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Context: The long-term effects of diets on body composition (BC) and bone min
eral density (BMD) remain unclear.
Objective: To examine the effect of weight-loss inducing dietary interventions on 
BC and BMD at ≥12 months.
Data Sources: We conducted a systematic search on Medline, Embase, PubMed, 
and the Cochrane Library databases from inception until March 2025.
Data Extraction: We included randomized controlled trials (RCTs) of ≥12 months 
evaluating dietary interventions in adults (body mass index [BMI] ≥25 kg/m2) on 
BC and BMD. We categorized diets into moderate macronutrients (MM), low-fat/ 
high-carbohydrate (LFHC), high-fat/low-carbohydrate (HFLC), and usual diet (UD). 
We completed data screening/extraction in duplicate and independently. We used 
RevMan 5.3 for pooling and the Cochrane tool for risk of bias (ROB) assessment.
Results: Of 34 382 records, we included 23 trials reporting on BC and BMD. Most 
RCTs had high or unclear ROB. Baseline BMI was 28.6-37.7 kg/m2 and most inter
ventions lasted 12 months. Dual-energy X-ray absorptiometry was the primary BC 
assessement tool used (72%). Nine trials compared MM with HFLC diets and 5 trials 
compared MM diets with UDs. HFLC diets reduced fat mass (FM) compared with 
MM diets (2 trials; mean difference [MD], −2.88 kg; 95% CI, −5.41 to −0.34). 
Compared with a UD, the MM diet did not reduce FM (2 trials; MD, −11.36 kg; 95% 
CI, −26.36 to 3.63). There was no difference in the FM change between HFLC and 
LFHC diets. Similalry, there was no difference in the visceral adipose tissue and the 
subcutaneous adipose tissue parameters across different diets, with only few excep
tions. Four RCTs evaluated BMD parameters, and one trial only showed a possible 
reduction in bone loss with a high-protein compared to a low-protein diet.
Conclusion: HFLC diets modestly reduced FM when compared to MM diets. 
Conversely, FM did not differ between MM diets and UDs. The impact of diets on 
other BC parameters did not differ. Data on BMD parameters are very scarce, with 
a possible benefit from a high-protein diet. More high-quality trials are needed.
Systematic Review Registration: PROSPERO no. CRD42018103116.
Key words: public health, maternal health, child health, supplementation, health disparities, micro
nutrients, malnutrition, diet, epidemiology. 
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INTRODUCTION

Obesity, a growing public health challenge, has been ini

tially defined by the World Health Organization based 

on body mass index (BMI) cutoff points.1 With time, 

the limitations of BMI emerged due to its inability to 

detect differences in muscle, bone, and adipose tissues, 

and its limited consideration for gender and age 

groups.1 While several organizations advocated for the 

use of body composition (BC) methodologies, such as 

bioelectrical impedance analysis (BIA) and dual-energy 

X-ray absorptiometry (DXA) to evaluate obesity and 

excess adiposity,2,3 many scientific bodies have not yet 

comprehensively integrated evaluation of BC in their 

recommendations (Table S1).4–16

Identifying the “best” dietary approach for weight 

management is an important debate among patients, 

healthcare providers, and researchers.17 In addition to 

weight loss, changes in BC and bone loss are important 

considerations with long-term diets. Several previous 

systematic reviews and meta-analyses assessed the 

impact of a weight-loss–inducing diet on BC changes 

(Table S2). While some revealed a reduction in body fat 

percentage with lower-carbohydrate diets (relative to 

their comparator diets)18–20 and low-fat diets (com

pared with high-fat or other weight-reducing diets),21,22

others found no superiority of an individual diet on fat 

mass (FM)23 and lean mass19 compared with other 

diets. These systematic reviews included trials with a 

high dropout rate and a high heterogeneity in interven

tions and durations (Table S2). We aimed to review the 

impact of long-term (≥12 months) dietary interven

tions, classified according to Acceptable Macronutrient 

Distribution Range (AMDR), on BC and bone mineral 

density (BMD) parameters.

METHODS

The protocol of this systematic review is registered on 

PROSPERO (CRD42018103116)24 and followed the 

Preferred Reporting Guidelines for Systematic Reviews 

and Meta-Analyses (PRISMA 2020) (Table S3).25 PICO 

(Participants, Interventions, Comparators, Outcomes) 

elements are summarized in Table 1.

