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Effect of low-fat diet interventions versus other diet 
interventions on long-term weight change in adults: 
a systematic review and meta-analysis
Deirdre K Tobias, Mu Chen, JoAnn E Manson, David S Ludwig, Walter Willett, Frank B Hu

Summary
Background The effectiveness of low-fat diets for long-term weight loss has been debated for decades, with many 
randomised controlled trials (RCTs) and recent reviews giving mixed results. We aimed to summarise the large body of 
evidence from RCTs to determine whether low-fat diets contribute to greater weight loss than participants’ usual diet, 
low-carbohydrate diets, and other higher-fat dietary interventions.

Methods We did a systematic review and random effects meta-analysis of RCTs comparing the long-term effect (≥1 year) 
of low-fat and higher-fat dietary interventions on weight loss by searching MEDLINE, Embase, Cochrane Central Register 
of Controlled Trials (CENTRAL), and Cochrane Database of Systematic Reviews to identify eligible trials published from 
database inception up until July 31, 2014. We excluded trials if one intervention group included a non-dietary weight loss 
component but the other did not, and trials of dietary supplements or meal replacement drink interventions. Data 
including the main outcome measure of mean difference in weight change between interventions, and whether 
interventions were intended to lead to weight loss, weight maintenance, or neither, were extracted from published reports. 
We estimated the pooled weighted mean difference (WMD) with a DerSimonian and Laird random effects method.

Findings 3517 citations were identified by the search and 53 studies met our inclusion criteria, including 
68 128 participants (69 comparisons). In weight loss trials, low-carbohydrate interventions led to significantly greater 
weight loss than did low-fat interventions (18 comparisons; WMD 1·15 kg [95% CI 0·52 to 1·79]; I²=10%). Low-fat 
interventions did not lead to differences in weight change compared with other higher-fat weight loss interventions 
(19 comparisons; WMD 0·36 kg [–0·66 to 1·37; I²=82%), and led to a greater weight decrease only when compared 
with a usual diet (eight comparisons; –5·41 kg [–7·29 to –3·54]; I²=68%). Similarly, results of non-weight-loss trials 
and weight maintenance trials, for which no low-carbohydrate comparisons were made, showed that low-fat versus 
higher-fat interventions have a similar effect on weight loss, and that low-fat interventions led to greater weight loss 
only when compared with usual diet. In weight loss trials, higher-fat weight loss interventions led to significantly 
greater weight loss than low-fat interventions when groups differed by more than 5% of calories obtained from fat at 
follow-up (18 comparisons; WMD 1·04 kg [95% CI 0·06 to 2·03]; I²=78%), and when the difference in serum 
triglycerides between the two interventions at follow-up was at least 0·06 mmol/L (17 comparisons; 1·38 kg 
[0·50 to 2·25]; I²=62%).

Interpretation These findings suggest that the long-term effect of low-fat diet intervention on bodyweight depends on 
the intensity of the intervention in the comparison group. When compared with dietary interventions of similar 
intensity, evidence from RCTs does not support low-fat diets over other dietary interventions for long-term weight 
loss.

Funding National Institutes of Health and American Diabetes Association.

Introduction
Identifying effective strategies for long-term weight 
control will be crucial to reduce the alarming prevalence 
of overweight and obesity worldwide. The macronutrient 
composition of the diet—the proportions of calories 
contributed by fat, carbohydrate, and protein—has 
received substantial attention in the past few decades for 
its potential relevance in weight loss and weight 
maintenance.1,2 Many short-term and long-term 
randomised trials1,3–5 across various general and clinical 
populations have attempted to identify the optimum 
ratio of macronutrients for weight loss. Lowering the 
proportion of daily calories consumed from total fat has 

been targeted for many reasons, one of which is that 1 g 
of fat contains more than twice the calories of 1 g of 
carbohydrates or protein (9 kcal/g vs 4 kcal/g). Thus, a 
reduction in total fat intake could theoretically lead to an 
appreciable effect on total calories consumed. However, 
results of randomised trials3,6–8 have failed to consistently 
show that reducing the proportion of energy consumed 
from total fat leads to long-term weight loss compared 
with other dietary interventions.

This systematic review and meta-analysis aimed to 
summarise the large body of evidence from randomised 
control trials (RCTs) lasting at least 1 year in which weight 
changes in participants on low-fat diets versus other 
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dietary interventions were compared. Trials were included 
irrespective of whether weight loss was intended or not, 
such as studies assessing lipids or cancer endpoints. We 
aimed to stratify the analysis by characteristics of the 
interventions that might affect differences in weight loss, 
including whether the intervention groups received 
similar attention and intervention intensity, or the com-
position of the comparison diet. We postulated that low-fat 
diets would not be associated with greater weight loss than 
other interventions when differences in these intervention 
characteristics were taken into account, and that 
differences in weight loss favouring higher-fat inter-
ventions would be larger when adherence was greater.

Methods
Search strategy and inclusion criteria
We predefined our search strategy, study eligibility 
criteria, and statistical approaches for this systematic 
review and meta-analysis in an unpublished research 
protocol, according to PRISMA guidelines. We used 
MEDLINE, Embase, Cochrane Central Register of 
Controlled Trials (CENTRAL), and Cochrane Database 
of Systematic Reviews to identify eligible trials. The 
following terms were included in the MEDLINE search, 
with similar terms used in the other databases: (low fat 
diet[MeSH] OR “low fat” OR “low-fat” OR “reduced fat” 
OR “dietary approaches to stop hypertension” OR 
(DASH AND (diet OR pattern*)) OR ((“National 
Cholesterol Education Program Adult Treatment Panel 
III” OR “NCEP ATP III” OR “ATP III”) AND (diet OR 
pattern*)) OR “Ornish”) AND (“Intervention Studies” 
[MeSH] OR “inter vention”[tiab] OR “clinical trial” OR 
“controlled trial”[tiab] OR random*[tiab] OR 
assign*[tiab]). We included trials including non-
pregnant adults lasting at least 1 year comparing weight 
change on a low-fat diet (as defined by the investigators 
of each trial) with any higher-fat dietary intervention, 
including participants’ usual diet. Trials of shorter 
duration were excluded because weight-loss trials 
frequently report an initial maximal weight loss at 
around 6 months, with subsequent weight regain. We 
searched for all relevant articles published from 
inception of each database until July 31, 2014, and we 
restricted our search to trials published in English. We 
screened reference lists of eligible studies and reviews 
published within the previous 2 years to capture 
additional relevant citations.

