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Question 1 

Which of the following best describes your 
diet preference? 

A.  Carb lover 

B.  Fat fanatic 

C.  Protein patron 

D.  Alcohol aficionado 

E.  Sugar addict  

+Globesity	Statistics	

Obesity has nearly  
tripled since 1975. 

> 1.9 billion 
overweight adults;   
> 650 million obese 
(2016) 

39% of adults 
overweight;  

13% obese (2016). 

Most live in countries 
where overweight and 
obesity kills more people 
than underweight. 

41 million children (< 
5 y.o.) were overweight 
or obese (2016). 

WHO.	Obesity	and	Overweight.	h:p://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.		
18	October	2017.	



7/3/18	

3	

+

10 extra 
cal/day 

~1 lb wt 
gain/yr 

Gaining weight is easy 

140 
extra 

cal/day 

~15 lbs 
weight 
gain/yr 

+ Keeping weight off is hard! 

Only ~20% of the general population succeed  

at long-term weight loss maintenance 

Wing RR & Phelan S. Am J Clin Nutr 2005;82(suppl):222S–5S. 
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Factors Influencing Energy Balance, 
Weight Change, and Risk of Obesity 

Roberts, SB  and Das SK, Cell Metabolism 22, September 1, 2015. 

+
Question 2 

Which of the following weight loss diets do 
you usually recommend? 

A.  Low carb 

B.  Low fat 

C.  High protein 

D.  Mediterranean 

E.  Other 
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Macronutrients 

Carb  
4 cal/ 

g 

Protein 

4 cal/ 

g 

Fat 
9 cal/ 

g 

Alcohol 

7 cal/ 

g 

https://fnic.nal.usda.gov/                 www.nhs.uk/ 

+
Diets A to Z 
n  African Mango, Alkaline, Alli, Atkins 
n  Baby Food, Belly Fat Cure, Best Life, Big 

Breakfast, Biggest Loser, Body for Life, 
Brown Fat Revolution 

n  Cabbage Soup, Carb Lovers, Caveman 
(Paleo), Cheater’s, Cinch, Cookie 

n  Detox, DHEA, The Diet Solution, Dr. Oz 
Ultimate Diet, Dr. Phil’s Ultimate Weight 
Solution, Dukan 

n  Eat-Clean, Eat More-Weigh Less, Eat 
Right for Your Type, Eat This Not That, 
Eat What You Love, Eco Atkins, Eat to 
Live, Engine 2 

n  Fast Diet, Fast Food, Fat Smash, Flat 
Belly, Flexitarian, Five Factor, Flavor 
Point, 4 Day, Fruit Flush, French Women 
Don’t Get Fat, Fresh, The FullBar 

n  G Free, Gene Smart, Glycemic Index, 
Grapefruit 

n  Hallelujah, HCG, High School Reunion, 
The Hormone Diet, Hydroxycut 

n  Instinct, Jenny Craig, The Kind Diet 

n  LA Weight Loss, Lemonade, Living Low-
Carb 

n  Macrobiotic, Martha’s Vineyard Diet Detox, 
Master Your Metabolism, Mayo Clinic, 
Medifast, Mediterranean, Morning Banana 

n  Naturally Thin, New Atkins for a New You, 
New Beverly Hills, NutriSystem 

n  Omni, O2, Park Avenue, Perricone, 
Personality Type, P.I.N.K. Method, Pritikin 
Principle, Protein Power 

n  Raspberry Ketones, Raw Food, Rice Diet 
Solution, The 17-Day Diet 

n  Shangri-La, Skinny Vegan, Slim Fast Plan, 
Sonoma, South Beach, South Beach 
Supercharged, The Spectrum, Step Diet, 
Sugar Busters 

n  Thin for Life, This is Why You’re Fat, The 
Fast Diet, 3-Day, 3-Hour, UltraMetabolism 

n  VB6, Volumetrics, What Color is Your Diet, 
The Weigh Down, Weight Loss Cure, 
Weight Watchers, Wheat Belly, Dr. Andrew 
Weil 

n  You-On a Diet, The Zone 

http://www.webmd.com/diet/evaluate-latest-diets 
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Characteristics of the Main 
Macronutrients 

Fat Protein Carbohydrate 

Ability to bring eating to an end Low High Intermediate 

Ability to suppress hunger Low High High 

Contribution to daily energy intake High Low High 

Energy density High Low Low 

Storage capacity in the body High None Low 

Metabolic pathway to transfer 
excess intake to another 
compartment 

No Yes Yes 

Autoregulation (ability to stimulate 
own oxidation on intake) 

Poor Good Good 

Calories per gram 9 4 3.75 

Thom G & Lean M. Gastroenterology 2017;152:1739–1751. 

