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Is a protein calorie better for weight control?1,2
Arne Astrup and Sue D Pedersen
have a marked influence. Second, it is impossible to achieve
100% adherence to diet composition over 6–12 mo. Even the supermarket methodology that provides the subjects all foods free
of charge for several months does not guarantee strict adherence
(2). We would not personally like to be enrolled in a randomized
controlled trial with the prospect of eating the same extreme diet
every day for 12 mo without any deviation. Most people probably feel the same way, unless the diet is palatable and allows
variation in foods and meals.
We believe that the scientific community has too readily ignored this caveat. It is the rule rather than the exception that dietary compliance is monitored by dietary records made by the
experimental subjects. Such records can be prone to severe misreporting in that subjects report what they think the scientist
would like to see. There is an obvious need for objective markers
of intake of nutrients and specific foods, and fortunately rapid
progress is being made in this area.
In this issue of the Journal, de Souza et al (3) report secondary
analyses of the POUNDS LOST trial. The primary endpoints on
weight loss were reported in the New England Journal of Medicine (4). The trial essentially tested whether differences in the
macronutrient composition of a hypocaloric weight-loss diet had
any influence on the amount of weight and fat lost over 2 y. The
key result was that diets with different macronutrient compositions did not produce any difference in loss of weight, body fat,
abdominal fat, or hepatic fat content. An important conclusion,
which received worldwide media attention, was that it does not
matter for weight loss which macronutrients a diet is composed
of—it is all about reducing calorie intake.
However, a critical view of their results qualifies this conclusion. Urinary nitrogen excretion is a particularly reliable marker
of protein intake, and it is apparent that urinary nitrogen excretion
decreased in the high-protein groups from baseline to 2 y, and
stayed numerically lower in the high-protein group than in the
lower-protein group [de Souza et al’s (3) Table 2: 11.4 g in
the high-protein group; 12.5 g in the average-protein group].
So, in reality, the low- and high-protein groups consumed diets
with the same protein content, and therefore the results do not
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Evidence from observational studies shows that some dietary
factors, such as sugar-rich soft drinks, refined high–glycemic index carbohydrates, and energy-dense, fat-rich fast foods, are associated with increased risk of weight gain and the development
of overweight and obesity, whereas diet sodas, whole-grain and
low–glycemic index carbohydrates, and protein-rich foods may
decrease the risk. There are various ways in which foods can increase caloric intake, including by large portion sizes or by hedonic qualities such as palatability, but their effects on hunger and
satiety are very strong determinants, and these may be important
targets for weight management. We believe that sugar-rich beverages, high–glycemic index foods, and fatty energy-dense foods
increase energy intake through their low effect on satiety for the
given caloric content. The question is, to what extent do similar
factors protect against overeating and weight gain in individuals
who consume an optimal diet? Many scientists believe that diet
composition is an ineffective tool, that we simply need to exert
willpower to prevent overeating, and that we should find alternative mechanisms to explain the obesity epidemic (eg, sedentary
lifestyle, stress, shortened sleep, undesirable gut microbiota) (1).
Have we been sufficiently evidence-based in our analyses of
dietary factors as a cause of the excessive energy intake required
for weight gain? All types of studies in the evidence-based hierarchy have limitations. It is difficult to get a true picture of dietary
intakes that are representative of a diet that varies over 10–15 y
from the longitudinal, observational studies linking dietary factors to subsequent weight gain, and most studies are not designed
to address this because no measurements of body fat and lean
body mass are made. This is particularly important given the
marked age-related decline in lean body tissue and the parallel
increase in body fat that is not shown by measurement of body
weight alone. A study that reports a positive association between
dietary protein intake and weight gain does not provide evidence
of a fattening effect of protein. The effect might just as well be
due to an increase in or preservation of lean body mass.
The best evidence is thought to be gained from randomized,
double-blind, placebo-controlled studies, but these cannot be
fully implemented in dietary studies for several reasons. First,
dietary manipulations of macronutrient composition and glycemic index cannot be made in any blinded design if real foods
are used in a realistic setting over months to years. Both the investigator and the experimental subject will know which diet has
been allocated. Thus, the investigator’s preferences and beliefs
may potentially influence the participant. Even if the investigator
is open and unbiased, commonly held public preconceptions may
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support conclusions about the impact of protein on body fat loss.
Even if a difference in dietary protein of 1–2% was achieved, the
study would not have the statistical power to detect a clinically
relevant weight loss difference, and the reported P value of 0.10
for the protein effect on weight loss (4) should be viewed in that
context.
In conclusion, if the aim is to examine whether calories from
different macronutrients exert different effects on energy balance,
then the study design must allow for the influence of effects of
appetite sensations on caloric intake. Allowances for changes in
energy intake due to differences in effects on hunger, satiety,
and fullness must be made by using the ad libitum design (5),
which also provides a much more pragmatic approach toward
weight-loss interventions. This is a priori excluded if a hypocaloric
intake is prescribed. Moreover, no conclusions about any macronutrient specific effects can be drawn if the biological marker of
intake shows no meaningful difference between groups at the end
of the intervention. The POUNDS LOST trial does not allow us to
draw conclusions about the efficacy of protein in inducing satiety
and inhibiting caloric intake, but it does emphasize the difficulty
in achieving adherence to diets when running long-term intervention studies.

See corresponding editorial on page 535.

Effects of 4 weight-loss diets differing in fat, protein, and carbohydrate
on fat mass, lean mass, visceral adipose tissue, and hepatic fat: results
from the POUNDS LOST trial1–3

ABSTRACT
Background: Weight loss reduces body fat and lean mass, but
whether these changes are influenced by macronutrient composition
of the diet is unclear.
Objective: We determined whether energy-reduced diets that emphasize fat, protein, or carbohydrate differentially reduce total, visceral, or hepatic fat or preserve lean mass.
Design: In a subset of participants in a randomized trial of 4 weightloss diets, body fat and lean mass (n = 424; by using dual-energy
X-ray absorptiometry) and abdominal and hepatic fat (n = 165; by
using computed tomography) were measured after 6 mo and 2 y.
Changes from baseline were compared between assigned amounts
of protein (25% compared with 15%) and fat (40% compared with
20%) and across 4 carbohydrate amounts (35% through 65%).
Results: At 6 mo, participants lost a mean (6SEM) of 4.2 6 0.3 kg
(12.4%) fat and 2.1 6 0.3 kg (3.5%) lean mass (both P , 0.0001
compared with baseline values), with no differences between 25%
and 15% protein (P  0.10), 40% and 20% fat (P  0.34), or 65%
and 35% carbohydrate (P  0.27). Participants lost 2.3 6 0.2 kg
(13.8%) abdominal fat: 1.5 6 0.2 kg (13.6%) subcutaneous fat and
0.9 6 0.1 kg (16.1%) visceral fat (all P , 0.0001 compared with
baseline values), with no differences between the diets (P  0.29).
Women lost more visceral fat than did men relative to total-body fat
loss. Participants regained ;40% of these losses by 2 y, with no
differences between diets (P  0.23). Weight loss reduced hepatic
fat, but there were no differences between groups (P  0.28). Dietary goals were not fully met; self-reported contrasts were closer to
2% protein, 8% fat, and 14% carbohydrate at 6 mo and 1%, 7%, and
10%, respectively, at 2 y.
Conclusion: Participants lost more fat than lean mass after
consumption of all diets, with no differences in changes in body
composition, abdominal fat, or hepatic fat between assigned macronutrient amounts. This trial was registered at clinicaltrials.gov as
NCT00072995.
Am J Clin Nutr 2012;95:614–25.
INTRODUCTION

