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The purpose of this study is to investigate the association of insulin resistance (IR) with dietary, fithess,
anthropometric and other components of Metabolic Syndrome (MS) in adult participants. Cross-
sectional study of 80 adult participants (5818 years old) were clinically and ethically selected. They were
all assessed for anthropometry, dietary habits, plasma biochemistry and indirect measurement of
maximal oxygen uptake (VO.max). Participants were diagnosed for MS by IDF criterion and placed in 3
different groups using tertiles of HOMA-IR. Values were statistically correlated with the remaining
variables. Predictors of IR were determined by multivariate regression analysis. HOMA-IR was
significant (p<0.001) and positively associated with MS prevalence (r=0.67), C-reactive protein (r=0.58),
waist circumference (WC) (r=0.55), servings of fat consumption (r=0.52), body weight (r=0.43), body
mass index (r=0.40), uric acid (r=0.40), inversely correlated associated with HDL-c (r=-0.56), VO.max (r=-
0.28), ingested fibers (r=-0.47) and fruits (r=-0.39). The fiber intake discriminated tertiles of HOMA-IR
(G1<G2<G3). The variables considered independent predictors of HOMA-IR were WC, fat intake, MS, low
fiber intake, low muscle mass and high plasmatic concentrations of uric acid. The highest values of
HOMA-IR (P75) were positively associated with consumption of refined grains, uric acid, triglycerides,

low consumption of fruit and low HDL-c. Main determinants of IR are preventable factors.
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INTRODUCTION

Studies indicate the intracellular accumulation of fatty
acids and/or inflammation and oxidative stress as causes
of lower translocation of Glut4 to the cell membrane, and
consequently lower blood glucose removal (Samuel et
al., 2010).

The abnormal accumulation of triglycerides in the cell
(that lead to non-alcoholic steatohepatitis and
myosteatosis) is due to the imbalance captation-
synthesis/ oxidation free fatty acids that have diet and
exercise (muscle work) as modulators (Solomon et al.,
2009; Naples et al., 2010)

The consequence of physical inactivity, poor diet and
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obesity is the development of insulin resistance (IR) and
dyslipidemia, resulting in oxidative and inflammatory
stress (Sies et al., 2005). The increase in adipose tissue
induces systemic inflammation due to secretion of
proinflammatory factors by adipocytes. These bioactive
substances are known to exert a variety of effects on
glucose and lipid metabolism (Mangge et al., 2010).
Furthermore, chronic inflammation is a key feature of
metabolic syndrome (MS) (Monteiro and Azevedo, 2010).

High consumption of saturated fats and lower in fibers,
vegetables and fruits can influence the blood glucose by
promoting the positive energy balance and increasing
coagulation factors, inflammatory and oxidative stress
(Liese et al.,, 2009). In parallel, the mild-moderate
exercise increases insulin sensitivity and beta-oxidation
of fatty acids preventing their intracellular accumulation
(Solomon et al., 2009).



Different authors claim that changes in lifestyle, such as
adherence to healthy eating habits and regular exercise
are essential in preventing and treating the majority of the
non-transmissible chronic diseases. These interactions
promote behaviors that prevent or at least reduce the
state of IR and can delay the onset of DM2 (Horton,
2009; Belalcazar et al., 2010).

Scientific studies showed that several strategies of
lifestyle change can reduce, in part, the incidence of DM2
and its complications (Weickert et al., 2006; Solomon et
al., 2009; Naples et al., 2010; Belalcazar et al., 2010).
However, an intervention with all indicators related to IR
would increase the dropout of program by patients (Pi-
Sunyer, 2007). Therefore, knowing the main indicators
associated with IR is important to design effective
strategies and promote the adherence of patients. The
aim of this study is to investigate the association of IR
with anthropometric, dietary, biochemical and physical
(aerobic and muscular fitness).

METHODOLOGY

A cross sectional study was developed with adults clinically
selected to participate in a lifestyle change program. Eighty partici-
pants were included in accordance with the following criteria: older
than 40 year, not in use of vitamins, supplements or medicines
which may alter insulin actions. The participants signed a consent
form approved by the ethics committee of the State University of
Séo Paulo.