+ Comparison of diet programs and 
eating plans 

Type of Diet Examples Carb Protein Fat 

Balanced nutrient, 
moderate calorie 

DASH; MyPyramid; Jenny 
Craig, Nutrisystem, 
Physician’s Weight Loss, 
Weight Watchers, 
Volumetrics 

55%–60% 15%–
20% 

20%–30% 

Low & very low fat, 
high carb 

Ornish, Pritikin, Choose to 
Lose 

65% 10%–
20% 

<10%–
19% 

Mediterranean-
style 

35-40% 12%–
20% 

40%–50% 

Low-carb, 
high-protein, 
high-fat 

Atkins, Protein Power,, 
Carbohydrate Addict’s, 
Scarsdale Diet 

<20% 25-40% >55-65% 

High-protein, 
moderate carb, 
moderate fat 

The Zone Diet, Sugar 
Busters 
Diet, South Beach Diet 

40%–50% 25%–
40% 

30%–40% 

Adapted from Bray GA, et al. Endocrine Reviews 39: 1 – 54, 2018. 
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+ Comparison of diet programs and 
eating plans (2) 

Type of Diet Examples Comments 

Balanced 
nutrient, 
moderate calorie 
 
(Usually 
1200-1800 kcal/
day) 

DASH; MyPyramid; 
Jenny Craig, 
Nutrisystem, 
Physician’s Weight 
Loss, 
Weight Watchers, 
Volumetrics 

•  Based on set pattern of 
selections from food lists using 
regular grocery store foods or 
prepackaged foods 
supplemented by fresh food 
items 

•  Low in saturated fat and ample 
in fruits, vegetables, and fiber 

•  Prepackaged plans may limit 
food choices 

•  Most recommend exercise plan 
•  Many encourage dietary record 

keeping 
•  Some offer weight-maintenance 

plans/support 

Adapted from Bray GA, et al. Endocrine Reviews 39: 1 – 54, 2018. 

+ Comparison of diet programs and 
eating plans (2) 

Type of Diet Examples Comments 

Low & very 
low fat, high 
carb 

Ornish, Pritikin, 
Choose to Lose 

•  Long-term compliance 
may be difficult because 
of low level of fat 

•  Diet can be low in 
calcium; 

•  Some plans restrict 
healthful foods (seafood, 
low-fat dairy, poultry) 

Adapted from Bray GA, et al. Endocrine Reviews 39: 1 – 54, 2018. 
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Whole food, plant-based diet 

+ Comparison of diet programs and 
eating plans (3) 

Type of Diet Examples Comments 

Mediterranean
-style 

•  Primarily plant-based foods 
•  Healthy oils instead of 

saturated fats 
•  Limit red meat to a few times 

a month 
•  Eat fish and poultry at least 

2x a week 
•  Red wine in moderation, for 

individuals who choose to 
drink alcohol 

•  Be active and enjoy meals 
with family and friends 

Adapted from Bray GA, et al. Endocrine Reviews 39: 1 – 54, 2018. 
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+ Comparison of diet programs and 
eating plans (4) 

Type of Diet Examples Comments 

Low-carb, 
high-protein, 
high-fat 

Atkins, Protein Power,, 
Carbohydrate Addict’s, 
Scarsdale Diet 

•  Promote quick weight loss (much 
is water loss rather than fat loss) 

•  Ketosis causes loss of appetite 
•  Can be too high in saturated fat 
•  Low in carbohydrates, vitamins, 
•  minerals, and fiber 
•  Not practical for long term (rigid 

diet or restricted food choices) 

High-protein, 
moderate carb, 
moderate fat 

The Zone, Sugar 
Busters, South Beach 

•  Diet rigid and difficult to maintain 
•  Enough carbs to avoid ketosis 
•  Low in carbs; can be low in 
•  vitamins and minerals 

Adapted from Bray GA, et al. Endocrine Reviews 39: 1 – 54, 2018. 

+
Low carb       vs.       low fat 

Praise the Lard! House of Carbs! 

Metabolic 

advantage Carb-insulin model 
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+ Comparison of the Atkins, Zone, 
Ornish, and LEARN diets:  
the A TO Z Weight Loss Study 

Gardner CD, et al. JAMA 2007;297:969–77. 

+
Low-fat vs. low-carb (>1yr) studies 
for  weight loss meta-analysis 

Tobias DK, et al. Lancet Diabetes Endocrinol 2015;3: 968–79. 

NIH, ADA-
funded 
review 

N=68,128 
53 RCTs 

Favors low-fat diet Favors low-carb diet 
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+ Weight loss comparing isocaloric LC-HF and HC-LF diets 
where meals were provided and protein consumption was the 
same 

Hall KD, Guo J. Gastroenterology. 2017;152(7):1718–1727.e3. 

Favors low fat Favors low carb 

+

n engl j med 360;9 nejm.org february 26, 2009 859

The new england  
journal of medicine
established in 1812 february 26, 2009 vol. 360 no. 9

Comparison of Weight-Loss Diets with Different Compositions 
of Fat, Protein, and Carbohydrates 

Frank M. Sacks, M.D., George A. Bray, M.D., Vincent J. Carey, Ph.D., Steven R. Smith, M.D., Donna H. Ryan, M.D., 
Stephen D. Anton, Ph.D., Katherine McManus, M.S., R.D., Catherine M. Champagne, Ph.D., Louise M. Bishop, M.S., R.D., 
Nancy Laranjo, B.A., Meryl S. Leboff, M.D., Jennifer C. Rood, Ph.D., Lilian de Jonge, Ph.D., Frank L. Greenway, M.D., 

Catherine M. Loria, Ph.D., Eva Obarzanek, Ph.D., and Donald A. Williamson, Ph.D.

