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Abstract 5 

For a long time the assumption has been that, although weight reduction was necessary and 6 

desirable, comorbidities were far more important and needed treatment even if weight loss was not 7 

a treatment goal, preferably with medication. This controversy leads to postponement of treatment, 8 

and later on causes too intensive medical treatment.  Thus, raising the health care costs to 9 

unacceptable levels, leading to the medicalization of individuals and declining of the own 10 

responsibility of patients for their health, leaving it up to individuals when to regard their own weight 11 

as a problem that should be dealt with. The central problem is insulin resistance which leads to a 12 

cascade of health problems. This condition should be diagnosed in primary practice and obesity 13 

clinics, to ensure a better tailor-made  treatment for patients. Treatment should start at the earliest 14 

stage possible, when comorbidities are still reversible and includes a personalized dietary advice and 15 

counseling preferably by a dietitian to tackle insulin resistance. An exercise program is part of the 16 

treatment. 17 

 18 

Introduction 19 

For a long time the assumption has been that, although weight reduction was necessary and 20 

desirable, comorbidities were far more important and needed treatment even if weight loss was not 21 

a treatment goal, preferably with medication. In several countries overweight is not even regarded as 22 

a disease, but as a condition, whereas e.g. hypertension, dyslipidemia and type 2 diabetes are 23 

considered as the real diseases.  This controversy leads to postponement of treatment, and later on 24 

causes too intensive medical treatment.  Thus, raising the health care costs to unacceptable levels, 25 

leading to the medicalization of individuals and declining of the own responsibility of patients for 26 

their health, leaving it up to individuals when to regard their own weight as a problem that should be 27 

dealt with. In this article I will explain why we need a shift of paradigm regarding the relationship 28 

between body weight and comorbidities. 29 

 30 

Insulin resistance 31 
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Extensive research has been carried out to reveal the mechanisms that cause insulin resistance [1, 2, 32 

3, 4, 5], and others have continued by examining the relationship between obesity, cardiovascular 33 

disease, hypercoagulability, type 2 diabetes, non-alcoholic fatty liver disease and insulin resistance [ 34 

6, 7, 8, 9,  10, 11]. Glucose-clamp studies showed that all of these conditions are caused by the 35 

presence of combined insulin resistance and hyperinsulinaemia, deriving from the inflamed adipose 36 

tissue, which is characterized by increased monocyte infiltration and cytokine production [8, 12], 37 

Insulin resistance is the result of a long-term process that is encountered by chronic energetic 38 

overfeeding, when an abundance of glucose and saturated fat enters the cell, leading to Endoplasmic 39 

Reticulum (ER) stress; a low grade flammation process and hypoxia  [1, 12, 13].  In short, extensive 40 

fat accumulation, usually due to overfeeding, overfills the present subcutaneous fat cells, and leads 41 

to fat accumulation in the abdomen, the visceral fat. The adipocytes in the visceral fat start to 42 

produce many adipokines, which alter different metabolic processes: serum lipids change (HDL goes 43 

down, LDL and triglycerides go up), blood pressure rises, purine levels rise, estrogen levels rise, 44 

testosterone levels go down, the thyroid gland may start to dysfunction, and the production of 45 

insulin increases to twice or three times the normal level (hyperinsulinaemia). After a longer period 46 

of time the pancreas fails in meeting the insulin needs after meals, leading to impaired glucose 47 

tolerance, and finally to type 2 diabetes. Insulin resistance has also been linked to the prevalence of 48 

breast, prostate, and colon cancers. For prostate cancer it has been shown that hyperinsulinaemia 49 

acts on the liver to increase production of insulin-like growth factor-I (IGF-I), a factor known to 50 

stimulate tumor growth and block apoptosis [14]. Insulin resistance leads to over activity of mast 51 

cells in intestine, lung and skin, causing allergic reactions. In children and adolescents HOMA 52 

estimated insulin resistance values were significantly associated with positive skin tests and allergic 53 

asthma diagnosis. There was a strong relationship between a large waist circumference and pulmonic 54 

function [15]. Patients with mild stages of COPD often have obesity and insulin resistance. Patients 55 

with COPD and the metabolic syndrome have increased risk of morbidity and mortality due to 56 

cardiovascular disease [16]. Growing evidence supports the concept that insulin resistance is 57 

important in the pathogenesis of cognitive impairment and neurodegeneration. Insulin plays a 58 

profound role in cognitive function. Impaired insulin signaling in the advancement of cognitive 59 

