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IMPORTANCE Many claims have beenmade regarding the superiority of one diet or another

for inducing weight loss. Which diet is best remains unclear.

OBJECTIVE To determine weight loss outcomes for popular diets based on diet class

(macronutrient composition) and named diet.

DATA SOURCES Search of 6 electronic databases: AMED, CDSR, CENTRAL, CINAHL, EMBASE,

andMEDLINE from inception of each database to April 2014.

STUDY SELECTION Overweight or obese adults (bodymass index �25) randomized to a

popular self-administered named diet and reporting weight or bodymass index data at

3-month follow-up or longer.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently extracted data on

populations, interventions, outcomes, risk of bias, and quality of evidence. A Bayesian

framework was used to perform a series of random-effects network meta-analyses with

meta-regression to estimate the relative effectiveness of diet classes and programs for

change in weight and bodymass index from baseline. Our analyses adjusted for behavioral

support and exercise.

MAIN OUTCOMES ANDMEASURES Weight loss and bodymass index at 6- and 12-month

follow-up (±3months for both periods).

RESULTS Among 59 eligible articles reporting 48 unique randomized trials (including 7286

individuals) and compared with no diet, the largest weight loss was associated with

low-carbohydrate diets (8.73 kg [95% credible interval {CI}, 7.27 to 10.20 kg] at 6-month

follow-up and 7.25 kg [95% CI, 5.33 to 9.25 kg] at 12-month follow-up) and low-fat diets (7.99

kg [95% CI, 6.01 to 9.92 kg] at 6-month follow-up and 7.27 kg [95% CI, 5.26 to 9.34 kg] at

12-month follow-up). Weight loss differences between individual diets were minimal. For

example, the Atkins diet resulted in a 1.71 kg greater weight loss than the Zone diet at

6-month follow-up. Between 6- and 12-month follow-up, the influence of behavioral support

(3.23 kg [95% CI, 2.23 to 4.23 kg] at 6-month follow-up vs 1.08 kg [95% CI, −1.82 to 3.96 kg]

at 12-month follow-up) and exercise (0.64 kg [95% CI, −0.35 to 1.66 kg] vs 2.13 kg [95% CI,

0.43 to 3.85 kg], respectively) on weight loss differed.

CONCLUSIONS AND RELEVANCE Significant weight loss was observedwith any

low-carbohydrate or low-fat diet. Weight loss differences between individual named diets

were small. This supports the practice of recommending any diet that a patient will adhere to

in order to lose weight.
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N
amed or branded (trade-marked) weight loss pro-

grams are broadly available to the general public,

providing structured dietary and lifestyle recom-

mendations via popular books and in-person or online

behavioral support. These programs represent a multibillion

dollar industry.1 Debate regarding the relative merit of the

diets is accompanied by advertising claiming which macro-

nutrient composition is superior, such as a low-carbohydrate

diet being better than a low-fat diet, and the benefits of

accompanying lifestyle interventions. Establishing which of

the major named diets is most effective is important because

overweight and obese patients often want to know which

diet results in the most effective weight loss.

Some physiological explanations regarding the merits of

differentmacronutrient compositions, including variable ge-

netic response to diets with different recommended dietary

fat intake,make intuitivesense.2,3Low-carbohydratedietsmay

driveweight loss due to a higher intake of protein,whichmay

inducea stronger satiatingeffect than fats andcarbohydrates.4

Despite potential biological mechanisms explaining why

some popular diets should be better than others, recent re-

views suggest thatmost diets are equally effective,2,5,6 ames-

sage very different from what the public hears in advertise-

ments or expert pronouncements. Only a few of the reviews

of named diets have used rigorous meta-analytic techniques

toprovidequantitative estimates of howmuchbetter onediet

is comparedwithanother.Theyalso reliedonaggregatingstud-

ies comparingonedietwith another anddidnothave the abil-

ity to determine the relative performance of diets when they

werenot directly comparedwithone another in clinical trials.

By not exploring the full range of potential comparisons in a

statistically andmethodologically rigorous fashion, these re-

views could have missed important benefits of specific diets

or their compositions.

Network meta-analysis facilitates comparison of differ-

ent diets using all available randomized clinical trial (RCT)

data.7 In the absence of published head-to-head clinical trials

ofeachdietagainsteachotherdiet,networkmeta-analysisuses

bothdirect and indirect clinical trial evidence toestimate their

relative effects. Using a network meta-analytic approach, we

assessed the relative effectiveness of different popular diets

in improving weight loss.

Methods

Eligibility Criteria

As described in a protocol outlining our study methods,8 we

included RCTs that assigned overweight (body mass index

[BMI; calculated as weight in kilograms divided by height in

meters squared] of 25-29) or obese (BMI ≥30) adults (≥18 years

of age) to a popular branded diet or an alternative. We in-

cluded RCTs that reported weight loss or BMI reduction at

3-month follow-up or longer.

