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•  Peso	
  atual:	
  83kg	
  
•  Peso	
  usual	
  (12	
  meses):	
  	
  83kg	
  
•  Peso	
  usual	
  (24	
  meses):	
  75kg	
  
•  Peso	
  ao	
  final	
  da	
  adolescência	
  (18	
  anos):	
  66kg	
  
•  Estatura:	
  158cm	
  
•  Circunferência	
  Abdominal:	
  98	
  cm	
  
•  IMC	
  atual:	
  33,2kg/m2	
  

Avaliação	
  Antropométrica	
  



•  Pressão	
  Arterial:	
  132/87	
  mmHg	
  
•  Presença	
  de	
  acantose	
  nigricans	
  em	
  axila	
  e	
  
pescoço;	
  estrias	
  esbranquiçadas	
  em	
  abdome,	
  que	
  
ela	
  afirma	
  que	
  apareceu	
  após	
  a	
  gestação.	
  	
  

•  Traz	
  os	
  seguintes	
  exames:	
  glicemia	
  104	
  mg/dl;	
  
colesterol	
  total	
  225	
  mg/dl;	
  triglicerídios	
  188	
  mg/
dl;	
  HDL	
  33	
  mg/dl;	
  LDL	
  154,4mg/dl.	
  

•  Refere	
  uso	
  con[nuo	
  de	
  an\concepcional	
  oral	
  e	
  
esporádico	
  de	
  laxantes	
  e	
  Orlistat	
  (s/	
  receita).	
  

Exame	
  Físico	
  e	
  Bioquímico	
  



Diagnós\co	
  de	
  Síndrome	
  Metabólica	
  

I Diretriz Brasileira de Diagnóstico e Tratamento da Síndrome Metabólica, 2005. 
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Exame	
  Físico	
  e	
  Bioquímico	
  



•  A	
  acantose	
  nigricans	
  é	
  uma	
  doença	
  rara	
  
da	
  pele,	
  caracterizada	
  por	
  hiperqueratose	
  e	
  
hiperpigmentação.	
  

•  É	
  frequentemente	
  associada	
  à	
  obesidade	
  e	
  
endocrinopa\as,	
  como	
  hipo\reoidismo	
  ou	
  
hiper\reoidismo,	
  acromegalia,	
  doeça	
  do	
  
ovário	
  policís\co,	
  diabetes	
  insulino-­‐resistente,	
  
síndrome	
  metabólica,	
  e	
  Síndrome	
  de	
  Cushing.	
  

Acantose	
  Nigricans	
  



Acantose	
  Nigricans	
  



Acantose	
  Nigricans	
  



Outros	
  sinais	
  clínicos	
  frequentes	
  



Pólipos	
  Fibroepiteliais	
  



Xantelasma	
  Palpebral	
  



Abdômen	
  em	
  Avental	
  



Assaduras	
  



ü Obesidade	
  
ü Síndrome	
  Metabólica	
  

ü Sedentária	
  
ü Hábitos	
  Alimentares	
  Inadequados	
  
	
  

Diagnós\co	
  do	
  Caso	
  Clínico	
  



ü Obesidade	
  
ü Modificação	
  do	
  Es\lo	
  de	
  vida	
  

ü Fármacos	
  

ü Cirurgia	
  
ü Síndrome	
  Metabólica	
  

ü Tratamento	
  Não	
  Medicamentoso	
  

ü Plano	
  alimentar	
  e	
  exercícios	
  

ü Fármacos	
  

ü Pressão	
  Arterial,	
  Glicemia,	
  Dislipidemia	
  

ü Tratamento	
  Medicamentoso	
  e	
  Cirúrgico	
  da	
  Obesidade	
  
	
  

Tratamento	
  da	
  Paciente	
  

I Diretriz Brasileira de Diagnóstico e Tratamento da Síndrome Metabólica, 2005. 
ABESO. Diretriz Brasileira de Obesidade, 2009/2010. 

 



•  IMC	
  acima	
  de	
  40	
  Kg/	
  m²;	
  
•  IMC	
  entre	
  35	
  e	
  40	
  Kg/	
  m²	
  com	
  doenças	
  
associadas;	
  

•  Obesidade	
  de	
  longo	
  prazo	
  e	
  estável;	
  
•  Insucesso	
  com	
  tratamento	
  clínico	
  (mín	
  2	
  anos);	
  
•  Apoio	
  familiar	
  em	
  todas	
  as	
  etapas	
  do	
  tratamento;	
  
•  Compreensão	
  da	
  doença	
  e	
  do	
  controle;	
  
•  Risco	
  cirúrgico	
  aceitável;	
  
•  Avaliação	
  pré-­‐operatória	
  rigorosa.	
  

Indicações	
  do	
  Tratamento	
  
Cirúrgico	
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Indicações	
  do	
  Tratamento	
  
Cirúrgico	
  



•  Pacientes	
  com	
  Síndrome	
  Metabólica	
  e	
  
obesidade	
  (IMC	
  >	
  30	
  Kg/	
  m²),	
  ou	
  excesso	
  de	
  
peso	
  (IMC	
  entre	
  25	
  e	
  30	
  Kg/	
  m²)	
  desde	
  que	
  
acompanhados	
  de	
  comorbidades,	
  e	
  que	
  não	
  
tenham	
  perdido	
  1%	
  do	
  peso	
  inicial	
  por	
  mês,	
  
três	
  meses	
  após	
  o	
  início	
  do	
  tratamento	
  não-­‐
medicamentoso.	
  

Indicações	
  do	
  Tratamento	
  
Farmacológico	
  

I Diretriz Brasileira de Diagnóstico e Tratamento da Síndrome Metabólica, 2005. 
ABESO. Diretriz Brasileira de Obesidade, 2009/2010. 

 



Modificação	
  do	
  Es\lo	
  de	
  Vida	
  (MEV)	
  



Iniciando	
  o	
  Planejamento...	
  



Balanço	
  Energé\co	
  



Balanço	
  Energé\co	
  



Componentes	
  do	
  Gasto	
  Energé\co	
  

Taxa Metabólica Basal 

Atividade Física Involuntária 

Efeito Térmico do Alimento 

Atividade Física  
Voluntária 

Gasto Energético 
 Total (GET) 

Crescimento 

Efeito Térmico 
da atividade 

Genética 
Idade 
Sexo 
Massa Magra 
Hormônios/SNS 

Duração 
Intensidade 
Tipo 
Massa Corporal 

Genética 
Hormônios/SNS 



Componentes	
  do	
  Gasto	
  Energé\co	
  

Taxa Metabólica Basal 

Atividade Física Involuntária 

Efeito Térmico do Alimento 

Atividade Física  
Voluntária 

Gasto Energético 
 Total (GET) 

Crescimento 

Efeito Térmico 
da atividade 

Genética 
Idade 
Sexo 
Massa Magra 
Hormônios/SNS 

Duração 
Intensidade 
Tipo 
Massa Corporal 

Genética 
Hormônios/SNS 

Medir ou 
Estimar! 



Taxa	
  Metabólica	
  Basal	
  

•  Metabolismo	
  basal	
  ou	
  Taxa	
  metabólica	
  
basal	
  refere-­‐se	
  à	
  quan\dade	
  calórica	
  que	
  o	
  
corpo	
  necessita,	
  em	
  vinte	
  e	
  quatro	
  horas,	
  para	
  
manter-­‐se	
  nutrido	
  durante	
  o	
  decorrer	
  das	
  
a\vidades	
  diárias,	
  e/ou	
  fazendo	
  um	
  jejum	
  de	
  
pelo	
  menos	
  doze	
  horas	
  em	
  repouso,	
  sem	
  
prejudicar	
  o	
  funcionamento	
  dos	
  principais	
  
órgãos.	
  	
  



Medindo	
  a	
  Taxa	
  Metabólica	
  Basal	
  

Calorimetria	
  Direta	
  



	
  
The	
  Whole	
  Body	
  Calorimetry	
  Unit	
  (WBCU)	
  

	
  

University of Alberta, Edmonton, Alberta, CA. 





	
  
Outras	
  técnicas	
  de	
  calorimetria	
  indireta	
  

Com	
  canopy	
  ou	
  bucal	
  





Na	
  práEca	
  clínica…	
  

Estimativa da 
TMB a partir de 

fórmulas da 
literatura 



	
  
EsEmando	
  a	
  Taxa	
  Metabólica	
  Basal	
  



	
  
EsEmando	
  a	
  Taxa	
  Metabólica	
  Basal	
  

Fórmula mais indicada para 
indivíduos com sobrepeso e 

obesidade 



Idade Feminino Masculino 
0 a 3 anos 61,0 x P - 51 60,9 x P - 54 
3 a 10 anos 22,5 x P + 499 22,7 x P + 495 
10 a 18 anos 12,2 x P + 746 17,5 x P + 651 

18 a 30 anos 14,7 x P + 496 15,3 x P + 679 

30 a 60 anos 8,7 x P + 829 11,6 x P + 879 
Mais de 60 anos 10,5 x P + 596 13,5 x P + 487 

	
  
EsEmando	
  a	
  Taxa	
  Metabólica	
  Basal	
  

FAO/WHO/UNU. Energy and protein requirements. Geneva: World Health 
Organization, 1985. [WHO ¾Technical Report Series, 724].    



