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ABSTRACT
Background: Consumption of unprocessed red meat in randomized
trials has no adverse effects on cardiovascular risk factors and body
weight, but its physiological effects during weight loss maintenance
are not known.
Objectives: We sought to investigate the effects of healthy diets
that include small or large amounts of red meat on the maintenance
of lost weight after successful weight loss, and secondarily on
body composition (DXA), resting energy expenditure (REE; indirect
calorimetry), and cardiometabolic risk factors.
Methods: In this 5-mo parallel randomized intervention trial, 108
adults with BMI 28–40 kg/m2 (45 males/63 females) underwent an
8-wk rapid weight loss period, and those who lost ≥8% body weight
(n = 80) continued to ad libitum weight maintenance diets for 12 wk:
a moderate-protein diet with 25 g beef/d (B25, n = 45) or a high-
protein diet with 150 g beef/d (B150, n = 35).
Results: In per protocol analysis (n = 69), mean body weight (−1.2
kg; 95% CI: −2.1, −0.3 kg), mean fat mass (−2.7 kg; 95% CI:
−3.4, −2.0 kg), and mean body fat content (−2.6%; 95% CI: −3.1,
−2.1%) decreased during the maintenance phase, whereas mean lean
mass (1.5 kg; 95% CI: 1.0, 2.0 kg) and mean REE (51 kcal/d; 95%
CI: 15, 86 kcal/d) increased, with no differences between groups
(all P > 0.05). Results were similar in intention-to-treat analysis
with multiple imputation for dropouts (20 from B150 compared
with 19 from B25, P = 0.929). Changes in cardiometabolic risk
factors were not different between groups, the general pattern being
a decrease during weight loss and a return to baseline during weight
maintenance (and despite the additional mild reduction in weight and
fat mass).
Conclusions: Healthy diets consumed ad libitum that contain a little
or a lot of unprocessed beef have similar effects on body weight,
energy metabolism, and cardiovascular risk factors during the first 3
mo after clinically significant rapid weight loss. Am J Clin Nutr
2022;116:1820–1830.
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Introduction
Maintenance of lost weight is the Achilles’ heel in the

management of obesity. Although it is not particularly difficult
to lose weight by a variety of dietary regimens that focus on
calorie restriction, maintaining the lost weight upon switching to
an ad libitum diet has been an exercise in futility (1), inasmuch
as 50–75% of the weight lost is regained within 3–5 y (2, 3).
Greater reductions in metabolically active lean tissue mass and
resting energy expenditure (REE) during weight loss have been
associated with less effective weight loss maintenance (4–8).
Higher-protein diets can mitigate the loss of lean body mass and
the decline in REE during energy restriction and weight loss (9),
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which could be responsible for their ability to attenuate weight
regain after weight loss (10, 11) when compared with lower-
protein diets.

Red meat is a rich source (>20% by weight) of high
biological value protein—containing all essential amino acids—
and accounts for about half of all meat consumption and 40% of
all dietary protein in industrialized countries (12, 13). However,
diets rich in meat, and particularly red meat, have been associated
with increased risk of obesity, diabetes, and cardiovascular
diseases in observational studies (14–17). Most of these are
cross-sectional, retrospective, or longitudinal comparisons of
meat eaters and non–meat eaters. These studies cannot prove
causality and do not always distinguish between higher-fat and
leaner meats, or between processed and unprocessed meats, even
though industrial processing is known to alter the food matrix
of meat and, consequently, result in final products with different
composition, organoleptic properties (e.g., sensory attributes
such as appearance, texture, smell, and taste), and possibly also
health effects (18, 19). Additionally, there are differences in
many other dietary factors—not only between meat eaters and
non–meat eaters, but also between individuals who habitually
consume a lot of meat compared with those who consume little
meat (e.g., the former consume more sugary beverages, butter
and butter-based fat spreads, and fewer fruits and vegetables than
the latter) (20). Finally, the relation between meat intake and
disease biomarkers, risk of cardiovascular disease, and all-cause
mortality is not uniform in meat eaters; rather, it depends on the
comparator diet (21) and the amount of daily meat consumption
(22, 23).