The outcome of interest was long-term (≥1 year) change 
in bodyweight (reported as mean change from baseline, 
mean difference in change from baseline between 
intervention groups, or mean bodyweight at end of follow-
up). We attempted to contact authors to obtain variance 
measures if not reported, but ultimately excluded the trial 
if we could not obtain the data. We excluded trials if one 
intervention group included a non-dietary weight loss 
component (eg, exercise regimen, pharmaceutical 
intervention) while the other did not. We did not make 

exclusions on the basis of concomitant dietary com-
ponents (eg, an increase in fruit and vegetable con-
sumption). Non-randomised trials were excluded, as well 
as trials assessing dietary supplements or meal 
replacement drink interventions, because these inter-
ventions were beyond the scope of our investigation. If 
trial results were published more than once, we included 
the report with the most complete follow-up in our main 
analysis. Two reviewers (DKT, MC) screened abstracts for 
relevance, and both independently reviewed each eligible 
full text using an inclusion and exclusion criteria sheet. 
Conflicts over inclusion were resolved with an in-person 
discussion and with a third investigator (FBH) if necessary.

Data extraction
Data were extracted and entered into a piloted spreadsheet. 
Variables captured from the final accepted studies 
included study-level information (authors, country, 
centre), study population characteristics, intervention 
details, including whether interventions were intended to 
lead to weight loss, weight maintenance, or neither, and 
the relative intensity of each intervention, as described by 
the study authors (eg, attention given by study 
investigators [such as health-care workers, dietitians, 
physicians, or group counsellors] to the participants, time 
spent with study clinicians or dietitians, programme 
materials), and outcomes by treatment group. We also 
recorded dietary adherence, including change in serum 
triglyceride concentration and the proportion of calories 
consumed from fat during follow-up. We analysed the 
intention-to-treat estimates, when reported.

We assessed the trials’ potential for bias using the 
Cochrane risk of bias assessment tool.9 DKT and MC 
both extracted the data from each report separately, and 
discrepancies were resolved by a third reviewer (FBH), if 
necessary.

Data analysis
We calculated the mean difference in bodyweight change 
from baseline by subtracting the mean change of the 
comparison diet group from the mean change in the low-
fat diet group. If the mean change was not reported we 
compared the groups’ final mean bodyweights, under the 
assumption that randomisation resulted in similar average 
baseline bodyweights between treatment groups. We 
estimated the pooled weighted mean difference (WMD) 
and 95% CI with a DerSimonian and Laird random effects 
model. We regarded a p value of less than 0·05 as 
statistically significant.

We assessed heterogeneity from the Mantel-Haenszel 
model and I² values (the percentage of variance in the 
pooled estimate due to between-study differences), with an 
I² value of greater than 50% suggesting moderate 
heterogeneity.10 We did analyses, established a priori, to 
assess potential heterogeneity according to whether the 
trial was designed with the intention of causing weight 
loss, the composition of the comparison higher-fat diet 
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(low-carbohydrate, other moderate fat or healthful diet, or 
participants’ usual diet), the interventions’ relative 
intensity, whether either, neither, or both of the inter-
ventions included caloric restriction, and the baseline 
health status of the participants. Additionally, we stratified 
by change in triglyceride concentrations and in attained 
self-reported proportion of calories consumed from fat, 
with an increase in triglycerides reflecting a relative 
decrease in fat intake in a given group.11

Finally, we did sensitivity analyses to assess the 
robustness of our findings. We assessed the effect of 
removing the largest study or studies, based on their 
percentage weight in the pooled estimates and restricted 
the analysis to trials with intention-to-treat analyses and 
with at least 100 participants. We repeated primary analyses 
using an inverse variance weighted fixed-effect model. We 
applied Begg’s test12 and Egger’s test13,14 to test for the 
potential of publication bias by plotting the inverse of the 
variance against the treatment effect. We did analyses 
using STATA version 13.1.

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation or writing of 
the report. The corresponding author had full access to all 
the data in the study and had final responsibility for the 
decision to submit for publication.

Results
Our search yielded 3517 citations (figure 1), of which 
53 RCTs were eligible for inclusion in our analysis 
(69 comparisons; table 1). Most of the trials were 
undertaken in North America (n=37) and were 1 year in 
duration (n=27). 20 trials specifically enrolled participants 
with prevalent chronic diseases, including breast 
cancer,23,60–62 hypercholesterolaemia,16,29,30 type 2 
diabetes,5,17,22,31,33,34,37,39,55 metabolic syndrome,41 oesophageal 
metaplasia,42 ischaemic heart disease,47 and colorectal 
adenoma.48 In addition to 35 weight loss trials, 13 trials had 
no intended intervention on weight8,21,23,29,30,47,48,54,55,59,60–62 and 
five were weight maintenance trials designed to maintain 
baseline bodyweight.6,16,20,27,46

The low-fat dietary interventions ranged from very low 
fat (≤10% of calories from fat), to more moderate goals 
(≤30% of calories from fat). Comparator diets of higher 
fat intake were diverse, ranging from one baseline 
interaction with instructions to maintain their usual 
diet, to various other dietary interventions, including 
low-carbohydrate and other moderate-to-high-fat diets. 
The intensity of the interventions varied from pamphlets 
or instructions given at baseline only, to multicomponent 
programmes (eg, integrating counselling sessions, 
regular meetings with dietitians, food diaries, and 
cooking lessons), to feeding studies, in which 
participants were given a substantial portion of their 
food. Caloric restriction was a component of many 
weight loss inter ventions, but not all. For example, 

despite being a weight loss intervention, parti ci pants on 
a low-carbohydrate Atkins-style diet were often told to 
eat ad libitum (ie, until satiated).