Named diets were identified through the explicit naming

of the brand, the referencing of branded literature, or the

naming of a brand as funders of an article reporting weight

loss outcomes from the diet. The diet was labeled as brand-

like when the diet met the definition of a branded diet, but

failed to name or reference the brand in the article. For

example, dietary programs that did not refer to Atkins but

consisted of less than 40% of kilocalories from carbohy-

drates per day for the duration of study or were funded by

Atkins were considered Atkins-like.9,10

We includeddietaryprogramswith recommendations for

daily macronutrient, caloric intake, or both for a defined pe-

riod (≥12weeks)withorwithout exercise (eg, jogging, strength

training) or behavioral support (eg, counseling, group sup-

port). Eligible programs includedmeal replacement products

but had to consist primarily of whole foods and could not in-

cludepharmacological agents. Because it is impossible topro-

vide a placebo diet in a clinical trial, eligible control diets in-

cluded wait-listed controls, no specific assigned diet, or

competing dietary programs. The characteristics of eligible

branded dietary programs are reported in eTable 1 in the

Supplement.

Outcomes and EffectModifiers

Theprimaryoutcomeswereweight lossat6- and12-month fol-

low-up (±3months for bothperiods). Secondary outcomes in-

cluded BMI and adverse events. We considered 3 weight loss

effectmodifiers thatweremodeledaspresentor absent if they

were included in an overall dietary program: calorie restric-

tion, exercise, andbehavioral support. Basedon the lowest es-

timated caloric intake for sedentary adults, we defined calo-

rie restriction as less than 1800 kcal/d.11

Exercise was defined as having explicit instructions for

weeklyphysical activities and simplydichotomizedwhendif-

ferences betweenvaryingdegrees of exercise frequencies ap-

peared to have negligible effects. Diets with at least 2 group

or individual sessions per month for the first 3 months were

considered as providing behavioral support.12

Search Strategy

Wesearched 6 electronic databases: AMED, CDSR, CENTRAL,

CINAHL, EMBASE, and MEDLINE from inception of each da-

tabase to April 2014. Search terms included extensive con-

trolledvocabularyandkeywordsearches for (RCTs)AND(diets)

AND (adults) AND (weight loss). The search strategy is avail-

able from the authors upon request.

We reviewed bibliographies of review articles and eli-

gible trials, andsearched the registriesofClinicalTrials.govand

themetaRegisterofControlledTrials.Wecontacted thenamed

diet companies and individuals working in the field of obe-

sity andweightmanagement to identify additional or unpub-

lished trials.

Study Selection

Reviewers, in pairs, independently screened titles and ab-

stracts of articles and reviewed the full text of any title or ab-

stract deemedpotentially eligible by either reviewer. Review-

ers resolved disagreements by discussion.

Risk of Bias Assessment of Individual Studies

Pairs of reviewers independently assessed the risk of bias as-

sociated with individual trials using the Cochrane Collabora-
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tion instrument.13 We assigned 1 of 2 summary assessments

for each included study: low risk of bias for key domains, al-

locationconcealment, andmissingparticipantdataorhigh risk

of bias for key domains.14

Data Extraction

Pairs of reviewers independently, and in duplicate, extracted

the following data items: study setting, type of trial (parallel

or factorial), demographic information, experimental inter-

ventions, control interventions, exercise information, degree

of calorie restriction, degree of behavioral support, and each

of the outcomes of interest. We categorized dietary treat-

ment groups in 2 ways: using diet classes (moderate macro-

nutrient distribution, lowcarbohydrate, and low fat)15 andac-

cording to diet brands. Diet classes were established by

macronutrient content (Table 1).

Weconsidered theLifestyle, Exercise,Attitudes,Relation-

ships, and Nutrition (LEARN) diet akin to a usual care com-

paratorbecause it is basedonapopularprogramamonghealth

professionals, many of whom have been trained in or en-

dorse theprogrambecauseof it’s practicality, it’s emphasis on

behavioral modification, and it’s adaptability to various diet-

ers (eg, applied as either a low-fat ormoderatemacronutrient

composition diet).16-18

Continuous outcomes weremost often reported asmean

change, but sometimeswere reported as preintervention and

postintervention measures or percentage change. In the lat-

ter cases, transformationswereused toexpressweight lossand

BMI as mean change. When available, we used P values for

group differences to derive the standard deviation of change

frombaseline.Otherwise,weused thepre- andpostinterven-

tion standard deviations along with a correlation estimated

from studies that reported both change and pre- and post-

intervention results. In the case of percentage change, we as-

sumed independence.

Data Synthesis and Analysis

Analyses were conducted using 6- and 12-month data, with a

3-month window (eg, if a study reported weight loss at 5

months, it was used in the 6-month analysis). The connectiv-

ity of each network meta-analysis was described using den-

sity, whichwas calculated as the ratio of the number of treat-

mentpairswithhead-to-headevidenceover the total number

of treatment pairs. Random-effects pairwise meta-analyses

(using themethod by DerSimonian and Laird19) were used to

determinedirect and indirect associated treatment effects for

all network meta-analyses.

To determine weight loss outcomes between diets with

all potential comparisons between them, we performed

Bayesian network meta-analyses among 5 diet class nodes

(no diet, moderate macronutrients, low carbohydrate, low

fat, usual care) and each of the 11 eligible named diets.20

When P values were used, all tests were 2-sided with a sig-

nificance level of .05. All analyses were conducted using

WinBUGS version 1.4 (Medical Research Council Biostatistics

Unit) and R version 3.0.1 (R Project for Statistical Computing)

with the R2WinBUGS, xlsx, and the metafor packages. A

detailed description of the statistical analysis appears in the

eMethods in the Supplement.