We evaluated 34 variables possibly involved in IR (6 clinical, 5
anthropometric, 6 dietetics, 2 physical and 15 biochemical). The
body composition evaluation consisted of waist circumference and
body mass index (BMI) using weight and height according to WHO
recommendations (2002). Body fat (Segal, 1988) and muscle mass
(Janssen et al., 2000) were determined by electrical bioimpedance
(Quantum BIA-101Q, Clinton Township). Normal values of body fat
percentage were considered 15 to 25% for males and 20 to 35% for
females (Bray, 1992). Sarcopenia was defined when the
percentage of muscle mass was <37% for males and <28% for
females (Janssen et al., 2002).

Blood pressure measurement was made using a digital
sphygmomanometer (OMRON model HEM-413C) following the
recommendations of National Cholesterol Education Program’s
Adult Treatment Panel Il (2001).

Food intake was estimated by 24 h recall questionnaire,
calculated using the program for nutritional analysis NutWin® and
the numbers of servings consumed were adjusted into servings
according to the Brazilian adapted food pyramid (Mota et al., 2008).
Dietary reference intakes for fatty acids, cholesterol and fibers were
determinate according to WHO (2003).

The maximal oxygen uptake (VO.max) was determined
individually through the maximal test protocol Balke and Ware
(1959) and the American Heart Association values were utilized as
reference (Gibbons et al., 1997). The palmar grip strength was
evaluated using JAMAR® dynamometer and establishing an
adjustment index obtained by dividing between the quantities of
strength measured in kilograms by absolute total fat:

Real strength= strength (kg)/ absolute total fat (kg)

This index was proposed by our group, because obese individuals
had greater strength, and thus a positive correlation with IR. Similar
correction was performed by another study that divided the palmar
grip strength by body weight of studied participants (Jurca et al.,
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2005). The participants were classified according to tertiles of real
strength.

Blood samples obtained after 12 h of overnight fasting were used
for measurements of plasma glucose, uric acid, triglycerides, total
and HDL-cholesterol calorimetrically in an automatic analyzer
(System Vitros chemistry 950 Xrl, Johnson and Johnson). LDL-
cholesterol was calculated using Friedewald’s formula (Friedewald
et al., 1972). The values used as reference were determined by the
National Cholesterol Education Program's Adult Treatment Panel Il
(Pearson et al., 2003). The ultra-sensitive C-reactive protein and
insulin were assayed by quimioluminescence (Immulite) and
plasma homocysteine by HPLC (Shimadzu).

The diagnosis of MS followed the International Diabetes
Federation (Alberti et al., 2006). Insulin resistance was estimated
through homeostatic model assessment-insulin resistance (HOMA-
IR) (Levy et al., 1998). Additionally were calculated homeostatic
model assessment-B cell function (HOMA-B), quantitative insulin
sensitivity check index (QUICKI) and index of peripheral insulin
sensitivity (McAuley) (Levy et al., 1998; Acaso et al., 2003).

Participants were distributed into tertiles of HOMA-IR values
according to the degree of IR (G1, G2 and G3) and these groups
were differentiated by either parametric (ANOVA/MANOVA) or non-
parametric (Kruskall Wallis) tests. G1: HOMA-IR below 0.98 (n=20),
G2: HOMA-IR between 0.98 and 2.50 (n=40), G3: HOMA-IR up to
2.50 (n=20). The relationship between HOMA-IR and another
variable was tested using Spearman’s rank test. Logistic regression
was used to obtain adjusted odds ratio for P75 HOMA-IR (> 2.50)
and the variables analyzed were dichotomized in normal and
altered. Subsequently, the risk factors-insulin resistance (log
HOMA-IR) association was evaluated using multivariate logistic
regression. Statistical analysis was done using SPSS version 12.0
for windows, and statistical significance set at p<0.05.

RESULTS

Female was predominant in the sample studied (70%).
The mean age of participants was 588 years old, 72.5%
were obese or overweight and 55% had waist circum-
ference levels above normal. Half the participants were
classified as having the MS and 51.3% as sarcopenic
(Table 1).