A bs tr ac t

From the Department of Nutrition, Har-
vard School of Public Health (F.M.S., 
L.M.B.); the Channing Laboratory 
(F.M.S., V.J.C., N.L.) and the Endocrine 
Division (M.S.L.), Department of Medi-
cine, Brigham and Women’s Hospital 
and Harvard Medical School; and the De-
partment of Nutrition, Brigham and 
Women’s Hospital (K.M.) — all in Bos-
ton; Pennington Biomedical Research 
Center of the Louisiana State University 
System, Baton Rouge (G.A.B., S.R.S., 
D.H.R., S.D.A., C.M.C., J.C.R., L.J., F.L.G., 
D.A.W.); and the National Heart, Lung, 
and Blood Institute, Bethesda, MD 
(C.M.L., E.O.). 

N Engl J Med 2009;360:859-73.
Copyright © 2009 Massachusetts Medical Society.

Background
The possible advantage for weight loss of a diet that emphasizes protein, fat, or car-
bohydrates has not been established, and there are few studies that extend beyond 
1 year.

Methods
We randomly assigned 811 overweight adults to one of four diets; the targeted per-
centages of energy derived from fat, protein, and carbohydrates in the four diets were 
20, 15, and 65%; 20, 25, and 55%; 40, 15, and 45%; and 40, 25, and 35%. The diets 
consisted of similar foods and met guidelines for cardiovascular health. The partici-
pants were offered group and individual instructional sessions for 2 years. The pri-
mary outcome was the change in body weight after 2 years in two-by-two factorial 
comparisons of low fat versus high fat and average protein versus high protein and 
in the comparison of highest and lowest carbohydrate content.

Results
At 6 months, participants assigned to each diet had lost an average of 6 kg, which 
represented 7% of their initial weight; they began to regain weight after 12 months. 
By 2 years, weight loss remained similar in those who were assigned to a diet with 
15% protein and those assigned to a diet with 25% protein (3.0 and 3.6 kg, respec-
tively); in those assigned to a diet with 20% fat and those assigned to a diet with 
40% fat (3.3 kg for both groups); and in those assigned to a diet with 65% carbo-
hydrates and those assigned to a diet with 35% carbohydrates (2.9 and 3.4 kg, re-
spectively) (P>0.20 for all comparisons). Among the 80% of participants who com-
pleted the trial, the average weight loss was 4 kg; 14 to 15% of the participants had 
a reduction of at least 10% of their initial body weight. Satiety, hunger, satisfaction 
with the diet, and attendance at group sessions were similar for all diets; atten-
dance was strongly associated with weight loss (0.2 kg per session attended). The 
diets improved lipid-related risk factors and fasting insulin levels.

Conclusions
Reduced-calorie diets result in clinically meaningful weight loss regardless of which 
macronutrients they emphasize. (ClinicalTrials.gov number, NCT00072995.)

The New England Journal of Medicine 
Downloaded from nejm.org on July 7, 2016. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 

Sacks, FM, et al. N Engl J Med 2009;360:859-73. 
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POUNDS LOST* 
n  811 overweight patients; 2-yr RCT 

n  The nutrient goals for the four diet groups were:  

n  20% F, 15% P, and 65% C (low- fat, average-protein);  

n  20% F, 25% P, and 55% C (low-fat, high-protein);  

n  40% F, 15% P, and 45% C (high-fat, average-protein);  

n  40% F, 25% P, and 35% C (high-fat, high-protein).   

n 750 calorie-deficit; </=8% sat fat;  20 g fiber; </=150 
mg cholesterol; low GI 

n  80% completed the trial; Ave. wt. loss 4 kg 

n  Satiety, hunger, satisfaction with the diet, and attendance at 
group sessions were similar for all diets  

Sacks, FM, et al. N Engl J Med 2009;360:859-73. 

*Preventing Overweight Using Novel Dietary Strategies 

+ POUNDS LOST:  Reduced-calorie diets result in 
weight loss regardless of macronutrients emphasized 
 

Sacks, FM, et al. N Engl J Med 2009;360:859-73. 



7/3/18	

13	

+
Reduced  carb vs reduced fat diet 
study design  

Hall, KD, et al. Cell Metabolism 22, 1–10, Sept 1, 2015. 

50%C-35%F-15%P 

+ Calorie for Calorie, Dietary Fat Restriction 
Results in More Body Fat Loss than 
Carbohydrate Restriction 

n   19 obese adults were confined to 
a metabolic ward for two 2-week 
periods 

n  Cutting carbs reduced insulin 
secretion by 22% and increased 
net fat oxidation, but cutting fat 
by equal calories had no effect 

n  Cutting fat resulted in more body 
fat loss* (RF - 463 g vs. RC - 245g) 

n  Mathematical model simulations 
predicted small long-term 
differences in body fat 

*as measured by metabolic balance 

Hall, KD, et al. Cell Metabolism 22, 1–10, Sept 1, 2015. 
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+ Energy expenditure changes after an 
isocaloric ketogenic diet  

Hall KD, et al. Am J Clin Nutr. 2016. doi: 10.3945/ajcn.116.133561. 