dysfunction is relevant to the pathophysiologic mechanisms of cognitive impairment en the risk of 60 

developing dementia [17, 18]. Well known is the relationship between sleep apnea and metabolic 61 

syndrome [19]. 62 

Finally recent studies have shown that duodenal dysfunction in obese persons is a consequence of 63 

their weight. Pattern recognition receptors as well as antimicrobial peptides are a key factor in 64 

controlling the intestinal micro biota composition. Deficiencies in these genes lead to changes in the 65 
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composition of the gut-micro biota, causing leakage of endotoxins into the circulation, and the 66 

development of low-grade chronic inflammation and insulin resistance. Dietary composition can also 67 

affect the micro biota: a diet rich in saturated fats allows the expansion of pathobionts that damage 68 

the intestinal epithelial cell layer and compromise its barrier function, the so called ‘leaky gut’ [20, 69 

21]. In conclusion we can say that insulin resistance leads to a great number of comorbidities, that 70 

can be avoided or postponed if people would have a healthy weight and an active lifestyle.  71 

Insulin resistance develops over the years, but can be seen in young and older people. Even 23% of 72 

people with a BMI <25 kg/m2 appeared to be insulin resistant [22]. The incidence of insulin resistance 73 

is 48.7% in overweight; and 66.3% in obese patients [23]. In general the longer the duration of the 74 

obesity and the higher the BMI, the more insulin resistant a patient will be, although genetic 75 

predisposition cannot be ruled out, considering the fact that obesity and type 2 diabetes are strongly 76 

hereditary conditions . The use of anti-depressants and anti-psychotic drugs enhances insulin 77 

resistance [24, 25]. A sedentary lifestyle also promotes developing insulin resistance and low free fat 78 

mass [12]. This phenomena causes the fatigue many patients complain about. Psychosocial stress is 79 

strongly related to insulin resistance, which proved to be an independent predictor of waist and 80 

HOMA-IR only among participants with a low level of spirituality [26]. 81 

 82 

Metabolic syndrome 83 

Most health care professionals are familiar with the metabolic syndrome. The criteria for metabolic 84 

syndrome can vary a little per country, but in general are characterized by : bloodpressure >130/>85 85 

mm/Hg; elevated triglyceride level: > 1.7 mmol/l; decreased HDL <1.03mmol/ (men); <1.29 mmol/l 86 

(women); an large waist circumference: >102 cm (men); >88 cm (women); IFG >6.1 mmol/l [27, 28]. 87 

In fact, the criteria of metabolic syndrome describe the changes due to insulin resistance, and it is fair 88 

to assume that insulin resistance is the cause of metabolic syndrome.  It would therefore be more 89 

just to use the term insulin resistance or insulin resistance syndrome (IRS) instead of metabolic 90 

syndrome to describe the condition by its cause rather than by its outcomes, which seem a bit 91 

arbitrary considering the abundance of abnormal physical parameters that are connected to IRS. 92 

Insulin resistance in primary care or clinical situations can be calculated through the homeostasis 93 

model assessment (HOMA-IR) method, or fasting insulin can be measured in blood samples, although 94 

none of these methods are common practice in primary care or in clinics for obese patients with 95 

comorbidities. 96 

 97 
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Treatment 98 

Early recognition of overweight or a large waist circumference when patients visit the physician with 99 

vague complaints about their health, or when comorbidities  are found is crucial. This is the moment 100 

to discuss life style, stress, sleep, eating habits. This should also be the moment to establish whether 101 

a patient is aware of the influence he has on his own health, thus promoting self-management. The 102 

earlier the weight problem, or more specifically the visceral fat problem is addressed, the more 103 

chance that weight loss is possible, that elevated blood parameters will improve without medication, 104 

and health can be restored [29]. 105 

Many physicians hesitate to discuss life style with their patients, reluctant to interfere in their life. 106 