Confidence in Estimates of Effect

For diet classes at 12-month follow-up, we assessed the qual-

ity of evidence associatedwith specific comparisonsusing the

GradingofRecommendations,Assessment,Development and

Evaluation (GRADE) approach.21 For both direct and indirect

comparisons, thestartingpoint for confidence inestimateswas

high, but could be rated down to moderate, low, or very low

basedon riskof bias, imprecision, inconsistency, and indirect-

ness.

Assessment of Publication Bias

For our branded diet analysis, we made a visual assessment

of funnel plots for publicationbias for direct comparisons that

included 10 or more studies.

Results

Searches of 6 primary electronic databases identified 20 835

unique abstracts, titles, or both identified as original publica-

tions. The gray literature search identified 213 additional ar-

ticles. Of the total, 889 proved potentially relevant for full-

text reviewand59articles that reported48RCTsof 11 branded

dietsprovedeligible (eFigure 1 in theSupplement).9,10,17,18,22-65

The48RCTs included 7286 individualswith amedian age

of 45.7 years (median SD, 9 years), median weight of 94.1 kg

(medianSD, 14.6kg), andmedianBMIof 33.7 (medianSD,4.3).

Themediandurationof thediet intervention across trialswas

24 weeks (interquartile range, 16-52 weeks). The key charac-

teristics of each included trial appear in Table 2. Forty-three

trials (n = 5608) comprising 103 study groups reportedweight

loss at 6-month follow-up. The 6-month network meta-

analyseswere categorized according todiet class (eFigure 2 in

the Supplement) and diet brand (eFigure 3).

Table 1. Diet Classes Based onMacronutrient Composition

Type of Diet Branded Dietsa Carbohydrates, % kcal Protein, % kcal Fat, % kcal

Low carbohydrate Atkins, South Beach, Zone ≤40 Approximately 30 30-55

Moderate
macronutrients

Biggest Loser, Jenny Craig, Nutrisystem,
Volumetrics, Weight Watchers

Approximately 55-60 Approximately 15 21-≤30

Low fat Ornish, Rosemary Conley Approximately 60 Approximately 10-15 ≤20

a The Lifestyle, Exercise, Attitudes, Relationships, and Nutrition (LEARN) diet

was applied as both a low-fat diet (2 trials) and amoderate macronutrient diet

(5 trials) among the 7 included trials having used the LEARN diet (Table 2).

SlimmingWorld was excluded from the diet class analyses because it does not

fit any of the definitions above.
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Table 2. Characteristics of Included Studies

Source Diet Program (Class)a Population Description No.b
Age,

Mean (SD), y

Female
Sex,

No. (%)
BMI,

Mean (SD)c

Body Weight,
Mean (SD),

kg

Brehm et al,22 2003 Atkins (low carbohydrate) Obese, otherwise healthy 53 43.6 (7.7) 42 (100.0) 33.6 (1.8) 91.7 (7.2)

Brehm et al,23 2005 Atkins (low carbohydrate) Obese, otherwise healthy 50 43.1 (12.5) 40 (100.0) 33.1 (2.2) 90.7 (10.1)

Brinkworth et al,24,66 2009 Atkins (low carbohydrate) Abdominal obesity and 1 other
metabolic syndrome risk
factor

118 49.8 (8.1) 75 (63.6) 33.7 (4.3) 95.5 (15.6)

Daly et al,25 2006 Atkins (low carbohydrate) Obese, poorly controlled type
2 diabetes

102 58.6 (10.8) 53 (51.9) 36.0 (6.9) 101.9 (15.4)

Dansinger et al,26 2005 Atkins (low carbohydrate),
Ornish (low fat), Weight
Watchers (moderate), Zone
(low carbohydrate)

Obese and 1 other metabolic
cardiac risk factor

160 49.0 (11.0) 81 (51.0) 35.0 (3.9) 100.0 (15.0)

Davis et al,27 2009 Atkins (low carbohydrate) Obese, type 2 diabetes 105 53.5 (6.5) 82 (78.1) 36.0 (6.0) 97.3 (18.5)

Foster et al,17 2003 Atkins (low carbohydrate),
LEARN (moderate)

Obese, otherwise healthy 63 44.1 (8.2) 43 (68.2) 34.15 (3.4) 98.5 (17.9)

Foster et al,28 2010 Atkins (low carbohydrate) Obese, otherwise healthy 307 45.6 (9.7) 208 (67.8) 36.1 (3.5) 103.4 (14.9)

Gardner et al,18 2007 Atkins (low carbohydrate),
LEARN (low fat), Ornish (low
fat), Zone (low carbohydrate)

Obese, otherwise healthy 311 41.0 (6.0) 311 (100.0) 32.0 (4.0) 85.0 (12.0)

Iqbal et al,29 2010 Atkins (low carbohydrate) Obese, type 2 diabetes 144 59.2 (9.2) 15 (10.4) 37.6 (5.5) 116.9 (19.0)

McAuley et al,30 2005 Atkins (low carbohydrate),
Zone (low carbohydrate)