Study Inclusion

We included randomized controlled trials (RCTs) of 

active dietary interventions with a duration of 

12 months or more, conducted on adults with over

weight or obesity (identified using a mean sample BMI 

of ≥25 kg/m2), as compared with another dietary inter

vention or with a usual diet (UD). We excluded studies 

with the majority of participants being pregnant, those 

with chronic diseases, those receiving pharmacotherapy 

associated with weight changes, as well as trials provid

ing the interventions based on genetic profiles, or pro

viding individual specific nutrient, meal replacement, or 

very-low-calorie diets (<800 kcal/d).

Outcomes of Interest

The outcomes of interest were BC—namely, fat mass 

(FM), lean mass, appendicular lean mass, fat-free mass 

(FFM), skeletal muscle index, muscle mass, as well as 

subcutaneous adipose tissue (SAT), visceral adipose tis

sue (VAT) and total adipose tissue areas, mass and vol

ume, and BMD at any site. We aimed to include all 

outcome measures being expressed as achieved level, 

absolute change or percentage change.

Search Strategy, Article Screening, and Data 
Extraction

We conducted a systematic search in 4 databases: 

Cochrane, Embase, PubMed, and Medline. The search 

strategy combined key words and Medical Subject 

Heading (MeSH) terms related to overweight and obe

sity, diet therapy, and RCTs.26 The search period 

extended until March 2025 and is available online.26

Table 1. PICO Criteria for Inclusion of Studies
Parameter Criteria

Participants Randomized controlled trials (RCTs) conducted on adults with overweight or obesity 
(identified using a mean sample body mass index [BMI] of ≥25 kg/m2)

Interventions Active dietary interventions of ≥12 months total duration, classified by the Acceptable 
Macronutrient Distribution Range (AMDR) into (1) moderate macronutrients (MM): car
bohydrates 45%–65%, protein 10%–35%, fat 20%–35%; (2) high-fat/low-carbohydrate 
(HFLC): fat above and/or carbohydrates below the AMDR; (3) low-fat/high-carbohydrate 
(LFHC): fat below and/or carbohydrates above the AMDR

Comparators Another eligible dietary intervention (eg, HFLC vs LFHC or MM) or a usual diet (UD) con
trol where participants were encouraged to maintain their usual lifestyle

Outcomes Body composition (BC): fat mass, lean/appendicular lean mass, fat-free mass, skeletal 
muscle index, total/muscle mass; adipose depots: visceral adipose tissue (VAT), subcu
taneous adipose tissue (SAT), total adipose (area/mass/volume); bone mineral density 
(BMD) at any site; outcomes accepted as achieved level, absolute change, or % change.
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Pairs of reviewers conducted the screening of titles, 

abstracts, and full texts as well as data extraction, in 

duplicate and independently. Reviewers used standar

dized sheets for data screening and extraction. 

Reviewers were cross-trained on the screening and data 

extraction process to ensure a low discrepancy rate 

(≤5%). In case of disagreement, content experts (M.C. 

and J.J.) intervened for conflict resolution.

Risk-of-Bias Assessment

We used the 2011 Cochrane tool to evaluate the risk of 

bias (ROB) in duplicate and independently.27 We 

planned to assess publication bias through funnel plots. 

However, this assessment was not feasible as none of 

the comparisons included 10 or more studies.

Diet Classification

We used the AMDR28 to classify dietary interventions 

into a moderate macronutrients (MM) diet for those 

that had all macronutrients within the National 

Academy of Sciences recommendations (carbohydrate, 

protein, and fat composition constituting 45%–65%, 

10%–35%, and 20%–35% of advised energy intake, 

respectively). A high-fat/low-carbohydrate (HFLC) diet 

was defined as having a content of fat and/or carbohy

drate percentages that exceeded and/or were below the 

AMDR ranges for fats and carbohydrates, respectively. 

A low-fat/high-carbohydrate (LFHC) diet was defined 

with a fat composition below the AMDR and/or carbo

hydrate composition exceeding the AMDR.28 A UD 

included control diets, where participants were encour

aged to maintain their usual lifestyle during the study.

