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Author, speaker, and nutritional consultant Mike Roussell, PhD is known for transforming complex 

nutritional concepts into practical nutritional habits that his clients can use to ensure permanent weight 

loss and long lasting health. Dr. Mike holds a bachelor degree in biochemistry from Hobart College and a 

doctorate in nutrition from Pennsylvania State University. 

Dr. Roussell’s robust academic background coupled with his broad range of experience from consulting 
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actionable strategies that get results. This has made Dr. Mike a sought after expert contributor to both 
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Experience Life, Ironman, Health, Cooking Light, Muscle & Fitness magazines, LiveStrong.com, , 
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Metabolic Syndrome Overview 

• In 1988, a WHO consulting group working to define diabetes identified metabolic syndrome. 

• Consists of a clustering of symptoms in which you need 3 of the 5 to be diagnosed. 

• Metabolic syndrome statistics 

– 24% of US adults have metabolic syndrome 

– 5 fold increase in risk for diabetes 

– 2 fold increase in risk of cardiovascular disease 

Metabolic Syndrome Characteristics 

– Large waist (cut points are country/region specific) 

• 40-46 inches for men 

• 35-40 inches for women 

– Elevated triglycerides  

• ≥ 150 mg/dL  

– Low high density lipoprotein cholesterol (HDL-C) 

• < 40mg/dL for men 

• < 50mg/dL for women 

– High blood pressure  

• ≥ 155/85 mm Hg or on blood pressure medication 

– Elevated fasting blood sugar 

• ≥ 100 mg/dL or higher 

 

• Insulin resistance is believed by many to be the number one driving force behind metabolic 

syndrome. 

What predisposes you to Insulin Resistance and Metabolic Syndrome? 

o Type 2 diabetes mellitus in first-degree relatives before age 60 years 

o Polycystic ovary disease 

o Fatty liver 

o C-reactive protein (CRP) >3 mg/L 

o Microalbuminuria 

o Elevated total apolipoprotein B  

 

 The Metabolic Syndrome diagnosis does not take into account 

o Age  

o Sex 

o Smoking status 

o Low density lipoprotein cholesterol (LDL-C) 
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 Individuals with Metabolic Syndrome commonly have Atherogenic Dyslipidemia, a 

clustering of lipoprotein abnormalities 

o Elevated triglycerides 

o Elevated apolipoprotein B 

o Increase small dense LDL 

o Reduced HDL-C 
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Metabolic Syndrome Treatment Recommendations 

American Heart Association 

 Eat Better, Get Active, Lose Weight, Take Medication 

 “Adopt a diet rich in whole grains, fruits, vegetables, lean meats and fish, and low-fat or fat-

free dairy products and avoid processed food, which often contains partially hydrogenated 

vegetable oils, and is high in salt and added sugar.” 

 American Heart Association (AHA) treatment of metabolic syndrome 

o The primary goal of clinical management in individuals with the metabolic syndrome 

is to reduce risk for clinical atherosclerotic disease. Even in people with the 

metabolic syndrome, first-line therapy is directed toward the major risk factors: LDL-

C above goal, hypertension, and diabetes. 

Adult Treatment Panel III 

 Option 1 – Address abdominal adiposity and insulin resistance via diet and increased 

activity. 

 Option 2 – Directly treat metabolic risk factors. 

Dietary Approaches to Stop Hypertension: DASH Diet 

 Macronutrient Breakdown (% of energy) 

o Carbohydrates = 55-57% 

o Protein = 18% 

o Fat = 25-27% 

o Saturated Fat = 6-7% 

o Monounsaturated Fat = 10-13% 

o Polyunsaturated Fat = 6-8% 
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Insulin Resistance 

Insulin resistance is defined clinically as the inability of a known quantity of exogenous or endogenous 

insulin to increase glucose uptake and utilization in an individual as much as it does in a normal 

population. – Lebovitz, Insulin Resistance: definition and consequences. 2001 

Basic Approaches to Treatment of Insulin Resistance 

 Decrease circulating glucose 

 Increase Insulin secretion/presence 

 Increase insulin sensitivity (at the site of muscle cells) 
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Carbohydrate Restriction and Metabolic Syndrome 

Varying Levels of Carbohydrate Restriction 

Very Low Carbohydrates Diet/Ketogenic Diet   

• Volek et al, 2009: Macronutrient Breakdown (% of energy) 