Many trials of dietary approaches to weight loss report primarily changes in total body weight and waist circumference
because these are easily obtained proxy measures of total fat mass
and abdominal fat. However the primary aim of any weight loss
regimen is the reduction of fat mass rather than lean mass, and the
measurement of total body weight change does not provide
detailed information about relative changes in fat and lean mass.
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Although studies have examined body-composition changes in
response to energy-reduced diets (1), exercise (2), or both (3, 4),
only a few studies have directly compared changes in fat mass
and lean mass in 2 calorie-reduced diets that varied in macronutrient composition (5–8). In some studies (9–13), but not in
others (14, 15), low-carbohydrate, high-protein diets resulted in
preferential loss of fat and preservation of lean mass.
Visceral fat mass is closely related to the metabolic consequences of obesity (16–20), and excess visceral fat is commonly thought to release fatty acids into the portal vein, which
leads to an accumulation of fat in the liver (hepatic fat). Few trials
have directly measured changes in visceral or hepatic fat in
response to weight-reducing diets (3, 21–24), and there remains
debate about which, if any, diet or diets are most effective for
visceral fat loss, with very sparse data on dietary treatments to
reduce hepatic fat accumulation (23–25). Some studies have
shown higher-protein, low-carbohydrate diets (11, 21, 26) or
pharmacologic weight-loss approaches (27) to result in greater
visceral fat loss than have conventional energy-restricted diets.
Smith and Zachweija (28) reviewed 23 studies that involved 599
participants and showed that several approaches to weight loss
(eg, caloric restriction, pharmaceutical agents, bariatric surgery,
or exercise) preferentially reduced visceral fat, and individuals
lost more visceral fat if they carried higher amounts of total body
fat at baseline. Hallgreen and Hall (29) used an allometric
equation, which has traditionally been used to describe the
growth of a body part as a function of total body size, to quantify
the relation between changes in visceral fat and total fat during
1
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MACRONUTRIENTS AND BODY-COMPOSITION CHANGES

drate, 2) a low-fat, high-protein diet (20% fat, 25% protein, and
55% carbohydrate), 3) a high-fat, average-protein diet (40% fat,
15% protein, and 45% carbohydrate), and 4) a high-fat, highprotein diet (40% fat, 25% protein, and 35% carbohydrate).
Other goals for all diets were saturated fat 8%, dietary fiber
20 g/d, and cholesterol 150 mg/1000 kcal. Low–glycemic
index foods were used in all diets. Each participant’s caloric
target represented a 750-kcal/d deficit from estimated energy
requirements, which were estimated from a resting metabolic
rate at baseline as determined by indirect calorimetry with the
Deltatrac II metabolic cart (Datex-Engstrom Corp).
Measurements
Dietary intake and adherence

SUBJECTS AND METHODS

The POUNDS LOST trial was a randomized clinical trial that
compared the effects on body weight and composition of energyreduced diets that were low (20% of energy) or high (40% of
energy) in fat, were average (15%) or high (25%) in protein, and
provided carbohydrate intakes of 35%, 45%, 55%, or 65% of
energy, which were targets that are generally consistent with
national guidelines to reduce chronic disease risk. The trial was
conducted at the following 2 sites: the Harvard School of Public
Health and BWH (Boston, MA) and the PBRC, Louisiana State
University (Baton Rouge, LA). The National Heart, Lung, and
Blood Institute project staff also participated. The methods of
recruiting, major inclusion and exclusion criteria, and protocols
of diet and exercise instruction have been described in detail
previously (30). The study was approved by the human subjects
committee at both institutions and by a data safety monitoring
board appointed by the National Heart, Lung, and Blood Institute.
All participants gave written informed consent to participate in
the study.
Participants
To be eligible for the POUNDS LOST trial, participants had to
be 30–70 y of age and have a BMI (in kg/m2) between 25 and 40.
Major criteria for exclusion were the presence of diabetes or
unstable cardiovascular disease, the use of medications that affect body weight, and insufficient motivation as assessed by
interview and questionnaire. A random sample of ;50% of the
811 enrolled participants in the POUNDS LOST trial were selected to undergo DXA scans for fat mass and lean mass at
baseline and after 6 mo and 2 y of follow-up. Of these individuals, ;50% were randomly assigned to receive CT scans
for total abdominal fat, subcutaneous abdominal fat, and visceral
fat at the same time points.
Diet intervention
The following 4 diets were tested in this study: 1) a low-fat,
average-protein diet (20% fat, 15% protein, and 65% carbohy4

Abbreviations used: BWH, Brigham and Women’s Hospital; CT, computed tomography; DXA, dual-energy X-ray absorptiometry; HU, Hounsfield units; PBRC, Pennington Biomedical Research Center; POUNDS
LOST, Preventing Overweight Using Novel Dietary Strategies; RQ, respiratory quotient.