Our primary meta-analysis included 68 128 adults 
from eligible RCTs, reporting a mean weight loss of 
2·71 kg (SD 2·8) in all participants combined, on any 
diet (including comparators) after a median of 1 year 
(IQR 1–2) of follow-up; the mean weight loss in trials 
designed to reduce weight was 3·75 kg (SD 2·7). 
Figures 2, 3, and 4 present the overall results according 
to weight loss trial design (weight loss goal, no weight 
loss goal, or weight maintenance) and composition of 
comparator intervention (low-carbohydrate intervention, 
other higher-fat intervention, or usual diet).

We noted no difference between low-fat and higher-fat 
dietary interventions when all weight loss trials were 
combined, although there was significant between-study 
heterogeneity. Low-carbohydrate weight loss inter ven-
tions led to an average (WMD) 1·15 kg (95% CI 0·52–1·79) 
greater long-term weight loss than low-fat weight loss 
interventions, with minimal between-study heterogeneity. 
We noted no difference, however, between low-fat and 
other higher-fat dietary interventions (0·36 kg [–0·66 to 
1·37]). Compared with groups only following their usual 
diet, low-fat weight loss inter ventions led to a 5·41 kg 
(3·54–7·29) greater weight loss (figure 2).

Non-weight loss trials and weight maintenance trials 
also found a significant but smaller magnitude of weight 
loss for low-fat interventions when compared with usual 

3184 excluded for not meeting eligibility
 criteria 

3517 potentially eligible studies
 identified and screened 

333 full-text articles assessed
 for eligibility 

53 studies included in the 
 meta-analysis

280 rejected after review of full manuscript
 17 non-randomised
 44 <1 year follow-up
 52 no low-fat diet comparison of interest
 13 multicomponent intervention(s)
 38 no weight outcome of interest
 5 not English language
 5 meeting abstract, commentary, or
 review article
 2 unable to locate original article
 12 data not extractable or no variance
 measure
 92 duplicate study population

Figure 1: PRISMA flow diagram
PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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N Population 
characteristics

Country Weight 
loss goal

Low-fat diet(s) intervention Comparator diet(s) intervention Follow-up 
duration, 
years

A to Z, 200715 311 Overweight, 
premenopausal women

USA Yes LEARN (reduced calorie); Ornish 
(<10% fat; reduced calorie)

Atkins low-carbohydrate; Zone (30% 
fat; reduced calorie)

1

Anderson et al, 199216 117 Moderate 
hypercholesterolaemia

USA Maintain American Heart Association Phase II 
(25% fat)

Usual diet 1

Barnard et al, 200917 99 Type 2 diabetes USA Yes Vegan (10% fat) American Diabetes Association Diet 
2003 (30% fat; reduced calorie)

1·4

Bazzano et al, 201418 148 Obese USA Yes National Cholesterol Education 
Program (<30% fat)

Low carbohydrate 1

Bertz et al, 201219 68 Breastfeeding mothers Sweden Yes Nordic Nutrition Guidelines (<30% 
fat; reduced calorie)

Usual diet 1

Boyd et al, 199020 295 Women with high breast 
cancer risk

Canada Maintain 15% fat Canadian Food Guide (no fat intake 
advice)

1

Breast Cancer Prevention Program, 
199721

194 Women with high breast 
cancer risk

USA No 15% fat Usual diet 1

Brehm et al, 200922 124 Overweight or obese with 
type 2 diabetes

USA Yes High carbohydrate (25% fat; reduced 
calorie)

High monounsaturated fat (40% fat; 
reduced calorie)

1

BRIDGES, 200123 172 Women with recent breast 
cancer

USA No Nutrition Education Program (20% 
fat)

Usual diet 1

Brinkworth et al 2009;24  
Tay et al, 200825

118 At risk for metabolic 
syndrome

Australia Yes 30% fat (reduced calorie) Atkins low-carbohydrate (61% fat; 
reduced calorie)

1

CALERIE phase 1, 200726 34 Overweight USA Yes High glycaemic index, food provided 
(20% fat; reduced calorie)

Low glycaemic index, food provided 
(30% fat; reduced calorie)

1

Canadian Diet and Breast Cancer 
Prevention Study, 201127

4690 Women with high breast 
cancer risk

Canada Maintain 15% fat Canadian Food Guide (no fat intake 
advice)

10

Dansinger et al, 200528 160 At risk for cardiovascular 
disease

USA Yes Ornish (<10% fat) Atkins low-carbohydrate; Zone (30% 
fat); Weight Watchers (reduced 
calorie)

1

Davis et al, 20095 105 Type 2 diabetes USA Yes Diabetes Prevention Program diet 
(25% fat)

Atkins low-carbohydrate 1

DEER, 199829 377 Hypercholesterolaemia USA No National Cholesterol Education 
Program (<30% fat)

Usual diet 1

The Dietary Alternatives Study, 
199730

508 Men with 
hypercholesterolaemia

USA No 26% fat; 22% fat; 18% fat 30% fat 1

DIRECT, 200831 322 Type 2 diabetes, 
cardiovascular disease, or 
obese

Israel Yes American Heart Association (30% 
fat; reduced calorie)

Mediterranean diet (35% fat; 
reduced calorie); Atkins low-
carbohydrate

2

Ebbeling et al, 200732 73 Obese young adults USA Yes 20% fat Low glycaemic-index carbohydrates 
(35% fat)