Insulin resistance was associated with greater insulin
secretion calculated by HOMA-B (r=0.64; p<0.00001). In
contrast, there was a decrease in the QUICKI and
McAuley indexes (r=-1.0, =-0.84; p<0.00001,
respectively), confirming the diagnosis of IR.

Higher HOMA-IR tertile (G3>2.50) was characterized
by greater weight (85.846.0 vs. 70.746.7 and 71.57,
p<0.01), body mass index (32.2+1.5 vs. 26.2 + 2.2 and
26.7%2.2, p<0.001), waist circumference (107.1+12.4 vs.
92.318.6 and 89.619.2, p<0.001) and body fat
percentage (43.846.0 vs. 28.7+2.2 and 27.314.6; p<0.01)
compared to G2 and G1, respectively. In the analysis of
food intake, G3 had lower consumption of fruit (2.5+1.6
vs. 4.8+2.3 and 5.5+2.3; p<0.01) and dietary fibers
(11.846.7 vs. 18.246.8 and 22.418.4; p<0.001), as well as
higher consumption of refined cereals (5.0+1.1 vs.
3.0£0.8 and 2.8+1.0; p=0.01), meat servings (2.0£0.5 vs.
1.0£0.69 and 1.25%#0.44; p=0.03) and fat servings
(2.84£1.0 vs. 1.5+0.6 and 1.0£0.8; p=0.001) as compared
to G2 and G1 (Figure 1).

G3 showed higher concentrations of triglycerides
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Table 1. Prevalence of anthropometric alterations and metabolic syndrome.

Anthropometric alterations Total (%) Men (%) Women (%)
Overweight 38.8 41.9 58.1
Obesity 33.7 22.2 77.8
High waist circumference 55.0 22.7 77.3
Sarcopenia 51.3 41.7 55.4
Metabolic syndrome 50.0 70.0 30.0
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Figure 1. Magnitude of difference (%) between the higher (G3) against the lower (G1=G2) HOMA-IR groups.

QOils: servings of oil intake; RC: refined cereal; TG: plasma triglycerides; %BF: %of body fat; Meats: servings of meats
intake; yGT: plasma y glutamil transpeptidase activity; BW: body weight; BMI: body-mass index; WC: waist
circumference; SBP: systolic blood pressure; UA: plasma uric acid; Fruits: servings of fruits intake; HDL-c: plasma HDL-
cholesterol; VO,max: aerobic capacity *p<0.05, **p<0.01, ***p<0.001.

(178.5438.1 vs. 1301#36.8 and 108.5:28 mg/dL;
p=0.001), uric acid (5.4%£1.4 vs. 4.9+1.2 and 5.1x1.4
mg/dL; p=0.04), vy glutamyl transferase (28.5£8.5 vs
22+5.2 and 20+5.3mg/dL; p=0.01) and hs-CRP (5.9+2.3
vs. 2.0£1.1 and 0.9+0.6mg/L; p<0.001) and lower
concentrations of HDL-cholesterol (39.0+44 vs. 52.5+7.4
and 58.5+8.7 mg/dL; p=0.001), compared to G2 and G1,
respectively (Figure 1). Systolic blood pressure was
higher in G3 group (8.6%; p=0.02). Real strength
(0.88+0.40 vs. 1.46%0.29 and 1.48+0.96 kg; p=0.01) and
maximal oxygen uptake (23.3%6.4 vs. 27.7+7.0 and
30.3+8.7 mL/kg/min; p=0.01) was lower in G3 compared
to G2 and G1, respectively (Figure 1).

HOMA-IR was positively (p<0.01) associated with body
weight, BMI, waist circumference, body fat percentage
and inversely associated with muscle mass (Figure 2).

Regarding dietary variables represented by servings of
refined cereals, meat, oils, percentage of total dietary fat
and saturated fat, there was also a positive and signifi-
cant (p<0.01) association. However, the ratio of dietary
fibers, the groups of fruits and vegetables consumption
was inversely associated (p<0.03). HOMA-IR values
were positively associated with triglycerides, y glutamyl
transferase, hs-CRP, uric acid and systolic blood
pressure. Additionally it was inversely associated with
HDL-cholesterol and also with VO,max (Figure 2).