Previous clinical trials have demonstrated that unprocessed
red meat in amounts from ∼15 g/d up to ∼150 g/d can be
included as part of a healthy dietary pattern without adverse
effects on body weight and cardiovascular risk factors (19,
24–27), but the physiological effects of red meat consumption
during weight loss maintenance are not known. Accordingly,
the primary aim of this parallel randomized intervention trial
was to investigate the effects of eating small (25 g/d) or large
(150 g/d) amounts of red meat (beef) as part of a healthy
diet—otherwise consumed ad libitum—on the maintenance of
lost weight after successful weight loss, and secondarily on
body composition, energy metabolism, and cardiometabolic risk
factors.

Methods

Subjects

Apparently healthy males and females with overweight or
obesity (BMI 28–40 kg/m2), aged 18–65 y, were recruited for this
study. Subjects were excluded if they had experienced changes
in body weight >5% within the past 3 mo (either weight gain
or loss); if they were vegetarian or vegan; if they had been
pregnant or lactating within the past 12 mo or were planning to
become pregnant; if they had a history or diagnosis of diabetes,
heart, liver, or kidney diseases, or eating disorders; if they
had been diagnosed with cancer within the past 5 y (except
adequately treated localized basal cell skin cancer); if they were
planning to donate blood or were participating in other clinical
trials during the course of this study; if they were using drugs
that, in the opinion of the investigators, were likely to affect

outcomes; or if they were unable or unwilling to give informed
consent, communicate with the study personnel, or follow the
study protocol and instructions given by the study personnel. All
subjects signed an informed consent form prior to participating in
the study, which was approved by the regional Ethical Committee
of the Capitol Region of Denmark and carried out in accordance
with the Helsinki Declaration.

Design

This was a 5-mo parallel randomized controlled trial (clini-
caltrials.gov # NCT04156165), which was initiated with an 8-
wk weight loss period, followed by a 1-wk reintroduction to
regular foods, and then a 12-wk period of weight maintenance
(Figure 1). Clusters of 8–12 subjects were randomly assigned—
by means of drawing a sealed envelope by a person not involved
in the study—to a very-low-calorie diet (VLCD) with either
standard or higher protein content for inducing rapid weight loss,
followed by an ad libitum weight maintenance diet supplemented
with either small or large amounts of beef (2 × 2 factorial design;
allocation ratio 1:1:1:1). The trial was carried out from October
2019 to November 2020 at the University of Copenhagen,
Denmark.

Diet interventions

Weight loss phase.

During the initial 8 wk, all subjects received 4 sachets
daily of any combination of the following VLCD formula
products (LighterLife): Shepherd’s Pie, Oat Porridge, Spaghetti
Bolognese, Vegetable Soup, Vanilla Shake, Strawberry Shake,
Chocolate Shake, and Banana Shake; for an average total daily
intake of approximately 600 kcal from 52 g protein [35% of all
calories (35 E%)], 52 g carbohydrate (35 E%), 18 g fat (27 E%),
and 14 g dietary fiber (5 E%). Subjects assigned to the higher-
protein arm received an additional 25 g whey protein powder,
for an average total daily intake of approximately 700 kcal
from 77 g protein (44 E%), 52 g carbohydrate (30 E%), 18 g
fat (23 E%), and 14 g dietary fiber (4 E%). Participants were
also allowed to consume 50 g green salad, 125 g cucumber,
and 200 g tomato daily, and any other noncaloric products to
facilitate adherence. The VLCD formula products were handed
out free of charge during onsite group meetings, during which
the study dietitian also answered questions and provided advice
for improving compliance. Results from the weight loss phase
have been reported elsewhere (28). Subjects who successfully
lost ≥8% of their initial body weight were allowed to continue
to the weight maintenance phase.

Weight maintenance phase.

During the 12 wk of weight maintenance, subjects were
prescribed diets supplemented with unprocessed red meat (beef)
at either 25 g/d (B25) or 150 g/d (B150). These amounts of beef
were chosen to result in diets that provided ∼15% and ∼25%,
respectively, of total daily calories from protein. Fresh minced
beef of Danish origin with a fat content of 8–12% by weight
(i.e., mostly lean) was handed out free of charge during onsite
group meetings with the study dietitian. Subjects were instructed
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Weight loss phase (8 weeks)

very-low calorie diet (VLCD)

Weight maintenance phase (12 weeks)

ad libitum diet

Week 0 21

600 kcal, 52 g protein

Visit 1
(baseline)