1·5

Elhayany et al, 201033 259 Type 2 diabetes Israel Yes American Diabetes Association 2003 
(30% fat; reduced calorie); low-fat 
Mediterranean (30% fat; reduced 
calorie)

Low-carbohydrate Mediterranean 
diet (45% fat; reduced calorie)

1

Esposito et al, 200934 215 Type 2 diabetes Italy Yes American Heart Association 2000 
(<30% fat; reduced calorie)

Mediterranean diet (>30% fat; 
reduced calorie)

4

Foster et al, 200335 63 Obese USA Yes 25% fat (reduced calorie) Atkins low carbohydrate 1

Foster et al, 201036 307 Obese USA Yes 30% fat (reduced calorie) Atkins low carbohydrate 2

Guldbrand et al, 201237 61 Type 2 diabetes Sweden Yes <30% fat (reduced calorie) Low carbohydrate (50% fat; reduced 
calorie)

2

Harvey-Berino, 199938 80 Overweight or obese USA Yes 20% fat Low calorie 1·5

Iqbal et al, 201039 144 Type 2 diabetes, obese USA Yes <30% fat (reduced calorie) Low carbohydrate 2

Keogh et al, 200740 44 Overweight/obese Australia Yes 20% fat (reduced calorie) Low carbohydrate (27% fat; reduced 
calorie)

1

Klemsdal et al, 201041 202 Metabolic syndrome Norway Yes 30% fat (reduced calorie) Low glycaemic load (35-40% fat; 
reduced calorie)

1

Kristal et al, 200542 93 Overweight/obese with 
oesophageal metaplasia

USA Yes 20% fat (reduced calorie) Usual diet 3

Lapointe et al, 201043 68 Overweight/obese 
postmenopausal women

Canada Yes Reduce fat intake Increase fruits and vegetables 1·5

(Table 1 continues on next page)
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diet, and no difference between low-fat and other higher-
fat dietary interventions (figures 3, 4). No long-term 
non-weight loss or weight maintenance trials compared 
low-fat with low-carbohydrate dietary interventions.

Table 2 presents analyses stratified by additional trial 
characteristics, limited to trials of similar intensity to 

minimise bias from one group receiving more attention 
and higher intervention intensity. Only four of the 
17 comparisons among trials without a weight loss 
goal30,47,55 and one of the six comparisons among weight 
maintenance trials46 remained, limiting our ability to 
stratify further; thus, table 2 does not report data on 

N Population 
characteristics

Country Weight 
loss goal

Low-fat diet(s) intervention Comparator diet(s) intervention Follow-up 
duration, 
years

(Continued from previous page)

Lim et al, 201044 113 High cardiovascular 
disease risk

Australia Yes Food provided (10% fat; reduced 
calorie)

Low carbohydrate, food provided 
(60% fat; reduced calorie); high 
unsaturated fat, food provided (30% 
fat; reduced calorie); usual diet

1·25

McAuley et al, 200645 96 Women overweight/obese 
with insulin resistance

New Zealand Yes Diabetes and Nutrition Study Group 
of the European Association for the 
Study of Diabetes (<30% fat)

Low carbohydrate Atkins diet; Zone 
diet (30% fat)

1

McManus et al, 20014 101 Overweight USA Yes 20% fat (reduced calorie) 35% fat (reduced calorie) 1·5

Nutrition and Exercise in Women 
(NEW) Study, 20127

439 Postmenopausal 
overweight/obese women

USA Yes <30% fat (reduced calorie) Usual diet 1

Nutrition and Breast Health Study, 
200246

122 Premenopausal women at 
risk of breast cancer

USA Maintain 15% fat; high consumption of fruit 
and vegetables (15% fat)

Usual diet; high consumption of 
fruit and vegetables

1

Pilkington et al, 196047 58 Men with ischaemic heart 
disease

UK No 20 g fat per day Increase unsaturated fats 1·5

Polyp Prevention Trial, 200048 2079 Recent colorectal 
adenoma

USA No 20% fat Usual diet 3·1

Pounds Lost Trial, 20093 811 Overweight/obese USA Yes 20% fat (reduced calorie); high 
protein (20% fat; reduced calorie)

40% fat (reduced calorie); high 
protein (40% fat; reduced calorie)

2

PREDIMED, 20148 7447 High cardiovascular 
disease risk

Spain No Reduce fat intake Mediterranean diet plus increased 
extra-virgin olive oil intake or mixed 
nuts intake

4·8

PREMIER, 200649 810 Prehypertension USA Yes DASH (<25% fat; reduced calorie) 30% fat (reduced calorie) 1·5

Shah et al, 199650 122 Obese women USA Yes 20 g fat/day 30% fat (reduced calorie) 1

SMART Study, 200951 200 Overweight/obese Germany Yes German Nutrition Society (30% fat; 
reduced calorie)

Low-carbohydrate (35% fat; reduced 
calorie)

1

Stern et al, 2004;52  
Samaha et al, 200353

132 Morbidly obese USA Yes NHLBI (30% fat; reduced calorie) Low-carbohydrate 1

Swinburn et al, 200154 176 Glucose intolerance New Zealand No Reduce fat Usual diet 5

Tapsell et al, 200455 63 Type 2 diabetes Australia No 27% fat 37% fat 1

Tehran Lipid and Glucose Study, 
200756

100 Overweight or obese Iran Yes 20% fat (reduced calorie) 30% fat (reduced calorie) 1·2

Turner-McGrievy et al, 200757 64 Overweight or obese 
postmenopausal women

USA Yes Vegan (10% fat) National Cholesterol Education 
Program (<30% fat)