In G3 none of the participants has reached the
adequacy of dietary intake of vegetables and monoun-
saturated fats. There was no individual with high plasma
concentrations of uric acid in G1 and G2. Participants
with weight, total fat or waist circumference above normal
were more likely to develop IR. The risk for IR increases
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Figure 2. Relationship between HOMA-IR and clinic, dietary, anthropometric, biochemical and fithess markers.

CRP: plasma C-reactive protein; WC: waist circumference; Oils: servings of oil intaked; BW: Body Weight; BMI: body-mass index; UA:
Plasma uric acid; RC: refined cereals servings; %BF: % of body fat; TG: plasma triglycerides; yGT: plasma y glutamil transpeptidase
activity; Meats: servings of meats intaked; SBP: systolic blood pressure; %Fat: % calorie as fat; %SF: % saturated fat intaked; DBP:
diastolic blood pressure; VO.max.: aerobic capacity *p<0.05, **p<0.01, ***p<0.001.

with consumption of refined grains, presence of MS, high
blood pressure, triglycerides and hs-CRP concentrations
(Figure 3). Some factors like adequate percentage of
muscle mass, fiber intake and high levels of HDL-
cholesterol played protective role for the development of
IR (Figure 3).

In multiple linear regression analysis, considering log
HOMA-IR as the dependent variable, was observed that
IR were influenced by waist circumference, low fiber
intake, high consumption of oils servings, reduced
muscle mass, elevated plasma concentrations of uric
acid and high BMI (Table 2).

DISCUSSION
Besides being considered an independent risk factor for

cardiovascular disease, DM2 tripled the risk of death
(Salles et al., 2004). According to different studies

(Weickert et al., 2006; Solomon et al., 2009; Naples et
al., 2010; Belalcazar et al., 2010) increased
concentrations of glucose is associated with inadequate
food, sedentary lifestyle, changes in body composition
and biochemical variables.

In our study we observed that the indicators of excess
body fat were positively associated with IR. Berggren et
al. (2004) found that obese individuals have higher depo-
sition of intramuscular fatty acid uptake and synthesis by
the higher and lower hydrolysis of triglycerides,
mechanisms involved in the IR.

Moreover, the location of fat also influences the
development of IR. SILVA et al (2006) found positive
correlations between waist circumference, HOMA-IR and
triglycerides in women after adjustment for BMI. When
the model was adjusted by VO.max, was observed in
men, correlations between waist, HOMA-IR and apolipo-
protein B (ApoB) and also found correlations between
waist and HOMA-IR in women (SILVA et al., 2006).
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Figure 3. Odds ratios and 95% confidence intervals of insulin resistance (P75 of HOMA-IR) with variables studied.
Int. CRP: intermediate concentrations of C reactive protein; p<0.05 for all variables.
Table 2. Multiple linear regression analysis equations for the main determinants of insulin resistance.
Predictors variable B P IC (B, 95%)
Waist circumference 0.011 0.001 0.005 0.017
Fiber intake -0.009 0.000 -0.013 -0.005
Servings of oil intake 0.038 0.006 0.011 0.065
% Muscle mass -0.016 0.000 -0.023 -0.009
Plasma uric acid 0.043 0.001 0.019 0.068
BMI 0.019 0.021 0.034 0.003

Adjusted R®= 76.1%. p<0.001.

Another important finding is that muscle mass was
associated inversely with the IR. The proposed
mechanism is that the decrease in muscle mass leads to
a reduction in the ability to promote oxidation of glucose
and fatty acids, increasing their plasma and tissue
concentrations, making a vicious cycle by increasing
oxidative stress and inflammation that causes muscle
tissue damage (Roubenoff, 2003; Evans et al., 2010).
According to Cesari et al. (2005), sarcopenia (reduced
muscle mass and strength) is associated with decreased

basal metabolic rate and consequently development of
non-transmissible chronic diseases such as hypertension
and diabetes.