+25 g beef

700 kcal, 77 g protein +150 g beef

8 9

Visit 2
(after weight loss)

Visit 3
(after weight maintenance)

17 18

Anthropometry
Body composition
Calorimetry
Fasting blood
Blood pressure
Food diary (3-day)
Urine (24-hour)

Randomization
to 1 of 4 arms

FIGURE 1 Study design, depicted in a chronological order (timeline).

to meet the target protein intake by consuming additional dairy,
fish, eggs, and plant-based protein sources, but no extra meat.
They had to purchase all other foods besides beef, received
recipes in accordance with their allocation group, and were
instructed to consume the diets ad libitum. Both diets emphasized
consumption of fiber and whole grains and avoidance of free
sugars. Dietary advice did not focus on calorie restriction, and
the recommended food servings were based on individual calorie
needs (estimated from indirect calorimetry) for maintaining the
new, lower body weight achieved after completing the VLCD
treatment.

Assessments and outcomes

All measurements were conducted 3 times during the study: at
baseline (before weight loss), immediately after the 8-wk weight
loss phase (during the week of food reintroduction), and after
the 12-wk weight maintenance phase (Figure 1). For all visits,
subjects were instructed to fast from 22:00 the evening before,
and limit intake of water to ≤500 mL in the morning. Upon arrival
to the laboratory, they emptied their bladder and changed into
light clothing.

Weight was measured to the nearest 0.1 kg on a calibrated
digital scale (WB-110MA; TANITA Corp). Height was measured
to the nearest 0.5 cm on a wall-mounted stadiometer (Hultafors).
Waist circumference (at the mid-point between the bottom of
the rib cage and the top of the iliac crest in the mid-axillary
line) and hip circumference (at the widest point between the
hips and buttocks) were measured to the nearest 0.5 cm with
a nonstretchable measuring tape, and the waist-to-hip ratio was
calculated. Total body fat mass, bone-free lean mass, and visceral
adipose tissue within the android region were measured by DXA
(Lunar iDXA with CoreScan module; GE Healthcare) (29).
During the whole-body scan, subjects were instructed to lie still
with arms close to the body and legs kept in place by a Velcro
fastener around the ankles. Blood pressure was measured in
triplicate, 2 min apart, at the upper arm by trained personnel

using an electronic sphygmomanometer after the subjects rested
quietly in a lying position for ≥5 min. Thereafter, fasting venous
blood samples were drawn from the antecubital vein by a trained
phlebotomist. All blood samples were processed for separation
of plasma or serum and stored at −80◦C until analyses for
glucose, insulin, glycated hemoglobin (HbA1c), IL-6, TNF-
α, total cholesterol, HDL cholesterol, LDL cholesterol, and
triglyceride by standard methods at the Department of Nutrition,
Exercise and Sports at the University of Copenhagen. Thereafter,
subjects had their oxygen consumption and carbon dioxide
production measured continuously for 30 min, while breathing
under a ventilated hood, and their respiratory quotient and REE
were determined by indirect calorimetry (Jaeger OxyconPro;
Viasys Healthcare). The reproducibility of DXA and indirect
calorimetry determinations in our laboratory, as reflected by the
average CV of duplicate measurements in 16–25 subjects with
similar characteristics as those recruited in the present study, is
0.7% for fat mass, 0.3% for lean mass, 2.5% for REE, and 4.0%
for the respiratory quotient.

The daily energy requirements for weight maintenance at the
new, lower body weight were estimated as the product of REE
and the physical activity level (determined by questionnaire) at
the end of the weight loss phase. Dietary intake was assessed
at baseline (habitual diet) and during the ninth week of the 12-
wk weight maintenance phase by means of a 3-d weighed food
diary. Subjects were instructed to register all foods and drinks
consumed during 3 d (consecutive or not) including 2 weekdays
and 1 weekend day. Dietary data were analyzed for energy
and nutrient intake by using Dankost (Kraftverk) and a food
composition database (frida.fooddata.dk; DTU Food Institute).
Subjects were given all required equipment and instructed to
collect 24-h urine samples at baseline (before weight loss),
after the 8-wk weight loss phase, and during the ninth week
of the 12-wk weight maintenance phase. Urine samples were
analyzed for urea according to a standard protocol at the
Department of Nutrition, Exercise and Sports at the University
of Copenhagen, and total urinary urea excretion was calculated
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(urea concentration × total urine volume, in millimoles per day)
as a biomarker of dietary protein—and thus also beef—intake
(30).