2

Viegener et al, 199058 85 Overweight or obese 
women

USA Yes 15–25% fat (reduced calorie) 30% fat (reduced calorie) 1

Women’s Health Initiative Dietary 
Modification Trial, 20066

48 835 Postmenopausal women USA Maintain 20% fat Usual diet 7·5

Women’s Health Trial Vanguard 
Study, 199059

303 Women with high breast 
cancer risk

USA No 20% fat Usual diet 2

Women’s Healthy Eating and 
Living (WHEL), 200760

3088 Women with previous 
breast cancer

USA No 15–20% fat USDA guidelines (<30% fat) 7·3

Women’s Intervention Nutrition 
Study (WINS), 200661

2437 Women with breast cancer USA No 15% fat General counselling on nutritional 
adequacy

5

Women’s Intervention Nutrition 
Study (WINS) Feasibility, 199362

290 Women with 
postmenopausal breast 
cancer

USA No 20% fat General counselling on nutritional 
adequacy

1·5

Wood et al, 199163 294 Overweight or obese USA Yes National Cholesterol Education 
Program (<30% fat; reduced calorie)

Usual diet 1

LEARN=lifestyle, exercise, attitudes, relationships, and nutrition. DASH=Dietary Approaches to Stop Hypertension. NHLBI= National Heart, Lung, and Blood Institute. USDA= US Department of Agriculture.

Table 1: Randomised controlled trials of low-fat versus other dietary interventions of at least 1 year duration in adults included in the meta-analysis
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Weight of study (%)Weight loss goal WMD (95% CI), kg

Low-fat vs low-carbohydrate intervention 
Dansinger et al28

Foster et al36

Keogh et al59

Guldbrand et al37

Davis et al5

Elhayany et al33

Ebbeling et al32

Lim et al44

Iqbal et al39

McAuley et al45

SMART Study51

Brinkworth/Tay et al24,25

DIRECT31

Foster et al35

Stern/Samaha et al52,53

A to Z15

Bazzano et al18

Harvey–Berino38

Pooled WMD (heterogeneity I²=10·4%, p=0·33)

Low-fat vs other higher-fat intervention 
Turner–McGrievy et al57

Lapointe et al43

Shah et al50

Barnard et al17

A to Z15

PREMIER49

POUNDS LOST (high protein)3

Klemsdal et al41

CALERIE26

Dansinger et al28

Viegener et al58

Brehm et al22

POUNDS LOST3

Esposito et al34

DIRECT31

Lim et al44

Tehran Lipid and Glucose Study56

McAuley et al45

McManus et al4

Pooled WMD (heterogeneity I²=82·0%, p<0·0001)

Low-fat vs usual diet
Bertz et al (no exercise)19

NEW Study (exercise)7

Wood et al (men)63

NEW Study (no exercise)7 
Wood 1991 (women)63 
Bertz et al (exercise)19

Lim et al44

Kristal et al42

Pooled WMD (heterogeneity I²=67·5%, p=0·003)

All weight loss studies: pooled WMD
(heterogeneity I²=84·3%, p<0·0001)

 
 2·26
 2·38
 1·49
 2·34
 2·53
 1·71
 2·20
 2·33
 2·27
 0·85
 2·71
 1·60
 2·74
 2·08
 2·17
 2·55
 2·52
 1·55
 

 2·36
 2·52
 1·96
 2·40
 2·56
 2·82
 2·79
 2·69
 2·30
 2·17
 1·92
 2·57
 2·77
 2·77
 2·77
 2·16
 2·92
 0·73
 1·91
 

 1·50
 2·11
 2·34
 1·92
 2·34
 1·64
 2·26
 2·41

 
 –1·20
 –1·03
 –0·90
 –0·63
 0·00
 0·30
 0·76
 0·80
 1·30
 1·40
 1·50
 1·50
 1·80
 1·89
 2·00
 2·10
 3·50
 4·00

 1·15 

–2·30
 –1·90
 –1·41
 –1·40
 –1·00
 –0·50
 –0·32
 –0·30
 –0·22
 –0·10
 –0·02
 0·20
 0·26
 0·60
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Figure 2: Random effects 
pooled WMD for low-fat vs 

comparator dietary 
interventions from trials 

with a weight loss goal 
WMD=DerSimonian and Laird 

random effects weighted 
mean difference, in kg.
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weight maintenance trials. Analysis suggested that, for 
similar intervention intensity, weight loss was greater 
with higher-fat interventions than with low-fat 
interventions, although this difference did not reach 
statistical significance. Stratifying by caloric restriction 
showed no significant difference in weight loss between 
low-fat and higher-fat dietary weight loss interventions 

when interventions were concordant for caloric 
restriction. Calorie-restricted low-fat diets, however, fared 
significantly worse compared with non-calorie restricted 
higher-fat interventions. Results were similar for weight 
loss trials in participants with or without a chronic disease 
at baseline (table 2). When groups differed by more than 
5% calories from fat at follow-up, higher-fat weight loss 

Figure 3: Random effects pooled WMD for low-fat vs comparator dietary interventions from trials with no weight loss goal
WMD=DerSimonian and Laird random effects weighted mean difference, in kg.

Figure 4: Random effects pooled WMD for low-fat vs comparator dietary interventions from trials with a weight maintenance goal
WMD=DerSimonian and Laird random effects weighted mean difference, in kg.