The consumption of refined foods and of fats
(especially saturated fat) was associated with IR. Instead,
the dietary fiber intake was considered protective factor.
Some studies have shown that increased dietary fiber
intake is associated with weight reduction, consequent
improvement in IR and the concentrations of
inflammatory and oxidative markers (Vrolix and Mensink,



2010; Dominguez et al., 2010).

According to Vrolix and Mensink (2010), low intake of
whole food and high fat intake are positively associated
with the development of MS. The combination of high
consumption of fruits and vegetables with low con-
sumption of saturated fatty acid is more protective
against coronary artery disease (Tucker et al., 2005).

The lipid pattern showed by the IR group in this study is
atherogenic, with decreased concentrations of HDL-
cholesterol and high triacylglycerol. Such changes were
also described by Laakso (2009) and referred to as
diabetic dyslipidemia associated with the development of
atherosclerosis and coronary artery disease.

We also observed that the oxidative stress and inflame-
matory process correlates linearly with IR. Oxidative
stress in IR is well described, the main factors in
promoting oxidation excess determines the state of
hyperglycemia and is associated with dyslipidemia (Mota
et al., 2009; Hsueh et al., 2010).

In relation to inflammatory stress, studies showed the
important role of toll-like receptors (TLRs) 2 and 4 in the
development of this state and consequently of DM2
(Dasu et al., 2010; Kim and Sears, 2010). Toll-like
receptors are a class of cell membrane protein receptor
to specifically detect pathogen-associated microbial
patterns (PAMPs) during inflammatory process. Recent
studies show that TLR-2 and TLR-4 can both be stimu-
lated by lipopolysaccharide, oxidized LDL-cholesterol,
heat shock protein 60, the excess of free fatty acids
(FFA) and reactive oxygen species. It is known that
individuals with obesity, IR and MS have elevated con-
centrations of FFA and thus, oxidative stress (Asehnoune
et al., 2004; Song et al., 2006).

Kahn et al. (2006) showed that obesity is a major deter-
minant of the positive association between C-reactive
protein and MS in patients with diabetes. In this study it
was found that the increasing in the weight influences the
inflammatory stress, and those with HOMA-IR above the
median (> 1.58) had ultra-sensitive C-reactive protein
concentrations higher than in those with HOMA <1.58.
The same was observed when analyzing the uric acid
levels. In relation to homocysteine, their concentrations
varied with increased BMI, regardless of the presence of
a higher rate of IR.

The y-glutamyl transferase levels were positively corre-

lated with HOMA-IR. In addition, individuals with high
enzyme activity had higher chances of developing IR.
Higher activity of y-glutamyl transferase is an independent
risk factor for the development of IR (Ortega et al., 2006).
In this study, hypertension was considered an isolated
risk factor. Results of "The Insulin Resistance
Atherosclerosis Study” (Saad et al., 2004) showed that
the IR, not insulinemia, is associated with hypertension
and blood pressure in people without diabetes, with
differences among ethnicities. However, in patients with
DM2 the association of blood pressure and IR and
insulinemia was not observed.

The cardio-respiratory fitness and muscle strength were
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inversely associated with IR. Some studies have
documented that individuals with higher fitness reveal
less risk to develop DM2 (Solomon et al., 2009; Horton,
2009). Additionally it was observed that the greater the
muscle strength, the lower the incidence of MS.

In the present study we could see that the main
determinants of IR are preventable factors. Moreover, the
determinant variables of IR are also interconnected by
acting as a cause or consequence of one another. The
abdominal adiposity, a key factor for the diagnosis of both
MS and excess body weight, is associated with low fiber
intake and higher fat consumption. The superposition of
these variables contributes to increased oxidative stress
and inflammation that contribute to aggression to muscle
tissue, as previously mentioned.

A vulnerability of this study is the sample size. How-
ever, it is justified by the number of variables, combined
with the complexity and time taken for obtaining and
analyzing data. In statistical analysis, the adjusted model
was able to explain 76.1% of the variability of the sample
and through a diagnostic analysis did not find points that
would influence the precision of parameter estimation
and the accuracy of the predicted values of the model.