	
  
EsEmando	
  a	
  Taxa	
  Metabólica	
  Basal	
  

•  Feminino	
  
– NEE	
  =	
  387	
  –	
  7,31	
  x	
  idade	
  em	
  anos	
  +	
  coeficiente	
  de	
  
AF	
  x	
  [(10,9	
  x	
  peso	
  em	
  kg)	
  +	
  (660,7	
  x	
  altura	
  em	
  
metros)]	
  

•  Masculino	
  
– NEE	
  =	
  864	
  –	
  9,72	
  x	
  idade	
  em	
  anos	
  +	
  coeficiente	
  de	
  
AF	
  x	
  [(14,2	
  x	
  peso	
  em	
  kg)	
  +	
  (503	
  x	
  altura	
  em	
  
metros)]	
  

NEE para adultos > 19 anos, tanto com peso normal, sobrepeso e/ou obesos (DRI 1998). 
 



	
  
Limitações	
  destas	
  fórmulas	
  



	
  
Fórmulas	
  que	
  levam	
  em	
  consideração	
  a	
  MCM	
  

•  TMB	
  =	
  (MCM	
  x	
  21,6)	
  +	
  370	
  
– Katch-­‐McArdle	
  Fórmula	
  

•  TMB	
  =	
  555	
  +	
  22(MCM)	
  
– Cunningham	
  (1980)	
  



•  Medir	
  o	
  nível	
  de	
  A\vidade	
  Física	
  

	
  
Após	
  esEmar	
  a	
  TMB…	
  

Atividade física ocupacional x Atividade física espontânea x Exercício 



1,82 2,10 Pesada 
1,64 1,78 Moderada 
1,56 1,55 Leve 
1,40   Sedentária 
1,27   Sobrevivência 
1,0   MB 
 ♀  ♂  ATIVIDADE 

	
  
AEvidade	
  Física	
  Ocupacional	
  

FAO/OMS, 1985. 



Fator atividade 
 
Categoria       Exemplo            FA   

       Homens      Mulheres 
Sedentário  Apenas realiza atividade física necessária  1,0         1,0 

  para o cotidiano      
Baixa atividade  2, 5 a 5,0 km /dia     1,11         1,12 
Ativo   5 a 16 km / dia     1,25               1,27 
Muito Ativo   > 16 km por dia     1,48               1,45 

	
  
AEvidade	
  Física	
  Ocupacional	
  

DRIS, 1997. 



•  Es\mando	
  as	
  necessidades	
  energé\cas:	
  

•  TMB:	
  1481,5	
  kcal/dia	
  (Mifflin)	
  
•  Fator	
  a\vidade	
  ocupacional	
  leve:	
  1,55	
  

•  Necessidades	
  energé\cas	
  diárias:	
  2296,35kcal	
  

	
  
Caso	
  Clínico	
  



	
  
Planejando	
  o	
  treinamento	
  Zsico	
  







	
  
Orientações	
  de	
  Organizações	
  Internacionais	
  



Arquivos Brasileiros de Cardiologia - Volume 84, Suplemento I, Abril 2005Volume 84, Suplemento I, Abril 2005Volume 84, Suplemento I, Abril 2005Volume 84, Suplemento I, Abril 2005Volume 84, Suplemento I, Abril 2005

11

I Diretriz Brasileira de Diagnóstico e Tratamento da Síndrome Metabólica

Sal de cozinha

Deve ser limitado a 6g/dia. Devem ser evitados os alimentos
processados como embutidos, conservas, enlatados, defumados e
salgados de pacotes tipo snacks. Ao contrário, temperos naturais
como salsa, cebolinha e ervas aromáticas são recomendados em
vez de condimentos industrializados59 (A, 1A).(A, 1A).(A, 1A).(A, 1A).(A, 1A).

Recomendações alimentares complementares

A adoção do modelo dietético DASH e da Dieta Mediterrânea
que preconizam o uso de hortaliças, leguminosas, grãos integrais
e frutas, laticínios com baixo teor de gordura total, gordura saturada
e trans e colesterol, alta quantidade de gordura monoinsaturada
(azeite de oliva) e ácidos graxos ômega-3 e fornece altas quanti-
dades de potássio, magnésio e cálcio pode ser uma opção tera-
pêutica na síndrome metabólica quando associada a uma inter-
venção no estilo de vida56,71,72 (A, 1A).(A, 1A).(A, 1A).(A, 1A).(A, 1A).

O plano alimentar deve ser fracionado em cinco refeições,
sendo três principais e dois lanches. Quanto à forma de preparo
dos alimentos, preferir os grelhados, assados, cozidos no vapor ou
até mesmo crus. Os alimentos diet e light podem ser indicados
no contexto do plano alimentar e não utilizados de forma exclusiva.
Devem-se respeitar as preferências individuais e o poder aquisiti-
vo do paciente e da família (D, 5).(D, 5).(D, 5).(D, 5).(D, 5).

Exercício

As recomendações de exercício físico para a atuação nos fato-
res de risco associados à SM encontram-se no Quadro 3.

Recomendações adicionais

Recomenda-se além da implementação de um plano alimen-
tar adequado e realização de exercício físico, a inclusão de outros
itens, tais como, controle das situações estressantes, cessação
do fumo e controle na ingestão de bebida alcoólica.

Para o consumo de bebidas alcoólicas, o limite máximo reco-
mendado é de 30 g de etanol ao dia para o sexo masculino e
metade para as mulheres18,19 (A, 1A).(A, 1A).(A, 1A).(A, 1A).(A, 1A).

Evidências mostram que acima desse limites há elevação nos

Quadro 3 – Recomendações de exercício físico na síndrome metabólicaQuadro 3 – Recomendações de exercício físico na síndrome metabólicaQuadro 3 – Recomendações de exercício físico na síndrome metabólicaQuadro 3 – Recomendações de exercício físico na síndrome metabólicaQuadro 3 – Recomendações de exercício físico na síndrome metabólica

Recomendações Gerais para o Paciente com SM:Recomendações Gerais para o Paciente com SM:Recomendações Gerais para o Paciente com SM:Recomendações Gerais para o Paciente com SM:Recomendações Gerais para o Paciente com SM:
Realização de pelo menos 30 minutos de atividade física leve a moderada de forma contínua ou acumulada na maioria dos dias de semana, incluindo mudanças
no seu cotidiano. Por exemplo, subir escada, usar menos o carro para a sua locomoção, ou mesmo tornar as suas atividades de lazer mais ativas19 (D, 5)(D, 5)(D, 5)(D, 5)(D, 5).

Recomendação Individualizada:Recomendação Individualizada:Recomendação Individualizada:Recomendação Individualizada:Recomendação Individualizada:
• Tipo• Tipo• Tipo• Tipo• Tipo: Exercício aeróbio como, por exemplo, caminhada, ciclismo, corrida, natação, dança, entre outros52 (A, 1A)(A, 1A)(A, 1A)(A, 1A)(A, 1A)
• Freqüência• Freqüência• Freqüência• Freqüência• Freqüência: 3 a 5 vezes/semana52 (A, 1A)(A, 1A)(A, 1A)(A, 1A)(A, 1A)
• Duração: • Duração: • Duração: • Duração: • Duração: 30 – 60min contínuos52 (A, 1A)(A, 1A)(A, 1A)(A, 1A)(A, 1A)
• Intensidade• Intensidade• Intensidade• Intensidade• Intensidade: Moderada52 (A, 1A)(A, 1A)(A, 1A)(A, 1A)(A, 1A), calculada de duas formas:

- Forma simplificada:- Forma simplificada:- Forma simplificada:- Forma simplificada:- Forma simplificada: conseguir falar durante o exercício19 (D, 5)(D, 5)(D, 5)(D, 5)(D, 5)
- Forma mais controlada: - Forma mais controlada: - Forma mais controlada: - Forma mais controlada: - Forma mais controlada: 50% – 70% da FC de reserva ou 50% – 65% do VO2 pico (A, 1A)(A, 1A)(A, 1A)(A, 1A)(A, 1A)
  Para cálculo da FC de reserva usar a seguinte fórmula:
  FC treino = (FCmáxima – FCrepouso) x % recomendada da FCreserva + FCrepouso
  FCreserva = FC máxima – FCrepouso
  FCmáxima = FC medida no teste ergométrico ou calculada por 220 – idade
  FCrepouso = FC medida após cinco minutos de repouso deitado

• Exercícios resistidos: • Exercícios resistidos: • Exercícios resistidos: • Exercícios resistidos: • Exercícios resistidos: Exercícios com peso até 50% da força máxima podem ser realizados em associação com os exercícios aeróbios (D, 5)(D, 5)(D, 5)(D, 5)(D, 5)
• Cuidados para a realização de exercício: • Cuidados para a realização de exercício: • Cuidados para a realização de exercício: • Cuidados para a realização de exercício: • Cuidados para a realização de exercício: Pacientes acima de 35 anos com SM – uma avaliação clínica e ergométrica (teste de esforço) é recomendada, antes
do início das atividades físicas (D, 5). (D, 5). (D, 5). (D, 5). (D, 5). Participantes de programa de exercício físico individualizado – o teste ergométrico ou ergoespirométrico é obrigatório (D, 5)(D, 5)(D, 5)(D, 5)(D, 5)

níveis da pressão arterial, além de influenciar na carga calórica
total. Na síndrome metabólica, para as mulheres e para os pacien-
tes com elevação dos níveis de triglicérides e do peso corporal
esses valores devem ser reduzidos à metade.