Statistical Considerations

We used counts (percentages) and means (ranges or 

SDs) to describe discrete and continuous variables, 

respectively. When 2 or more RCTs assessed the same 

intervention and outcome measure, and using the same 

machine and software (in the case of DXA), we pooled 

their results in a meta-analysis. We calculated the mean 

difference (MD) and 95% CI of continuous variables 

using a random-effects model. The meta-analysis was 

computed using Review Manager (RevMan, version 5.3; 

The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2014; Copenhagen, Denmark).29

RESULTS

The search strategy yielded 34 382 records. After dupli

cate removal and screening of citations and full-text 

articles, we included 23 original trials providing data on 

BC and 4 trials on BMD (Figure 1). Table 2 summarizes 

the included trials’ characteristics, diet categories and 

co-interventions, and the outcomes assessed. Half of the 

included trials were conducted in the United States, fol

lowed by Australia (18%) and several European coun

tries (32%), including Spain, Sweden, Denmark, 

Norway, Israel, and Portugal. Sixty-four percent of the 

studies recruited both men and women, with women 

generally being predominant in the enrolled population, 

while a smaller proportion included only 1 gender 

(�9% of trials included men only and 27% included 

women only). The mean age of participants ranged 

from 22.4 to 70.6 years, with approximately two-thirds 

of studies reporting a mean age below 50 years. The 

mean baseline BMI ranged between 28.6 and 37.7 kg/ 

m2. The number of participants per arm varied widely, 

from as few as 7 to as many as 318, and dropout rates 

ranged from 0% to 69.2%. Most interventions (72%) 

lasted 12 months, while 14% extended over 18 months 

and another 14% extended over 24 months. The most 

common dietary intervention was an MM diet, with co- 

interventions frequently including physical activity 

(31%) and behavioral support (24%). Fat mass–related 

outcomes were the most frequently assessed, most often 

measured using DXA (72%), using devices such as the 

Hologic QDR-4500 (Hologic, Inc., Marlborough, MA, 

USA), Lunar Prodigy, and GE Lunar (GE Healthcare, 

Madison, WI, USA), followed by BIA (14%).

Body Composition Parameters

Table 3 describes the results on BC parameters featured 

by diet group comparisons. The achieved FM was the 

most reported parameter, followed by fat-free and lean 

masses.

Fat Mass Parameters. A total of 21 trials evaluated FM 

parameters (achieved [kg], change [kg], or percent 

change [%]) in response to various diets.

MM vs HFLC diets. Eight trials evaluated FM parame

ters in response to an HFLC diet compared with 

an MM diet, over a duration of 12–24 months30–37

Table 3). Six studies assessed the achieved FM (kg or %) 

at the end of the study; none of them showed any signif

icant differences between HFLC and MM diets, and for 

some, the assessment of the statistical significance 

between arms was not provided.30–34,37 We pooled the 

data of trials reporting on FM change in kilograms and 

FM % change.30,31,37 Two trials were included in each 

meta-analysis. The forest plots show an MD in absolute FM 

change (kg) of –2.88 (–5.41 to –0.34), I2 of 0% (Figure 2A), 

and an MD in %FM change of –1.12 (–2.51 to 0.27), I2 of 

31% (Figure 2B), favoring the HFLC arm over the MM 
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arm. A third trial reporting on the absolute FM change 

was not included in the meta-analysis as the SDs for this 

parameter were not available. It showed less reduction in 

FM (kg) with HFLC (–2.9 kg) compared with MM 

(–4.6 kg); the P value for the comparison was not avail

able.32 Bazzano et al35 evaluated the %FM change and 

showed a significant reduction only in the HFLC diet 

(–1.2; –2.0 to –0.4), but not in the MM diet (0.3; –0.5 to 

Figure 1. Flow Diagram Based on PRISMA 2020. Abbreviations: BMI, body mass index; PRISMA, Preferred Reporting Guidelines for 
Systematic Reviews and Meta-Analyses.

4                                                                                                                                                                          Nutrition ReviewsVR Vol. 00(00):1–17 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf297/8483933 by guest on 20 February 2026



Ta
bl

e 
2.