Obese, otherwise healthy 96 45.6 (7.6) 93 (100.0) 35.7 (4.9) 95.7 (13.4)

Ruth et al,31 2013 Atkins (low carbohydrate) Obese, otherwise healthy 55 42.5 (12.1) 49 (89.1) 36.5 (4.7) 99.9 (14.6)

Stern et al,9 2004 and
Samaha et al,67 2003

Atkins (low carbohydrate) Diabetes and metabolic
syndrome

132 53.5 (9.0) 23 (17.4) 42.9 (7.1) 130.9 (25.0)

Shai et al,32 2008 Atkins (low carbohydrate) Obese (BMI ≥27), type 2
diabetes, or coronary heart
disease regardless of BMI

322 52.0 (7.0) 45 (14.0) 30.9 (3.6) 91.4 (13.4)

Tay et al,33 2008 Atkins (low carbohydrate) Abdominal obesity and 1 other
metabolic syndrome risk
factor

118 50.6 (7.9) 57 (64.8) 33.7 (4.2) 94.8 (14.0)

Thomson et al,34 2010 Atkins (low carbohydrate) Stage 1 or 2 breast cancer 43 56.2 (9.4) 40 (100.0) 31.8 (4.3) 84.1 (12.3)

Truby et al,35 2006 and
Morgan et al,68 2009

Atkins (low carbohydrate),
Rosemary Conley (low fat),
Weight Watchers (moderate)

Obese, otherwise healthy 293 40.2 (10.2) 214 (73.0) 31.6 (2.6) 89.3 (13.3)

Volek et al,10,69 2009 Atkins (low carbohydrate) Obese, atherogenic
dyslipidemia

40 34.8 (11.9) 20 (50.0) 32.8 (4.7) 95.5 (14.5)

Westman et al,36 2008 Atkins (low carbohydrate) Obese, type 2 diabetes 97 51.8 (7.5) 66 (78.6) 38.1 (5.8) 105.9 (19.8)

Yancy et al,37 2004,
Westman et al,70 2006, and
Yancy et al,71 2009

Atkins (low carbohydrate) Obese, otherwise healthy 120 44.9 (9.5) 91 (76.5) 34.3 (5.0) 97.3 (17.1)

Collins et al,38 2012 Biggest Loser (moderate) Obese, otherwise healthy 309 42.0 (10.2) 180 (58.0) 32.3 (4.0) 94.0 (14.6)

Rock et al,39 2007 Jenny Craig (moderate) Obese, otherwise healthy 70 41.1 (11.5) 70 (100.0) 34.0 (3.6) 92.0 (10.8)

Rock et al,40 2010 Jenny Craig (moderate) Obese, otherwise healthy 446 44.3 (10.3) 442 (100.0) 33.9 (3.6) 92.0 (9.9)

Blumenthal et al,41 2000 LEARN (low fat) Obese, unmedicated high-
normal blood pressure or
stage 1 or 2 hypertension

133 47.5 (8.9) 74 (56.0) 32.5 (4.4) 94.2 (16.5)

Goodrick et al,42 1998 LEARN (moderate) Overweight, binge eating,
otherwise healthy

219 40.0 (6.3) 219 (100.0) 33.0 (3.2) 87.8 (9.9)

Wadden et al,43 2004 LEARN (moderate) Obese, otherwise healthy 123 44.1 (9.9) 123 (100.0) 35.9 (4.5) 97.3 (13.0)

Wing et al,44 1998 LEARN (moderate) Obese but without diabetes; 1
or both parents with type 2
diabetes

154 45.7 (4.4) 122 (79.0) 35.9 (4.3) 98.7 (15.0)

Womble et al,45 2004 LEARN (moderate) Obese, otherwise healthy 47 43.7 (10.2) 47 (100.0) 33.5 (3.1) 90.6 (11.7)

Figueroa et al,46 2013 Nutrisystem (moderate) Obese females, otherwise
healthy

41 54.3 (3.7) 41 (100.0) 33.4 (3.8) 89.2 (14.6)

Foster et al,47 2009 Nutrisystem (moderate) Obese, type 2 diabetes 69 52.2 (9.5) 49 (71.0) 39.0 (6.2) 111.2 (21.3)

Aldana et al,48 2007 Ornish (low fat) Coronary artery disease or
coronary-related health issues

98 62.0 (9.1) 41 (44.0) 31.0 (6.1) 90.0 (21.2)

Jolly et al,49 2011 Rosemary Conley (low fat),
Slimming World (NA), Weight
Watchers (moderate)

Obese, otherwise healthy 740 49.3 (14.7) 513 (69.3) 33.6 (3.7) 93.3 (14.4)

Swenson et al,50 2007 South Beach (low
carbohydrate)

Obese, otherwise healthy 32 40.7 (8.7) 29 (90.6) 48.5 (9.1) 182.0 (78.0)

(continued)
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Moderate macronutrient and low-carbohydrate diets

were the most common diet classes; among these, Atkins,

Weight Watchers, and Zone were the brands with the most

comparisons. Twenty-five trials (n = 5386) with 67 groups

reported weight loss at 12-month follow-up (eFigures 2 and

3 in the Supplement). The diet class network meta-analysis

at both time points had a density of 1.0. Because these net-

work meta-analyses were completely connected, all esti-

mated effects were informed by both direct and indirect evi-

dence. Aside from the 4 named diets that were only

connected to a single node (Biggest Loser, Jenny Craig,

Nutrisystem, and Volumetrics), the 6- and 12-month brand

network meta-analyses were well connected with densities

of 0.36 and 0.47, respectively.