A síndrome metabólica compreende, na sua definição, doen-
ças crônicas como a hipertensão arterial, diabetes mellitus e dis-
lipidemia que, isoladamente, apresentam controle pouco satisfa-
tório, devido à baixa adesão ao tratamento74,75.

Esforços devem ser conjugados no sentido de otimizar recur-
sos e estratégias, com participação ativa do paciente e manuten-
ção da sua qualidade de vida, visando minimizar ou evitar essa
problemática tão freqüente.

A atuação integrada dos membros da equipe de saúde: médico,
nutricionista, professor de educação física, enfermeiro psicólogo,
assistente social, farmacêutico, visando à assistência ao paciente,
é o grande passo para conquistas futuras76 (D, 5).(D, 5).(D, 5).(D, 5).(D, 5).

Tratamento Medicamentoso da
Hipertensão Arterial

O tratamento medicamentoso da hipertensão arterial na sín-
drome metabólica tem como objetivo reduzir a morbidade e a
mortalidade cardiovascular e renal, além de prevenir o agravamento
metabólico. Esses benefícios podem ser alcançados em pacientes
tratados com diuréticos77-79, inibidores adrenérgicos77,78,80,81,
inibidores da enzima conversora da angiotensina (IECA)81-86, antago-
nistas do receptor AT1 da angiotensina II (BRA)87,88, antagonistas
de canais de cálcio e vasodilatadores diretos82,86,89-91. Entretanto,
ao término de grande parte dos estudos que avaliaram o controle
da pressão arterial (PA), a maioria dos pacientes utilizou associa-
ção dos hipotensores92,93 (A, 1A).(A, 1A).(A, 1A).(A, 1A).(A, 1A).

Sendo a síndrome metabólica constituída de inúmeros fatores
de risco cardiovascular, deve-se considerar o tratamento farma-
cológico da hipertensão arterial nela presente a partir de 140/
90mmHg ou 130/85mmHg na presença de diabetes mellitus19,93-96

(A, 1A)(A, 1A)(A, 1A)(A, 1A)(A, 1A).....

Supl SindMetab.p65 06/04/05, 15:2511

	
  
Recomendações	
  para	
  Síndrome	
  Metabólica	
  

I Diretriz Brasileira Síndrome Metabolica, 2005. 



Ciolac & Guimarães. Revista Brasileira de Medicina do Esporte, v.10, n.4, 2004. 



Ideal:	
  combinar	
  as	
  três	
  dimensões!	
  



Efeitos do Exercício no Risco Associado à Obesidade 

IMC 

Circ. Cintura 

Aptidão Cardiorresp. 

IMC inalterado 

Circ. Cintura 

Aptidão Cardiorresp. 

IMC inalterado 

Circ. Cintura inalterada 

Aptidão Cardiorresp. 

Cenário 1 Cenário 2 Cenário 3 

11	
   11	
  

Risco de morbidade 
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The Association Between
Cardiorespiratory Fitness and C-Reactive
Protein in Subjects With the Metabolic Syndrome
Doron Aronson, MD,* Ron Sella, MD,* Muhammad Sheikh-Ahmad,* Arthur Kerner, MD,*
Ophir Avizohar, MD,† Shmuel Rispler, MD, DSC,* Peter Bartha, MD,‡ Walter Markiewicz, MD,*
Yishai Levy, MD,‡ Gerald J. Brook, MD†
Haifa, Israel

OBJECTIVES We sought to study relationship between cardiorespiratory fitness and C-reactive protein
(CRP) in subjects with the metabolic syndrome.

BACKGROUND Recent studies have shown an association between the metabolic syndrome and chronic
subclinical inflammation, as determined by elevated CRP. Cardiorespiratory fitness is
associated with a lower risk of diabetes and improved insulin resistance.

METHODS Physical fitness was assessed in 1,640 subjects using the Bruce treadmill protocol and
expressed as maximal metabolic equivalents. The level of CRP was measured using a
high-sensitivity assay.

RESULTS Geometric mean CRP was calculated across quartiles of fitness after adjustment for age,
gender, smoking, use of medications, and coronary disease. A strong inverse trend toward
decreasing CRP levels with increasing fitness quartiles was present in subjects without
metabolic abnormalities, subjects with one or two metabolic abnormalities, and subjects with
the metabolic syndrome (all p ! 0.001). The effect of fitness was particularly robust among
subjects with the metabolic syndrome. The adjusted mean CRP in subjects in the upper and
lower fitness quartiles was 1.48 versus 0.93 mg/dl in subjects without metabolic abnormalities,
2.40 versus 1.66 mg/dl in subjects with one or two metabolic abnormalities, and 4.62 versus
2.20 mg/l in subjects with the metabolic syndrome (p ! 0.049 for the interaction between
fitness and number of metabolic abnormalities).

CONCLUSIONS Subjects with the metabolic syndrome who maintain a high fitness level have markedly lower
CRP concentrations, as compared with those with a low fitness level. (J Am Coll Cardiol
2004;44:2003–7) © 2004 by the American College of Cardiology Foundation

The metabolic syndrome is present in one of four adults
living in the U.S. The prevalence of coronary artery disease,
myocardial infarction, and stroke is nearly threefold higher
in subjects with the metabolic syndrome than in those
without the syndrome (1). Recent studies have shown an
association between the metabolic syndrome and chronic
subclinical inflammation, as determined by elevated
C-reactive protein (CRP) (2,3). This marker of inflamma-
tion has been shown to provide additional prognostic
information on the subsequent risk of cardiovascular events
in subjects with the metabolic syndrome (3).

The salutary health-related effects of cardiorespiratory
fitness are mediated through the improvement of insulin
resistance and its associated metabolic abnormalities, in-
cluding dyslipidemia, hypertension, platelet function, fibri-
nolysis, and endothelial function (4). Recent studies also
suggest that cardiorespiratory fitness has a favorable effect
on plasma CRP levels (5). Although low cardiorespiratory
fitness bears a striking clinical similarity to the metabolic
syndrome, the association between fitness and the metabolic
syndrome is not well characterized. We studied the rela-

tionship between fitness and CRP levels in subjects with the
metabolic syndrome.

METHODS

Subjects. We studied 1,640 subjects who reported to the
Rambam Center for Preventive Medicine for investigation
of cardiovascular risk factors. The Investigational Review
Committee on Human Research approved the study, and
subjects signed a statement agreeing to the use of their
medical information for research purposes.
Definitions. Characteristics of the metabolic syndrome
were based on the third report of the National Cholesterol
Education Program’s Adult Treatment Panel III criteria (6):
1) blood pressure "130/85 mm Hg; 2) triglycerides "1.7
mmol/l; 3) high-density lipoprotein (HDL) cholesterol
!1.0 mmol/l for men and !1.3 mmol/l for women; and 4)
fasting glucose "6.1 mmol/l. Because waist circumference
was not measured in all subjects, we used a body mass index
(BMI) cut point of "30 kg/m2 for obesity, according to the
World Health Organization criteria (6). Subjects with three
or more criteria were diagnosed as having the metabolic
syndrome.
Laboratory measurements. Venous blood was collected
from each subject after a 12-h fast and used for assay of
glucose, total and HDL cholesterol, and triglycerides, using
the Hitachi 911 AutoAnalyzer (Hitachi Inc., Tokyo, Japan)
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fects on serum lipids, blood pressure, glucose tolerance,
platelet function, fibrinolysis, and endothelial function (4,8).
Furthermore, it is well known that exercise improves insulin
sensitivity (9). The results of the present study suggest that
an additional salutary mechanism of improved physical
fitness in relation to the risk of vascular disease is to mitigate
the chronic inflammatory state in subjects with the meta-
bolic syndrome.

An important mechanism for the chronic inflammation
associated with the metabolic syndrome appears to be
inflammatory cell infiltration with increased production of
inflammatory cytokines in adipose tissue (10,11). In addi-
tion, metabolic abnormalities associated with insulin resis-
tance (such as hyperglycemia and elevated free fatty acids) or
insulin resistance, per se, may lead to cellular inflammatory
responses. Primary insulin resistance independent of body
fat mass has been shown to contribute to elevated CRP
levels in those with the metabolic syndrome (12). Thus, the
inverse relationship between physical fitness and CRP may
reflect a fitness-induced increase in insulin sensitivity. The
effect of fitness is expected to be more prominent in subjects
with the metabolic syndrome, in whom a higher level of
insulin resistance is present due to a genetic susceptibility.

Exercise may also affect the inflammatory response to
obesity and other metabolic perturbations. Regular exercise
is known to modulate immune responses in healthy indi-
viduals (13) and has been shown to attenuate inflammatory
responses in other human diseases such as asthma (14).
Although the mechanisms responsible for the effects of
exercise on immune responses remain ill defined, recent data
suggest that exercise modulates activation of the pro-
inflammatory transcription factor nuclear factor-kappa B
(14). In this context, an important limitation of the present
study is that other markers of inflammation, such as
cytokines, were not measured. In addition, our study does
not directly address the relationship between changes in
individual fitness level over time and inflammatory markers.

Our results have clinical implications, as they suggest that
increasing physical activity and its associated improvement
in fitness level should be particularly effective in mitigating
the pro-inflammatory state associated with the metabolic
syndrome.
Conclusions. Subjects with the metabolic syndrome who
maintain a high fitness level have markedly lower CRP
concentrations, as compared with those with a low fitness

Figure 2. Frequency of high-risk C-reactive protein (CRP) (!3.0 mg/l),
according to quartiles of fitness and the number of metabolic syndrome
components.