Dietary intake was assessed in a random sample of 50% of
participants by using a review of the 5-d diet record at baseline
and a 24-h recall during a telephone interview on 3 nonconsecutive days at 6 mo and at 2 y (31). Biomarkers of nutrient
intake were used to validate self-reported adherence to macronutrient targets as follows: HDL cholesterol for carbohydrate
(32), urinary nitrogen excretion for protein (33), and RQ for fat
(34).
Body weight and composition
Body weight was measured with calibrated hospital scales in
the morning before breakfast and after urination with participants
clothed in a hospital gown on 2 nonconsecutive days at baseline
and at 6 mo and 2 y. The mean number of days between
measurements was 5 d for baseline, 10 d for 6 mo, and 9 d for 2 y.
After an overnight fast, body composition was measured by DXA
on a Hologic QDR 4500A bone densitometer (Hologic Inc) at
both PBRC and BWH with the participant in the supine position
and while wearing a hospital gown. Digital files from BWH were
transferred to PBRC, reanalyzed by a single reader, and digitally
transferred to the PBRC clinical database. Daily phantoms were
used to ensure instrument stability over time. A 3-point body fat
phantom was used to verify the accuracy of the 2 instruments
across study sites; no correction was applied because the 2
instruments were well matched and stable over time. Fat mass and
lean mass were calculated from percentage of body fat and body
weight.
Total, visceral, and subcutaneous abdominal fat
Total, visceral, and subcutaneous abdominal fat volumes and
masses were measured by CT scanning with either a General
Electric High-Light computed tomographic scanner (General
Electric) at BWH or a GE LightSpeed volume computed tomographic scanner (General Electric) at PBRC. Eight images
were acquired every 10 cm across the abdomen with the L4–L5
vertebrae as the anatomic landmark 2 slices below and 5 slices
above the L4–L5 vertebral interspace (35, 36). Cross-sectional
areas of visceral and subcutaneous adipose tissue were measured
on these 8 scans (Analyze), and the total volume was calculated
from the sum of the individual slices as described by Kvist et al
(37, 38). Reader variability (CV) averages were 0.9%. A CT
phantom was used to verify the accuracy of the 2 instruments
across study sites; no correction was applied because the 2
instruments were well matched and stable over time. Digital files
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intentional weight loss. In their model, the change in visceral fat
relative to the change in total-body fat mass was expressed as
a function of the baseline ratio of visceral fat to fat mass. The
authors (29) reported that changes in visceral fat mass were
allometrically related to changes in fat mass during weight loss,
regardless of sex or the approach used for weight loss.
The POUNDS LOST4 trial (www.clinical trials.gov; NCT00072995)
was a 2-center study that examined changes in body composition over 2 y in a large group of men and women who ate 1 of 4
prescribed diets that differed in fat, protein, and carbohydrate.
This trial provided an opportunity to determine whether the
macronutrient composition of an energy-restricted diet affected
the reduction in total body fat, visceral abdominal fat, or hepatic
fat or the preservation of lean mass.
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visceral fat (kg)/fat mass (kg) ratio by means of no-intercept
regression.

Hepatic fat

Missing data

As a direct measure of hepatic fat, images from the 8-slice CT
scan were used to determine hepatic density (liver minus spleen
density) in HU. An increase in hepatic density was indicative of
a decrease in hepatic fat content. Previously, our group has
compared this method with hepatic quantitative proton magnetic
resonance spectroscopy on a 1.5-T magnetic resonance, and we
showed high concordance (r2 = 0.81; unpublished observations,
DE Larson-Myer, SR Smith, and BR Newcomer, 2009).

The primary analysis in this trial was an intention-to-treat
analysis. Long-term weight loss for individuals who dropped out
early (after 6 mo participation in the behavioral experiment)
was imputed by using a weight regain rate of 0.3 kg/mo after
dropout (39). Regain was extrapolated from the time of dropout
up to 6 mo or 2 y according to this rate, but regain was truncated
at no change from baseline whenever the extrapolation would
lead to a positive weight gain. When an individual’s weight at
dropout represented a gain in weight relative to weight at
baseline, no additional gain was imputed, but the unfavorable
gain was carried forward to 6 mo or 2 y as needed. Zero weight
change was assumed for participants who did not return after
enrollment (very early dropout; n = 21 in the study). We applied
the baseline body fat percentage to the imputed weight to estimate fat and lean mass at the missing time point. For individuals
who were missing complete CT data at 6 mo or 2 y, baseline
values replaced missing values of each abdominal fat compartment and hepatic density.

Statistical analysis
Analyses were performed with SAS software (version 9.2; SAS
Institute). The level of significance for all tests was set to P , 0.05.
Baseline data are reported as means 6 SD for continuous variables and as counts (percentage) for nominal variables. Changes
from baseline data are expressed as means 6 SEMs. Differences
between sexes and completers and noncompleters at baseline
were tested by using independent-samples t tests for continuous variables and chi-square or Fisher’s exact tests for nominal
variables. Pearson’s correlation coefficients were computed to
examine relationships between baseline measurements of body
composition and changes over time.
Models
Diet and sex effects. To determine whether changes over time
differed by sex or macronutrient amount, the generalized linear
model ANOVA was used with change scores (6-mo or 2-y value
minus the baseline value) as dependent variables. Main effects in
these models were protein amount (15% or 25%) and fat amount
(20% or 40%). We included baseline total mass as a covariate
in DXA models and baseline total abdominal tissue mass in
abdominal CT models. Baseline hepatic density was the covariate
in hepatic density models. Other covariates in all models were
site, age, and sex. Prespecified comparisons of interest (30) were
high-protein (25%) compared with average-protein (15%) diets,
high-fat (40%) compared with low-fat (20%) diets, and highcarbohydrate (65%) compared with low-carbohydrate (35%)
diets and between men and women. When the generalized linear
model ANOVA identified a between-groups difference, we determined which pairs of groups differed by using the TukeyKramer method. There were no significant interactions between
protein and fat amounts in any of these models, which justified
the analysis by factorial design.
Tests for trend across carbohydrate assignment and intake. We
tested for a trend across the carbohydrate amount assigned
(35–65%) by using multiple linear regression. In these models,
change score (6-mo or 2-y value) was the dependent variable,
carbohydrate amount was the main continuous predictor, and
baseline value, age, sex, and site were covariates.
Selectivity of visceral fat reduction. The relative change in
visceral fat to total body fat was examined by using the methods
proposed by Hallgreen and Hall (29). See “Supplemental data” in
the online issue for a detailed description of the methods.
Briefly, the outcome variable for this analysis was the allometric
constant k approximated by the regression coefficient of the
Dvisceral fat (kg)/Dfat mass (kg) ratio regressed on the baseline

Power
The study had 80% power to detect a 0.7-kg difference in totalbody fat loss and a 0.33-kg difference in visceral fat loss as an
effect of the amount of protein or fat in the diet over the 2-y
period, with assumption of a dropout rate of 40%.
RESULTS

Participants
At baseline, there were 424 DXA measurements (for 242
women and 182 men), complete abdominal fat CT data (total,
visceral, and subcutaneous abdominal fat) for 165 participants
(85%; 91 women and 74 men), and CT liver and spleen density in
194 participants (113 women and 81 men) (Table 1). The main
reasons that 29 individuals did not provided complete CT information at baseline were related to technical limitations of CT
for measuring a large abdominal volume. Both the DXA and CT
cohorts included proportionally more men than did the full
cohort of 811 participants (;45% compared with 35%,
respectively) but were distributed evenly across diet groups.
DXA and CT cohorts had similar sex distributions and body
weight and composition at baseline. The mean (6SD) age of all
participants was 52 6 9 y, with BMI of 33 6 4. The bodycomposition cohorts were of similar BMI as individuals who
were not selected but were between 2 and 4 y older.
See the supplemental figure under “Supplemental data” in the
online issue for the flow of participants through the study. The
cohorts that completed measurements at 6 mo, 2 y, or both had
similar sex distributions and body weight and composition at
baseline compared with those who did not complete the study.
The completer cohorts were older than those who provided
no body-composition data during follow-up and contained
proportionally more white and fewer black participants. A
higher proportion of participants completed the high-protein,
high-fat arm than did participants who completed the averageprotein, high-fat arm.
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from BWH were transferred to PBRC and analyzed by a single
reader and uploaded into the PBRC database.