Risk of Bias

Risk of bias of included studies was assessed by diet class

and by diet brand (eTable 2 in the Supplement). Twenty-

nine trials were at low risk of bias and 19 were at high risk

of bias.

Weight Loss Diet Classes

In the analysis adjusted for diet class, all treatments were su-

perior to no diet at 6-month follow-up (Figure 1). Compared

with nodiet, low-carbohydrate diets had amedian difference

inweight loss of 8.73 kg (95% credible interval [CI], 7.27-10.20

kg)and low-fatdietshadsimilarestimatedeffects (7.99kg [95%

CI, 6.01-9.92 kg]). A low-carbohydrate diet resulted in in-

creasedweight loss comparedwithother diet classes (LEARN,

moderate macronutrient distribution), but was not distin-

guishable from low-fat diets.

At 12-month follow-up, the estimated average weight

losses of all diet classes compared with no diet were

approximately 1 to 2 kg less than after 6-month follow-up.

The diet classes of low fat (7.27 kg [95% CI, 5.26-9.34 kg])

and low carbohydrate (7.25 kg [95% CI, 5.33-9.25 kg) contin-

ued to have the largest estimated treatment effects. At

6-month follow-up, the low-carbohydrate diet class had the

highest estimated probability of being superior to all other

diet classes at 83%; however, at 12-month follow-up, the

low-fat diet demonstrated the highest probability at 50%

(Figure 1).

Meta-regression used to account for the use of exercise,

calorie restriction, and the degree of behavioral support of

each diet group at 6-month follow-up led to a model for

weight loss with both exercise and behavioral support fac-

tors. Effect modification at 6-month follow-up differed from

estimates at 12-month follow-up for behavioral support (3.23

kg [95% CI, 2.23 to 4.23 kg] vs 1.08 kg [95% CI, −1.82 to 3.96

kg], respectively) and exercise (0.64 kg [95% CI, −0.35 to 1.66

kg] vs 2.13 kg [95% CI, 0.43 to 3.85 kg]). Calorie restriction did

not modify the effects.

Table 2. Characteristics of Included Studies (continued)

Source Diet Program (Class)a Population Description No.b
Age,

Mean (SD), y

Female
Sex,

No. (%)
BMI,

Mean (SD)c

Body Weight,
Mean (SD),

kg

Ello-Martin et al,51 2007 Volumetrics (moderate) Obese, otherwise healthy 97 44.9 (9.4) 97 (100.0) 33.3 (2.6) 90.5 (9.5)

Djuric et al,52 2002 Weight Watchers (moderate) Stage 1 or 2 breast cancer 48 51.7 (8.4) 48 (100.0) 35.5 (3.9) 95.4 (13.6)

Heshka et al,53,72 2000 Weight Watchers (moderate) Obese, otherwise healthy 423 44.5 (10.0) 358 (84.6) 33.7 (3.5) 93.6 (13.7)

Jebb et al,54 2011 Weight Watchers (moderate) Obese and 1 other risk factor
for obesity-related disease

772 47.3 (12.8) 668 (86.5) 31.4 (2.6) 86.7 (11.5)

Pinto et al,55 2013 Weight Watchers (moderate) Obese, otherwise healthy 144 49.7 (9.2) 127 (90.0) 36.1 (5.4) 96.5 (17.5)

Rippe et al,56 1998 Weight Watchers (moderate) Overweight, otherwise
healthy

80 36.5 (6.9) 44 (100.0) NS 81.7 (6.4)

Brinkworth et al,57,73

2004, Farnsworth et al,74

2003, Layman et al,75

2003, and Parker et al,76

2002

Zone (low carbohydrate) Obese, type 2 diabetes 66 61.8 (7.8) 23 (60.5) 33.4 (5.4) 93.7 (18.0)

Das et al,58 2007 Zone (low carbohydrate) Obese, otherwise healthy 34 35.0 (6.0) NS 27.6 (1.4) 79.0 (10.6)

Ebbeling et al,59 2007 Zone (low carbohydrate) Obese, otherwise healthy 73 27.6 (4.0) 58 (79.0) NS 103.4 (16.2)

Galletly et al,60 2007 Zone (low carbohydrate) Overweight, polycystic ovary
syndrome

28 32.5 (1.2) 28 (100.0) 37.4 (6.6) 101.4 (4.9)

Lasker et al,61 2008 Zone (low carbohydrate) Obese, otherwise healthy 65 47.2 (7.0) 31 (62.0) 33.6 (4.5) 95.4 (15.0)

Layman et al,62 2005 Zone (low carbohydrate) Obese, otherwise healthy 48 46.7 (4.9) 48 (100.0) 32.9 (5.1) 87.6 (13.7)

