171.97 (114.28) 0.601

MVPA ≥ 150 min/
week (%)

54.2% 48.0% 0.500†

FSH: follicle stimulating hormone; BMI: body mass index; NEFA: nonesterified fatty acids; 
TNF-α: tumor necrosis factor-α alpha; IL-6: interleukin-6; HOMA-IR: homeostatic model 
assessment-insulin resistance; HOMA-β: homeostatic model assessment-β-cell function; 
MVPA: moderate-to-vigorous physical activity. † McNemar’s test.

Table 2. Correlations between markers of inflammation and central 
adiposity (n = 49)

Trunk fat (kg)

rho p-value

Adiponectin (μg/mL) 0.044 0.766

IL-6 (μg/mL) 0.300 0.033

HOMA-IR 0.295 0.040

NEFA (µM) 0.078 0.595

TNF-α (pg/mL) -0.114 0.437

NEFA: nonesterified fatty acids; TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; HOMA-IR: 
homeostatic model assessment-insulin resistance; HOMA-β: homeostatic model assessment-
β-cell function.

= 0.339; p = 0.098). Additionally, when we correlated 
IL-6 and HOMA-β according to MVPA level, we found 
that sedentary women presented moderate and positive 
correlation values (rho = 0.494; p = 0.014), whereas 
active women presented low correlation values (rho = 
0.082; p = 0.697) (Figure 2).
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Figure 1. Correlations between markers of inflammation and components 
of body composition dichotomized by the level of physical activity. 
Sedentary group (n = 24) and physically active group (n = 25). (A) Trunk 
fat vs. adiponectin: sedentary (rho = -0.044; p = 0.837) and active (rho = 
0.176; p = 0.400). (B) Trunk fat vs. IL-6: sedentary (rho = 0.471; p = 
0.020) and active (rho = 0.156; p = 0.456). (C) Trunk fat vs. HOMA-IR: 
sedentary (rho = 0.418; p = 0.042) and active (rho = 0.198; p = 0.342). 
(D) Trunk fat vs. TNF-α: sedentary (rho = -0.164; p = 0.443) and active 
(rho = -0.099; p = 0.637). (E) Trunk fat vs. NEFA: sedentary (rho = 0.221; 
p = 0.300) and active (rho = -0.114; p = 0.588).
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Figure 3 shows a binary logistic regression analysis 
between inflammation markers, MVPA level, and trunk 
fat. Participants who were physically active and had 
normal trunk fat values presented a 14.7% lower chance 
of having higher HOMA-IR levels (β [95%CI] = 0.147 
[0.027; 0.811]). Having no risk factors (increased 
trunk fat or low physical activity) did not protect 
against higher IL-6 levels, although this relationship 
presented a trend towards significance (β [95%CI] = 
0.198 [0.033; 1.181]).

DISCUSSION

The novelty of this study is the investigation of the 
protective factor of sufficient MVPA levels and normal 
trunk fat amount in the immunometabolic profile of 
postmenopausal women. We demonstrated that 1) the 
HOMA-IR and IL-6 were only associated with trunk 
fat in sedentary women, and 2) the protective effect 
of MVPA levels and a normal trunk fat amount was 
observed in association with the HOMA-IR but not 
with IL-6 concentrations.