– Carbohydrates = 12% 

– Protein = 29% 

– Fat = 59% 

Reduced Carbohydrate Diet 

• Krauss et al, 2006: Macronutrient Breakdown (% of energy) 

– Carbohydrates = 40% 

– Protein = 25% 

– Fat = 35% 

Moderate Carbohydrate Diet  

• Ebbeling et al, 2007: Macronutrient Breakdown (% of energy) 

– Carbohydrates = 40% 

– Protein = 25% 

– Fat = 35% 

Moderate/High Carbohydrate Diet  

• Appel et al, 2005 (OmniHeart):  Macronutrient Breakdown (% of energy) 

– Carbohydrates = 48% 

– Protein = 25% 

– Fat = 27% 

 

Other Unifying Characteristics 

 Increased Protein 

 Increase Fat 
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Metabolic Syndrome – Target Therapy: Weight Loss 

Meta-analysis of Randomized Controlled Trials – Low Fat vs. Low Carbohydrate (6-12 months) 

 6 months – Low carbohydrate elicits 9.2lbs more weight loss 

 1 year – Similar weight Loss 

Effects of a Low Glycemic Load vs. Low Fat Diet  

• Low Glycemic Load (% of energy) 

– Carbohydrates = 40% 

– Protein = 25% 

– Fat = 35% 

• Low Fat (% of energy) 

– Carbohydrates = 40% 

– Protein = 25% 

– Fat = 35% 

Changes in Body Fat Percentage 

 
6 Months 18 Months 

  
Low Glycemic 

Load 
Low Fat 

Low Glycemic 
Load 

Low Fat 

All -1.3 -1.4 -1.5 -1.1 

Insulin Sensitive -0.9 -2.2 -0.9 -1.4 

Insulin Resistant -2 -0.4 -2.6 -0.9 

*Based on insulin concentration at 30 minutes following 75 gram dose of oral glucose 

 

A to Z Weight Loss Study 

 Atkins, Traditional lower fat diet, Zone, and Ornish diets 

 12 months long 

o Diet results 

 Aktins – 10.3lbs lost 

 Zone – 3.5lbs lost 

 LEARN/Traditional – 5.7lbs lost 

 Ornish – 4.8lbs lost 

o Stratified by insulin resistance 

 Most insulin sensitive: Atkins vs. Ornish  

 No difference in weight loss (8.8-12lbs lost) 

 Most insulin resistant: Atkins (11lbs lost ) vs. Ornish (3.9lbs lost) 

o Side Note: Most insulin resistant participants had the lowest adherence (changes % 

calories from carbohydrates and fat) to Ornish plan. 
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Saturated Fat and Carbohydrate Restriction 

Potential Problem – Carbohydrate restriction usually leads to increase in dietary saturated fat. Reducing 

saturated fat has been a primary public health message for almost 3 decades. Carbohydrate restriction 

yields more favorable results in insulin resistant individuals. 

 Current recommendations aim to lower saturated as much as possible 

o Step I >10% calories 

o DASH >7% 

o BOLD 6% 

 Strong evidence to support the lowering of saturated fat below ~9% of calories is lacking 

 Continuing to decrease saturated fat continues to reduced LDL-C 

What is the treatment goal? 
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Carbohydrate Restriction Modifies Saturated Fat Metabolism 

Low Density Lipoprotein Cholesterol Metabolism and Production 

 Decreasing saturated fat increases LDL receptors (facilitating improved clearance of LDL-C 

particles) 

 Carbohydrate restriction decreasing HMG-CoA reductase expression 

Plasma Saturated Fat, Carbohydrate Restriction, and Insulin Sensitivity 

 In a carbohydrate restricted (13%) environment saturated fat intake is not associated with 

plasma saturated fat levels 

 Individuals with metabolic syndrome have increased levels of plasma saturated fatty acids 

 Insulin Resistance 

o Replacing unsaturated fat with saturated fat impairs insulin sensitivity (-10%) in healthy 

individuals 

o A carbohydrate restricted diet (containing elevated intakes of saturated fat) leads to 

improvements in insulin sensitivity independent of weight loss.  