Weight of study (%)No weight loss goal WMD (95% CI), kg

Low-fat vs other higher-fat intervention
Dietary Alternatives Study (combined hyperlipidaemic)30 
Pilkington et al47

Dietary Alternatives Study (hypercholesterolaemic)30 
PREDIMED (no metabolic syndrome)8

WHEL60

Tapsell et al55

PREDIMED (metabolic syndrome)8

Pooled WMD (heterogeneity I²=38·5%, p=0·14)

Low-fat vs usual diet 
DEER (men, exercise)29

DEER (women, no exercise)29 
DEER (men, no exercise)29

WINS: feasibility62

WINS61

DEER (women, exercise)29

Breast Cancer Prevention Program21

Women's Health Trial Vanguard Study59

Polyp Prevention Trial48

BRIDGES23

Swinburn et al54

Pooled WMD (heterogeneity I²=70·4%, p<0·0001)

All non-weight loss studies: pooled WMD
heterogeneity I²=85·1%, p<0·0001)

2·86
2·64
2·24
7·91
6·31
5·83
7·69

6·31
6·10
6·75
5·49
5·70
6·59
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5·93
5·64
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 0·40
 0·43
 0·60
 
 0·26
 

–3·60
 –3·50
 –3·30
 –3·26
 –2·70
 –2·70
 –1·91
 –1·83
 –1·10
 –0·40
 –0·20

 –2·22
 
–1·54

 
(–10·04 to 0·04)
( –8·06 to –0·14)
 (–4·46 to 4·46)
 (–0·08 to 0·88)
 (–1·08 to 1·88)
 (–1·30 to 2·16)
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 (–5·09 to –1·91)
( –4·55 to –2·05)
 (–5·17 to –1·35)
 (–4·50 to –0·90)
 (–4·04 to –1·37)
 (–6·50 to 2·68)
 (–2·97 to –0·69)
 (–1·60 to –0·61)
 (–2·08 to 1·28)
 (–2·03 to 1·63)

 (–3·00 to –1·45)

 (–2·32 to –0·76)

–15 –10 –5 0

WMD in bodyweight at follow-up (kg)
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5 10 15

–15 –10 –5 0
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5 10 15

Low-fat vs other higher-fat intervention
Canadian Diet and Breast Cancer Prevention Study27

Boyd et al20

Nutrition and Breast Health Study46

Pooled WMD (heterogeneity I²=0·0%, p=0·81)

Low-fat vs usual diet
Women's Health Initiative6

Anderson 199216

Nutrition and Breast Health Study46

All weight maintenance studies: WMD (heterogeneity I²=0·0%, p=0·94)

All weight maintenance studies: pooled WMD
(heterogeneity I²=0·0%, p=0·98) 

 2·05
  0·75

     0·06

 
94·08

 3·00
 0·06

–1·00
 –1·00
 1·42

–0·95

 –0·70
 –0·62
 0·45

 –0·70

 –0·70
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( –3·05 to 1·05)
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( –2·00 to 0·10)
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 (–1·64 to 0·04)
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interventions led to significantly greater weight loss than 
low-fat interventions. Similarly, weight loss trials with at 
least a 0·06 mmol/L greater change in triglycerides for 
low-fat versus higher-fat interventions led to significantly 
greater weight loss for the higher-fat intervention groups.

In a sensitivity analysis excluding the Women’s Health 
Initiative trial6 (94·08% of weight) from weight 

maintenance trials, the findings were not affected (n=5; 
WMD –0·77 kg [95% CI –1·50 to –0·04], p=0·039; 
I²=0·0%, pheterogeneity=0·95). Results were similar when 
restricted to studies with intention-to-treat analyses and 
when excluding smaller trials of fewer than 
100 participants, although few non-weight loss or weight 
maintenance trials remained eligible according to these 

Comparisons*, n WMD (95% CI), kg p value I² (pheterogeneity value)

Interventions with weight loss goal

Similar intervention intensity 33 0·62 (–0·08 to 1·32) 0·084 71·6% (p<0·0001)

Comparator diet

Low carbohydrate 18 1·15 (0·52 to 1·79) <0·0001 10·4% (p=0·33)

Other higher-fat intervention 19 0·36 (–0·66 to 1·37) 0·49 82·0% (p<0·0001)

Usual diet 0 NA NA NA

Caloric restriction

Both interventions 18 0·74 (–0·19 to 1·68) 0·12 78·4% (p<0·0001)

Neither intervention 8 0·33 (–1·18 to 1·83) 0·67 65·1% (p=0·005)

Low-fat diet only 6 1·49 (0·53 to 2·45) 0·002 7·7% (p=0·37)

Comparator diet only 5 –0·62 (–1·95 to 0·72) 0·37 15·5% (p=0·32)

Chronic disease population 

No 25 0·77 (–0·15 to 1·69) 0·10 76·1% (p<0·0001)

Yes 8 0·37 (–0·33 to 1·07) 0·30 10·3% (p=0·35)

Difference in fat intake at follow-up (% calories)

<5% difference in fat intake 8 0·14 (–0·80 to 1·09) 0·77 30·1% (p=0·19)

≥5% difference in fat intake 18 1·04 (0·06 to 2·03) 0·038 77·7% (p<0·0001)

Difference in triglycerides at follow-up (mmol/L change)

<0·06 mmol/L change difference 8 –0·21 (–0·86 to 0·43) 0·52 0·0% (p=0·92)

≥0·06 mmol/L greater change in low-fat group 17 1·38 (0·50 to 2·25) 0·002 62·3% (p<0·0001)

Interventions with no weight loss goal

Similar intervention intensity 4 –1·71 (–4·52 to 1·10) 0·23 59·3% (p=0·061)

Comparator diet

Low carbohydrate 0 NA NA NA

Other higher fat intervention 4 –1·71 (–4·52 to 1·10) 0·23 59·3% (p=0·061)

Usual diet 0 NA NA

Caloric restriction

Both interventions 0 NA NA

Neither intervention 2 –1·47 (–5·85 to 2·91) 0·51 76·3% (p=0·04)

Low-fat diet only 0 NA NA

Comparator diet only 0 NA NA

Chronic disease population

No 0 NA NA

Yes 4 –1·71 (–4·52 to 1·10) 0·23 59·3% (p=0·061)

Difference in fat intake at follow-up (% calories)

<5% difference in fat intake 1 NA NA NA

≥5% difference in fat intake 2 –2·18 (–6·19 to 1·83) 0·29 45·0% (p=0·18)

Difference in triglycerides at follow-up (mmol/L change)

<0·06 mmol/L change difference 1 NA NA NA

≥0·06 mmol/L greater change in low-fat group 1 NA NA NA

Negative values favour the low-fat dietary intervention; positive values favour the comparator dietary intervention. WMD=DerSimonian and Laird random effects weighted 
mean difference, in kg. NA=not applicable. *The number of comparisons might exceed the number of total trials because some trials contributed more than one comparison 
of unique intervention groups (eg, estimates for men and women separately).