Figure 3. Logistic regression analysis showing odds ratios of having a
high-risk C-reactive protein (CRP) level (!3.0 mg/l) in subjects with the
metabolic syndrome, as compared with subjects without the metabolic
syndrome, for each fitness quartile.

Table 2. Unadjusted and Adjusted Linear Regression Analysis With Ln-CRP as the Dependent Variable

Variable

Unadjusted Adjusted*

Beta Coefficient
(SE) 95% CI p Value

Beta Coefficient
(SE) 95% CI p Value

Fitness (METs) !0.09 !0.11 to !0.069 " 0.0001 !0.058 !0.078 to !0.038 " 0.0001
Obesity 0.82 0.71–0.93 " 0.0001 0.63 0.50–0.76 " 0.0001
Low HDL cholesterol 0.39 0.28–0.49 " 0.0001 0.21 0.10–0.32 " 0.0001
High triglycerides 0.40 0.30–0.50 " 0.0001 0.24 0.13–0.35 " 0.0001
Glucose 0.44 0.30–0.58 " 0.0001 0.18 0.03–0.033 0.02
Intolerance
Smoking status 0.12 0.05–0.19 0.001 0.09 0.02–0.16 0.009
HRT 0.56 0.35–0.76 " 0.0001 0.62 0.41–0.83 " 0.0001

*Adjustments were made for age, gender, presence of each characteristic of the metabolic syndrome, including obesity, hypertension, low HDL cholesterol, elevated triglycerides,
glucose intolerance, smoking status, presence of coronary disease, and use of HRT, aspirin, or statins.

CI # confidence interval; SE # standard error; other abbreviations as in Table 1.
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Abstract

Objective: Subclinical chronic inflammation could be a unifying factor linking type 2 diabetes (T2D)
and atherosclerosis. The beneficial effects of physical activity on a reduced risk of coronary heart dis-
ease could at least in part be mediated by improved markers of inflammation.
Research design and methods: The aim of this study was to determine the effect of 4 weeks of physical
training on plasma concentrations of interleukin (IL)-6, C-reactive protein (CRP), adiponectin and
IL-10 in 60 individuals with normal glucose tolerance, impaired glucose tolerance (IGT) or T2D.
Results: In patients with IGT and T2D, significant improvement in body fat, fitness level, glucose
metabolism and insulin sensitivity after 4 weeks of physical training was associated with significantly
improved plasma concentrations of adiponectin and CRP, but not IL-6. Regression analysis demon-
strated only for the anti-inflammatory parameters adiponectin and IL-10 a significant relationship
with the decrease in fasting plasma glucose, whereas changes in IL-6 and CRP were not significantly
related to changes in fasting plasma glucose, body fat, maximal oxygen uptake, or insulin sensitivity.
In a multivariate linear regression analysis, only changes in circulating adiponectin, fasting plasma
glucose and percentage body fat were determinants of changes in insulin sensitivity.
Conclusions: Physical training was associated with a near normalization of adiponectin and CRP
plasma concentrations in subjects with IGT and T2D. Increased insulin sensitivity after training
was most strongly related to changes in adiponectin plasma concentrations, in fasting plasma glucose
and percentage body fat, whereas changes in IL-6, IL-10 and CRP plasma concentrations did not sig-
nificantly contribute to improved insulin sensitivity.

European Journal of Endocrinology 154 577–585

Introduction

Patients with type 2 diabetes mellitus (T2D) have an
increased risk for premature atherosclerosis (1, 2).
Chronic systemic inflammation is recognized as a part
of both atherosclerosis (3) and T2D (4) and could there-
fore represent the common pathogenic factor in the
development of these diseases. Altered plasma concen-
trations of inflammatory mediators may be pathogenic
by inducing systemic endothelial dysfunction. Several
studies have demonstrated that elevated markers of
inflammation such as interleukin (IL)-6 (5, 6) and
C-reactive protein (CRP) (6–8), as well as decreased
anti-inflammatory factors including adiponectin
(9–11) and IL-10 (12–14) are predictors of insulin
resistance and T2D. However, there are other studies

that could not show changes in IL-6, CRP and adipo-
nectin plasma concentrations after regular physical
exercise interventions (15–17). Physical activity is
associated with reduced risk of cardiovascular disease
(CVD), cardiovascular death and total mortality in
men with T2D (18). The beneficial effects of physical
activity on a reduced CVD risk could at least in part
be mediated by improved markers of inflammation. It
has been suggested that exercise produces a short-
term inflammatory response, whereas both cross-sec-
tional comparisons and longitudinal exercise training
studies demonstrate a long-term anti-inflammatory
effect (19). In nondiabetic, insulin-resistant individuals,
it was recently shown that exercise training is not
associated with improved CRP or adiponectin levels
(20). However, the effects of exercise on inflammatory

European Journal of Endocrinology (2006) 154 577–585 ISSN 0804-4643
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Table 1 Anthropometric and biochemical parameters (means^S.D.) at baseline and after 4 weeks of intensive physical training in subjects with NGT, IGT or T2D. Dietary record
data are shown as means during the study for men (M) and women (F).

NGT (n ¼ 20) IGT (n ¼ 20) T2D (n ¼ 20)

Baseline Post-interventional Baseline Post-interventional Baseline Post-interventional

BMI (kg/m2) 24.2^3.1 23.9^2.7* 29.8^3.9 29.0^3.7* 31.3^3.1 30.5^2.7*
Body weight (kg) 69.6^14.0 68.2^7.7* 87.6^16.4 84.4^6.1* 94.6^19.6 93.0^8.1*
WHR 0.84^0.09 0.81^0.08* 1.20^0.16 1.17^0.15* 1.28^0.12 1.24^0.11*
Fat mass (%) 24.5^3.1 23.2^2.7* 34.9^8.2 31.5^7.4* 38.1^7.9 35.2^7.6*
FPG (mmol/l) 5.1^0.5 5.0^0.3 5.6^0.5 5.4^0.6 6.2^0.6 5.8^0.4*
2 h OGTT glucose (mmol/l) 5.9^0.76 5.5^0.5 9.4^0.8 8.1^1.3* 13.0^1.5 12.6^2.4
FPI (pmol/l) 66^34 57^27 695^493 379^323* 319^212 234^119
Glucose infusion rate (mmol/kg/min) 76^17 85^15 19^9 36^16* 21^9 32^11*
VO2max (ml/kg/min) 34.2^2.6 36.1^3.2* 26.4^1.9 28.1^1.4* 26.1^1.8 27.5^1.9*
Triglyceride (mmol/l) 1.4^0.4 1.5^0.6 2.5^0.1 2.2^0.4* 3.0^0.1 2.1^0.5*
FFA (mmol/l) 0.41^0.19 0.39^0.18 0.53^0.24 0.50^0.24 0.56^0.26 0.47^0.22
Leptin (pmol/l)
M 2.7^2.0 2.6^1.7 20.6^9.0 21.1^7.5 3.3^1.8 3.5^2.0
F 6.0^2.7 5.8^2.7 42.2^23.8 36.7^19.5 9.0^1.7 9.0^2.4

Total cholesterol (mmol/l) 4.6^0.4 4.7^0.4 5.3^0.5 5.5^0.5 5.6^0.7 5.4^0.4
Total HDL (mmol/l) 1.6^0.4 1.5^0.2 1.2^0.3 1.9^0.3* 1.2^0.3 1.7^0.4*
Total LDL (mmol/l) 2.4^0.4 2.0^0.4* 3.3^0.4 2.7^0.6* 3.4^0.8 2.8^0.7*
Dietary record data M/F
Energy intake (kcal/day) 3538^802/2537^512 3633^538/2987^674 3942^967/2818^635
Carbohydrate (% of energy) 45.1^7.5/49.7^6.9 38.8^7.3/46.4^6.4 41.8^7.7/43.4^9.1
Fat (% of energy) 35.4^6.7/31.3^8.5 43.6^9.1/35.4^9.3 39.8^4.3/39.4^6.4
Protein (% of energy) 19.5^5.2/19.0^4.5 17.6^5.8/18.2^3.9 18.4^5.9/17.2^3.1

*P , 0.05 for baseline vs after 4 weeks of intensive physical training within each group.
HDL, high-density lipoprotein; LDL, low-density lipoprotein; FPG, fasting plasma glucose; FPI, fasting plasma insulin.
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Abstract

Objective: Subclinical chronic inflammation could be a unifying factor linking type 2 diabetes (T2D)
and atherosclerosis. The beneficial effects of physical activity on a reduced risk of coronary heart dis-
ease could at least in part be mediated by improved markers of inflammation.
Research design and methods: The aim of this study was to determine the effect of 4 weeks of physical
training on plasma concentrations of interleukin (IL)-6, C-reactive protein (CRP), adiponectin and
IL-10 in 60 individuals with normal glucose tolerance, impaired glucose tolerance (IGT) or T2D.
Results: In patients with IGT and T2D, significant improvement in body fat, fitness level, glucose
metabolism and insulin sensitivity after 4 weeks of physical training was associated with significantly
improved plasma concentrations of adiponectin and CRP, but not IL-6. Regression analysis demon-
strated only for the anti-inflammatory parameters adiponectin and IL-10 a significant relationship
with the decrease in fasting plasma glucose, whereas changes in IL-6 and CRP were not significantly
related to changes in fasting plasma glucose, body fat, maximal oxygen uptake, or insulin sensitivity.
In a multivariate linear regression analysis, only changes in circulating adiponectin, fasting plasma
glucose and percentage body fat were determinants of changes in insulin sensitivity.
Conclusions: Physical training was associated with a near normalization of adiponectin and CRP
plasma concentrations in subjects with IGT and T2D. Increased insulin sensitivity after training
was most strongly related to changes in adiponectin plasma concentrations, in fasting plasma glucose
and percentage body fat, whereas changes in IL-6, IL-10 and CRP plasma concentrations did not sig-
nificantly contribute to improved insulin sensitivity.
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Introduction