é  EE~100 kcal/day 

 

(but predicted 300 – 

600 kcal/day) 

KD:  Protein 
15% 

Carb 5% 
Fat 80% 

+
Ketogenic diet complications 
n  Metabolic acidosis – 

Acetazolamide 

n  DKA – SGLT2 inhibitors 

n  Hepatic steatosis, hepatotoxicity, 
gallstones, acute pancreatitis 

n  Hypoglycemia, hypokalemia 

n  “Keto flu”, fatigue, headache, 
fever 

n  Changes in gut microbiome 

n  Nephrolithiasis, hypercalciuria, 
hypocitraturia, renal damage 

n  Bone demineralization 

n  Increased LDL-C, TC, TG, Apo B, 
low HDL 

n  Cardiac – prolonged QT, DCM 

n  Arterial stiffness 

n  Micronutrient deficiencies 

n  Cognitive impairment 

n  Nausea, vomiting, constipation 

n  Halitosis 

n  Leg cramps 

n  Skin rash 

Lin, A, et al. Pediatric Neurology 68 (2017) 35e39.          Meyler's Side Effects of Drugs. Aronson, J.K., et al. Published Jan 1, 2016. 
Xie G, et al. World J Gastroenterol 2017 September 7; 23(33): 6164-6171.             Zhang, X. Nutrition Research 2016. 36:349-358. 
Sumithran P, et al. Obesity Research & Clinical Practice (2008) 2, 1—13.                                       Best TH, et al. Neurology (2000) 54:12. 
N. Arslan et al.  Seizure 2016. 43: 32–38.     Sampath A, et al. Journal of Child Neurology. 2007 Vol. 22, No. 4. 
Oliveira, CLP, et al. J Acad Nutr Diet. 2018 ;118:668-688. 
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+ Selected RCTs on gene-nutrient interactions 

8 | ADVANCE ONLINE PUBLICATION www.nature.com/nrendo

predisposition to a range of diseases are already available,87 
which suggests that similar tests might eventually be devel-
oped to identify polymorphisms associated with obesity. 
Advances in nutritional research and the development of 
‘omics’ technologies have greatly improved our ability to 
identify new candidate genes and genetic variants puta-
tively involved in gene–nutrient interactions. Given the 
nature and pace of this development, there is enormous 
potential for the development of personalized diets based 
on genotype.62

Gene–nutrient interactions
Gene–nutrient interactions have been assessed through 
cross-sectional or retrospective case–control studies, 
controlled intervention trials applying linkage analysis 
approaches, candidate-gene screening or genome-wide 
association studies.88 These strategies have focused on 
genes related to appetite control, energy and lipid metab-
olism,25,83 adipocyte function and inflammation.89,90 For 
example, weight loss in response to a given diet ary inter-
vention has been assessed in carriers of different alleles of 
a gene associated with energy homeostasis.91

The ability to give dietary advice based upon an indi-
vidual’s genetic make-up might improve their long-term 

weight regulation. For example, the influence of genotype 
has already been demonstrated in the context of responses 
to sugar-sweetened beverages92 or high-fat (fried) food93 
in persons with a high genetic risk of obesity.

Researchers have investigated the way in which a spe-
cific diet or its macronutrient content might differentially 
affect weight loss (Table 3), depending on the presence of 
certain single nucleotide polymorphisms (SNPs). Within 
the POUNDS LOST study, diets with a high protein con-
tent (30% of total calorific intake) were associated with 
greater weight loss in individuals with obesity who are 
carriers of the A allele of SNP rs1558902 in FTO (encod-
ing α-ketoglutarate-dependent dioxygenase).94 Also in the 
POUNDS LOST study, a significantly greater decrease in 
fasting glucose and insulin resistance was detected in res-
ponse to a low-fat diet, in indi viduals with obesity who are 
homozygous for the T allele of the SNP rs2287019, in GIPR 
(which encodes gastric inhibitory polypeptide receptor).95 
A trend has also been identified in indi viduals with obesity 
who are homozygous for the T allele of rs12255372 in 
TCF7L2 (encoding transcription factor 7-like 2),96 who 
seem to achieve improved weight loss in response to a 
low-fat (20–25% of total calorie intake) diet after ≥2 years. 
Individuals homozygous for the A allele of SNP rs987237 

Table 3 | Selected RCTs that investigated interactions between SNPs and weight-loss dietary interventions

Reference Gene Polymorphism Study design Participants Outcome

Grau et al. 
(2010)98

TCF7L2 rs7903146 10 weeks energy restriction 
(low-fat vs high-fat)

771 adults  
with obesity

Individuals homozygous for the 
T allele are more responsive to 
low-fat diets than other genotypes 
(–2.6 additional kg lost, P = 0.009)