19.1
8.1
11.0
0.24
3.02

4.2
1.8
3.1
0.05
11.77

18.2
7.5
10.8
0.22
1.07

3.4
2.0
2.4
0.05
11.75

6
6
6
6
6

(27)
(19)
(33)
(20)

6
6
6
6
6

21
15
26
16

(85)
(10)
(4)
(1)

30.9 6 4.1
33.0 6 7.0
72.9 6 7.8

(25)
(26)
(22)
(27)

26
27
23
28

66
8
3
1

0.06
13
3.3
9

31.1 6 4.4
32.4 6 7.4
70.9 6 7.4

(93)
(4)
(3)
(0)

97
4
3
0

1.77
106
33.9
114

0.33
0.44
0.70
0.16
0.46

0.77
0.62
0.08

(21)
(29)
(20)
(30)

14.6
3.7
10.8
0.12
9.20

6
6
6
6
6
3.3
1.4
2.4
0.03
13.92

41.8 6 4.2
35.6 6 8.2
48.8 6 5.9

26
35
24
37

0.294
—
—
—

0.06
13
4.2
11

(85)
(11)
(2)
(,1)

6
6
6
6

104
14
3
1

1.63
84
31.6
97

55 6 7

0.174
—
—
—

0.70
0.18
0.19
0.78

6
6
6
6

0.06
13
3.4
10

6
6
6
6

1.77
103
33.1
113

,0.005

49 6 9

53 6 92

Completers
(n = 122)

0.06
13
3.8
11

(28)
(26)
(28)
(18)

(71)
(26)
(3)
(0)

6
6
6
6

15.2
3.7
11.5
0.11
10.56

6
6
6
6
6

3.7
1.2
2.5
0.03
14.29

41.6 6 4.4
36.6 6 7.9
50.7 6 6.7

34
31
34
21

85
31
4
0

1.64
87
32.5
99

49 6 9

Noncompleters
(n = 120)

Women (n = 242)

0.66
0.32
0.07
0.99
,0.0024
—
—
—
0.024
—
—
—
0.29
0.18
0.69
0.81
0.30
0.49
0.19
0.90

,0.0001
,0.0001
,0.004
,0.0001
0.104
—
—
—
0.834
—
—
—
,0.0001
0.003
,0.0001
,0.0001
,0.0001
0.75
,0.0001
,0.02

0.45
0.08
0.11
0.30
,0.00014
—
—
—

0.37
0.80
0.18
0.27
0.61

0.77
0.33
,0.02

0.064
—
—
—

,0.0001

0.10

,0.0001

P

Completers (n = 226)
compared with
noncompleters (n = 198)

P values
Completers [men (n = 104)
compared with
women (n = 122)]
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1
P values are for 2-samples t test between groups unless otherwise noted. CT, computed tomography; DXA, dual-energy X-ray absorptiometry; SAT, subcutaneous fat mass; TAT, total abdominal fat mass;
VAT, visceral fat mass.
2
Mean 6 SD (all such values).
3
Correlation between scale weight and DXA mass = 0.99 (n = 424 pairs with both DXA mass and scale weight); DXA mass was 1.35 kg (95% CI: 1.27, 1.43 kg) higher than scale weight.
4
Fisher’s exact test of independence.
5
n = 165 for complete abdominal fat CT at baseline. Male completers and noncompleters: n = 37 in each group; female completers and noncompleters: n = 43 and 48, respectively. P values represent n = 37
and n = 43 male and female completers, respectively, and for n = 80 completers compared with n = 85 noncompleters.
6
n = 194 for hepatic density CT at baseline. Male completers and noncompleters: n = 43 and 38, respectively; female completers and noncompleters: n = 63 and 58, respectively. P values represent n = 43
and n = 63 male and female completers, respectively, and for n = 106 completers compared with n = 88 noncompleters.

Age (y)
Anthropometric measurements
Height (m)
Weight (kg)3
BMI (kg/m2)
Waist circumference (cm)
Race [n (%)]
White
Black
Hispanic
Other
Diet [n (%)]
Average protein, low fat
High protein, low fat
Average protein, high fat
High protein, high fat
DXA
Body fat (%)
Fat mass (kg)
Lean mass (kg)
CT5
TAT (kg)
VAT (kg)
SAT (kg)
VAT/fat mass (kg/kg)
Hepatic density (Hounsfield units)6

P

Noncompleters
(n = 78)

Men (n = 182)

Completers
(n = 104)

TABLE 1
Baseline characteristics of study participants1
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Total fat mass and lean mass
Effects of diet type on fat and lean mass

Sex differences in fat and lean mass changes
At baseline, men had lower percentage body fat and total-body
fat mass and greater lean mass than did women (Table 1). In

Abdominal fat
Effects of diet type on visceral, subcutaneous, and total
abdominal fat
Changes from baseline to 6 mo in total abdominal, visceral,
and subcutaneous abdominal fat by macronutrient amount are
shown in Figure 2. In total, 117 of 165 participants provided CT
data at 6 mo (29% imputed), and 89 participants provided CT
data at 2 y (46% imputed). Total abdominal fat loss from
baseline to 6 mo was 2.3 6 0.2 kg (213.8% change from
baseline), and most of this loss came from the subcutaneous
compartment (1.5 6 0.2 kg; 213.6%) rather than the visceral
compartment (0.9 6 0.1 kg; 216.1%) (all P , 0.0001 compared
with baseline values). By 2 y, participants had regained both
subcutaneous and visceral adipose mass (;40% of amount lost)
but maintained a net loss of 1.3 6 0.2 kg total abdominal fat
(27.8%) [0.5 6 0.1 kg (28.9%) subcutaneous; 0.7 6 0.2 kg
(26.3%) visceral] (all P  0.0002 compared with baseline