The identification of the determinants of IR can lead us
to develop an accurate protocol for lifestyle change,
allowing the elaboration of more effective strategies.

ACKNOWLEDGMENTS

We thank Dr. Monica E. A. Inoue for contributing to the
review language in this manuscript. This work was
supported by the Fundagdo de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP), Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq) and
Fundacao Coordenacéo de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES).

REFERENCES

Acaso JF, Pardo S, Real JT, Lorente R, Priego A, Carmena R (2003).
Diagnosing insulin resistance by simple quantitative methods in
subjects with normal glucose metabolism. Diabetes Care, 26(12):
3320-3325.

Alberti KGMM, Zimmet PZ, Shaw JE (2006).The metabolic syndrome —
a new world-wide definition from the International Diabetes
Federation consensus. Diabet Med., 23(5): 469-480.

Asehnoune K, Strassheim D, Mitra S, Kim Jy, Abraham E (2004).
Involvement of reactive oxygen species in Toll-like receptor 4 —
dependent activation of NF-xB. J. Immun., 172(4): 2522-9.

Balke B, Ware R (1959). An experimental study of Air Force Personnel.
U S Armed Forces Med. J., 10(6): 675-688.

Belalcazar LM, Reboussin DM, Haffner SM, Hoogeveen RC, Kriska AM,
Schwenke DC, Tracy RP, Pi-Sunyer FX, Ballantyne CM; Look
AHEAD Research Group (2010). A 1-year lifestyle intervention for
weight loss in individuals with type 2 diabetes reduces high C-
reactive protein levels and identifies metabolic predictors of change:
from the Look AHEAD (Action for Health in Diabetes) study. Diabetes
Care, 33(11): 2297-2303.

Berggren JR, Hulver MW, Dohm GL, Houmard JA (2004). Weight loss
and exercise: implications lipid metabolism and insulin action. Med.
Sci. Sports. Exerc., 36(7): 1191-1195.

Bray G (1992). An approach to the classification and evaluation of



96 Int. J. Nutr. Metab.

obesity. In: Bjérntorp P, Brodoff BN. Obesity. J.B. Lippincott,
Philadelphia, pp. 294-308.

Cesari M, Kritchevsky SB, Baumgartner RN, Atkinson HH, Penninx BW,
Lenchik L, Palla SL, Ambrosius WT, Tracy RP, Pahor M (2005).
Sarcopenia, obesity, and inflammation--results from the Trial of
Angiotensin Converting Enzyme Inhibition and Novel Cardiovascular
Risk Factors study. Am. J. Clin. Nutr., 82(2): 28-34.

Dasu MR, Devaraj S, Park S, Jialal | (2010). Increased toll-like receptor
(TLR) activation and TLR ligands in recently diagnosed type 2
diabetic subjects. Diabetes Care, 33(4): 861-868.

Dominguez Coello S, Cabrera de Leén A, Rodriguez Pérez MC, Borges
Alamo C, Carrillo Fernandez L, Almeida Gonzalez D, Garcia Yanes
J, Gonzélez Hernandez A, Brito Diaz B, Aguirre-Jaime A (2010).
Association between glycemic index, glycemic load, and fructose with
insulin resistance: the CDC of the Canary Islands study. Eur. J Nutr.,
49(8): 505-512.

Evans WJ, Paolisso G, Abbatecola AM, Corsonello A, Bustacchini S,
Strollo F, Lattanzio F (2010). Frailty and muscle metabolism
dysregulation in the elderly. Biogerontology, 11(5): 527-536.

EXECUTIVE SUMMARY OF THE THIRD REPORT OF THE
NATIONAL CHOLESTEROL EDUCATION PROGRAM (NCEP)
(2001). Expert panel on the detection, evaluation, and treatment of
high blood cholesterol in adults (Adult Treatment Panel Ill). JAMA,
285(19): 2486-2497.

Friedewald WT, Levy RI, Frederickson DS (1972). Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem., 18(6): 499-502.