But we have no choice. Patients develop overweight partly because of the obesogenic environment, 107 

where physical exercise is not natural, where people have to work long hours, unhealthy food is 108 

everywhere and cheap, traditional meal patterns disappear and where cooking skills have diminished 109 

to very simple dishes. In addition, more recent evidence shows that caloric restriction and exercise 110 

are potent interventions to promote adipose tissue weight loss and alteration of immune cell 111 

phenotype [30, 31,32]. 112 

In this complicated situation patients need help. They need to be referred to health professionals, 113 

more specifically dietitians, for advice and guidance, rather than to commercial programs. Another 114 

problem is that we do not identify patients with insulin resistance as such and assume that all 115 

patients  benefit from a diet based on national dietary guidelines.  A constant high level of serum 116 

insulin in fact may cause weight gain with normal quantities of carbohydrates leaving the patient 117 

frustrated that weight loss for her or him is impossible [33]. Even systematic reviews make no 118 

distinction between patients that are strongly insulin resistant and those who are not, stating that 119 

choice of diet makes no difference [34]. The patient however is best helped with a tailor-made 120 

dietary advice with a lowered level of carbohydrates [35], preferably with a low glycemic index [36]. 121 

The amount of carbohydrates should be based upon thorough assessment of the patient in terms of 122 

history of previous weight loss attempts (how successful were they), BMI and waist circumference, 123 

medication, mental condition, positive family history of obesity and other comorbidities, sleep and 124 

stress. Ideally speaking patients are referred to the dietitian with a diagnosis of their fasting insulin 125 

level. 126 

Protein intake can be as high as 1.2 to 1.5 kg body weight, but not more than 100 grams per day, 127 

evenly spread over three meals and maximum two in between snacks, including 3 g of the amino acid 128 

leucine per meal [37]. Leucine is present in dairy products, which makes them essential to the diet.  129 

In this dietary advice micro nutrients are equally important: iodine, selenium, thiamine, riboflavin, 130 
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magnesium, manganese, hydrocobalamin, folic acid, vitamin D, vitamin C, tocoferol,  zinc, copper and 131 

chromium [ 38, 39, 40, 41]. This implies that daily suppletion with one dose of the Advised Dietary 132 

Intake is necessary.  A diet high in fiber supports the microbiota in the duodenum to produce short-133 

chain fatty acids, thereby promoting energy expenditure and protecting against inflammation and 134 

insulin resistance.  The interactions between the microbiota, innate immunity, and diet play an 135 

important role in controlling metabolic homeostasis. A properly functioning innate immune system, 136 

combined with a low-fat and high-fiber diet, is important in preventing dysbiosis and reducing the 137 

susceptibility to developing the metabolic syndrome and its associated cardiovascular diseases  [42]. 138 

A low fibre diet on the other hand enhances insulin resistance [43]. 139 

Furthermore, exercise is essential to tackle insulin resistance and to promote weight loss. Chronic 140 

exercise exerts potent anti-inflammatory effects [44, 45, 46] and these effects are likely mediated by 141 

direct effects on the immune system and a reduction in visceral fat including diminished release of 142 

proinflammatory cytokines and chemokines from adipocytes [47]. Endurance exercise is associated 143 

with reduced induction of proinflammatory signalling and diet induced obesity [48, 49, 50, 51]. 144 

Furthermore, treadmill exercise reduces adipose tissue macrophage infiltration and promotes an 145 

anti-inflammatory immune cell phenotype [52]. During exercise, skeletal muscle is thought to 146 

produce and secrete a host of anti-inflammatory cytokines that are shown to experimentally alter 147 

immune cell function and phenotype. Walking, cycling, swimming are advised, one hour per day, but 148 

in the first phase every other day, to prevent over training. Patients with a very low fat free mass 149 

(measured by a four point body impedance) benefit form weight lifting and other muscle promoting 150 

exercises.   151 

Finally, patients need help to start face emotional barriers that prevent them from losing weight, or 152 

that may have caused the weight gain. We need to face the fact that many patients are part of an 153 

environment that is counterproductive for a healthy life style and they need coaching to change 154 

things step by step. Insulin resistance can be cured, but it takes time. A therapy of less than a year 155 

will in most cases not lead to the desired result. 156 

 157 

References  158 
1. Hotamisligil GS. Endoplasmic Reticulum Stress and the Inflammatory Basis of Metabolic Disease. 159 
Cell 2010 19;140(6):900-17. 160 
2. Gregor MF, Hotamisligil GS. Inflammatory Mechanisms in Obesity. Annual Review of Immunology. 161 
2011. Vol. 29: 415-45 April. 162 
3. Nakamura T, Furuhashi M, Li P, Cao H, Tuncman G, Sonenberg N, Gorgun CZ, Hotamisligil GS. 163 
Double-stranded RNA-dependent protein kinase links pathogen sensing with stress and metabolic 164 
homeostasis. Cell 2010;140:338-48. 165 