 29.6% reduction in intrahepatic TG  

 23.4% reduction in basal glucose 

 In first 48 hours. 

o Nonoxidative glucose disposal 

 In Higher carb, higher fat (a.k.a. traditional American diet) the increase in fatty 

acids impairs insulin’s action on glucose uptake in the muscles. 

 Changing the carbohydrate to fat ratio (to favor higher fat, lower carbohydrate) 

modifies this relationship and nonoxidative glucose disposal is increased. 

 This occurs do to a shifting in carbohydrate usage from oxidation to 

storage. 

 Impaired storage is insulin resistance. 
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Carbohydrate Restriction, Saturated Fat, and Atherogenic Dyslipidemia 

Macronutrient Composition of Diets 

  Control 
Carb 

Restricted / 
Low SFA 

Carb 
Restricted / 

High SFA 

Carbohydrate 54 26 26 

Protein 16 29 29 

Total Fat 30 46 45 

Saturated Fat 7 9 15 

Monounsaturated Fat 13 27 20 

Polyunsaturated Fat 8 5 6 

*% of total energy 

 

How does carbohydrate restriction impact the biochemical effects of saturated fat intake? 

 Increases in saturated fat on carbohydrate restricted diets did not follow predictive equation 

estimates 

o Changing from Control diet to Carb Restricted/High SFA diet should yield a 5.4 mg/dL 

increase in LDL-C  

 There was a linear relationship between carbohydrate intake and prevalence of LDL Pattern B 

 LDL-C reduction on the carbohydrate restricted diets was from small dense LDL particles 

o Reductions in small dense LDL particles were similar between low and high saturated fat 

carbohydrate restricted diets. 

 Higher saturated fat diet yielded slight increases in larger LDL particles.  

 With weight Loss, the higher carbohydrate diet yielded more beneficial reductions in CVD risk 

factors. 

Changes in Markers of Atherogenic Dyslipidemia  

 
Weight Stable Weight Loss 

  Control 
Carb 

Restricted / 
Low SFA 

Carb 
Restricted 
/ High SFA 

Control 
Carb 

Restricted / 
Low SFA 

Carb 
Restricted / 

High SFA 

LDL Cholesterol -2.6 ± 3.1 -11.2 ± 2.7 -0.7 ± 3.9 -8.9 ± 2.5 4.3 ± 2.7 1.1 ± 2.7 

HDL Cholesterol -1.3 ± 0.7 0.4 ± 0.9 3.0 ± 1.0 1.9 ± 0.7 2.4 ± 0.8 2.5 ± 0.9 

Triglycerides (log) -0.05 ± 0.02 -0.19 ± 0.03 -0.2 ± 0.03 -0.07 ± 0.02 0.01 ± 0.02 -0.03 ± 0.02 

Apolipoprotein B -4.9 ± 2.0 -15.8 ± 1.7 -12.5 ± 1.9 -6.4 ± 1.8 2.3 ± 0.8 -1.4 ± 2.0 

LDL Particle 
Diameter 

0.2 ± 0.8 3.6 ± 0.9 5.1 ± 1.1 -3.9 ± 1.0 0.9 ± 0.7 1.9 ± 0.8 

*LDL-C, HDL-C, TG, and ApoB are in mg/dL. TG are log transformed. LDL Particle Diameter is in angstroms 
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The above graph illustrates how both weight loss and carbohydrate restriction impact prevalence of LDL pattern B 

 

  



  Metabolic Syndrome and Carbohydrate Restriction ~13~ Michael A Roussell, Ph.D. 
 
 

Summary & Conclusions 

 Insulin resistance may be the driving force behind metabolic syndrome. 

 Weight loss is universally recommended. 

 Dietary recommendations are not currently specific to metabolic syndrome or the concurrent 

atherogenic dyslipidemia.  

 Carbohydrate restriction leads to more effective weight loss in insulin resistant individuals. 

 Levels of carbohydrates restriction varies but it usually leads to increased protein and fat 

intakes. 

 Carbohydrate restriction modifies lipid response. 

o Increased saturated fat intake does not yield predicted response. 

 Dietary approaches for the treatment of metabolic syndrome should focus on carbohydrates 

restriction (and compliance) and less on saturated fat restriction (below 9-10% of energy).   

 Working with a client who has metabolic syndrome to reduce carbohydrate content from 55% 

to 40% of energy from carbohydrates will be more efficacious than 10% to 7% of calories from 

saturated fat. 
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