Gibbons RJ, Balady GJ, Beasley JW, Bricker JT, Duvernoy WF,
Froelicher VF, Mark DB, Marwick TH, McCallister BD, Thompson
PD, Winters WL Jr, Yanowitz FG, Ritchie JL, Cheitlin MD, Eagle KA,
Gardner TJ, Garson A Jr, Lewis RP, O'Rourke RA, Ryan TJ (1997).
ACC/AHA guidelines for exercise testing: Executive summary. A
report of the American College of Cardiology/ AHA task force on
practice guidelines (Committee on exercise testing). Circulation,
96(1): 345-354.

Horton ES (2009). Effects of lifestyle changes to reduce risks of
diabetes and associated cardiovascular risks: results from large scale
efficacy trials. Obesity (Silver Spring), 17(Suppl 3):S43-48.

Hsueh WA, Orloski L, Wyne K (2010). Prediabetes: the importance of
early identification and intervention. Postgrad Med., 122(4):129-143.
Janssen |, Heymsfield SB, Baumgartner RN, Ross R (2000). Estimation
of skeletal muscle mass by bioelectrical impedance analysis. J. Appl.

Physiol., 89(2): 465-471.

Janssen |, Heymsfield SB, Ross R (2002). Low relative skeletal muscle
mass (sarcopenia) in older persons is associated with functional
impairment and physical disability. J. Am. Geriatr. Soc., 50(5): 889-
896.

Jurca R, Lamonte MJ, Barlow CE, Kampert JB, Church TS, Blair SN
(2005). Association of muscular strength with incidence of metabolic
syndrome in men. Med Sci Sports Exerc., 37(11):1849-1855.

Kahn SE, Zinman B, Haffner SM, O'Neill MC, Kravitz BG, Yu D, Freed
MI, Herman WH, Holman RR, Jones NP, Lachin JM, Viberti GC;
ADOPT Study Group (2006). Obesity is a major determinant of the
association of C-reactive protein levels and the metabolic syndrome
in type 2 diabetes. Diabetes., 55(8): 2357-2364.

Kim JJ, Sears DD (2010). TLR4 and Insulin Resistance. Gastroenterol
Res. Pract., pii: 212563.

Laakso M (2009). Lipid disorders in type 2 diabetes. Endocrinol Nutr.,
56(Suppl 4): 43-45.

Levy J, Matthews DR, Hermans MP (1998). Correct Homeostasis Model
Assessment (HOMA) evaluation uses the computer program.
Diabetes Care., 21(12): 2191-2192.

Liese AD, Weis KE, Schulz M, Tooze JA (2009). Food intake patterns
associated with incident type 2 diabetes: the Insulin Resistance
Atherosclerosis Study. Diabetes Care, 32(2): 263-268.

Mangge H, Almer G, Truschnig-Wilders M, Schmidt A, Gasser R, Fuchs
D (2010). Inflammation, adiponectin, obesity and cardiovascular risk.
Curr. Med. Chem., 17(36): 4511-4520.

Monteiro R, Azevedo | (2010) Chronic inflammation in obesity and the
metabolic syndrome. Mediators Inflamm., pii: 289645.

Mota JF, Medina WL, Moreto F, Burini RC (2009). Influence of adiposity
on inflammation risk in patients with fasting glucose impairment. Rev

Nutr., 22(3): 351-357.

Mota JF, Rinaldi AEM, Pereira AF, Maestd N, Scarpin MM, Burini RC
(2008). Adaptation of the healthy eating index to the food guide of the
Brazilian population. Rev. Nutr., 21(5): 545-552.

Naples SP, Borengasser SJ, Rector RS, Uptergrove GM, Morris EM,
Mikus CR, Koch LG, Britton SL, lbdah JA, Thyfault JP (2010).
Skeletal muscle mitochondrial and metabolic responses to a high-fat
diet in female rats bred for high and low aerobic capacity. Appl.
Physiol. Nutr. Metab., 35(2):151-162.