Kim & Lee 
(2010)100

UCP1 and 
ADRB3

3826A/G  
and Trp64Arg

Two low-calorie rice-based 
diets with different fibre 
compositions

40 women  
with obesity

The AA UCP1 genotype produced 
significant weight loss (P = 0.041)  
in the high-fibre group but ADRB3 
genotype had no effect

Haupt et al. 
(2010)99

TCF7L2 rs7903146 9 month lifestyle 
intervention with fat 
reduction and fibre increase

304 adults  
with obesity

Dietary fibre modulated the 
association between TCF7L2 
variance and weight loss (P = 0.0034)

Mattei et al. 
(2012)96

TCF7L2 rs12255372 Dietary intervention with 
four diets (low or high fat 
and low or high protein)  
for 2 years

591 adults  
with overweight

Individuals with the TT genotype lost 
more fat mass while consuming a 
diet low in lipids (P <0.05)

Qi et al. 
(2012)95

GIPR rs2287019 Intervention with four diets 
(low or high fat and low or 
high protein) for 3 years

757 adults  
with overweight

The T allele was associated  
with increased weight loss when 
consuming a low-fat diet (β ± SE; 
–1.05 ± 0.56%; P = 0.06)

Stocks et al. 
(2012)97

TFAP2B rs987237 8 weeks energy-restricted 
diet (low-fat versus high-fat)

771 adults  
with obesity

Individuals with the AA genotype had 
improved weight loss in response  
to low-fat diets (1.0 kg, 95% CI 
0.4–1.6 kg), whereas individuals with 
the GG genotype had improved 
weight loss in response to high-fat 
diets (2.6 kg, 95% CI 1.1–4.1 kg) 

Zhang et al. 
(2012)94

FTO rs1558902 Intervention with four diets 
(low or high fat and low or 
high protein) for 2 years

742 adults  
with obesity

High-protein diet might have specific 
benefits for weight loss (P <0.05 for 
all interactions) in individuals with 
the risk allele (A)

Cameron 
et al. 
(2013)101

DRD2 TAqIARFLP Caloric restriction and 
resistance training for 
6 months

127 
postmenopausal 
women with 
obesity

Carriers of the A1 allele lost 
significantly less body weight 
(P <0.05), but this effect seemed  
to be exercise-dependent

Abbreviations: RCTs, randomized controlled trials; SE, standard error; SNPs, single nucleotide polymorphisms. 

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved
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Effects of low-carbohydrate diets v. low-fat diets on body weight and
cardiovascular risk factors: a meta-analysis of randomised controlled trials
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(Final revision received 23 June 2015 – Submitted 26 October 2015 – Accepted 28 October 2015 – First published online 4 December 2015)

Abstract
The effects of low-carbohydrate (LC) diets on body weight and cardiovascular risk are unclear, and previous studies have found varying results. Our
aim was to conduct a meta-analysis of randomised controlled trials (RCT), assessing the effects of LC diets v. low-fat (LF) diets on weight loss and risk
factors of CVD. Studies were identified by searching MEDLINE, Embase and Cochrane Trials. Studies had to fulfil the following criteria: a RCT; the LC
diet was defined in accordance with the Atkins diet, or carbohydrate intake of <20% of total energy intake; twenty subjects or more per group; the
subjects were previously healthy; and the dietary intervention had a duration of 6 months or longer. Results from individual studies were pooled as
weighted mean difference (WMD) using a random effect model. In all, eleven RCT with 1369 participants met all the set eligibility criteria. Compared
with participants on LF diets, participants on LC diets experienced a greater reduction in body weight (WMD –2·17 kg; 95% CI –3·36, –0·99) and TAG
(WMD –0·26mmol/l; 95% CI –0·37, –0·15), but a greater increase in HDL-cholesterol (WMD 0·14mmol/l; 95% CI 0·09, 0·19) and LDL-cholesterol
(WMD 0·16mmol/l; 95% CI 0·003, 0·33). This meta-analysis demonstrates opposite change in two important cardiovascular risk factors on LC diets –
greater weight loss and increased LDL-cholesterol. Our findings suggest that the beneficial changes of LC diets must be weighed against the possible
detrimental effects of increased LDL-cholesterol.

Key words: Low-carbohydrate diets: Low-fat diets: Weight loss: Cardiovascular risk factors

According to the World Health Organization(1), worldwide obesity
has almost doubled since the 1980s. Globally, 35% of people aged
≥20 years were overweight and 11% were characterised as obese
in 2008(1). Overweight and obesity in adults are associated with
CVD, type 2 diabetes and certain types of cancer(1,2). A recent
systemic analysis estimated that 3·4 million deaths in 2010 were
caused by overweight and obesity(3). Therefore, dietary measures
that can most effectively contribute to reduce excess body weight
and improve parameters of CVD should be further explored.
The low-carbohydrate (LC) diet, in which carbohydrates

(CHO) are replaced by greater intake of fat and/or protein, is a
popular weight-loss option compared with the conventional
low-fat (LF) diet. However, concerns have been raised with
regard to the macronutrient shift with an extreme CHO
restriction and the liberal intakes of fats, which may present
detrimental effects on CVD risk factors(4,5). Increased intake of
fat, particularly SFA, have been associated with an increase in
LDL-cholesterol, and thus increased risk of CVD(4,6,7), whereas
the LF approach has generally been supported by studies to

have advantageous effects on CVD risk among high-risk
patients(8,9). The WHO recommends limiting SFA intake to
<10 % of total energy intake, and other competent bodies such
as the American Heart Association recommend restricting SFA
intake to <7 %(4). However, these recommendations have been
challenged in a meta-analysis, where the authors concluded
that there was no significant evidence that SFA was associated
with increased risk of CHD and CVD(10).