Sedentary behavior is recognized as one of the most 
powerful risk factors for metabolic diseases (23,24). 
It is also known that the lack of physical activity  
is independently associated with a worse 
immunometabolic profile (5,25,26), and when 
this behavior is clustered with obesity, the risk of 
death increases 7.5 times (23). On the other hand, 
independently of sex and age, being moderately active 
results in 26% and 27% lower chance of death in 
overweight and obese subjects, respectively (23). In the 
present study, sedentary women showed a significantly 
positive association between trunk fat, HOMA-
IR, and IL-6, which may indicate the occurrence of 
immunometabolic disorders. These findings are in 
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Figure 2. Correlations between Interleukin-6 and insulin resistance index. 
Sedentary group (n = 24) and physically active group (n = 25).  
(A) Relationship between IL-6 and HOMA-IR (rho = 0.550; p-value < 
0.001). (B) Relationship between IL-6 and HOMA-IR dichotomized 
according to the physical activity level (sedentary: rho = 0.739; p-value < 
0.001 and active: rho = 0,339; p-value = 0.098).  (C) Relationship 
between IL-6 and HOMA-β (rho = 0.296; p-value = 0.039). (D) 
Relationship between IL-6 and HOMA-β dichotomized according to the 
physical activity level (sedentary: rho = 0.494; p-value = 0.014 and 
active: rho = 0.082; p-value = 0.697).
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Figure 3. Binary logistic regression between inflammation markers, 
engaging in moderate-to-vigorous physical activity and trunk fat. PA:  
physically active women; NTF: normal trunk fat; PI: physically inactive 
women; HTF: higher trunk fat; 95%CI = 95% Confidence Interval.
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agreement with those by Lavoie and cols. (27), who 
demonstrated that physical activity plays an important 
role in reducing chronic low-grade inflammation 
and risk of metabolic and cardiovascular diseases. 
Furthermore, women with more than one risk factor, 
including low physical activity levels, are more likely to 
present metabolic disorders (13). 

In contrast, physically active women presented no 
association between trunk fat and immunometabolic 
profile, possibly indicating that these women were 
protected against immunometabolic disorders. 
Physically active women also presented a positive 
association between percentage of body fat and 
adiponectin, an anti-inflammatory cytokine secreted 
mainly by adipocytes (28). Although increased body fat 
attenuates the expression of adiponectin (9), some types 
of acute physical activity can increase adiponectin levels 
independently of weight (29-32), possibly indicating 
that the anti-inflammatory effect of physical activity 
overcomes the detrimental effects of excessive fat mass.

Analyzing odds ratios, we found that women who 
were physically active and had normal trunk fat values 
presented a protective profile against high HOMA-
IR but not IL-6. We also observed that having only 
one factor, sufficient physical activity levels (MVPA ≥ 
150 min/wk) or normal trunk fat, was not enough to 
carry over the protective effect on immunometabolic 
disorders. Our results are in line with those by 
Knudsen and cols. (33), who found that only 3 days 
of reduction in physical activity levels led to increased 
insulin concentration and decreased insulin sensitivity. 
Interestingly, this pattern occurred regardless of the 
increase in body fat (visceral and abdominal), indicating 
the powerful harm of sedentary behavior. In contrast, 
the authors observed no changes in IL-6 levels in these 
patients. As already demonstrated, a drastic reduction 
in physical activity can attenuate the peripheral insulin 
sensitivity by decreasing the phosphorylation and 
content of Akt, an important downstream protein in 
insulin signaling and glucose uptake (34). However, the 
same authors have also found no relationship between 
a reduction in physical activity and IL-6 (34). The 
absence of an association between IL-6 and physical 
activity in these studies might have been due to the 
fact that a drastic reduction in physical activity was not 
enough to increase fat mass, which is one of the factors 
responsible for the IL-6 increase (24).

Despite the significance of our findings, it is 
important to mention some limitations of our 

study. The sample size indicates a need for caution 
in extrapolating the results, and the cross-sectional 
design precludes longitudinal considerations and causal 
inferences. On the other hand, the positive aspects of 
this study should be highlighted. Perhaps the most 
notable was the objective measurement of physical 
activity using triaxial accelerometer, providing a reliable 
measurement of habitual physical activity and avoiding 
eventual mistakes presented in subjective self-reported 
physical activity questionnaires. Furthermore, the 
estimation of body composition by DXA is a strength 
of the study, since this is a reliable and highly precise 
method to assess the body composition of the studied 
population (35).

In summary, our results suggest that sufficient MVPA 
levels were a protective factor against immunometabolic 
disorders in postmenopausal women. Therefore, steps 
must be taken to stimulate the practice of regular 
MVPA, especially in this population.