6 
 

4. Hummasti S, Hotamisligil GS. Endoplasmic reticulum stress and inflammation in obesity and 166 
diabetes. Circ Res 2010;107(5):579-91. 167 
5. Yang L, Ping Li, Suneng Fu, Ediz S. Calay, Gokhan S. Hotamisligi GS. Defective hepatic autophagy in 168 
obesity promotes ER stress and causes insulin resistance. Cell Metab 2010;11(6):467-78. 169 
6. Reaven GM. Insulin resistance and its consequences: type 2 diabetes mellitus and coronary heart 170 
disease. In Diabetes mellitus: A fundamental and clinical text. LeRoith D, Taylor SI, 171 
Olefsky JM, Eds. Philadelphia, Lippincott Williams & Wilkins, 2000, p. 604-15. 172 
7. Bakhai A. Adipokines -targeting a root cause of cardiometabolic risk. QJM. 2008 Oct;101(10):767-173 
76. 174 
8. De Fronzo  RA. Insulin resistance: a multifaceted syndrome responsible for NIDDM, obesity, 175 
hypertension, dyslipidaemia and atherosclerosis. Neth J Med. 1997 May;50(5):191-7. 176 
9. Chapman MJ, Sposito AC. Hypertension and dyslipidaemia in obesity and insulin resistance: 177 
pathophysiology, impact on atherosclerotic disease and pharmacotherapy. Pharmacol Ther. 2008 178 
Mar;117(3):354-73. 179 
10. Arruda AP, Pers BM, Parlakgül G, Güney E, Inouye K, Hotamisligil GS. Chronic enrichment of 180 
hepatic endoplasmic reticulum-mitochondria contact leads to mitochondrial dysfunction in obesity. 181 
Nat Med. 2014 Dec;20(12):1427-35.  182 
11. Wolfs MGM,  Gruben N,, Rensen SS , Verdam FJ , Greve JW , Driessen 4, Wijmenga C, Buurman 183 
WA , Franke L,  Scheja L , Koonen DPY  , Shiri-Sverdlov R , van Haeften TW , Hofker MH, Fu J. 184 
Determining the association between adipokine expression in multiple tissues and phenotypic 185 
features of non-alcoholic fatty liver disease in obesity. Nutr Diabetes. 2015 Feb; 5(2): e146.   186 
12. Roberts CK, Hevener AL, Barnard RJ.  Metabolic Syndrome and Insulin Resistance: Underlying 187 
Causes and Modification by Exercise Training. Compr Physiol. 2013 January ; 3(1): 1–58. 188 
13. Goossens GH. The role of adipose tissue dysfunction in the pathogenesis of obesity-related 189 
insulin resistance. Nat Med. 2014 Dec;20(12):1427-35. 190 
14. Barnard RJ. Prostate cancer prevention by nutritional means to alleviate metabolic syndrome. Am 191 
J Clin Nutr. 2007; 86:s889–s893.  192 
15. Sánchez Jiménez J, Herrero Espinet FJ, Mengibar Garrido JM, Roca Antonio J, Peños Mayor S, 193 
Peñas Boira Mdel M, Roca Comas A, Ballester Martínez A. Asthma and insulin resistance in obese 194 
children and adolescents. Pediatr Allergy Immunol. 2014 Nov;25(7):699-705. 195 
16. Naik D, Joshi A, Paul TV, Thomas N. Chronic obstructive pulmonary disease and the metabolic 196 
syndrome: Consequences of a dual threat.Indian J Endocrinol Metab. 2014 Sep;18(5):608-16. 197 
17. Ma L, Wang J, Li Y. Insulin resistance and cognitive dysfunction. Clin Chim Acta. 2015 Feb 198 
4;444:18-23. 199 
18. Kalmijn S, Foley D, White L, Burchfiel CM, Curb JD, Petrovitch H, Ross GW, Havlik RJ, 200 
Launer LJ. Metabolic cardiovascular syndrome and risk of dementia in japanese- american 201 
elderly men: The honolulu-asia aging study. Arterioscler Thromb Vasc Biol. 2000; 20:2255– 202 
2260.  203 
19. Vgontzas AN, Bixler EO, Chrousos GP. Sleep apnea is a manifestation of the metabolic syndrome. 204 
Sleep Med Rev. 2005; 9:211–224. 205 
20. Brandsma E, Houben T, Fu J, Shiri-Sverdlov R, Hofker MH. The immunity-diet-microbiota axis in 206 
the development of metabolic syndrome. Curr Opin Lipidol. 2015 Apr;26(2):73-81. 207 
21. Paolella G, Mandato C, Pierri L, Poeta M, Di Stasi M, Vajro P. Gut-liver axis and probiotics: their 208 
role in non-alcoholic fatty liver disease. World J Gastroenterol. 2014 Nov 14;20(42):15518-31. 209 
22. Pereira MA, Jacobs DR Jr, Van Horn L, Slattery ML, Kartashov AI, Ludwig DS. Dairy consumption, 210 
obesity, and the insulin resistance syndrome in young adults: the CARDIA Study. JAMA 211 
2002;287(16):2081-9. 212 
23. Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-Rosett J, Sowers MR. 213 
The obese without cardiometabolic risk factor clustering and the normal weight with 214 
cardiometabolic risk factor clustering: Prevalence and correlates of 2 phenotypes among the US 215 
population (NHANES 1999–2004). Arch Intern Med. 2008; 168:1617–1624.   216 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bakhai%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18550581
http://www.ncbi.nlm.nih.gov/pubmed/18550581