Patients with type 2 diabetes mellitus (T2D) have an
increased risk for premature atherosclerosis (1, 2).
Chronic systemic inflammation is recognized as a part
of both atherosclerosis (3) and T2D (4) and could there-
fore represent the common pathogenic factor in the
development of these diseases. Altered plasma concen-
trations of inflammatory mediators may be pathogenic
by inducing systemic endothelial dysfunction. Several
studies have demonstrated that elevated markers of
inflammation such as interleukin (IL)-6 (5, 6) and
C-reactive protein (CRP) (6–8), as well as decreased
anti-inflammatory factors including adiponectin
(9–11) and IL-10 (12–14) are predictors of insulin
resistance and T2D. However, there are other studies

that could not show changes in IL-6, CRP and adipo-
nectin plasma concentrations after regular physical
exercise interventions (15–17). Physical activity is
associated with reduced risk of cardiovascular disease
(CVD), cardiovascular death and total mortality in
men with T2D (18). The beneficial effects of physical
activity on a reduced CVD risk could at least in part
be mediated by improved markers of inflammation. It
has been suggested that exercise produces a short-
term inflammatory response, whereas both cross-sec-
tional comparisons and longitudinal exercise training
studies demonstrate a long-term anti-inflammatory
effect (19). In nondiabetic, insulin-resistant individuals,
it was recently shown that exercise training is not
associated with improved CRP or adiponectin levels
(20). However, the effects of exercise on inflammatory
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Table 1 Anthropometric and biochemical parameters (means^S.D.) at baseline and after 4 weeks of intensive physical training in subjects with NGT, IGT or T2D. Dietary record
data are shown as means during the study for men (M) and women (F).

NGT (n ¼ 20) IGT (n ¼ 20) T2D (n ¼ 20)

Baseline Post-interventional Baseline Post-interventional Baseline Post-interventional

BMI (kg/m2) 24.2^3.1 23.9^2.7* 29.8^3.9 29.0^3.7* 31.3^3.1 30.5^2.7*
Body weight (kg) 69.6^14.0 68.2^7.7* 87.6^16.4 84.4^6.1* 94.6^19.6 93.0^8.1*
WHR 0.84^0.09 0.81^0.08* 1.20^0.16 1.17^0.15* 1.28^0.12 1.24^0.11*
Fat mass (%) 24.5^3.1 23.2^2.7* 34.9^8.2 31.5^7.4* 38.1^7.9 35.2^7.6*
FPG (mmol/l) 5.1^0.5 5.0^0.3 5.6^0.5 5.4^0.6 6.2^0.6 5.8^0.4*
2 h OGTT glucose (mmol/l) 5.9^0.76 5.5^0.5 9.4^0.8 8.1^1.3* 13.0^1.5 12.6^2.4
FPI (pmol/l) 66^34 57^27 695^493 379^323* 319^212 234^119
Glucose infusion rate (mmol/kg/min) 76^17 85^15 19^9 36^16* 21^9 32^11*
VO2max (ml/kg/min) 34.2^2.6 36.1^3.2* 26.4^1.9 28.1^1.4* 26.1^1.8 27.5^1.9*
Triglyceride (mmol/l) 1.4^0.4 1.5^0.6 2.5^0.1 2.2^0.4* 3.0^0.1 2.1^0.5*
FFA (mmol/l) 0.41^0.19 0.39^0.18 0.53^0.24 0.50^0.24 0.56^0.26 0.47^0.22
Leptin (pmol/l)
M 2.7^2.0 2.6^1.7 20.6^9.0 21.1^7.5 3.3^1.8 3.5^2.0
F 6.0^2.7 5.8^2.7 42.2^23.8 36.7^19.5 9.0^1.7 9.0^2.4

Total cholesterol (mmol/l) 4.6^0.4 4.7^0.4 5.3^0.5 5.5^0.5 5.6^0.7 5.4^0.4
Total HDL (mmol/l) 1.6^0.4 1.5^0.2 1.2^0.3 1.9^0.3* 1.2^0.3 1.7^0.4*
Total LDL (mmol/l) 2.4^0.4 2.0^0.4* 3.3^0.4 2.7^0.6* 3.4^0.8 2.8^0.7*
Dietary record data M/F
Energy intake (kcal/day) 3538^802/2537^512 3633^538/2987^674 3942^967/2818^635
Carbohydrate (% of energy) 45.1^7.5/49.7^6.9 38.8^7.3/46.4^6.4 41.8^7.7/43.4^9.1
Fat (% of energy) 35.4^6.7/31.3^8.5 43.6^9.1/35.4^9.3 39.8^4.3/39.4^6.4
Protein (% of energy) 19.5^5.2/19.0^4.5 17.6^5.8/18.2^3.9 18.4^5.9/17.2^3.1

*P , 0.05 for baseline vs after 4 weeks of intensive physical training within each group.
HDL, high-density lipoprotein; LDL, low-density lipoprotein; FPG, fasting plasma glucose; FPI, fasting plasma insulin.
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Contínuo versus Intervalado na Década de 90 
m

m
 

Redução na soma de dobras cutâneas 
Tremblay et al. Metabolism 1994, 43(7): 814-818 

Delineamento: Não  

População: Não 

Amostra: Não  
 

Desfechos: Não  

Métodos: Não  

ET (Contínuo) 
N = 17 saudáveis, não obesos  
20 semanas 
30 >>> 45min 
60 >>> 85% FCres 

HIIT  
N = 10 saudáveis, não obesos  
15 semanas 
Após 10 sems de adaptação a 70% contínuo 
Sessões intervaladas curtas (19 – 60% por 90 
segs, 4 a 5 tiros) e longas (16 – 70%)  



Contínuo versus Intervalado na Década de 90 

Greadiagin et al.  
J Am Diet Assoc 1995, 95: 661-665 

Somatório 

Tríceps 

Subescapular 

Peitoral 

Axilar 

Supra-ilíaca 

Abdominal 

Coxa 

Redução em mm 

Alta intens. 
 

Baixa inten. 

Redução em cm 

Somatório 

Punho 

Peito 

Cintura 

Abdominal 

Gluteal 

Coxa prox. 

Perna 

Alta intens. 
 

Baixa inten. 

Alta Intensidade, N=6 

80% VO2max 

300 kcal 

Baixa Intensidade, N=6 

50% VO2max  
300 kcal 

12 semanas    
4 sessões/sem 
Mulheres  -  31% GORD 
(pesagem hidrostática) 



Tjønna et al. Circulation. 2008;118:346-354 

Controles  (N=9) 

Intervalado (TAI), N=11 

90 e 70% FCmax 

4 min de sprints a 90% 

3 min de recuperação a 70% 

Contínuo (TAC), N=8 

70% FCmax 

47 min: Isocalórico ao TAI  

•  Adiposidade central 

•  Dislipidemia 

•  Hipertensão arterial 

•  Hiperglicemia 

R 

Contínuos e HIIT na Síndrome Metabólica 



Tjønna, AE. et al. Circulation. 2008;118:346-354 

Controle Contínuo Intervalado 

Pré Pós Pré Pós Pré Pós 

Peso (kg) 96,4 96,2 91,2 87,6* 91,8 89,5* 

Cintura(cm) 114,3 112,0 105,1 99,1* 105,5 100,5* 

HOMA(%) 60,0 59,3 64,4 50,2 62,2 77,2*‡ 

Adiponectina 6,4 7,0 6,7 8,2*§ 7,8 9,4*§ 

PAS 146 141 131 121* 144 135* 

PAD 95 96 88 82 95 89* 

Aeróbicos Contínuos ou Intervalados  
na Síndrome Metabólica 



Respostas Individuais pelo HIIT 

Mudança no 
VO2max (%) 

Participantes  

Astorino & Schuber Plos One 2014, 9(5): e97638 
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Objective. )e purpose of this study was to assess the e*ect of high intensity interval training (HIIT) versus continuous aerobic
exercise training (CONT) or placebo (PLA) on body composition by randomized controlled design.Methods. Work capacity and
body composition (dual-energy X-ray absorptiometry) were measured before and a+er 12 weeks of intervention in 38 previously
inactive overweight adults. Results.)ere was a signi,cant group × time interaction for change in work capacity (" < 0.001), which
increased signi,cantly in CONT (23.8 ± 3.0%) and HIIT (22.3 ± 3.5%) but not PLA (3.1 ± 5.0%).)ere was a near-signi,cant main
e*ect for percentage trunk fat, with trunk fat reducing in CONT by 3.1 ± 1.6% and in PLA by 1.1 ± 0.4%, but not in HIIT (increase
of 0.7 ± 1.0%) (" = 0.07).)ere was a signi,cant reduction in android fat percentage in CONT (2.7 ± 1.3%) and PLA (1.4 ± 0.8%)
but not HIIT (increase of 0.8 ± 0.7%) (" = 0.04). Conclusion. )ese data suggest that HIIT may be advocated as a time-e-cient
strategy for eliciting comparable ,tness bene,ts to traditional continuous exercise in inactive, overweight adults. However, in this
population HIIT does not confer the same bene,t to body fat levels as continuous exercise training.