Layman et al,63 2009 Zone (low carbohydrate) Obese, otherwise healthy 130 45.4 (13.7) 71 (54.6) 32.6 (9.1) 92.7 (14.5)

Luscombe et al,64 2002 Zone (low carbohydrate) Type 2 diabetes 32 63.2 (9.7) 15 (57.7) 33.3 (4.7) 92.6 (15.8)

Luscombe et al,65 2003 Zone (low carbohydrate) Obese, hyperinsulinemia 36 54.0 (6.0) 26 (72.2) 34.1 (4.2) 94.0 (15.0)

Abbreviations: BMI, bodymass index; LEARN, Lifestyle, Exercise, Attitudes,

Relationships, and Nutrition; NA, not applicable; NS, not specified.

aModerate macronutrient class is abbreviated as moderate in this table. Eligible

comparators were wait-listed controls, no assigned diet, or competing dietary

programs. The order of studies is alphabetical according to branded diet

intervention (eg, Atkins, Biggest Loser, Jenny Craig). Among branded diets

that havemultiple studies, trials are listed according to the last name of the

author. If an author publishedmore than 1 trial on the same branded diet (eg,

Rock et al39,40 published 2 trials evaluating Jenny Craig), we ordered the

studies in chronological order according to the year the trial was published.

bThis column includes the number of randomized participants included in trial.

c Calculated as weight in kilograms divided by height in meters squared.
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Sensitivity Analysis

Thefindingsofoursensitivityanalysesinwhichpopulationswith

specific health problems (eg, breast cancer) were removed ap-

pear ineTable3 in theSupplement.The findingsweresimilar to

thefullanalysis; low-carbohydratedietsdemonstratedthemost

favorableestimatesat6-monthfollow-up,whereas low-fatdiets

weremost favorable at 12-month follow-up.

Sensitivity analyses for low risk of bias, proportion lost to

follow-up, baseline weights, and proportion female at 6- and

12-month follow-up also showed similar results (eTables 4-7

in the Supplement).

Individual NamedDiets

In the adjustednamedanalysis, all diets demonstratedweight

reduction at 6-month follow-up compared with no diet

(Figure 2). The largest estimated effects at 6-month fol-

low-upwere foundwith the Atkins diet with amedian differ-

ence in weight loss of 10.14 kg (95% CI, 8.19-12.12 kg), fol-

lowedby theVolumetrics diet (9.87 kg [95%CI, 5.54-14.23 kg])

and the Ornish diet (9.03 kg [95% CI, 6.44-11.66 kg]). The es-

timated effect of behavioral support (3.67 kg [95% CI, 1.45-

5.88kg]) andexercise (1.15kg [95%CI,0.14-2.16kg])were simi-

lar to those obtained in the diet class networkmeta-analysis.

All diets except JennyCraig slightly decreased in their es-

timatedeffects at 12-month follow-upcomparedwith6-month

follow-up. TheOrnish,RosemaryConley, JennyCraig, andAt-

kins diets were associated with the largest weight loss at this

time point and all varied between 6.35 kg and 6.55 kg.

The findingsof the sensitivityanalyses for thenameddiets

network meta-analysis in which populations with specific

health problems and high risk of bias studies were removed

appear in eTables 8 and 9 in the Supplement. In these analy-

ses, somehead-to-head comparisons from theprimary analy-

sis were no longer present, thus leaving the network meta-

analysis sparser.

Our findings were not sensitive at 6- and 12-month fol-

low-up to the removal of populations with additional health

issues. Among studies at low risk of bias, the point estimates

are smaller than our primary analysis; however, tests for in-

teractiondemonstratednosignificantdifferencesamong trials

at low vs high risk of bias.

For assessingpublicationbias, onecomparisonat6-month

follow-up and no comparisons at 12-month follow-up in-

cluded 10 ormore studies. Based on 15 studies comparing At-

kins with moderate macronutrient diets, a funnel plot dem-

onstrates asymmetry, suggesting publication bias (eFigure 4

in the Supplement).77

Confidence in Estimates

The overall quality of the evidence usingGRADEmethods for

our direct, indirect, and overall network meta-analysis esti-

mates appear in eTables 10-12 in the Supplement. We as-

sessed the confidence in estimates of effect for weight loss at

12-month follow-up as moderate to low for all comparisons,

suggesting that further research is likely to have an impor-

tant effect on our confidence in the estimation of effect and

may change the estimate (eTable 12 in the Supplement).

BodyMass Index

Due to a considerably lower number of studies reporting BMI

measures, the associatednetworkmeta-analyseswere sparse

and do not permit trustworthy inferences (eFigures 5-6 and

eTables 13-14 in the Supplement).