Statistics

The primary outcome of the study was weight loss mainte-
nance. Power calculations for sample size determination were
based on the weight change during this 12-wk period. Based
on data from a previous weight maintenance trial (11), a total
of 72 completers would be needed to detect a difference of
2.0 kg between diets with an SD of 3.0 kg, at the 5% level
of significance with 80% power. Assuming a dropout rate of
20% during the initial weight loss phase, and an additional 20%
during the weight maintenance phase, we planned to recruit 110
subjects.

Data for subjects who completed all study visits (per protocol
analysis) were analyzed by using repeated measures analysis of
variance (RANOVA), with 1 between-subjects factor (diet group:
B25 compared with B150) and 1 within-subjects factor (time:
baseline compared with after weight loss compared with after
weight maintenance). The VLCD type (standard or higher protein
content) (28) and sex (male or female) (31) were entered in the
model as covariates, because they can affect the physiological
responses to rapid weight loss. Significant main effects and time
× diet interactions were followed by Sidak post hoc tests to
evaluate differences between time points and diets. Intention-
to-treat (ITT) analysis was carried out in a similar manner
including all subjects who started the study, regardless of when
they dropped out. We first explored relations between baseline
characteristics and changes in outcomes and found several signif-
icant correlations that led us to assume that data were missing at
random and could be predicted from measured variables. We then
performed missing data analysis to identify any patterns in data
missingness; multiple imputation was performed accordingly and
pooled estimates of the 5 “best-fit” iterations were used for
analysis. Baseline characteristics between diet groups (before
weight loss) were evaluated by independent t tests and ANOVA
with sex as covariate. Normality of the data distributions was
evaluated by using the Shapiro–Wilk test. The same test was
used to assess normality of the standardized residuals in the
RANOVA models. Nonnormally distributed datasets were log-
transformed for analysis. Homogeneity of variance across the
levels of the between-subjects factor (diet group) was assessed
with the Levene test, and homogeneity of variance across the
levels of the within-subjects factor (time) was assessed with the
Mauchly test of sphericity (applying the Greenhouse–Geisser
correction when necessary). Distributions of males/females and
completers/noncompleters were compared between diet groups
by Pearson χ2 or Fisher exact tests. Two-sided P values <0.05
were considered statistically significant. Descriptive results are
shown as means with SDs or as estimated marginal means with
SEs or 95% CIs. All analyses were conducted with IBM SPSS
Statistics version 28 (IBM Corp).

Results
A total of 108 randomly assigned subjects attended the

baseline visit (n = 56 in B25 and n = 52 in B150, Table 1), and

TABLE 1 Baseline characteristics of subjects with overweight or obesity
randomly assigned at baseline to an 8-wk weight loss intervention
(very-low-calorie diet), followed by a 12-wk weight maintenance
intervention of ad libitum diet supplemented with small (25 g/d, B25) or
large (150 g/d, B150) amounts of beef1

B25 (n = 56) B150 (n = 52)

Sex, M/F 21/35 (38/62%) 24/28 (46/54%)
Age, y 49.1 ± 11.0 45.4 ± 11.0
Height, cm 172 ± 9 174 ± 9
Weight, kg 100.3 ± 15.4 101.4 ± 12.5
BMI, kg/m2 33.8 ± 3.1 33.4 ± 3.1
Body fat, % 42.4 ± 6.2 40.5 ± 6.2
Fat mass, kg 42.4 ± 8.5 40.9 ± 7.2
Lean mass, kg 55.0 ± 11.1 57.4 ± 10.4
Visceral adipose tissue, g 1812 ± 964 1857 ± 1083
Waist circumference, cm 109.0 ± 12.2 108.0 ± 9.5
Hip circumference, cm 114.4 ± 10.1 113.5 ± 8.3
Waist-to-hip ratio 0.96 ± 0.10 0.96 ± 0.11
Resting energy expenditure, kcal/d 1692 ± 279 1747 ± 274
Respiratory quotient 0.79 ± 0.04 0.79 ± 0.04

1Values are means ± SDs, except for sex distribution (absolute and
relative frequencies).