1. Introduction

Epidemiological data show that themajority of the adult pop-
ulation fails tomeet recommended physical activity levels [1].
)is contributes to the global epidemic of overweight/obesity
and associated cardiovascular disease. A reason o+en cited
for failure to participate in regular exercise is a perceived lack
of time [2].

High intensity interval training (HIIT) could potentially
provide health bene,ts in a time-e-cient manner. )is
involves repeated bursts of vigorous exercise interspersed
with low intensity recovery. )ere is growing evidence from
healthy populations that HIIT leads to a range of cardiovas-
cular and metabolic bene,ts that are similar to or greater in
magnitude than those achieved with regular continuous aer-
obic exercise.)ese bene,ts include increased cardiorespira-
tory ,tness [3–9] and work capacity [10], increased muscle
mitochondrial biogenesis and GLUT-4 levels [11], and

improved insulin sensitivity [4, 6, 7]. Relative to the e*ect
of continuous aerobic exercise, HIIT has also been shown
to induce comparable improvements in ,tness and insulin
sensitivity in clinical populations, including those with
overweight/obesity [12–17], cardiovascular disease [18–21],
metabolic syndrome [17], and type 2 diabetes [22–24]. In
some of these studies [7, 21, 23] the bene,ts of HIIT were
achieved with programs requiring similar training time, but
most found a bene,t with 50–60%of the training time used in
the traditional continuous aerobic exercise comparison group
[3, 5, 8, 16, 18–20].

On the basis of these metabolic and ,tness bene,ts, it
has been argued that HIIT could be used as a time-e*ective
therapy for the management of body fat levels in overweight
and obese individuals [4, 8, 13, 14, 16, 17, 21, 23, 25–27]. How-
ever, there is currently a dearth of knowledge about the inde-
pendent e*ects of HIIT on body composition, relative to the
e*ects of continuous aerobic exercise training.)ere is some
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(time/availability)
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(time/availability)

Final completers: 

Randomized to 
CONT: n = 13

Randomized to PLA: 
n = 12
Dropped out: n = 1
(time/availability)
Final completers: n = 11
(M = 2; F = 9)

advertisement: n = 342

n = 106

Eligible: n = 57
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participation: n = 19
Time commitment: n = 6
Location: n = 2
No reason given: n = 11

n = 11 (M = 3; F = 8)
Final completers: 
n = 11 (M = 2; F = 9)

n = 38 (M = 7; F = 31)

DEXA: n = 10 (M = 2; F = 8)

Figure 1: Flowchart showing the study process.M:male, F: female, HIIT: high intensity interval training, CONT: continuous aerobic exercise,
PLA: placebo control group.

was measured in the horizontal plane, midway between the
inferior margin of the ribs and the superior border of the iliac
crest in deep expiration [33]. Blood pressure was measured
manually from each arm a(er 10–15 minutes of quiet sitting
with a second reading taken when there was a di+erence>10mmHg.

2.4. Blood Sampling and Analysis. Venous blood (8mL) was
collected from the antecubital vein a(er an overnight fast
(>10 hrs) into 2 serum separation tubes. .e whole blood
sample was stored at 4∘C for 2-3 h prior to analysis by an
accredited commercial laboratory (Douglass Hanly Moir Pty
Ltd., Sydney, Australia). Analysis was performed on the same
day as that of collection of serum glucose, insulin and lipids
(including triglycerides (TAG), total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C), and low density
lipoprotein cholesterol (LDL-C)), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and high sensitiv-
ity C-reactive protein (hs-CRP)..e other tube of blood was
used for determination of serum free fatty acids (FFAs)..ese
tubes were centrifuged at room temperature at 4000 g and
serum was stored at −20∘C before analysis.

Results from the screening visit were used to determine
the presence of metabolic syndrome using the International
Diabetes Federation de0nition [35].

2.5. Habitual Physical Activity and Dietary Control. Partic-
ipants were asked to maintain their habitual activity and
eating behaviours for the duration of the intervention. Mean
time spent in sedentary time, physical activity, steps per day,

and daily energy expenditure were analysed by a triaxial
accelerometer worn on the upper arm, which also estimated
energy expenditure through galvanic skin response and heat
1ux (SenseWear, BodyMedia Inc., PA, USA) for three nonex-
ercising days (two weekdays and one weekend day) during
weeks 1 and 12. Accelerometers were worn for 24 h/day except
during water-based activities such as showering. Participants
also completed a diet diary and subjective physical activity
questionnaire [36] during this period. Diet diaries were
analysed by a dietitian who was blinded to group allocation,
and average daily intake of energy and macronutrients was
quanti0ed by Foodworks (Foodworks 2009, Xyris So(ware,
v6.0.6502). Accelerometer data were analysed by an assessor
blinded to group allocation and values were averaged over
24 h. Data were omitted from analysis if the monitor was
worn for <90% of a 24-hour period.

2.6. Exercise Intervention. All exercise training in the inter-
vention groups was supervised by an accredited exercise
physiologist. Heart rate, RPE, and blood pressure were
continuously monitored throughout training. Although it
was not possible to be blinded to exercise group allocation,
participants were blinded to the primary purpose of the
study and the placebo group were instructed that the stretch-
ing/massage/0tball intervention was intended to reduce
in1ammation and body fat.

High Intensity Interval Training (HIIT)..e progressive HIIT
program consisted of repeated bursts of exercise on the
cycle ergometer at a power output designed to elicit 120%
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Table 1: Description of exercise interventions.

Week Frequency Intensity Session duration
Total weekly training time
(including warm-up and

cooldown, min)
Work : recovery Intervals (number)

HIIT
1 3 120%VO2peak: 30W 30 : 180 s 4 60
2 3 120%VO2peak: 30W 30 : 120 s 5 55.5
3 3 120%VO2peak: 30W 45 : 120 s 5 59.25
4 3 120%VO2peak: 30W 45 : 120 s 6 67.5
5–12 3 120%VO2peak: 30W 60 : 120 s 6 72

CONT
1 3 50%VO2peak 30min 108
2 3 60%VO2peak 40min 138
3 3 65%VO2peak 45min 144
4 3 65%VO2peak 45min 144
5–12 3 65%VO2peak 45min 144

HIIT: high intensity interval training; CONT: continuous aerobic exercise; W: watts; VO2peak: peak aerobic capacity.

Table 2: Baseline participant characteristics.

Characteristics PLA
(! = 12) CONT

(! = 13) HIIT
(! = 13)

Demographics
Age (years) 42.9 (2.8) 44.1 (1.9) 41.8 (2.7)
Sex (! = M/F) 2/10 2/11 3/10

BMI (kg/m2) 28.2 (0.6) 28.5 (0.6) 28.2 (0.5)
Waist circumference
(cm) 90.9 (3.1) 90.8 (2.1) 92.4 (2.5)

Metabolic syndrome
(Y/N) 2/12 3/13 2/13

Baseline habitual
physical activity
(Bouchard (kJ/Kg/day))

13.8 (0.6) 13.7 (0.4) 13.4 (0.3)

Presented as mean (SE). PLA: placebo; CONT: continuous aerobic exercise;
HIIT: high intensity interval training; M: male; F: female; BMI: body mass
index.

Both HIIT and CONT but not PLA tended to reduce gynoid
fat relative to baseline values, but there was neither any group× time e/ect (# = 0.28) nor any signi0cant di/erence
between HIIT and CONT (# = 0.35) (Figure 3(c)).
3.3. Anthropometrics and Blood Pressure. 1ere was no sig-
ni0cant di/erence between groups for change in waist or hip
circumference. Neither systolic nor diastolic blood pressure
changed in any group (Table 3).

3.4. Blood Lipids and Biochemistry. 1ere was no signi0cant
group × time interaction for changes in fasting serum AST,
ALT, hs-CRP, triglycerides, HDL-C, insulin, or glucose (# >0.05). 1ere was a signi0cant group × time interaction for
total cholesterol and LDL-C (Table 3).