Adverse Events

Adverse eventswere reported in 5 included trials, all ofwhich

evaluated the Atkins diet.9,28,29,36,37 Although there were no

significant differences in serious adverse events among treat-

mentgroups, theonly trial to findsignificantdifferences inmild

adverse events reported that they occurred more frequently

in the low-carbohydrate diet group (n = 60) than in the low-

fatdiet group (n = 60), including constipation (68%vs35%, re-

spectively; P < .001), headache (60% vs 40%; P < .03), halito-

sis (38%vs8%;P < .001),muscle cramps (35%vs7%;P < .001),

diarrhea (23% vs 7%; P < .02), general weakness (25% vs 8%;

P < .01), and rash (13% vs 0%; P < .006).37

Figure 1. Difference inMeanWeight Loss at 6- and 12-Month Follow-up Across All Diet ClassesWith 95%Credible Intervals

No diet

(6 mo: 0; 12 mo: 0)a

6.07

(4.23 to 7.84)

6.78

(5.50 to 8.05)

8.73

(7.27 to 10.20)

7.99

(6.01 to 9.92)

5.16

(2.68 to 7.63)

LEARN

(6 mo: 0; 12 mo: 0.02)a

0.71

(−0.97 to 2.44)

2.66

(0.93 to 4.44)

1.92

(−0.19 to 4.06)

5.70

(4.14 to 7.35)

0.55

(−1.71 to 2.87)

Moderate macronutrients

(6 mo: 0; 12 mo: 0)a

1.95

(1.13 to 2.79)

1.20

(−0.42 to 2.79)

7.25

(5.33 to 9.25)

2.10

(−0.20 to 4.47)

1.55

(0.13 to 2.95)

Low carbohydrate

(6 mo: 0.83; 12 mo: 0.48)a

−0.74

(−2.31 to 0.78)

7.27

(5.26 to 9.34)

2.12

(−0.33 to 4.59)

1.56

(−0.17 to 3.30)

0.02

(−1.78 to 1.79)

Low fat

(6 mo: 0.17; 12 mo: 0.50)a
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12-mo Weight Loss, kg

The values above the diet classes (blue boxes) correspond to the difference in

mean weight lost between the columns and row at 12 months (eg, the

difference in average weight lost betweenmoderate macronutrients and no

diet at 12 months is 5.70 kg). The values below the diet classes correspond to

the difference in mean weight lost between the row and the column at 6

months (eg, the difference in average weight lost betweenmoderate

macronutrients and no diet at 6months is 6.78 kg). LEARN indicates Lifestyle,

Exercise, Attitudes, Relationships, and Nutrition.

a The values in parentheses represent the estimated probability of that

treatment being the best.
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Discussion

Among the 48 original RCTs included in our network meta-

analysis, evidenceof lowtomoderatequality showedthatboth

low-carbohydrate and low-fat diets were associated with an

estimated 8-kg weight loss at 6-month follow-up compared

with no diet. Approximately 1 to 2 kg of this effect was lost by

12-month follow-up. Although statistical differences existed

among several of thediets, thedifferenceswere small andun-

likely to be important to those seeking weight loss.

These findingssupport recent recommendations forweight

loss in thatmost calorie-reducing diets result in clinically im-

portant weight loss as long as the diet is maintained.6 Net-

work meta-analysis showed that although there are statisti-

cally significantdifferencesbetweensomeof thenameddiets,

these differences are small and likely to be unimportant to

many seeking to lose weight. For example, the Atkins diet re-

sulted in anestimatedweight loss of only 1.71 kg (95%CI, 0.35-

3.09 kg) more than the Zone diet at 6-month follow-up. Be-

causedifferent diets are variably tolerated by individuals, the

ideal diet is the one that is best adhered to by individuals so

that they can stay on the diet as long as possible.

Network meta-analysis yielded larger weight loss esti-

mates for diets compared with no dieting than the observed

weight loss in theprimary studies. This is explainedby the ef-

fect of statistical adjustment for exercise that results in an ap-

parent net weight gain for the no diet group. A similar effect

is observed for behavioral support adjustment. The network

meta-analysis estimates for trials that failed to includebehav-

ioral support were adjusted accordingly, leading to higher es-

timates than those originally reported.

The strengths of this review include our use of network

meta-analyses that allowed for simultaneous direct and indi-

rect comparisonsofbothdietary classes and individualnamed

diets, a comprehensive literature search, anassessmentof risk

of bias, and application of the GRADE approach to rating con-

fidence inestimatesofeffectofdiet classesat 12-month follow-

up. We also systematically addressed the potential harms of

nameddiets; however, only 5of 48 included trials reported in-

formation about adverse events.

Toprovide insight into thequality of the evidence,we ap-

pliedGRADEmethods to rate our confidence in the estimates

of effect. To avoid redundancy, we only did so to the 12-

month comparisons andnot the6-month comparisons for the

diet classes (eTables 10-12 in the Supplement). However, the

estimates at 12-month follow-up are themost relevant for in-

dividuals concerned about long-term weight loss. Further-

more, because there are considerably more trials reporting

6-month data, the networkmeta-analysis had increased den-

sity and the comparisons had more power, thus our confi-

dence in the 6-month estimates is at least as great as those re-

ported at 12-month follow-up using GRADEmethods.

Our study has limitations related to the underlying evi-

dence base for clinical trials on weight loss. For the 10 direct

comparisons in which more than 1 study was available, 7

comparisons (eTable 10 in the Supplement) demonstrated

substantial heterogeneity between studies, manifested by an

I
2 exceeding 70%, and visual inspection of forest plots con-

firming large inconsistencies between study results. Within

our GRADE assessment, we rated the quality of evidence for

our direct estimates for inconsistency as weaker inferences.