84 completed the initial 8-wk weight loss phase (28), of which 4
did not meet the weight loss goal (2 for each VLCD type; Fisher
exact test, P = 1.000). These 4 subjects were all females who had
been allocated to B150 but lost only 5–7.5% body weight during
the weight loss phase. The remaining 80 subjects who lost ≥8%
of their initial body weight continued to the weight maintenance
phase (n = 45 in B25 and n = 35 in B150), and 69 completed
the study. More subjects tended to discontinue the B25 than the
B150 diet (9 and 2, respectively; Fisher exact test, P = 0.101),
but the total attrition rate was ∼36% in both groups (Pearson χ2,
P = 0.929) (Figure 2). Noncompleters were younger, heavier,
and had greater BMI, fat mass, and hip circumference than
subjects who completed the entire study (Supplemental Table
1). Two serious (minor stoke and hernia) and 1 mild (benign
growth in the breast) adverse events were recorded during the
weight loss phase (which did not result in subjects dropping out)
(28), and none were recorded during the weight maintenance
phase.

There were no significant differences at baseline (before
weight loss) in characteristics of subjects randomly assigned to
the B25 and B150 diets (Table 1). However, the sex distribution
of those who successfully lost ≥8% body weight (Supplemental
Table 2) and those who completed the study (Supplemental
Table 3) tended to be different between groups (Pearson χ2

test, P = 0.094 and P = 0.077, respectively), with more
males in B150 than in B25. Accordingly, in subjects who
completed the entire study, those allocated to the B150 diet
tended to be taller and heavier and have greater lean mass,
visceral adipose tissue, and REE at baseline (before weight
loss) than those allocated to the B25 diet; however, these
differences were abolished after adjusting for sex (Supplemental
Table 3).

During weight maintenance (per protocol analysis), daily
energy intake and the contribution from fat to total calories were
reduced in both groups compared with their habitual intakes
before weight loss (Table 2). The contribution from protein
increased in B150 subjects but did not change in B25 subjects,
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223 Potential subjects were pre-screened

by phone

131 Attended an information meeting and

were screened

5 Did not meet inclusion criteria

87 Withdrew

10 Did not meet inclusion criteria

11 Withdrew

110 Underwent cluster randomization

B25 (n=56; 21M/35F) B150 (n=52; 24M/28F)

36 (11M/25F) Completed 
B25 (attrition: 35.7%)

33 (17M/16F) Completed 
B150 (attrition: 36.5%)

2 Withdrew consent

VLCD 52g 

n=31

VLCD 77g 

n=25

VLCD 52g 

n=27

VLCD 77g 

n=25

B25 (n=45; 16M/29F) B150 (n=39; 19M/20F)

B25 (n=45; 16M/29F) B150 (n=35; 19M/16F)

4 Did not lose ≥8%

2 Dropped out

2 Non-compliant

9 Dropped out

2 Non-compliant

2 CoViD-19

5 Personal reasons

Dropped out

n=8       n=3

Dropped out

n=5       n=8
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FIGURE 2 Flowchart of subjects through the study, according to beef supplementation group. Randomization was performed once, at the beginning of the
study, into 1 of 4 arms (2 × 2 design): very-low-calorie diet (VLCD) with 52 or 77 g protein/d for the weight loss phase and supplementation with 25 or 150 g
beef/d (B25 or B150, respectively) for the weight maintenance phase.

whereas the contribution from carbohydrate decreased in B150
and increased in B25 (P values for interaction <0.001, Table 2).
Both groups consumed 50–70 g more protein on top of that
provided by beef (∼7 g more in B25 and ∼39 g more in B150,
assuming an average beef protein content of 26% by weight).
Added sugars decreased and fiber increased in both groups.
Cholesterol intake decreased in B25 subjects but did not change
in B150 subjects (P value for interaction = 0.022). Daily intakes
of micronutrients relevant to meat consumption decreased in
the B25 group (except for vitamin B-12) but increased in the
B150 group (except for iron and phosphorus); and all were
significantly greater in B150 compared with B25 subjects during
the weight maintenance phase (Table 2). Time × diet interactions,
differences between groups, and changes over time were largely
similar in ITT analysis (Supplemental Table 4). Changes in
nutrient intakes were consistent with dietary advice and the
different amounts of beef supplementation, as did those in 24-h
urinary urea excretion (Figure 3). The latter were unaffected by

the type of VLCD during the weight loss phase (Supplemental
Figure 1).