3.5. Habitual Physical Activity and Dietary Control.
Accelerometry data for one participant were omitted
from analysis due to not wearing the accelerometer for the
required period. Another participant refused to wear the
accelerometer and therefore postintervention data for
habitual physical activity and energy expenditure were
available for ! = 11 in HIIT, ! = 10 in CONT, and ! = 10 in
PLA (Table 4). Total energy expenditure, steps taken per day,
time spent in sedentary behaviour, time spent in moderate
physical activity, and self-reported physical activity levels
were not di/erent between groups over time (# > 0.05)
(Table 4). Diet and physical activity diary data were
unavailable for two participants in HIIT and one participant
in both CONT and PLA. 1ere was no signi0cant group ×
time interaction for any measure of energy or macronutrient
intake as determined by diet diaries or self-reported physical
activity (# > 0.05) (Table 4).
3.6. Relationship between Change in Body Fat and Other Vari-
ables. Correlations were performed using combined data
from all study participants. Change in android fat was not
signi0cantly correlated with change in daily dietary energy
intake ($ = −0.041, # > 0.05) or macronutrient composition
($ = 0.095, $ = −0.045, and $ = 0.177 for percentage carbo-
hydrate, fat, and protein, respectively, # > 0.05 for all).1ere
was no signi0cant correlation between change in android
fat and change in daily energy expenditure ($ = −0.025,# > 0.05), sedentary time ($ = 0.002, # > 0.05), steps taken
($ = −0.067), or time spent in incidental moderate activity
($ = 0.083, # > 0.05).
4. Discussion

1is is the 0rst study to examine the e2cacy of HIIT versus
that of continuous aerobic exercise training on body fat
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Figure 2: E(ect of 12 weeks of high intensity interval training
(HIIT) or continuous aerobic exercise (CONT) or control (PLA) on
relative percent change in (a) body mass, (b) total lean mass, and
(c) total body fat. Circles show individual percentage change from
baseline and horizontal bars show mean group percentage change
from baseline. Values are means ± SE; ! = 13 for HIIT, ! = 13
for CONT, and ! = 12 for PLA. †Signi*cant treatment × time
interaction (# < 0.05). ∗Signi*cant di(erence between CONT and
HIIT (# < 0.05).
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Figure 3: E(ect of 12weeks of high intensity interval training (HIIT)
or continuous aerobic exercise (CONT) or control (PLA) on relative
percent change in (a) trunk fat, (b) android fat, and (c) gynoid
fat. Circles show individual percentage change from baseline and
horizontal bars show mean group percentage change from baseline.
Values are means ± SE; ! = 13 for HIIT, ! = 13 for CONT, and! = 12 for PLA. †Signi*cant treatment× time interaction (# < 0.05).∗Signi*cant di(erence between CONT and HIIT (# < 0.05).
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Table 1: Description of exercise interventions.

Week Frequency Intensity Session duration
Total weekly training time
(including warm-up and

cooldown, min)
Work : recovery Intervals (number)

HIIT
1 3 120%VO2peak: 30W 30 : 180 s 4 60
2 3 120%VO2peak: 30W 30 : 120 s 5 55.5
3 3 120%VO2peak: 30W 45 : 120 s 5 59.25
4 3 120%VO2peak: 30W 45 : 120 s 6 67.5
5–12 3 120%VO2peak: 30W 60 : 120 s 6 72

CONT
1 3 50%VO2peak 30min 108
2 3 60%VO2peak 40min 138
3 3 65%VO2peak 45min 144
4 3 65%VO2peak 45min 144
5–12 3 65%VO2peak 45min 144

HIIT: high intensity interval training; CONT: continuous aerobic exercise; W: watts; VO2peak: peak aerobic capacity.

Table 2: Baseline participant characteristics.

Characteristics PLA
(! = 12) CONT

(! = 13) HIIT
(! = 13)

Demographics
Age (years) 42.9 (2.8) 44.1 (1.9) 41.8 (2.7)
Sex (! = M/F) 2/10 2/11 3/10

BMI (kg/m2) 28.2 (0.6) 28.5 (0.6) 28.2 (0.5)
Waist circumference
(cm) 90.9 (3.1) 90.8 (2.1) 92.4 (2.5)

Metabolic syndrome
(Y/N) 2/12 3/13 2/13

Baseline habitual
physical activity
(Bouchard (kJ/Kg/day))

13.8 (0.6) 13.7 (0.4) 13.4 (0.3)

Presented as mean (SE). PLA: placebo; CONT: continuous aerobic exercise;
HIIT: high intensity interval training; M: male; F: female; BMI: body mass
index.

Both HIIT and CONT but not PLA tended to reduce gynoid
fat relative to baseline values, but there was neither any group× time e/ect (# = 0.28) nor any signi0cant di/erence
between HIIT and CONT (# = 0.35) (Figure 3(c)).
3.3. Anthropometrics and Blood Pressure. 1ere was no sig-
ni0cant di/erence between groups for change in waist or hip
circumference. Neither systolic nor diastolic blood pressure
changed in any group (Table 3).

3.4. Blood Lipids and Biochemistry. 1ere was no signi0cant
group × time interaction for changes in fasting serum AST,
ALT, hs-CRP, triglycerides, HDL-C, insulin, or glucose (# >0.05). 1ere was a signi0cant group × time interaction for
total cholesterol and LDL-C (Table 3).

3.5. Habitual Physical Activity and Dietary Control.
Accelerometry data for one participant were omitted
from analysis due to not wearing the accelerometer for the
required period. Another participant refused to wear the
accelerometer and therefore postintervention data for
habitual physical activity and energy expenditure were
available for ! = 11 in HIIT, ! = 10 in CONT, and ! = 10 in
PLA (Table 4). Total energy expenditure, steps taken per day,
time spent in sedentary behaviour, time spent in moderate
physical activity, and self-reported physical activity levels
were not di/erent between groups over time (# > 0.05)
(Table 4). Diet and physical activity diary data were
unavailable for two participants in HIIT and one participant
in both CONT and PLA. 1ere was no signi0cant group ×
time interaction for any measure of energy or macronutrient
intake as determined by diet diaries or self-reported physical
activity (# > 0.05) (Table 4).
3.6. Relationship between Change in Body Fat and Other Vari-
ables. Correlations were performed using combined data
from all study participants. Change in android fat was not
signi0cantly correlated with change in daily dietary energy
intake ($ = −0.041, # > 0.05) or macronutrient composition
($ = 0.095, $ = −0.045, and $ = 0.177 for percentage carbo-
hydrate, fat, and protein, respectively, # > 0.05 for all).1ere
was no signi0cant correlation between change in android
fat and change in daily energy expenditure ($ = −0.025,# > 0.05), sedentary time ($ = 0.002, # > 0.05), steps taken
($ = −0.067), or time spent in incidental moderate activity
($ = 0.083, # > 0.05).
4. Discussion

1is is the 0rst study to examine the e2cacy of HIIT versus
that of continuous aerobic exercise training on body fat
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DQG�ZLWK� LQWHUPLWWHQW�SHULRGV�RI� UHVW�� DOORZLQJ�VHGHQWDU\�RYHUZHLJKW�
REHVH� LQGLYLGXDOV� VXIILFLHQW� WLPH� WR� UHFRYHU� DQG� SHUIRUP� DGGLWLRQDO
KLJK�LQWHQVLW\�ERXWV��+,,7�LV�EDVHG�RQ�WKH�:LQJDWH�WHVW�ZKHUH�DQ�ͦDOO
RXWͧ�HIIRUW�LV�SHUIRUPHG��LQGLYLGXDOV�VWDUW�ZLWK���WR���PLQXWHV�RI�ZDUP�
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WR�DFWLYH�DQG�PRWLYDWHG�LQGLYLGXDOV�>�����@��+RZHYHU��D�JURZLQJ�ERG\
RI�HYLGHQFH�VXJJHVWV�WKDW�+,,7��XVLQJ�WKH�:LQJDWH�WHVW��FDQ�EH�XVHG�E\
RYHUZHLJKW�REHVH� VHGHQWDU\� LQGLYLGXDOV� >��������@��:K\WH� HW� DO�� >��@
IRXQG� WKDW� �� ZHHNV� RI� YHU\� KLJK� LQWHQVLW\� VSULQW� LQWHUYDO� WUDLQLQJ� ��
VHVVLRQV� RI� �� WR� �� UHSHDWV� RI� ��V� :LQJDWH� ZLWK� ���PLQ� UHFRYHU\�
LPSURYHG� LQVXOLQ� VHQVLWLYLW\�� LQFUHDVHG� UHVWLQJ� IDW� R[LGDWLRQ�� DQG
UHGXFHG� ZDLVW� FLUFXPIHUHQFH� DQG� V\VWROLF� EORRG� SUHVVXUH� LQ
RYHUZHLJKW�REHVH� VHGHQWDU\�PHQ��7ULON� HW� DO�� >��@� DOVR� VKRZHG� WKDW� �
ZHHNV� RI� +,,7� �������V� ͦDOO� RXWͧ� VSULQWV�� �PLQ� UHFRYHU\�� LPSURYHG
FLUFXODWRU\�IXQFWLRQ������LQFUHDVH�LQ�92�PD[��������LQFUHDVH�LQ�VWURNH
YROXPH��DQG�������GHFUHDVHV�LQ�UHVWLQJ�KHDUW�UDWH��LQ�RYHUZHLJKW�REHVH
VHGHQWDU\� ZRPHQ�� (YHQ� D� VLQJOH� ERXW� RI� +,,7� KDV� EHHQ� VKRZQ� WR
LPSURYH�REHVLW\�UHODWHG�ULVN�IDFWRUV�IRU�GLDEHWHV�LQ�REHVH�PHQ�>�����@�
1LH�HW�DO��>��@�IRXQG�WKDW�D�VLQJOH�ERXW�RI�+,,7������V�ͦDOO�RXWͧ�VSULQWV�
�PLQ� UHFRYHU\�� LPSURYHG� JOXFRVH� WROHUDQFH� LQ� REHVH� PHQ�� 0RUH
UHFHQWO\�� LPSURYHPHQW� LQ� LQVXOLQ� VHQVLWLYLW\� DQG� IDW� R[LGDWLRQ� ZDV
IRXQG�LQ�RYHUZHLJKW�REHVH�VHGHQWDU\�PHQ�DIWHU�D�VLQJOH�ERXW�RI�+,,7
�����V�ͦDOO�RXWͧ�VSULQWV�����PLQ�UHFRYHU\��>��@�
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FRXOG� EH� DQ� HIIHFWLYH� WUDLQLQJ� PRGDOLW\� IRU� RYHUZHLJKW�REHVH
LQGLYLGXDOV�� WKH�:LQJDWH� WHVW� LV� OLPLWHG� E\� WKH� QHHG� IRU� D� VSHFLDOL]HG
F\FOH� HUJRPHWHU� DQG� KLJK� OHYHOV� RI� PRWLYDWLRQ� >�����@�� 7KHUHIRUH�� D
PRGLILHG� ORZ�YROXPH� +,,7� SURWRFRO� KDV� EHHQ� XVHG� E\� D� QXPEHU� RI
VWXGLHV� >�����@� DQG� LV� OLNHO\� WR� EH� PRUH� SUDFWLFDO� IRU� VHGHQWDU\� DQG
RYHUZHLJKW�REHVH�SRSXODWLRQV�WKDQ�UHSHDWHG�:LQJDWH�WHVWV��+RRG�HW�DO�
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A  maioria dos estudos apontam efeitos positivos! 