FIGURE 1. Mean (6SEM) changes from baseline to 6 mo in lean and fat mass (n = 424; intention-to-treat analysis) expressed by using generalized linear
model ANOVA models that included the main effect of diet with baseline, age, sex, and site as covariates. P values assessed the significance of the difference
between the change on the 2 assigned amounts of each macronutrient (high protein = 25%, average protein = 15%; high fat = 40%, low fat = 20%; and highest
carbohydrate = 65%, lowest carbohydrate = 35%), adjusted for multiple comparisons by using the Tukey-Kramer method.
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In total, 331 of 424 participants provided DXA measurements
at 6 mo (22% imputed), and 236 participants provided DXA
measurements at 2 y (44% imputed). At 6 mo, total weight loss
was 6.3 6 0.4 kg (26.7%), with twice as much fat mass (4.2 6
0.3 kg; 212.4%) as lean mass (2.1 6 0.3 kg; 23.5%) lost when
all diets were combined (all P , 0.0001 compared with baseline
values). By 2 y, participants had regained both fat and lean mass
(;40% of amount lost) but maintained a net weight loss of
3.8 6 0.4 kg (24.1%) [2.4 6 0.3 kg (26.8%) fat and 1.4 6 0.3 kg
(22.3%) lean mass] (all P , 0.0001 compared with baseline
values). Changes from baseline to 6 mo by diet type are shown
in Figure 1. Fat loss or lean mass loss did not differ between
diet assignments of high (25%) and average (15%) protein (P 
0.10), high (40%) and low (20%) fat (P  0.34), or highest
(65%) and lowest (35%) carbohydrate (P  0.27) at 6 mo.
Between-diet differences remained nonsignificant at 2 y (P 
0.23). In the dose-response test across amounts of carbohydrate,
there was no linear trend across assigned carbohydrate amounts
for fat or lean mass change at either time point (P  0.48). See
“Supplemental data” in the online issue for a summary of
nonimputed (completers only) data. The results for diet effects
were similar to those in the primary intention-to-treat analysis
except that the loss of lean mass at 6 mo was slightly greater in
the average-protein than in the high-protein diet group and in the
high-carbohydrate compared with in the low-carbohydrate diet
group. These trends were not present at 2 y.

models that did not adjust for baseline values, men had greater
losses of both fat and lean mass than did women with consideration of all diet groups together. After adjustment for baseline
values, men (4.4 6 0.3 kg; n = 182) and women (4.0 6 0.3;
n = 226) lost similar amounts of fat mass (P = 0.37) and lean
mass (2.1 6 0.2 and 2.0 6 0.2, respectively; P = 0.64) at 6 mo.
At 2 y, men had lost 2.8 6 0.4 kg fat mass and women had lost
2.1 6 0.3 kg fat mass (P = 0.20), with similar lean mass losses
in both sexes (men: 1.5 6 0.3; women: 1.3 6 0.2 kg; P = 0.62).
The net result of these changes was a reduction of 2.8% body fat
in men and 1.9% body fat in women at 6 mo (difference:
20.9%; P , 0.001) and 1.8% body fat in men and 0.8% body
fat in women at 2 y (difference: 21.0%; 95% CI: 21.6%,
20.6%; P , 0.0001).
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values). There were no main effects of dietary protein or fat
amount on total abdominal, subcutaneous, or visceral fat loss at
either 6 mo (P  0.29–0.69) or 2 y (P  0.84–0.94). Carbohydrate amount did not affect the change in any abdominal
adipose compartment at either 6 mo or 2 y (P  0.24 for highest
compared with lowest; P  0.13 for linear trend at both time
points). See “Supplemental data” in the online issue for a summary of nonimputed (completers only) data. The results for diet
effects were similar to those in the primary intention-to-treat
analysis except that the loss of subcutaneous abdominal fat was
slightly greater in the average-protein than in the high-protein
group at 6 mo. These trends were not present at 2 y.
Sex differences in visceral, subcutaneous, and total abdominal
fat changes
At baseline, men had more total abdominal and visceral fat and
a greater waist circumference than did women (Table 1). Men lost
more total abdominal fat (1.2 kg; 95% CI: 0.3, 2.0 kg; P = 0.006) and
visceral fat (1.0 kg; 95% CI: 0.6, 1.3 kg; P , 0.0001) than did
women at 6 mo, but there was no difference in the change in
subcutaneous abdominal fat between sexes. By 2 y, the sex difference in visceral fat loss was smaller but still significant (0.5 kg more
in men than in women; 95% CI: 0.1, 0.9 kg; P = 0.01), but there
was no significant difference in total abdominal fat loss (P = 0.08).
Selectivity of diets for visceral fat reduction
To test whether any of the diets reduced visceral fat more than
would be expected from the reduction in total fat mass, we
regressed the ratio of change in visceral fat to change in fat mass
on the ratio of visceral fat to fat mass at baseline. This analysis
included any participant who provided a measurement of both
total mass and visceral fat mass at each time point and lost 5 kg
total body weight with losses of both visceral and body fat
(48 men and 53 women at 6 mo; 28 men and 30 women at 2 y).

Scatterplots of the baseline visceral fat/fat mass ratio compared with the ratio of Dvisceral fat/Dfat mass at both time points
are shown in Figure 3. As expected, men had higher visceral fat/
fat mass than did women (0.24 6 0.05 compared with 0.11 6
0.03, respectively; P , 0.0001), and the correlation between the
baseline visceral fat/fat mass ratio and the ratio of Dvisceral fat/
Dfat mass was strong at 6 mo (r = 0.93 for men and women; P ,
0.0001) and 2 y (r = 0.62 for men; r = 0.83 for women; P 
0.0004). Pooled across all diets, k was 1.19 6 0.04 at 6 mo (r2 =
0.47) and 1.27 6 0.05 at 2 y (r2 = 0.61), with no differences in k
between any pair of macronutrient amounts at 6 mo (P  0.39)
or 2 y (P  0.17). For all men, k at 6 mo was 1.15 6 0.06 (n =
48); for women, k was 1.32 6 0.07 (n = 51). At 2 y, k was 1.20 6
0.05 for men (n = 28) and 1.53 6 0.10 for women (n = 30). At
both time points this sex difference was significant (P  0.04),
which indicated that, given their baseline ratios of visceral to total
fat mass, women lost more visceral fat than did men.