7 
 

24. Bak M, Fransen A, Janssen J, van Os J, Drukker M. Almost All Antipsychotics Result in Weight 217 
Gain: A Meta-Analysis PLoS One. 2014;9(4):94-112. 218 
25. Stahl S, Mignon L, Meyer J. Which comes first: atypical antipsychotic treatment or 219 
cardiometabolic risk?  Acta Psychiatrica Scandinavica. 2009;119(3). 220 
26. Tull ES, Doswell WM, Cort MA. Spirituality moderates the relationship of psychosocial stress to 221 
metabolic risk factors among Afro-Caribbean immigrants in the US Virgin Islands. J Racial Ethn Health 222 
Disparities. 2015 Mar;2(1):132-138. 223 
27. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. 224 
Executive summary of the third report of the National Cholesterol Education Program (NCEP) Expert 225 
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment 226 
Panel III. JAMA. 2001;285:2486-97. 227 
28. Zadeh-Vakili A, Fahimeh Ramezani Tehrani, Farhad Hosseinpanah. Waist circumference and 228 
insulin resistance: a community based cross sectional study on reproductive aged Iranian 229 
women. Diabetology & Metabolic Syndrome 2011, 3:18; 10.1186/1758-5996-3-18. 230 
29. Iantorno M, Campia U, Di Daniele N, Nistico S, Forleo GB, Cardillo C, Tesauro M. Obesity, 231 
inflammation and endothelial dysfunction. J Biol Regul Homeost Agents. 2014 Apr-Jun;28(2):169-76. 232 
30. Aron-Wisnewsky J, Tordjman J, Poitou C, Darakhshan F, Hugol D, Basdevant A, Aissat A, 233 
Guerre-Millo M, Clement K. Human adipose tissue macrophages: m1 and m2 cell surface markers 234 
in subcutaneous and omental depots and after weight loss. J Clin Endocrinol Metab. 2009; 235 
94:4619–4623. 236 
31. Kawanishi N, Yano H, Yokogawa Y, Suzuki K. Exercise training inhibits inflammation in 237 
adipose tissue via both suppression of macrophage infiltration and acceleration of phenotypic 238 
switching from M1 to M2 macrophages in high-fat-diet-induced obese mice. Exerc Immunol 239 
Rev. 2010; 16:105–118. 240 
32. Kovacikova M, Sengenes C, Kovacova Z, Siklova-Vitkova M, Klimcakova E, Polak J, 241 
Rossmeislova L, Bajzova M, Hejnova J, Hnevkovska Z, Bouloumie A, Langin D, Stich V. 242 
Dietary intervention-induced weight loss decreases macrophage content in adipose tissue of 243 
obese women. Int J Obes (Lond). 2010; 35:91–98. 244 
33. Hu T, Bazzano LA. The low-carbohydrate diet and ardiovascular risk-factors. Evidence from 245 
epidemiologic studies. Nutrition & Cardiovascular Diseases, 2014. 246 
34. Naude CE, Schoonees A, Senekal M, Young T, Garner P, Volmink J. Low Carbohydrate versus 247 
Isoenergetic Balanced Diets for Reducing Weight and Cardiovascular Risk: A Systematic Review and 248 
Meta-Analysis. Plos one July 2014-Volume 9 - Issue 7 . 249 
35. Feinman RD, Vernon MC, Westman BC. Low carbohydrate diets in family practice: what can we 250 
learn from an internet-based support group. Nutr J. 2006 Oct 2;5:26. 251 
36. Liu S, W.C.Willett, M.J.Stampfer et al. A prospective study of dietary glycemic load, carbohydrate 252 
intake, and risk of coronary heart disease in US women. Am J Clin Nutr 2000;71,:1455-61. 253 
37. Layman DK. Dietary guidelines should reflect new understanding about adult protein needs. 254 
Nutrition & Metabolism; 2009; 6:12. 255 
38. Dibaba DT. The IDF consensus worldwide definition of the metabolic syndrome. The international 256 
Diabetes Federation 2006. Dietary magnesium intake and risk of metabolic syndrome: a meta-257 
analysis. Eur J Clin Nutr 68 (2014); 510-516. 258 
39. Ford ES, Ajani UA, McGuire LC, Liu S. Concentrations of serum vitamin D and the metabolic 259 
syndrome among U.S. adults. Diabetes Care. 2005 May;28(5):1228-30. 260 
40. Vieth R. Why the minimum desirable serum 25-hydroxyvitamin D level should be 75 nmol/L (30 261 
ng/ml). Best Pract Res Clin Endocrinol Metab. 2011 Aug;25(4):681-91. 262 
41.Styskala JL. Oxidative stress and diabetes. What can we learn about insulin resistance from 263 
antioxidant mutant mouse models. Free Radical Biology and Medicine, 52; 2012:46-58. 264 
42. Brandsma E, Houben T, Fu J, Shiri-Sverdlov R, Hofker MH. The immunity-diet-microbiota axis in 265 
the development of metabolic syndrome. Curr Opin Lipidol. 2015 Apr;26(2):73-81. 266 
43. Ludwig DS, Pereira MA, Kroenke CH, Hilner JE, Van HornL, Slattery ML, Jacobs DR. Dietary fiber, 267 
weight gain, and cardiovascular risk disease factors in young adults. JAMA, 1999 ;282:1539-46. 268 