Ortega E, Tataranni AP, Salbe AD, Bunt JC (2006). Gamma-
glutamyltranferase is a determinant of insulin resistance (HOMA-IR)
independent of adiposity in Pima Indian Children. J. Clin. Endocrinol.
Metab., 91(4):1419-1422,

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO
3rd, Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N,
Smith SC Jr, Taubert K, Tracy RP, Vinicor F; Centers for Disease
Control and Prevention; American Heart Association (2003). Markers
of inflammation and cardiovascular disease: application to clinical
and public healthy practice: A Statement for Healthy Care
Professionals from the Centers for Disease Control and Prevention
and the American Heart Association. Circulation, 107(3):499-511.

Pi-Sunyer FX (2007) How effective are lifestyle changes in the
prevention of type 2 diabetes mellitus? Nutr Rev., 65(3):101-110.

Roubenoff R (2003). Catabolism of aging: is it an inflammatory
process? Curr. Opin. Clin. Nutr. Metab. Care., 6(3):295-239.

Saad MF, Rewers M, Selby J, Howard G, Jinagouda S, Fahmi S,
Zaccaro D, Bergman RN, Savage PJ, Haffner SM (2004). Insulin
resistance and hypertension. The Insulin Resistance Atherosclerosis
Study

Salles JF, Bloch KV, Cardoso CRL (2004). Mortality and predictors of
mortality in a cohort of Brazilian type 2 diabetic patients. Diabetes
Care., 27(6):1299-1305.

Samuel VT, Petersen KF, Shulman Gl (2010). Lipid-induced insulin
resistance: unravelling the mechanism. Lancet, 375(9733): 2267-77.
Segal KR, Van Loan M, Fitzgerald Pl, Hodgdon JA, Van ltallie TB
(1988). Lean body mass estimation by bioelectrical impedance
analysis: a four-site cross-validation study. Am. J. Clin. Nutr., 47(4):

7-14.

Sies H, Stahi W, Sevanian A (2005). Nutritional, dietary and
postprandial oxidative stress. J. Nutr., 135(5): 969-972.

Silva JLT, Barbosa DS, Oliveira JA, Guedes DP (2006). Distribuigdo
centripeta da gordura corporal, sobrepeso e aptidao
cardiorrespiratéria: associagdo com sensibilidade insulinica e
alterac6es metabdlicas. Arq. Bras. Endocrinol. Metab., 50(6): 1034-
1040.

Solomon TP, Haus JM, Marchetti CM, Stanley WC, Kirwan JP (2009).
Effects of exercise training and diet on lipid kinetics during free fatty
acid-induced insulin resistance in older obese humans with impaired
glucose tolerance. Am. J. Physiol. Endocrinol. Metab., 297(2): E552-
559.

Song MJ, Kim KH, Yoon JM, Kim JB (2006). Activation of Toll-like
receptor 4 is associated with insulin resistance in adipocytes.
Biochem. Biophys. Res. Commun., 346(3): 739-745.

Tucker KL, Hallfrish J, Qiao N, Muller D, Andres R, Fleg JL (2005). The
combination of high fruit and vegetable and low saturated fat intakes
is more protective against mortality in aging men than is either alone:
The Baltimore Study of Aging. J. Nutr., 135(3): 556-5561.

Vrolix R, Mensink RP (2010) Effects of glycemic load on metabolic risk
markers in subjects at increased risk of developing metabolic
syndrome. Am. J. Clin. Nutr., 92(2): 366-374.

Weickert MO, Moéhlig M, Schéfl C, Arafat AM, Otto B, Viehoff H,
Koebnick C, Kohl A, Spranger J, Pfeiffer AF (2006). Cereal fiber
improves whole-body insulin sensitivity in overweight and obese
women. Diabetes Care., 29(4): 775-780.

WHO Technical Report Series 916 (2003). Diet, Nutrition and the
Prevention of Chronic Diseases, Geneva. Report of a joint WHO/FAO
expert consultation. World Health Organ Tech Rep Ser., 916(i-viii):1-
149.

World Health Organization (WHO) (2002). Diet, nutrition and the
prevention of chronic diseases. Geneva: WHO/FAO. Expert
Consultation on diet, nutrition and prevention of chronic diseases).
Hypertension, 43(6): 1324-1331.