Changes in anthropometric, body composition, and energy
metabolism outcomes (per protocol analysis) are shown in
Table 3. There were significant main effects of time but no
significant differences between groups or time × group interac-
tions. During the weight loss phase, body fat content, fat mass,
lean mass, visceral adipose tissue, waist and hip circumferences
and the waist-to-hip ratio, REE, and the respiratory quotient all
decreased (Table 3). Mean weight loss during the weight loss
phase was 12.7% (95% CI: 11.8, 13.5%) and 13.1% (95% CI:
12.2, 13.9%) of initial body weight in B25 and B150 groups,
respectively (P = 0.523). Body weight continued to decrease
during the weight maintenance phase (mean loss = −1.2 kg;
95% CI: −2.1, −0.3 kg), and so did mean body fat content
(−2.6%; 95% CI: −3.1, −2.1%), mean fat mass (−2.7 kg; 95%
CI: −3.4, −2.0 kg), visceral adipose tissue, and waist and hip
circumferences; by contrast, there were increases in mean lean
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FIGURE 3 Effects of a 12-wk weight maintenance diet supplemented
with small (25 g/d, B25) or large (150 g/d, B150) amounts of beef on 24-
h urinary urea excretion. Values are means with SEs for 64 completers
(per protocol analysis; n = 32 per group because of incomplete 24-h urine
collection from 4 subjects in the B25 group and 1 subject in the B150 group).
Data were analyzed by repeated measures ANOVA (time × diet) and adjusted
for sex and the very-low-calorie diet used during the weight loss phase. This
was followed by Sidak post hoc tests: †P < 0.05 vs. “Baseline” in the same
diet group; ‡P < 0.05 vs. “After weight loss” in the same diet group; ∗P < 0.05
vs. “B25” at the same time point.

mass (1.5 kg; 95% CI: 1.0, 2.0 kg), mean REE (51 kcal/d; 95%
CI: 15, 86 kcal/d), and the respiratory quotient. The direction
and magnitude of these changes were not significantly different
between groups (Table 3); similar results were obtained in ITT
analysis (Supplemental Table 5).

Cardiometabolic risk factors in completers improved during
the study (Table 4). In both groups, resting systolic and
diastolic blood pressures and fasting glucose and cholesterol
concentrations (total, HDL, and LDL cholesterol) decreased
during the weight loss phase; they rebounded during the weight
maintenance phase but remained significantly lower compared
with initial values (except HDL cholesterol in both groups and
LDL cholesterol in B150, which returned to concentrations be-
fore weight loss). Fasting insulin and triglyceride concentrations
decreased, and the ratio of HDL to LDL cholesterol increased
with weight loss, and did not change thereafter. TNF-α and IL-
6 concentrations did not change with weight loss, but TNF-α
decreased during the weight maintenance phase. HbA1c (P value
for interaction = 0.004) did not change in B150 subjects, whereas
it decreased with weight loss in B25 subjects and increased
thereafter to concentrations before weight loss (Table 4). Results
from the ITT analysis were largely similar (Supplemental Table
6), except the HDL-to-LDL cholesterol ratio, which returned to
concentrations before weight loss in both groups, and was overall
greater in B150 than in B25 subjects.

Discussion
We evaluated the physiological effects of eating small or

large amounts of mostly lean beef as part of a healthy diet
consumed ad libitum after subjects with overweight or obesity
lost clinically significant amounts of body weight. Our results
indicate that diets with very different amounts of unprocessed
red meat have largely similar effects on body weight, body
composition, energy metabolism, and cardiovascular risk factors T
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during the first 3 mo after rapid weight loss. These observations
suggest that eating unprocessed red meat in amounts that far
exceed population averages (e.g., 44 and 70 g/d among Danish
females and males, respectively) (13) has no adverse effects on
body weight and metabolic function when compared with a diet
that contains much smaller amounts of beef, at least within the
time frame of our study. Alternatively, eating relatively little beef
as part of an ad libitum diet with adequate—but not necessarily
high—protein content is as effective as eating a lot of beef as part
of a protein-rich diet in maintaining weight loss and producing a
favorable shift in body composition (loss of fat mass and increase
in lean mass). These data imply that unprocessed red meat can
be included in variable amounts within the context of a healthy
dietary pattern for weight loss maintenance with very similar
effects on body composition and cardiometabolic health.