 S
um

m
ar

y 
of

 th
e 

In
cl

ud
ed

 T
ria

ls
 R

ep
or

tin
g 

on
 B

od
y 

Co
m

po
sit

io
n 

an
d 

Bo
ne

 M
in

er
al

 D
en

sit
y

St
ud

y 
(y

ea
r)

, 
co

un
tr

y
A

ge
, m

ea
n 

(S
D

 o
r 

ra
ng

e)
, 

y

M
en

, %
Ba

se
lin

e 
BM

I, 
m

ea
n 

(S
D

 o
r 

ra
ng

e)
, k

g/
m

2

N
o.

 r
an

do
m


iz

ed
/N

o.
 

co
m

pl
et

ed

D
ie

t  
du

ra
ti

on
, 

m
o

D
ie

t 
ty

pe
s 

(a
s 

pe
r 

au
th

or
s)

 (d
ie

t 
ca

te
go

ri
es

)

Ph
ys

ic
al

 
ac

ti
vi

ty
/ 

be
ha

vi
or

al
 

su
pp

or
t

O
ut

co
m

es
 

as
se

ss
ed

A
ss

es
sm

en
t 

te
ch

ni
qu

e

W
ill

ia
m

s 
et

 a
l 

(1
99

4)
, U

SA
68

N
/A

10
0

30
.7

 (2
.1

)
45

/3
9

12
D

ie
t (

M
M

)
N

on
e

FM
 c

ha
ng

e 
(%

)
H

yd
ro

st
at

ic
 w

ei
gh


in

g,
 a

nd
 m

ax
im

al
 

ox
yg

en
 u

pt
ak

e 
(V

O
2m

ax
)

N
/A

10
0

30
.7

 (2
.2

)
44

/4
0

Co
nt

ro
l (

U
D

)

Pr
itc

ha
rd

 e
t a

l 
(1

99
7)

, 
Au

st
ra

lia
40

43
.6

 (6
.0

)
10

0
29

.0
 (2

.8
)

22
/1

8
12

Lo
w

-f
at

 d
ie

t (
M

M
)

N
on

e
FM

 a
ch

ie
ve

d 
(k

g)
, 

FM
 c

ha
ng

e 
(%

), 
LM

 a
ch

ie
ve

d 
(k

g)
, 

LM
 c

ha
ng

e 
(%

)

D
XA

, H
ol

og
ic

 1
00

0/
 

W
, s

of
tw

ar
e,

 v
er


si

on
 5

.4
7.

 H
ol

og
ic

, 
In

c.
, M

A,
 U

SA

44
.9

 (6
.5

)
10

0
29

.2
 (2

.8
)

24
/2

1
Ex

er
ci

se
 (U

D
)

42
.3

 (4
.5

)
10

0
28

.6
 (2

.8
)

20
/1

9
Co

nt
ro

l (
U

D
)

D
ue

 e
t a

l (
20

04
), 

D
en

m
ar

k43
39

.4
 (3

5.
3-

43
.6

)
24

30
.8

 (2
9.

9-
31

.6
)

25
/1

8
12

M
ed

iu
m

-p
ro

te
in

 
(M

M
)

Be
ha

vi
or

al
 

su
pp

or
t

Ch
an

ge
 in

 F
M

 (k
g)

, 
LM

 (k
g)

D
XA

, H
ol

og
ic

 1
00

0/
 

W
, s

of
tw

ar
e,

 v
er


si

on
 5

.6
1.

 H
ol

og
ic

, 
In

c.
, M

A,
 U

SA
39

.8
 (3

5.
8-

43
.8

)
24

30
.0

 (2
9.

1-
30

.9
)

25
/2

3
H

ig
h-

pr
ot

ei
n 

(M
M

)

Eb
be

lin
g 

et
 a

l 
(2

00
5)

, U
SA

44
29

.8
 (1

.7
)

12
N

/A
17

/1
1

12
Lo

w
 g

ly
ce

m
ic

 lo
ad

 
(M

M
)

Bo
th

Ch
an

ge
 in

 F
M

 (%
), 

LM
 (%

)
D

XA
, H

ol
og

ic
 m

od
el

 
Q

D
R 

45
00

. 
H

ol
og

ic
, I

nc
., 

M
A,

 
U

SA
27

.2
 (1

.3
)