Hepatic fat
Effects of diet type on hepatic fat
In total, 147 of 194 participants provided hepatic density data
at 6 mo (24% imputed in the intention-to-treat analysis), and
112 participants provided hepatic density data at 2 y (42%
imputed). The CT-measured hepatic density change (measured
in HU), which is a marker for hepatic fat, by macronutrient
amount is summarized in Figure 4. There were no significant
correlations between alcohol intake (in g) and hepatic fat at
baseline (r = 20.009; n = 191) or during follow-up (r = 0.045,
n = 147 at 6 mo; r = 20.020, n = 85 at 2 y) in participants who
provided complete diet and hepatic density data at each time
point. The overall hepatic density change from baseline to
6 mo was 3.34 6 0.44 HU (;60% change from baseline;
P , 0.0001). By 2 y, the hepatic density remained 2.44 6 0.55
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FIGURE 2. Mean (6SEM) changes from baseline to 6 mo in visceral and subcutaneous abdominal fat (n = 165; intention-to-treat analysis) expressed by
using generalized linear model ANOVA models that included the main effect of diet with baseline, age, sex, and site as covariates. P values assessed the
significance of the difference between the change on the 2 assigned amounts of each macronutrient (high protein = 25%, average protein = 15%; high fat =
40%, low fat = 20%; and highest carbohydrate = 65%, lowest carbohydrate = 35%), adjusted for multiple comparisons using the Tukey-Kramer method.
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HU higher than at baseline. There were no main effects of
dietary protein or fat amounts on hepatic density changes at
either 6 mo (P  0.32–0.84) or 2 y (P  0.79–0.87). Carbohydrate amount did not affect the change in hepatic density at
either 6 mo or 2 y (P  0.28 for highest compared with lowest;
and P  0.65 for linear trend at both time points). See
“Supplemental data” in the online issue for a summary of
nonimputed (completers only) data. The results for diet effects
were similar to the primary intention-to-treat analysis.

increased more in men than in women (by 2.28 HU; 95% CI:
0.17, 4.39 HU; P = 0.04) at 6 mo; however, adjustment for
baseline, site, and age eliminated the sex effect (20.26 HU; 95%
CI: 22.09, 1.57 HU; P = 0.78). By 2 y, the sex difference in
hepatic density change was no longer significant (P  0.73 for
both unadjusted and adjusted models).

Dietary adherence
Self-report

Sex differences in hepatic fat changes
At baseline, men had a lower hepatic density than did women
(by 7.70 6 1.91 HU; P , 0.0001; Table 1). Hepatic density had

Self-reported nutrient intakes and biomarkers of nutrient intake at baseline, 6 mo, and 2 y are presented in Table 2. The
dietary adherence in participants selected for the current

FIGURE 4. Mean (6SEM) changes from baseline to 6 mo in hepatic fat (n = 194; intention-to-treat analysis). Increases in hepatic density were produced
by decreases in hepatic fat. Hepatic density was defined by the difference between liver and spleen density (Hounsfield units). Data were expressed by using
generalized linear model ANOVA models that included main effect of diet with baseline, age, sex, and site as covariates. P values assessed the significance of
the difference between the change on the 2 assigned amounts of each macronutrient (high protein = 25%, average protein = 15%; high fat = 40%, low fat =
20%; and highest carbohydrate = 65%, lowest carbohydrate = 35%), adjusted for multiple comparisons by using the Tukey-Kramer method. Diff, difference.
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FIGURE 3. Linear regression of the ratio of the change in VAT to the change in FM compared with the ratio of initial VAT to FM across all 4 diets at 6 mo
(n = 101) and at 2 y (n = 58) in men (open circles) and in women (filled circles). The analysis included only participants who lost both visceral adipose tissue
and body fat (ie, DVAT and DFM ,0) and who lost 5 kg body weight. The line corresponds to the best-fit allometric relation to the weight-loss data, with k =
1.19 6 0.04 (r2 = 0.47) at 6 mo and k = 1.27 6 0.05 (r2 = 0.61) at 2 y. FM, total fat mass; VAT, visceral fat mass.

6 mo

2y

Baseline

6 mo

2y

High protein, low fat (25% protein,
55% carbohydrate, 20% fat)
Baseline

6 mo

2y

Average protein, high fat (15% protein,
45% carbohydrate, 40% fat)
Baseline

6 mo

High protein, high fat (25% protein,
35% carbohydrate, 40% fat)
2y
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1
Baseline data were from the average of 5 diet records available for 359 participants (85%) at baseline. Follow-up data were the average of 24-h recalls conducted by telephone interview on 3
nonconsecutive days for 356 participants (84%) at 6 mo and for 181 participants (43%) at 2 y. HDL-cholesterol measurements were available for 423 participants (.99%) at baseline, 368 participants (87%) at
6 mo, and 314 participants (74%) at 2 y. Respiratory quotient measurements were available for 423 participants (.99%) at baseline, 352 participants (83%) at 6 mo, and 281 participants (66%) at 2 y. Urinary
nitrogen measurements were available for 423 participants (.99%) at baseline, 317 participants (75%) at 6 mo, and 217 participants (51%) at 2 y.
2
Mean 6 SD (all such values).
3
Numbers represent the range of individuals [n (%)] providing each biomarker at each time point within each diet group.

Nutrient intake
No. of participants (%)
88 (82)
92 (86)
49 (46)
91 (84)
88 (81)
46 (43)
91 (85)
86 (80)
45 (42)
89 (87)
90 (88)
41 (40)
Energy (kcal)
2071 6 4962
1636 6 484
1531 6 480 1879 6 581 1573 6 568
1560 6 461 2027 6 602 1607 6 499
1521 6 530
2025 6 598
1625 6 484
1413 6 427
Protein (%)
18 6 3
18 6 3
20 6 4
18 6 4
22 6 4
21 6 4
18 6 3
18 6 4
20 6 5
18 6 3
23 6 4
21 6 5
Carbohydrate (%)
44 6 8
57 6 11
53 6 11
47 6 8
53 6 9
51 6 4
44 6 7
49 6 9
49 6 10
44 6 7
43 6 7
43 6 8
Fat (%)
38 6 6
26 6 8
27 6 8
36 6 6
26 6 7
28 6 8
37 6 5
34 6 7
33 6 8
38 6 6
34 6 8
35 6 7
Saturated fat (%)
12 6 3
763
863
12 6 3
863
964
12 6 3
963
10 6 3
13 6 2
963
11 6 3
Total fiber (g)
18 6 7
25 6 10
21 6 9
17 6 7
20 6 8
19 6 7
18 6 7
20 6 7
17 6 7
17 6 6
19 6 8
15 6 7
Cholesterol (mg)
308 6 122
156 6 95
189 6 113
281 6 123
218 6 132
226 6 129
304 6 134
175 6 149
232 6 172
314 6 137
223 6 126
219 6 120
Alcohol (g)
668
469
7 6 15
467
367
468
769
366
267
669
569
669
0.5 6 1.1
0.3 6 0.5
0.2 6 0.5
0.3 6 0.6
0.5 6 0.7
0.2 6 0.4
0.2 6 0.5
0.4 6 0.6
0.4 6 0.6
0.4 6 0.7
No. of drinks/d
0.4 6 0.5
0.3 6 0.6
Biomarkers
No. of participants (%)3 84–107 (79–100) 74–91 (66–84) 50–83 (47–78) 108 (100) 83–96 (77–89) 61–85 (56–82) 107 (100) 76–92 (71-86) 45–70 (42-65) 101–102 (.99% to 100%) 85–89 (83–87) 61–76 (60–75)
HDL cholesterol (mg/dL)
48 6 14
46 6 12
51 6 14
47 6 12
49 6 13
53 6 13
45 6 13
48 6 13
51 6 14
52 6 18
54 6 18
58 6 19
Urinary nitrogen (g)
13.0 6 3.8
11.5 6 4.4
12.5 6 4.7
11.7 6 4.1
12.1 6 4.8
11.4 6 3.8
12.0 6 4.3
10.1 6 4.3
10.8 6 3.6
12.9 6 5.0
12.8 6 5.2
12.2 6 5.6
Respiratory quotient
0.84 6 0.04
0.84 6 0.05
0.83 6 0.04 0.84 6 0.05 0.84 6 0.04
0.84 6 0.05 0.85 6 0.05 0.83 6 0.04
0.82 6 0.05
0.85 6 0.04
0.84 6 0.04
0.83 6 0.04