Acknowledgments: this work was supported by the Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior (Capes).

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1.	 Abdulnour J, Doucet E, Brochu M, Lavoie JM, Strychar I, Rabasa-

Lhoret R, et al. The effect of the menopausal transition on body 
composition and cardiometabolic risk factors: a Montreal-Ottawa 
New Emerging Team group study. Menopause. 2012;19:760-7.

2.	 Lovejoy J, Champagne C, De Jonge L, Xie H, Smith S. Increased 
visceral fat and decreased energy expenditure during the 
menopausal transition. Int J Obes. 2008;32:949-58.

3.	 Fleg JL, Morrell CH, Bos AG, Brant LJ, Talbot LA, Wright JG, et 
al. Accelerated longitudinal decline of aerobic capacity in healthy 
older adults. Circulation. 2005;112:674-82.

4.	 Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et 
al. Physical activity and public health: updated recommendation 
for adults from the American College of Sports Medicine and the 
American Heart Association. Circulation. 2007;116:1081-93.

5.	 Buonani C, Rosa CS, Diniz TA, Christofaro DG, Monteiro HL, Rossi 
FE, et al. Physical activity and body composition in menopausal 
women. Rev Bras Ginecol Obstet. 2013;35:153-8.

6.	 Diniz TA, Christofaro DG, Santos VR, Viezel J, Buonani C, Rossi 
FE, et al. Practice of moderate physical activity can attenuate 
the loss of lean body mass in menopausal women. Motricidade. 
2015;11:151-9.

7.	 Trayhurn P. Hypoxia and adipose tissue function and dysfunction 
in obesity. Physiol Rev. 2013;93:1-21.

8.	 Kueht ML, McFarlin BK, Lee RE. Severely obese have greater LPS-
stimulated TNF-alpha production than normal weight African-
American women. Obesity. 2009;17:447-51.

9.	 Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, et al. 
Paradoxical decrease of an adipose-specific protein, adiponectin, 
in obesity. Biochem Biophys Res Commun. 1999;257:79-83.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

360

T2DM-associated genetic variants and GDM

Arch Endocrinol Metab. 2017;61/4  

10.	 Rosamond W, Flegal K, Furie K, Go A, Greenlund K, Haase N, et 
al. Heart disease and stroke statistics--2008 update: a report from 
the American Heart Association Statistics Committee and Stroke 
Statistics Subcommittee. Circulation. 2008;117:e25-146.

11.	 Bruunsgaard H. Physical activity and modulation of systemic low-
level inflammation. J Leukoc Biol. 2005; 78: 819-35.

12.	 Petersen AM, Pedersen BK. The anti-inflammatory effect of 
exercise. J Appl Physiol. 2005;98:1154-62.

13.	 Diniz TA, Rossi FE, Silveira LS, Christofaro DG, Lira FS, Freitas Jr 
I. Relationship between moderate-to-vigorous physical activity, 
abdominal fat and immunometabolic markers in postmenopausal 
women. Eur J Obstet Gynecol Reprod Biol. 2015;194:178-82.

14.	 IBGE. Demographic census and population counts: Resident 
population by sex, status and age groups. 2010. Available from: 
<http://www.ibge.gov.br/home/estatistica/populacao/censo2010/
default.shtm>. Accessed on: Nov. 15, 2014.

15.	 WHO. Research on the Menopause in the 1990’s. Proceedings 
of a meeting. Geneva, Switzerland, 14-17 June 1994. Maturitas. 
1996;23:109-259.

16.	 Koury J, Passos M, Figueiredo F, Chain A, Franco J. Time of 
physical exercise practice after injury in cervical spinal cord-
injured men is related to the increase in insulin sensitivity. Spinal 
Cord. 2013;51:116-9.

17.	 Miot HA. Sample size in clinical and experimental studies. J Vasc 
Bras. 2011;10:275-8.

18.	 Colley R, Connor Gorber S, Tremblay MS. Quality control and 
data reduction procedures for accelerometry-derived measures 
of physical activity. Health Rep. 2010;21:63-9.