Table 2: Random effects pooled WMD for low-fat versus comparator dietary interventions from 35 weight loss trials and 13 trials without a weight loss 
goal with ≥1 year of follow-up, stratified by trial characteristics
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criteria (appendix pp 2–3). The fixed effect meta-analysis, 
which gives less weight to smaller trials with greater 
variance, estimated a 0·44 kg (95% CI 0·12–0·77) greater 
weight loss for the comparator versus low-fat inter-
ventions among the weight loss trials. Fixed effect 
analyses stratified by comparator group also suggested 
that participants achieved greater weight loss with other 
higher-fat interventions than with low-fat interventions 
in trials with and without a weight loss goal, which 
showed no difference in the random effects analysis 
(appendix pp 4–5).

Results from the Cochrane risk of bias assessment tool 
were variable and assessment was limited for many 
studies by a lack of reporting (appendix pp 6–7). 
Incomplete outcome data was a high potential source of 
bias for 39 trials because of drop-out and loss-to-follow-
up rates exceeding 5%. Differential intervention intensity 
was deemed a source of bias for 20 trials. Both the Begg’s 
and Egger’s tests for small-study effects did not suggest 
publication bias (p=0·83 and p=0·85, respectively). 
Visual inspection of the funnel plot showed a roughly 
symmetrical distribution of the inverse variances, which 
is consistent with these findings (appendix p 8).

Discussion
Results from this comprehensive meta-analysis of RCTs 
with at least 1 year of follow-up suggest that low-fat 
dietary interventions do not lead to greater weight loss 
than do low-carbohydrate and other higher-fat dietary 
interventions of a similar intensity, irrespective of the 
weight loss intention of the trial. In fact, in the setting of 
weight loss trials, higher-fat, low-carbohydrate dietary 
inter ventions led to a slight but significant, greater long-
term weight loss than did low-fat interventions. Other 
higher-fat dietary interventions led to similar weight loss 
as the low-fat groups, irrespective of whether the trial 
had a weight loss goal or not. Low-fat interventions were 
favoured only in comparison with interventions of lesser 
intensity, particularly those in which controls were only 
asked to maintain their usual diet. Furthermore, trials 
achieving greater differences in dietary fat intake and 
serum triglyceride concentrations resulted in greater 
weight loss in participants on the higher-fat interventions 
than in those on the low-fat diet. Although these 
measures of dietary fat intake are not perfect, in view of 
the potential for measurement error in self-reported 
diets and confounding by weight loss for triglycerides as 
a marker of fat intake, results were consistent between 
these two methods.

This systematic literature review and meta-analysis 
highlights several important points. First, of the 
53 eligible RCTs, 19 included participants on higher-fat 
comparator groups who maintained their usual intake, 
whereas the low-fat groups underwent interventions 
with more frequent or more intense interaction with 
research staff. Such comparisons do not provide evidence 
to support the effect of the low-fat diets themselves, since 

the effect of lowering total fat intake cannot be 
distinguished from the other components of the 
intervention. Stratification by this type of comparator 
group (figure 2) shows that a reduction in fat intake was 
not an independent contributor to weight loss. Second, 
despite concerted efforts among motivated clinical trial 
participants and staff, the average weight loss in all 
groups after a median 1 year of follow-up was just 2·7 kg, 
and 3·8 kg when calculated from only trials in which the 
intention was weight loss.

Our findings contrast with the findings of a previous 
systematic review and meta-analysis by Hooper and 
colleagues,1 which concluded that reduction in total fat 
intake leads to clinically meaningful weight loss, 
reporting 1·57 kg (95% CI 1·16–1·97) greater weight 
loss for low-fat versus other diet interventions. The 
main differences between their study selection criteria 
and ours were their inclusion of trials with less than 
1 year of follow-up and their deliberate exclusion of 
trials with any weight loss intention. Trials of short 
duration (eg, 6 months) are unlikely to show effects that 
are representative of long-term effects of diet on weight. 
Additionally, assessment of low-fat diets for weight loss 
exclusively among trials without a weight loss goal 
excluded a substantial proportion of the available 
scientific literature, giving a pooled estimate that was 
over-weighted by trials comparing low-fat diets with 
usual diet, as well as trials in populations at high risk 
for specific non-bodyweight-related endpoints of 
interest (eg, cholesterol lowering, breast cancer 
prevention). In our meta-analysis of trials without a 
weight loss goal and at least 1 year duration, we noted 
that after removing comparisons between low-fat and 
usual diets, low-fat interventions did not lead to more 
weight loss than higher-fat interventions (n=7; WMD 
0·26 kg [95% CI –0·39 to 0·91]). In fact, of the 33 trials 
included in Hooper and colleagues’ overall analysis, 
only eight comparisons were done between trials giving 
similar attention to the low-fat and comparator 
treatment groups, and only one of these lasted at least 
1 year. Furthermore, only three were among healthy 
participants. Therefore, generalisability of their 
findings to overall populations intending to lose weight 
is highly questionable, and their estimated effects of 
reducing fat intake are likely to be seriously confounded 
by differences in comparator group intensity, which 
was shown to be a major source of heterogeneity in our 
analysis.