Because we were unable to demonstrate that the differences

in patients, interventions, or adherence influenced the mag-

nitude of effect, we did not rate the quality of evidence

down for indirect estimates across studies (eTable 11 in the

Supplement).

Furthermore, 19of48 trialswereathigh riskofbiasmostly

as a result of missing participant outcome data, and the low

andhighriskofbias trialswerenotuniformlydistributedacross

comparisons (eTable 2 in the Supplement). Nevertheless, we

did not exclude studies because of risk of bias, primarily be-

cause the effect of treatment did not significantly vary after

adjusting formissingparticipantoutcomedataandoverall risk

of bias (eTables 4-5 and eTable 9 in the Supplement). Our ap-

proach is consistentwith the practices used in the systematic

reviewmethodological community.77,78

Our study also has limitations related to network meta-

analysis connectivity, evaluation of effect modifiers, and as-

sessment of publication bias. First, confidence in estimates is

lower for individual brand-nameddiets (inparticular for some

comparisons) because theywerepoorly connected to thenet-

workmeta-analysis, have small sample sizes, or both. In par-

ticular, Volumetrics (n = 97) and Jenny Craig (n = 516), which

both fared well at 6- and 12-month follow-up, were only con-

nected to a single other diet.

Second, although we accounted for the variability due to

calorie restriction,exercise,andbehavioral supportusingmeta-

regression, therewere limitations in the explicit presentation

of data regarding calorie restriction. Exercise and behavioral

support were associated with increased weight loss, though

we found no association with behavioral support at 12-

month follow-up.This lackofeffect at 12-month follow-upmay

be explained by our definition of behavioral support, which

placedmore importanceon the intensityof supportwithin the

first 3 months of a diet.12

Third, a limitationofour reviewis thatanalyseswerebased

on the original intended randomized design, not by adher-

ence to the actual macronutrient composition (class) and ca-

loric intakeconsumed.2Thismeansthatalthoughpatientswere

randomized to various diets or controls, details on their ac-

tual adherence to the dietary program (eg, daily caloric in-

take,macronutrient consumption, and lengthand intensityof

exercise was limited to the published reports) were not ac-

counted for in the analyses.

Fourth, because therewere fewer than 10 trials in all but 1

pairedcomparison,ourassessmentofpublicationbiaswasvery

limited.77

Although we used different methods, our study findings

aresimilar to thereviewbytheJointGuidelines fromtheAmeri-

canHeartAssociation, theAmericanCollegeofCardiology, and

theObesity Society, concluding that popular diets are roughly

equally effective,6,79 and that evidence is inadequate to rec-

ommendanyparticulardiet.80Eventhoughwefoundthat low-

carbohydrate (eg, Atkins) and low-fat (eg,Ornish) dietary pro-

grams are associated with the greatest weight loss, these
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differenceswereminor and likely unimportant to those inter-

ested in losing weight. The methodological differences be-

tweenour analysis and the JointGuidelines6 appear in eTable

15 in the Supplement.

We did not exclude studies based on any criteria beyond

studydesign.There isconcernwithin theclinical researchcom-

munity that excluding studies based on arbitrary thresholds

for studyqualitymayhavean important influenceonthestudy

results of systematic reviews81 because subsequent evidence

may demonstrate that assumed quality items have less effect

than expected.82 Using the approach advocated by both the

CochraneCollaborationand theGRADEworkinggroup,we in-

cluded all RCTs and considered rating down confidence in es-

timates because of risk of bias (eTables 4-5 and eTable 9 in the

Supplement).77,78

We examined the relationship between estimated effect

size, loss to follow-up, and overall risk of bias, and after find-

ing no relationship, did not consider risk of bias an important

effect modifier. As we have noted previously in this discus-

sion, this approach is perhaps themost potentially controver-

sial of ourmethodological decisions. There is a clear need for

a better understanding between clinical trialists and guide-

linedevelopers regarding the influenceof loss to follow-upand

other risk of bias issues. This issue is not limited to diets, but

probably affects all fields of medicine.83

Similar toprevious reviews,we found thatweight loss de-

creased at 6-month follow-up,84,85 andbegan to regress to the

baseline mean at 12-month follow-up, suggesting that future

trialsofdietaryprogramsshould focusonmaintenanceof long-

term weight loss.86 Our findings should be reassuring to cli-

nicians and thepublic that there is noneed for a one-size-fits-

all approach todieting becausemanydifferent diets appear to

offer considerable weight loss benefits. This is important be-

cause many patients have difficulties adhering to strict diets

that may be particularly associated with cravings or be cul-

turally challenging (suchas low-carbohydratediets).2Our find-

ings suggest that patients may choose, among those associ-

ated with the largest weight loss, the diet that gives them the

least challenges with adherence. Although our study did not

examine switching between diets, such a strategy may offer

patients greater choices as they attempt to adhere to diet and

lifestyle changes.

Conclusions

Low-carbohydrate and low-fat dietary programswere associ-

atedwithmore weight loss than no dietary intervention over

a 12-month period; behavioral support and exercise en-

hanced weight loss. The weight loss differences between in-

divdual named diets were small with likely little importance

to those seekingweight loss. This supports thepractice of rec-

ommending any diet that a patient will adhere to in order to

lose weight.
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