Apenas	
  exercício	
  wsico	
  é	
  suficiente	
  
para	
  promover	
  emagrecimento?	
  





•  Paciente do sexo feminino, 25 anos, 70kg, 
professora, pratica musculação quatro 
vezes por semana durante 60 minutos e 
caminha três vezes por semana 30 
minutos. 

•  MB = (14,7 x P) + 496 
•  MB = (14,7 x 70) + 496 
•  MB = 1520 kcal 

Exemplo	
  Prá\co	
  



•  VET = MB x FA 

•  VET = 1520 x 1,56 
•  VET = 2371,2 kcal 

Cálculo	
  das	
  Necessidades	
  

Manutenção do peso 





MET	
  Equivalente Metabólico (MET) 

     MET – A unidade metabólica 
que representa o equivalente 

metabólico para qualquer 
atividade em múltiplos da taxa 
de consumo de oxigênio em 

repouso 

CODIGO  MET  ATIVIDADE  EXEMPLOS 
12120  16  Corrida  Correr à 10mph (6min / 
milha) 



Equivalente Metabólico 
•  1	
  MET	
  =	
  3.5	
  ml/kg/min,	
  ou	
  1	
  kcal/kg/hr	
  
•  Para	
  calcular	
  MET	
  da	
  aEvidade,	
  divide	
  a	
  
quanEdade	
  de	
  oxigênio	
  consumido	
  (em	
  ml/
kg/min)	
  por	
  3.5	
  

•  Para	
  converter	
  MET	
  em	
  kcal/min	
  

8.3 METS =                                   =   9.4 kcal/
min 

(8.3 kcal x 68 kg) 

60 min 

29 ml/kg/min / 3.5 ml/kg/min = 8.3 METS 
Peso do 
indivíduo 



CODIGO
  
  

MET
 

ATIVIDADE EXEMPLOS 

02011  

   
3,0 Exercícios de 

condicionamento Andar de bicicleta, estacionária, 

50W, esforço muito leve 

 
02012  

   
5,5 Exercícios de 

condicionamento Andar de bicicleta, estacionária, 

100W, esforço leve 

 
02013  

   
7,0 Exercícios de 

condicionamento 
Andar de bicicleta, estacionária, 

150W, esforço moderado 

 

COMPÊNDIO DE ATIVIDADES FÍSICAS 



•  VET = MB x FA 
•  VET = 1520 x 1,56 
•  VET = 2371,2 kcal 

•  Exercício: 
– Musculação: 1584kcal / semana 
– Caminhada: 480 kcal / semana 

•  Gasto energético do exercício= 2064 kcal / sem 

Cálculo	
  das	
  Necessidades	
  



Dois métodos para incluir o gasto 
energético do exercício: 

•  Dividir por todos os 
dias da semana. 

 

•  Inserir apenas nos 
dias de treinamento 
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Cálculo	
  do	
  VET	
  

•  Exercício = 2064 kcal/semana 
•  Gasto por dia = 294,86 kcal 

•  VET = 2371,2 kcal + 294,86 kcal 
•  VET final = 2666,06 kcal 

Nova necessidade energética para 
manutenção de peso 



Quanto precisa para 
“queimar” (reduzir) 1kg de 

massa corporal? 



Perda de peso devido ao gasto 
energético do treinamento físico 

7700 kcal – 1000g 
2064 kcal - ?g 

268g por semana! 



Recomendações de Perda de Peso 

I DIRETRIZ BRASILEIRA DE

DIAGNÓSTICO E TRATAMENTO

DA SÍNDROME METABÓLICA

Abertura.p65 06/04/05, 15:221



Grau	
  de	
  Recomendação	
  

•  A:	
  Estudos	
  experimentais	
  e	
  observacionais	
  de	
  
melhor	
  consistência.	
  	
  

•  B:	
  Estudos	
  experimentais	
  e	
  observacionais	
  de	
  
menor	
  consistência.	
  	
  

•  C:	
  Relatos	
  de	
  casos	
  (estudos	
  não	
  controlados).	
  	
  
•  D:	
  Opinião	
  desprovida	
  de	
  avaliação	
  crí\ca,	
  
baseada	
  em	
  consensos,	
  estudos	
  fisiológicos	
  
ou	
  modelos	
  animais.	
  	
  



•  Recomendações	
  gerais:	
  
– 0,5	
  a	
  1	
  kg	
  por	
  semana	
  
– 5%	
  do	
  peso	
  inicial	
  em	
  três	
  meses	
  
– 10%	
  do	
  peso	
  inicial	
  reduz	
  o	
  risco	
  cardiovascular	
  

Redução	
  de	
  Peso	
  





•  Qual	
  o	
  déficit	
  calórico	
  necessário?	
  
•  500g	
  

– 7700kcal	
  –	
  1kg	
  
	
   	
  x	
  –	
  0,5kg	
  
	
  x	
  =	
  3350	
  kcal	
  /	
  sem	
  –	
  aprox.	
  500	
  kcal/dia	
  

•  1000g	
  
– 7700	
  kcal	
  /	
  sem	
  –	
  aprox.	
  1000	
  kcal/dia	
  

Para	
  perder	
  0,5	
  a	
  1kg	
  ...	
  



•	
  Uma	
  dieta	
  planejada	
  individualmente	
  para	
  criar	
  um	
  
déficit	
  de	
  500	
  a	
  1.000	
  kcal	
  deveria	
  ser	
  parte	
  integrante	
  
de	
  qualquer	
  programa	
  de	
  perda	
  de	
  peso	
  que	
  obje\ve	
  
diminuição	
  de	
  0,5	
  a	
  1	
  kg	
  por	
  semana.	
  
•	
  Dietas	
  de	
  baixas	
  calorias,	
  com	
  1.000	
  a	
  1.200	
  kcal	
  por	
  
dia,	
  reduzem	
  em	
  média	
  8%	
  do	
  peso	
  corporal,	
  em	
  três	
  a	
  
seis	
  meses,	
  com	
  diminuição	
  de	
  gordura	
  abdominal.	
  
Estudos	
  de	
  longo	
  prazo	
  mostram	
  perda	
  média	
  de	
  4%	
  
em	
  três	
  a	
  cinco	
  anos.	
  

Tratamento	
  Dieté\co	
  da	
  Obesidade	
  



•	
  Dietas	
  de	
  baixíssimas	
  calorias,	
  com	
  400	
  a	
  800	
  kcal	
  
por	
  dia,	
  produzem	
  perda	
  de	
  peso	
  maior	
  em	
  curto	
  
prazo,	
  em	
  comparação	
  às	
  dietas	
  de	
  baixas	
  calorias.	
  
Entretanto,	
  em	
  longo	
  prazo,	
  no	
  período	
  de	
  um	
  ano,	
  
a	
  perda	
  de	
  peso	
  é	
  similar.	
  

Tratamento	
  Dieté\co	
  da	
  Obesidade	
  



Dietoterapia	
  (D)	
  

•  Dietas	
  escassas	
  em	
  gorduras,	
  sem	
  redução	
  do	
  
número	
  total	
  de	
  calorias,	
  não	
  levam	
  à	
  perda	
  
de	
  peso.	
  Entretanto,	
  reduzir	
  a	
  quan\dade	
  de	
  
gordura,	
  em	
  uma	
  dieta	
  hipocalórica,	
  é	
  uma	
  
maneira	
  prá\ca	
  de	
  diminuir	
  a	
  ingestão	
  
calórica	
  e	
  induzir	
  a	
  perda	
  de	
  peso.	
  	
  

•  Dietas	
  que	
  contenham	
  1.400	
  a	
  1.500	
  kcal	
  por	
  
dia,	
  independentemente	
  da	
  composição	
  de	
  
macronutrientes,	
  levam	
  à	
  perda	
  de	
  peso.	
  	
  



Porque eu levo seis semanas para perder 3 Kg e somente 
uma para aumentar??????? 

 



Perda de peso com restrição 
energética da dieta 

VET = 2371,2 kcal – (aprox. 750kcal) 
•  VET final = 1621,2 kcal 
 

750g por semana! 



Cálculo	
  do	
  VET	
  

•  Exercício = 2064 kcal/semana 
•  Gasto por dia = 294,86 kcal 

•  VET = 2371,2 kcal + 294,86 kcal 
•  VET final = 2666,06 kcal 

Nova necessidade energética para 
manutenção de peso 



E então, qual o profissional 
mais eficaz??? 

X 