Baseline

Average protein, low fat (15% protein,
65% carbohydrates, 20% fat)

TABLE 2
Self-reported nutrient intake (per day) and biomarkers of nutrient intake1
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analyses was similar to that of the entire cohort as reported and
discussed previously (30). Mean reported intakes at 6 mo and 2 y
did not reach target amounts for macronutrients (Table 2). We
wished to see contrasts of 10%, 20%, and 30% between amounts
of protein, fat, and carbohydrate, respectively; however, selfreported dietary data suggested the observed contrasts were
closer to 2%, 8%, and 14% at 6 mo and 1%, 7%, and 10% at 2 y,
respectively (Table 2).
Biomarkers

DISCUSSION

In this study, reduction in total energy intake, rather than
a particular macronutrient content of the diet, was the most
important determinant of fat loss. This result is consistent with
several previous trials that compared calorie-reduced high-protein
(;25–45% of energy) (6, 14, 15, 21, 41–46) or high-fat (40%)
diets (45, 47–49) with high-carbohydrate (;55%) and low-fat
(,30%) diets.
Our primary intention-to-treat analysis showed no benefit of
a 25%-protein diet over a 15%-protein diet for lean mass preservation. Other authors (7, 10, 45) have shown higher protein
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At the end of 6 mo, urinary nitrogen excretion decreased by
2.0 6 0.3 mg/dL in the 15%-protein group (P , 0.0001), which
corresponded to a 12-g/d reduction from baseline protein intake
and was unchanged in the 25%-protein group (20.1 6 0.3 mg/dL,
which was equal to a ,1-g/d reduction; P = 0.697). The difference between groups in 6-mo urinary nitrogen excretion was
1.8 mg/dL (95% CI: 0.9, 2.8 mg/dL; P , 0.0001, adjusted for
baseline values), or 11 g protein/d. Because the reported energy
intake by dietary recall at 6 mo was similar between arms
(;1600 kcal/d), dietary protein as a percentage of energy increased from ;16.0% at baseline to ;17.7% in the 15%-protein
group (P = 0.023 for change from baseline) and from ;16.6 to
;20.0% in the 25%-protein group (P , 0.0001), which produced a ;2–3% contrast in the percentage of protein energy
between arms (P = 0.016) at 6 mo. HDL cholesterol, which is
a biomarker of carbohydrate intake, was 3.1 mg/dL (95% CI:
1.3, 4.9 mg/dL) lower after consumption of the 65%-carbohydrate diet than after consumption of the 35%-carbohydrate diet,
which corresponded to a ;10% difference in energy from carbohydrate. The RQ was 0.006 units lower in the 40%-fat groups
than in the 20%-fat groups, which reflected a ;2% difference in
energy from fat (40), but this difference was not significant at 6
mo (P = 0.18 on ln-transformed values). Differences between
macronutrient amounts at 6 mo were all in the directions predicted on the basis of macronutrient assignments, although target
intakes were not fully achieved.
By 2 y, the calculated percentage of energy from protein by
using urinary nitrogen excretion was not different between
assigned 15%- and 25%-protein diets (19.4% compared with
18.9%, respectively; P = 0.766), and HDL cholesterol, which
was reflective of the carbohydrate intake, also did not differ
between 65%- and 35%-carbohydrate arms at 2 y (53.7 compared with 55.4 mg/dL; P = 0.12). There was greater separation
between the 2 fat amounts of a 0.01-unit lower RQ after
consumption of the 40%-fat diet than after consumption of the
20%-fat diet (95% CI: 0.0004, 0.0204; P , 0.039), which corresponded to an ;4% difference in energy.