Supporters of the LC diet point to studies where subjects on the
LC diet produced greater weight loss, greater reduction of both
total cholesterol (TC) and TAG and increased HDL-cholesterol
compared with their LF diet counterparts(11,12). However, studies
also show significant increase or lack of reduction in LDL-
cholesterol after consuming a LC diet(12–16), which potentially
could be harmful, as LDL-cholesterol is an important risk factor for
CVD morbidity and mortality(17–19). Therefore, concern has been
raised with regard to the use of the LC diet, especially by patients
with known CVD, type 2 diabetes, dyslipidaemia and/or
hypertension(20).

* Corresponding author: N. Mansoor, fax +47 22851398, email n.mauland.mansoor@gmail.com

† Both authors contributed equally to this work.

Abbreviations: CHO, carbohydrates; DBP, diastolic blood pressure; LC, low CHO; LF, low fat; RCT, randomised controlled trials; SBP, systolic blood pressure;
TC, total cholesterol; WMD, weighted mean difference.

British Journal of Nutrition (2016), 115, 466–479 doi:10.1017/S0007114515004699
© The Authors 2015

Mansoor N, et al. British Journal of Nutrition (2016), 115, 466–479 
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+ Low-carb vs low-fat meta-analysis on 
body wt & CV risk factors 

n LC (diet was defined in accordance with the Atkins diet, 
or carb intake of <20 % of TEI)  

n 11 RCTs; N=1369; 6 months or longer 

n LCD patients had 
n Greater reduction in  

n Body wt (WMD –2·17 kg; 95 % CI –3·36, –0·99) and  
n TAG (WMD –0·26 mmol/l; 95 % CI –0·37, –0·15), but 

n Greater increase in  

n HDL-C (WMD 0·14 mmol/l; 95 % CI 0·09, 0·19) and 
n LDL-C (WMD 0·16 mmol/l; 95 % CI 0·003, 0·33).  

Mansoor N, et al. British Journal of Nutrition (2016), 115, 466–479 

+
Effects of low-carb vs. low-fat 
diets on novel CV risk factors 

n Low-carb (<40g/day; N=75) vs. low-fat diet 
(<30%F, <7% sat fat/day; N=73) 

n 148 obese adults; 12 month RCT 

n Low-carb diets had 
n Significantly greater increases in 

adiponectin and  
n Greater decreases in intercellular adhesion 

molecule-1 concentrations  

Tian Hu, et al. Nutrients 2015, 7, 7978-7994. 
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+
Low-carb diets linked to poorer 
vascular reactivity in MS & T2D 

Merino J, et al. Clin Invest Arterioscl.2014;26(2):58-65.  

Differences in saRHI according to the Low-carb diet score 
quartile and the metabolic alteration or risk factor 

☐	LCDS Q1 patients	(45% C; 20% P; 32% F)		
n LCDS Q4 patients  (29% C, 24% P, 40% F) 

+

What about macronutrient quality? 

Are all 
calories 
equal? 
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+

 Conclusion—A low-carbohydrate diet based on animal sources was 

associated with higher all-cause mortality in both men and women, 

whereas a vegetable-based low-carbohydrate diet was associated 

with lower all-cause and cardiovascular disease mortality rates. 

+
Ways to go low carb 

ê High-carb foods é Low-carb foods 

https://www.dietdoctor.com 
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+
Eat like an Okinawan 

+ Plant protein intake & mortality risk 

Song M, et al. JAMA Intern Med. 2016;176(10) 1453-1463. 
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+

Estruch, R, et al. N Engl J Med June 13, 2018. 

Not an energy-restricted diet  

+ PREDIMED:  Diet recommendations 
for Mediterranean vs low-fat controls Mediterr anean Diet and Cardiovascular Events

n engl j med 368;14 nejm.org april 4, 2013 1281

the use of a separate 9-item dietary screener 
(Table S3 in the Supplementary Appendix).

A general medical questionnaire, a 137-item 
validated food-frequency questionnaire,15 and 
the Minnesota Leisure-Time Physical Activity 
Questionnaire were administered on a yearly 
basis.10 Information from the food-frequency 
questionnaire was used to calculate intake of 
energy and nutrients. Weight, height, and waist 
circumference were directly measured.16 Bio-
markers of compliance, including urinary hy-
droxytyrosol levels (to confirm compliance in 
the group receiving extra-virgin olive oil) and 
plasma alpha-linolenic acid levels (to confirm 
compliance in the group receiving mixed nuts), 
were measured in random subsamples of par-
ticipants at 1, 3, and 5 years (see the Supplemen-
tary Appendix).