19.	 Saunders TJ, Tremblay MS, Mathieu ME, Henderson M, O’Loughlin 
J, Tremblay A, et al. Associations of sedentary behavior, sedentary 
bouts and breaks in sedentary time with cardiometabolic risk 
in children with a family history of obesity. PloS One. 2013; 
8:e79143.

20.	 Trost SG, McIver KL, Pate RR. Conducting accelerometer-based 
activity assessments in field-based research. Med Sci Sports 
Exerc. 2005;37:S531-43.

21.	 Freedson PS, Melanson E, Sirard J. Calibration of the Computer 
Science and Applications, Inc. accelerometer. Med Sci Sports 
Exerc. 1998;30:777-81.

22.	 Lejskova M, Alusik S, Suchanek M, Zecova S, Pitha J. Menopause: 
clustering of metabolic syndrome components and population 
changes in insulin resistance. Climacteric. 2011;14:83-91.

23.	 Ekelund U, Ward HA, Norat T, Luan J, May AM, Weiderpass E, 
et al. Physical activity and all-cause mortality across levels of 
overall and abdominal adiposity in European men and women: 
the European Prospective Investigation into Cancer and Nutrition 
Study (EPIC). Am J Clin Nutr. 2015;101:613-21.

24.	 Pedersen BK. The diseasome of physical inactivity--and the role of 
myokines in muscle--fat cross talk. J Physiol. 2009;587:5559-68.

25.	 Allison MA, Jensky NE, Marshall SJ, Bertoni AG, Cushman M. 
Sedentary behavior and adiposity-associated inflammation: the 
Multi-Ethnic Study of Atherosclerosis. Am J Prev Med. 2012;42:8-13.

26.	 Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. 
Sedentary time and cardio-metabolic biomarkers in US adults: 
NHANES 2003-06. Eur Heart J. 2011;32:590-7.

27.	 Lavoie ME, Rabasa-Lhoret R, Doucet E, Mignault D, Messier L, 
Bastard JP, et al. Association between physical activity energy 
expenditure and inflammatory markers in sedentary overweight 
and obese women. Int J Obes. 2010;34:1387-95.

28.	 Wang ZV, Scherer PE. Adiponectin, cardiovascular function, and 
hypertension. Hypertension. 2008;51:8-14.

29.	 Jurimae J, Purge P, Jurimae T. Adiponectin is altered after 
maximal exercise in highly trained male rowers. Eur J Appl 
Physiol. 2005;93:502-5.

30.	 Markofski MM, Carrillo AE, Timmerman KL, Jennings K, Coen 
PM, Pence BD, et al. Exercise training modifies ghrelin and 
adiponectin concentrations and is related to inflammation in 
older adults. J Gerontol A Biol Sci Med Sci. 2014;69:675-81.

31.	 Simpson KA, Singh MA. Effects of exercise on adiponectin: a 
systematic review. Obesity. 2008;16:241-56.

32.	 Varady KA, Bhutani S, Church EC, Phillips SA. Adipokine 
responses to acute resistance exercise in trained and untrained 
men. Med Sci Sports Exerc. 2010;42:456-62.

33.	 Knudsen SH, Hansen LS, Pedersen M, Dejgaard T, Hansen J, Hall 
GV, et al. Changes in insulin sensitivity precede changes in body 
composition during 14 days of step reduction combined with 
overfeeding in healthy young men. J Appl Physiol. 2012;113:7-15.

34.	 Krogh-Madsen R, Thyfault JP, Broholm C, Mortensen OH, 
Olsen RH, Mounier R, et al. A 2-wk reduction of ambulatory 
activity attenuates peripheral insulin sensitivity. J Appl Physiol. 
2010;108:1034-40.

35.	 Woodrow G. Body composition analysis techniques in the aged 
adult: indications and limitations. Curr Opin Clin Nutr Metab 
Care. 2009;12:8-14.