Three randomized crossover trials evaluated the effects of
including different amounts of mostly lean red meat as part
of heart-healthy dietary patterns [i.e., Dietary Approaches to
Stop Hypertension (DASH) and Mediterranean diets)] during
eucaloric feeding in individuals with normal weight, overweight,
or obesity (19, 24, 27). All these trials included controlled
feeding periods (4–5 wk long) with all foods provided that
aimed at keeping body weight stable. Fleming et al. (24)
evaluated Mediterranean-like diets with 14, 71, or 156 g lean
beef/2000 kcal/d against a control diet while maintaining total
protein content (17–20% of all calories), and found that all
3 experimental diets decreased LDL cholesterol and apoB,
but did not affect HDL cholesterol, apoA-1, and triglyceride
concentrations. Some differences were observed in the extent of
reduction in total LDL particle number, but these were confined
to the large LDL subclass; none of the diets decreased small
LDL particles, which are particularly atherogenic (24). O’Connor
et al. (27) evaluated 2 Mediterranean-like diets containing lean
red meat (beef and pork) at either 28 or 68 g/d (18–19% of all
calories from protein), and observed that the meat-rich pattern
decreased LDL cholesterol and apoB concentrations to a greater
extent than the meat-poor pattern, but this coincided with an
unintended small yet significant reduction in body weight. Blood
pressure improved with both diets, whereas glucose, insulin, and
triglyceride concentrations did not change (27). Roussell et al.
(19) found that compared with a control diet, the DASH diet with
28 g beef/d as well as 2 DASH-like diets with 113 or 153 g beef/d
(18%, 19%, and 27% of all calories from protein, respectively)
decreased LDL and HDL cholesterol similarly, and did not affect
triglyceride, glucose, and insulin concentrations.

Two additional parallel randomized trials evaluated the effects
of lean red meat consumption during hypocaloric feeding and
weight loss. Sayer et al. (25) compared 2 equally calorie-
restricted and high-protein diets (40–50% of all calories from
protein)—one including beef at ∼80 g/d and the other excluding
all red meats—in men and women with overweight or obesity.
After 16 wk of treatment, body weight, fat mass, LDL cholesterol,
triglyceride, and blood pressure decreased significantly and to a
similar extent with both diets; whereas lean body mass, glucose,
and HbA1c did not change with either diet and despite weight
loss (25). Hill et al. (26) evaluated DASH-like diets with 12, 139,
or 196 g beef/2100 kcal/d (18%, 19%, and 27% of all calories
from protein, respectively) in individuals with overweight or
obesity and the metabolic syndrome, during 3 sequential phases:
5 wk of weight stability with all foods provided (eucaloric
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diet), 5 wk of weight loss with all foods provided (hypocaloric
diet), and 10 wk of free-living weight loss (hypocaloric diet
advice only). These authors found no differences between diets
in the changes in body weight, body composition, and metabolic
syndrome criteria during each phase of the study (26). Our results
extend these observations and demonstrate no differences in any
clinically relevant outcomes between diets that contain small or
large amounts of mostly lean beef, consumed ad libitum after
weight loss. Further, it is evident that diet-induced changes in
body composition, energy metabolism, and cardiometabolic risk
factors largely depend on the physiological state with respect
to energy balance and body weight homeostasis, rather than the
amount of red meat in the diet (19, 24–27).