End Points
The primary end point was a composite of myo-
cardial infarction, stroke, and death from cardio-
vascular causes. Secondary end points were 
stroke, myocardial infarction, death from cardio-
vascular causes, and death from any cause. We 
used four sources of information to identify end 
points: repeated contacts with participants, con-
tacts with family physicians, a yearly review of 
medical records, and consultation of the Nation-
al Death Index. All medical records related to 
end points were examined by the end-point adju-
dication committee, whose members were un-
aware of the study-group assignments. Only end 
points that were confirmed by the adjudication 
committee and that occurred between October 1, 
2003, and December 1, 2010, were included in 
the analyses. The criteria for adjudicating pri-
mary and secondary end points are detailed in 
the Supplementary Appendix.

Statistical Analysis
We initially estimated that a sample of 9000 par-
ticipants would be required to provide statistical 
power of 80% to detect a relative risk reduction 
of 20% in each Mediterranean-diet group versus 
the control-diet group during a 4-year follow-up 
period, assuming an event rate of 12% in the 
control group.10,17 In April 2008, on the advice of 
the data and safety monitoring board and on the 
basis of lower-than-expected rates of end-point 
events, the sample size was recalculated as 7400 
participants, with the assumption of a 6-year 
follow-up period and underlying event rates of 

Table 1. Summary of Dietary Recommendations to Participants in the 
Mediterranean-Diet Groups and the Control-Diet Group.

Food Goal

Mediterranean diet

Recommended

Olive oil* ≥4 tbsp/day

Tree nuts and peanuts† ≥3 servings/wk

Fresh fruits ≥3 servings/day

Vegetables ≥2 servings/day

Fish (especially fatty fish), seafood ≥3 servings/wk

Legumes ≥3 servings/wk

Sofrito‡ ≥2 servings/wk

White meat Instead of red meat

Wine with meals (optionally, only for  habitual 
drinkers)

≥7 glasses/wk

Discouraged

Soda drinks <1 drink/day

Commercial bakery goods, sweets, and pastries§ <3 servings/wk

Spread fats <1 serving/day

Red and processed meats <1 serving/day

Low-fat diet (control)

Recommended

Low-fat dairy products ≥3 servings/day

Bread, potatoes, pasta, rice ≥3 servings/day

Fresh fruits ≥3 servings/day

Vegetables ≥2 servings/day

Lean fish and seafood ≥3 servings/wk

Discouraged

Vegetable oils (including olive oil) ≤2 tbsp/day

Commercial bakery goods, sweets, and pastries§ ≤1 serving/wk

Nuts and fried snacks ≤1 serving /wk

Red and processed fatty meats ≤1 serving/wk

Visible fat in meats and soups¶ Always remove

Fatty fish, seafood canned in oil ≤1 serving/wk

Spread fats ≤1 serving/wk

Sofrito‡ ≤2 servings/wk

* The amount of olive oil includes oil used for cooking and salads and oil con-
sumed in meals eaten outside the home. In the group assigned to the Medi-
terranean diet with extra-virgin olive oil, the goal was to consume 50 g (ap-
proximately 4 tbsp) or more per day of the polyphenol-rich olive oil supplied, 
instead of the ordinary refined variety, which is low in polyphenols.

† For participants assigned to the Mediterranean diet with nuts, the recommend-
ed consumption was one daily serving (30 g, composed of 15 g of walnuts, 
7.5 g of almonds, and 7.5 g of hazelnuts).

‡ Sofrito is a sauce made with tomato and onion, often including garlic and aro-
matic herbs, and slowly simmered with olive oil.

§ Commercial bakery goods, sweets, and pastries (not homemade) included 
cakes, cookies, biscuits, and custard.

¶ Participants were advised to remove the visible fat (or the skin) of chicken, 
duck, pork, lamb, or veal before cooking and the fat of soups, broths, and 
cooked meat dishes before consumption.

The New England Journal of Medicine 
Downloaded from nejm.org on June 20, 2016. For personal use only. No other uses without permission. 
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period, assuming an event rate of 12% in the 
control group.10,17 In April 2008, on the advice of 
the data and safety monitoring board and on the 
basis of lower-than-expected rates of end-point 
events, the sample size was recalculated as 7400 
participants, with the assumption of a 6-year 
follow-up period and underlying event rates of 

Table 1. Summary of Dietary Recommendations to Participants in the 
Mediterranean-Diet Groups and the Control-Diet Group.