Johnston and colleagues2 did a network meta-analysis 
of trials comparing named popular diet programmes. 
Pooling both direct comparisons (ie, head-to-head 
comparison of two interventions within one RCT) and 
indirect comparisons (ie, non-randomised comparisons 
of two intervention effects derived from separate trials) 
produced estimates similar to ours, suggesting signi-
ficant weight loss at 12 months for low-fat inter ventions 
compared with a usual diet, and no significant benefit 

See Online for appendix
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when compared with other dietary interventions of 
similar intensity. Limitations of indirect comparisons, 
however, include the inability to control for between-
study and between-participant differences that might 
confound the pooled estimates. Another meta-analysis 
by Bueno and colleagues64 assessed 13 trials of low-fat 
versus very low-carbohydrate diet interventions with at 
least 12 months of follow-up. Their pooled estimate 
indicated a 0·91 kg (95% CI 0·17–1·65) greater weight 
loss for very low-carbohydrate diets compared with low-
fat diet interventions, consistent with our pooled estimate 
of 1·15 kg greater weight loss for low-carbohydrate versus 
low-fat weight loss interventions.

A limitation of our meta-analysis is the substantial 
heterogeneity within several strata, suggesting in consistent 
effects across studies. Some degree of hetero geneity was 
expected in view of the various intervention designs, 
baseline characteristics of the participants, and comparator 
diets. Stratified analyses reduced hetero geneity in many 
cases. Additionally, our study did not have a prepublished 
protocol, and our search was limited to English language 
publications and did not include all potential databases or 
a search of grey literature, and so might have missed trials. 
Finally, most of the RCTs of at least 1 year duration were 
not feeding trials, since large-scale long-term trials of this 
nature can be costly; therefore, our analysis addresses the 
effectiveness of dietary interventions, and not necessarily 
the diets themselves.

The strength of evidence of the scientific literature 
included in this systematic review is variable with a high 
concern for attrition bias from significant drop-out and 
loss to follow-up in most of the trials. Retaining participants 
for long-term lifestyle inter ventions can be difficult and 
bias is a concern when attrition is related to intervention 
assignment. Other bias measures were difficult to assess 
as a whole, without details of methods for randomisation 
and allocation concealment, and whether staff members 
measuring outcomes were masked.

Findings from our systematic literature review and 
meta-analysis of RCTs do not support the efficacy of 
low-fat diet interventions over higher-fat diet 
interventions of similar intensity for significant, long-
term, clinically meaningful weight control. Previous 
trials comparing low-fat diet interventions with 
participants’ usual diets or minimal intensity control 
groups have misled perceptions of the efficacy of 
reductions in fat intake as a strategy for long-term 
weight loss. In fact, comparisons of similar intervention 
intensity conclude that dietary interventions that aim to 
reduce total fat intake lead to significantly less weight 
loss compared with higher-fat, low-carbohydrate diets. 
Health and nutrition guidelines should cease 
recommending low-fat diets for weight loss in view of 
the clear absence of long-term efficacy when compared 
with other similar intensity dietary inter ventions. 
Additional research is needed to identify optimum 
intervention strategies for long-term weight loss and 

weight maintenance, including the need to look beyond 
variations in macronutrient composition.
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Prescribing low-fat diets: useless for long-term weight loss?
What diet is best for weight loss? This question has 
been hotly debated for decades, and answering it 
correctly is becoming increasingly important in view of 
the rising prevalence of obesity worldwide.1 Previous 
recommendations to consume low-fat diets might 
have been ill advised, especially if dietary fat is replaced 
by refined carbohydrates. In The Lancet Diabetes & 
Endocrinology, Deirdre Tobias and colleagues2 add to 
this message by presenting results of a systematic 
review and meta-analysis of randomised controlled 
trials comparing low-fat diets to other diets in their 
ability to generate long-term (ie, ≥1 year) weight loss. 
Their main conclusion is that there is no good evidence 
for recommending low-fat diets: when low-fat weight 
loss interventions were compared with various other 
higher-fat weight loss interventions, the weighted 
mean difference (WMD) in weight loss was just 
0·36 kg (95% CI –0·66 to 1·37), and was not statistically 
significant. In fact, low-carbohydrate, higher-fat weight 
loss diets led to significantly greater weight loss than did 
low-fat interventions (WMD 1·15 kg [0·52 to 1·79]).

However, before proclaiming the superiority of 
low-carbohydrate diets for the treatment of obesity, 
consider the magnitude of the benefit: participants 
prescribed low-carbohydrate diets lost only about 1 kg 
of additional weight after 1 year compared with those 
advised to consume low-fat diets. Although statistically 
significant, such a miniscule difference in weight loss is 
clinically meaningless. Furthermore, irrespective of the 
diet prescription, the overall average weight loss in trials 
testing interventions designed to reduce bodyweight 
was unimpressive (3·75 kg [SD 2·7]).

Why was long-term weight loss so poor, regardless 
of the type of diet prescribed? One key reason is that 
adherence to the diets probably lapsed long before 
the 1 year mark. Outpatient weight-loss studies 
ubiquitously achieve a maximum weight loss after 
about 6–8 months, followed by weight regain.3 
Energy balance calculations suggest that at the point 
of maximum weight loss, diet adherence has already 
substantially waned.4–6 Confirming these calculations, 
one diet study7 used expensive biomarker methods to 
measure energy intake and reported that adherence was 
poor even when participants were provided with all their 
food for the first 6 months, and adherence fell further 

after food provision was stopped. Tobias and colleagues 
only included diet studies lasting at least 1 year, so any 
reported differences in weight loss were probably due to 
diet differences that had long since dissipated.

Investment in outpatient randomised controlled 
weight-loss trials comparing diet advice has been 
enormous, but very little evidence has been amassed 
about the effects of actually eating the prescribed diets 
over the long term. A major problem is that accurate 
assessment of diet adherence in outpatient studies is 
severely limited,8,9 although promising new methods 
are being developed.6 Much more research is needed 
to determine the factors that affect diet adherence and 
thereby help maintain weight loss over the long term.10 
What seems to be clear is that long-term diet adherence 
is abysmal, irrespective of whether low-fat or other 
diets, such as low-carbohydrate diets, are prescribed.
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