Interestingly, in our study, most cardiometabolic risk factors
decreased during the weight loss phase, as expected, but several
of them increased during the subsequent weight maintenance
phase (i.e., rebounded towards baseline values); this was despite
continued decreases in body weight and fat mass, albeit only
modest ones (∼1.5% weight loss). Although this apparent
discrepancy can be taken to suggest an adverse effect of
beef—or protein (32)—consumption, there were no significant
differences between the B25 and B150 groups, and our B25
diet can hardly be considered as protein-rich or meat-rich.
Rather, it represents a heart-healthy omnivorous diet of mixed
macronutrient composition (19, 24, 27). Furthermore, previous
studies with hypocaloric diets that led to greater amounts of
weight loss (5–8%) found significant improvements in car-
diometabolic risk factors that were similar for the experimental
arms that contained large amounts of beef and the arms that
contained little or no beef (25, 26). On the other hand, studies
that examined physiological changes during 2–4 wk of weight
maintenance after rapid weight loss induced by VLCDs observed
an attenuation of the weight loss–induced improvements in
several cardiometabolic risk factors (systolic blood pressure,
fasting glucose and insulin concentrations) despite concurrent
mild reductions in body weight (by an additional 0.3–0.6 kg)
and fat mass (by an additional 1.2–1.9 kg), and regardless of
the type of the refeeding diet (33–35); this is in agreement with
our observations. We thus feel the apparent discrepancy between
changes in cardiometabolic risk factor profile and changes in
body weight and fat mass during the weight maintenance phase
relates to the method of initial weight loss (VLCD-induced rapid
weight loss) rather than to beef consumption during weight
maintenance.

In our study, both diets were equally effective during the
maintenance phase, independent of their beef and protein
contents. In fact, body weight continued to decrease during
this period, exclusively due to fat mass loss, whereas lean
mass apparently increased, although some of this increase is
likely because of restoration of body water content following
VLCD-induced dehydration (36). Stabilization at the new, lower
body weight following a period of severe negative energy
balance and dynamic weight loss induced by VLCD treatment
is accompanied by significant changes in body composition that
are consistent with our observations—fat mass decreases and lean
mass increases (33, 35). Our subjects experienced increases in
REE and reported consuming significantly fewer calories during
the weight maintenance period compared with their habitual
intakes, changes that are likely associated with the observed
changes in lean mass and body weight. Taken together, our results

demonstrate that neither meat-abundant nor high-protein diets
are necessary to maintain or promote weight loss; diets with
little meat and adequate protein of high biological value are
sufficient. This is consistent with results from a multicenter study
that evaluated the effects of high- or moderate-protein diets (25%
or 15% of all calories, respectively) consumed ad libitum for
∼3 y (148 wk) after subjects with prediabetes lost ≥8% body
weight (37). There were no differences in weight regain between
diet arms; however, individuals consuming adequate amounts
of protein (≥0.8 g/kg body weight/d) regained less weight than
those with inadequate protein intakes (37).

Interpretation of our results is limited by the relatively short
duration of the weight maintenance phase (3 mo), particularly
when considering the time frame of weight regain after weight
loss (3–5 y or more) (2, 3, 37). Still, this is comparable to previous
studies with a similar end point—maintenance of lost weight—
that followed up participants for 3–12 mo (10). Unfortunately, our
study turned up slightly underpowered (69 completers as opposed
to the planned 72) because of the higher than anticipated dropout
rate during the weight loss phase—22% as opposed to the planned
20%—and also because 4 subjects did not meet the weight
loss goal and were thus excluded from further participation.
Moreover, we did not account for multiplicity, hence we cannot
exclude the possibility of inflated type I error in the analyses of
secondary outcomes. Nor can we rule out residual confounding
due to unmeasured or unknown confounders. Our results are
also limited by the greater (albeit not significantly different)
discontinuation rate during weight maintenance from the B25 diet
than from the B150 diet (20% and 6%, respectively; P = 0.101),
although total attrition was identical (∼36%, P = 0.929). Dropout
rates in our study mirror those reported by Sayer et al. (25) during
weight loss. In that study, twice as many participants withdrew
from the “meatless” diet than the red meat diet, but differences in
attrition were not statistically significant (25). These observations
raise some concern about the feasibility of reducing or excluding
red meat from the diet, because this food is particularly popular
in industrialized countries (38, 39) and accounts for about half of
all meat consumption in both sexes and all age groups (12, 13).

In conclusion, unprocessed red meat (mostly lean beef) in
small or large amounts within the context of a healthy diet
consumed ad libitum has similar effects on body weight, energy
metabolism, and cardiovascular risk factors during the first
3 mo after clinically significant rapid weight loss. A better
understanding of the dose–response in the physiological effects
of meat consumption, but also of the behavioral factors that drive
food choice relevant to meat, will be important for identifying a
minimum amount of meat in the diet that is compatible with both
individual and planetary health, and at the same time satisfies
personal food preference. This information will be valuable to
inform future meat reduction campaigns.
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