Food Goal

Mediterranean diet

Recommended

Olive oil* ≥4 tbsp/day

Tree nuts and peanuts† ≥3 servings/wk

Fresh fruits ≥3 servings/day

Vegetables ≥2 servings/day

Fish (especially fatty fish), seafood ≥3 servings/wk

Legumes ≥3 servings/wk

Sofrito‡ ≥2 servings/wk

White meat Instead of red meat

Wine with meals (optionally, only for  habitual 
drinkers)

≥7 glasses/wk
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Soda drinks <1 drink/day

Commercial bakery goods, sweets, and pastries§ <3 servings/wk

Spread fats <1 serving/day

Red and processed meats <1 serving/day

Low-fat diet (control)

Recommended

Low-fat dairy products ≥3 servings/day

Bread, potatoes, pasta, rice ≥3 servings/day

Fresh fruits ≥3 servings/day

Vegetables ≥2 servings/day

Lean fish and seafood ≥3 servings/wk

Discouraged

Vegetable oils (including olive oil) ≤2 tbsp/day

Commercial bakery goods, sweets, and pastries§ ≤1 serving/wk

Nuts and fried snacks ≤1 serving /wk

Red and processed fatty meats ≤1 serving/wk

Visible fat in meats and soups¶ Always remove

Fatty fish, seafood canned in oil ≤1 serving/wk

Spread fats ≤1 serving/wk

Sofrito‡ ≤2 servings/wk

* The amount of olive oil includes oil used for cooking and salads and oil con-
sumed in meals eaten outside the home. In the group assigned to the Medi-
terranean diet with extra-virgin olive oil, the goal was to consume 50 g (ap-
proximately 4 tbsp) or more per day of the polyphenol-rich olive oil supplied, 
instead of the ordinary refined variety, which is low in polyphenols.

† For participants assigned to the Mediterranean diet with nuts, the recommend-
ed consumption was one daily serving (30 g, composed of 15 g of walnuts, 
7.5 g of almonds, and 7.5 g of hazelnuts).

‡ Sofrito is a sauce made with tomato and onion, often including garlic and aro-
matic herbs, and slowly simmered with olive oil.

§ Commercial bakery goods, sweets, and pastries (not homemade) included 
cakes, cookies, biscuits, and custard.

¶ Participants were advised to remove the visible fat (or the skin) of chicken, 
duck, pork, lamb, or veal before cooking and the fat of soups, broths, and 
cooked meat dishes before consumption.

The New England Journal of Medicine 
Downloaded from nejm.org on June 20, 2016. For personal use only. No other uses without permission. 
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Estruch, R, et al. N Engl J Med 2013;368:1279-90. 
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+ PREDIMED:  Mediterranean diet reduced 
incidence of CV events vs. “low fat” diet 

Estruch, R, et al. N Engl J Med June 13, 2018. 
N=7447 

ê31% (EVOO) 
ê28% (nuts) 

+ PREDIMED:  Mediterranean diet vs. 
“low-fat diet” and mortality 

Estruch, R, et al. N Engl J Med June 13, 2018. 
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Salient components of Mediterranean 
Diet associated with better survival 

n Moderate consumption of wine 
n Low consumption of meat and meat products 
n High consumption of vegetables, fruits, nuts, 

legumes, fish and olive oil 
n Synergy among the nutrient-rich foods that 

fosters favorable changes in intermediate 
pathways of cardiometabolic risk, such as  
n  Blood lipids,  

n  Insulin sensitivity,  

n  Resistance to oxidation, inflammation, and 
vasoreactivity. 

Estruch, R, et al. N Engl J Med 2013;368:1279-90. 

+
Mediterranean diet for long-
term weight loss 

n A systematic review of 5 RCTs (n=998) showed the 
Mediterranean diet resulted in  
n Greater wt loss than the low-fat  diet at ≥ 12 mos 

(mean values: -4.1 to -10.1 kg vs. 2.9 to -5.0 kg), 
but  

n Similar wt loss as other comparator diets (e.g., 
low-carb or ADA)  (mean values: -4.1 to -10.1 kg 
vs. -4.7 to -7.7 kg).  

n Similar improvements in other CV risk factor 
levels, including BP and lipid levels.  

Mancini JG, et al. The Amer Journ of Med (2016), doi:  10.1016/j.amjmed.2015.11.028. 
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+
Question  

Which of the following weight loss diets will you now 
recommend? 

A.  Low carb 

B.  Low fat 

C.  High protein 

D.  Mediterranean 

E.  Other 

+ AACE/ACE Obesity Algorithm 

AACE/ACE Algorithm For The Medical Care of Patients with Obesity 2016. 
https://www.aace.com/files/guidelines/ObesityAlgorithm.pdf 
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Conclusion 
n Calorie-restricted diets regardless of macronutrient 

composition lead to weight loss but long-term adherence 
is challenging. 

n Low-carb diets have been shown to lead to equivalent or 
greater degrees of weight loss vs. low-fat diets and vice-
versa. 

n Reduced fat diets may induce greater fat loss vs. reduced 
carb ones and ketogenic diets may marginally increase 
energy expenditure based on metabolic ward studies. 

n The Mediterranean and plant-based diets may have 
cardioprotective effects due to nutrient quality (high 
fiber, antioxidant, MUFA, PUFA, etc.). 

n Response to diet interventions may vary according to 
one’s metabolic status and genetic makeup. 

+
One diet
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