promotes a greater loss of lean mass than do conventional low-fat
diets, although a number of studies have shown that high-protein
diets result in an equivalent loss of lean mass compared with
high-carbohydrate diets in interventions 12 mo (6, 9, 11, 12,
21, 43). The target protein intake for the 15%-protein diets
represented ;0.7 g/kg initial body weight (64 g/d) and ;1.1 g/kg
initial body weight (103 g/d) for the 25%-protein diets, which
would have provided an ;40-g contrast in the daily protein
intake if adherence was perfect. On the basis of urinary nitrogen
excretion, the contrast was ;13 g between the high- and averageprotein groups at 6 mo, and the contrast was ;3 g at 2 y.
We showed no main effect of the fat content of the diet on totalbody fat loss. Previous studies of body fat changes in response to
varying macronutrient profiles have not shown a consistent benefit
of fat and/or protein on body fat. In the 8 studies that used DXA, 3
studies showed an advantage for high-protein and high-fat diets
over high-carbohydrate diets for fat loss (8, 11, 50), and 5 studies
showed equivalence (6, 14, 15, 42, 46). In the 9 studies that
used bioelectrical impedance, 5 studies showed advantages of
high-protein and high-fat diets over high-carbohydrate diets (7, 9,
10, 12, 48), and 5 studies showed equivalence (21, 41, 43, 45, 47).
This equal distribution of positive and negative studies within both
measures of body composition suggests that discrepant findings do
not arise solely from differences in assessment methodology.
Our test for selectivity of visceral fat reduction provided no
evidence for the preferential reduction of visceral fat after
consumption of any diet, which supported the findings of
Hallgreen and Hall (29) that visceral fat changes were explained
by the allometry of visceral fat/fat mass and Dvisceral fat/Dfat
mass. The absence of differences between any high and low or
high and average macronutrient amounts argues that visceral fat
loss was about what we would have expected from the fat loss
after consumption of each diet. Our k values at 6 mo and 2 y
suggested that the loss of visceral fat and fat mass were related
and consistent with a preferential visceral fat loss compared with
a fat mass loss. These figures are in agreement with the value
reported by Hallgreen and Hall (29) of 1.3 6 0.1, which applied
to a variety of weight-loss interventions such as bariatric surgery, caloric restriction with or without exercise, or exercise
alone. Previous studies that favored high-protein over highcarbohydrate diets for visceral fat reduction (8, 11, 15, 21) did
not account for the baseline ratio of visceral fat/fat mass when
visceral fat loss was evaluated. In our study, women lost disproportionately more visceral fat than total fat on the basis of
baseline amounts of these tissues than did men. Although the sex
difference was significant, the group of individuals in which we
tested the allometric theory was highly selected for visceral and
total fat loss. We believe the overarching message is that visceral
fat is preferentially reduced during weight loss in both sexes,
and the greater visceral fat reductions in men were a result of
their tendency to store more fat in this compartment.
With the use of noninvasive CT scans of liver and spleen
densities as direct measures of hepatic fat content that have been
validated against magnetic resonance spectroscopy, we showed
that diet-induced weight loss, regardless of the macronutrient
emphasized, reduced hepatic fat deposits in overweight and obese
men and women. Very few studies of the effects of diet composition on intrahepatic fat have been performed in humans. It
has been suggested that in a weight-stable or hypercaloric setting,
higher-carbohydrate diets lead to increased de novo lipogenesis
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loss trials (6, 9–11, 14, 56, 57, 59). The dropout rate in our trial
was smaller than in most trials, with 80% of participants returning
for the 2-y weight measurement. DXA measurements were
available for 78% of participants at 6 mo and 56% of participants
at 2 y, and CT measurements were available for 71% and 54% of
participants, respectively. Only 2 trials have reported dietary
intake beyond 1 y (55, 56), one study of which provided foods to
the participants (55). In addition, trials of low-carbohydrate diets
have reported a very low incidence of urinary ketones after 6 mo
(10, 55, 60), which suggests that, in most overweight people,
a low intake of carbohydrate is not sustainable. Overall, these
findings with respect to adherence to macronutrient goals suggest
that participants in weight-loss programs gradually revert to their
usual macronutrient intakes over time but may, nonetheless, be
able to maintain some fat loss.
In conclusion, the POUNDS LOST trial provides evidence
that, in a free-living setting, the loss of body fat, abdominal fat,
and hepatic fat are dependent on calorie intake, and over distributions that are generally consistent with the Institute of
Medicine’s Acceptable Macronutrient Distribution Range, the
macronutrient composition of the diet does not play a significant
role in changes in body composition in overweight and obese
individuals. However, despite our best efforts, adherence to diets
high in protein, low in fat, or extremely low or high in carbohydrate proved difficult to achieve in our outpatient setting, which
can be readily generalized to conditions under which such diets
are commonly adopted. Across all macronutrient distributions
tested, fat loss was greater than lean mass loss, more subcutaneous than visceral abdominal fat was lost, and hepatic fat
was reduced significantly.
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(51–53); and in the short-term (3 wk), higher-fat diets may increase intrahepatic fat (25). However, our results with 6 mo to 2 y
of follow-up provided the first evidence, to our knowledge, that
the macronutrient profile does not significantly influence changes
in hepatic fat during weight loss. Consistent with our data, 2 other
groups showed that weight reduction by using energy restriction
and/or a structured exercise program reduced hepatic fat deposition. Larson-Myer et al (23) showed that intrahepatic fat was
similarly reduced after ;10% weight loss achieved via 25%
calorie restriction, a structured exercise program, or a combination of calorie restriction and exercise over 6 mo, and Elias et al
(24) showed that a 6-mo calorie restriction of 500–1000 kcal/d improved tomographic liver density. More work is needed to clarify
the relations and interactions among energy deficit, the macronutrient profile, and intrahepatic fat.
The strengths of our study included the use of established
reference methods to measure body composition (notably intrahepatic fat), a large sample size, 2 y of follow-up, and a
population with nearly 40% men who, as a sex, are often underrepresented in weight-loss trials. Only 3 previous trials of
macronutrients for weight loss had follow-ups of 1 y (6, 11,
12).
Despite the intensive behavioral counseling in our study,
macronutrient targets were not fully met, which complicated the
interpretation of our null result. We aimed to test a contrast in
protein energy of 10% but achieved only an ;3% contrast, which
our trial was not powered to detect. Nevertheless, our 6-mo
biomarker data are comparable with data reported in other
dietary trials that targeted similar macronutrient differences. For
example, the urinary nitrogen difference between our high- and
average-protein arms was similar to that observed in the
DIOGenes study (2.1 g/d), which also targeted a 10% contrast in
protein for weight-loss maintenance (54), and the difference in
HDL cholesterol seen between our 65%- and 35%-carbohydrate
diets after 6 mo was consistent with the contrasts in HDL
cholesterol that compared a low-carbohydrate, high-fat diet
(29.5% carbohydrate) with a high-carbohydrate, low-fat diet
(53.4% carbohydrate) (;5 mg/dL) (6) or a 50%- to a 40%carbohydrate diet (1.2 mg/dL) for weight loss (55). Our maximal
difference in the RQ was not as pronounced in a previous
study that compared a short-term 40%-fat diet with a 20%-fat
diet with the goal of weight maintenance (RQ: ;0.04) (40).
Notwithstanding the failure to meet intended targets, each of
these trials achieved a large-enough contrast to detect macronutrient effects on body-weight outcomes, although the conditions of these trials were not directly comparable with ours.
Other comparative studies of weight loss and maintenance also
failed to achieve target contrasts (6, 14, 55–57), and our results
are consistent with weight-loss trials that tested a ;10% contrast
in protein (14, 42) and with the largest study that examined
a ;20% contrast in fat (48). Studies that have shown macronutrient effects aimed to produce larger contrasts in protein
(8, 11, 12, 50) or fat (9, 10), and thus it is possible that larger
differences than those tested in our study are required for
selective changes in body composition. However, diets that
differ by .10% protein and/or 20% fat would likely fall outside
of the Institute of Medicine’s Acceptable Macronutrient Distribution Range for at least one macronutrient (58).
Dropouts, diminished adherence, and gradual recidivism after
the first few months are characteristic of all diet-induced weight-
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