8 
 

44. Balducci S, Zanuso S, Nicolucci A, De Feo P, Cavallo S, Cardelli P, Fallucca S, Alessi E, Fallucca F, 269 
Pugliese G. Effect of an intensive exercise intervention strategy on modifiable cardiovascular risk 270 
factors in subjects with type 2 diabetes mellitus: A randomized controlled trial: The Italian Diabetes 271 
and Exercise Study (IDES). Arch Intern Med. 2010; 170:1794–1803. 272 
45. Kasapis C, Thompson PD. The effects of physical activity on serum C-reactive protein and 273 
inflammatory markers: A systematic review. J Am Coll Cardiol. 2005; 45:1563–1569. 274 
46. Petersen AMW, Pedersen BK. The anti-inflammatory effect of exercise. J Appl Physiol. 2005; 275 
98:1154–1162. 276 
47. Kadowaki T, Yamauchi T. Adiponectin and adiponectin receptors. Endocr Rev. 2005; 26:439– 277 
451.   278 
48. Flynn MG, McFarlin BK. Toll-like receptor 4: Link to the anti-inflammatory effects of exercise? 279 
Exerc Sport Sci Rev. 2006; 34:176–181. 280 
49. Davis JE, Gabler NK, Walker-Daniels J, Spurlock ME. Tlr-4 deficiency selectively protects 281 
against obesity induced by diets high in saturated fat. Obesity (Silver Spring). 2008; 16:1248– 282 
1255. 283 
50. Saberi M, Woods NB, de Luca C, Schenk S, Lu JC, Bandyopadhyay G, Verma IM, Olefsky JM. 284 
Hematopoietic cell-specific deletion of toll-like receptor 4 ameliorates hepatic and adipose tissue 285 
insulin resistance in high-fat-fed mice. 286 
51. Tsukumo DM, Carvalho-Filho MA, Carvalheira JB, Prada PO, Hirabara SM, Schenka AA, Araujo EP, 287 
Vassallo J, Curi R, Velloso LA, Saad MJ. Loss-of-function mutation in Toll-like receptor 4 prevents diet-288 
induced obesity and insulin resistance. Diabetes. 2007; 56:1986–1998. 289 
52. Kawanishi N, Yano H, Yokogawa Y, Suzuki K. Exercise training inhibits inflammation in 290 
adipose tissue via both suppression of macrophage infiltration and acceleration of phenotypic 291 
switching from M1 to M2 macrophages in high-fat-diet-induced obese mice. Exerc Immunol 292 
Rev. 2010; 16:105–118. 293 