12
N

/A
17

/1
2

Lo
w

-f
at

 (M
M

)

G
ar

dn
er

 e
t a

l 
(2

00
7)

, U
SA

36
42

.0
 (5

.0
)

0
32

.0
 (4

.0
)

77
/6

8
12

At
ki

ns
 (H

FL
C)

Be
ha

vi
or

al
 

su
pp

or
t

FM
 c

ha
ng

e 
(%

)
D

XA
, H

ol
og

ic
 Q

D
R-

 
20

00
, Q

D
R 

45
00

. 
H

ol
og

ic
, I

nc
., 

M
A,

 
U

SA

40
.0

 (6
.0

)
0

31
.0

 (3
.0

)
79

/6
1

Zo
ne

 (H
FL

C)
40

.0
 (7

.0
)

0
31

.0
 (4

.0
)

79
/6

1
Le

ar
n 

(M
M

)
42

.0
 (6

.0
)

0
32

.0
 (3

.0
)

76
/5

9
O

rn
is

h 
(L

FH
C)

Ta
nu

m
ih

ar
dj

o 
et

 
al

 (2
00

9)
, U

SA
47

30
.7

 (6
.6

)
27

33
.7

 (3
.8

)
30

/1
4

18
H

ig
h 

ve
ge

ta
bl

e 
(M

M
)

Ph
ys

ic
al

 
ac

tiv
ity

FM
 c

ha
ng

e 
(k

g)
AD

P
36

.4
 (9

.4
)

27
33

.3
 (3

.5
)

30
/1

8
En

er
gy

- a
nd

 fa
t-

 
re

du
ci

ng
 d

ie
t 

(M
M

)
Su

ku
m

ar
 e

t a
l 

(2
01

0)
, U

SA
46

58
.5

 (4
.1

)
0

32
.1

 (4
.6

)
29

/2
6

12
H

ig
h-

pr
ot

ei
n 

(M
M

)
Ph

ys
ic

al
 

ac
tiv

ity
FM

 a
ch

ie
ve

d 
(k

g)
, 

FM
 c

ha
ng

e 
(%

), 
LM

 a
ch

ie
ve

d 
(k

g)
, 

LM
 c

ha
ng

e 
(%

)

D
XA

, L
un

ar
 P

ro
di

gy
 

Ad
va

nc
ed

. G
E 

H
ea

lth
ca

re
, 

M
ad

is
on

, W
I, 

U
SA

57
.4

 (4
.7

)
0

31
/2

1
N

or
m

al
-p

ro
te

in
 

(M
M

)

Fo
st

er
-S

ch
ub

er
t 

et
 a

l (
20

12
), 

U
SA

39

57
.4

 (4
.4

)
0

30
.7

 (3
.9

)
87

/8
0

12
Co

nt
ro

l d
ie

t (
M

M
)

N
on

e
LM

 a
ch

ie
ve

d 
(k

g)
, 

LM
 c

ha
ng

e 
(k

g)
, 

LM
 c

ha
ng

e 
(%

)

D
XA

, G
E 

Lu
na

r, 
G

E 
H

ea
lth

ca
re

, 
M

ad
is

on
, W

I, 
U

SA
58

.1
 (6

.0
)

0
31

.1
 (3

.9
)

11
8/

10
5

D
ie

t (
U

D
)

58
.1

 (5
.0

)
0

30
.7

 (3
.7

)
11

7/
10

6
Co

nt
ro

l d
ie

t (
M

M
)

Ph
ys

ic
al

 
ac

tiv
ity

58
.0

 (4
.5

)
0

31
.0

 (4
.3

)
11

7/
10

8
D

ie
t (

U
D

)
Fe

rn
an

de
z 

et
 a

l 
(2

01
2)

, S
pa

in
33

35
.9

 (1
2.

4)
46

31
.2

 (2
.7

)
13

/4
12

In
su

lin
-r

es
is

ta
nt

, 
“d

ie
t A

” 
(H

FL
C)

N
on

e
FM

 a
ch

ie
ve

d 
(%

)
BI

A,
 H

ol
ta

in
 B

C 
An

al
yz

er
, U

K 
O

m
ro

n 
BF

 3
00

, 
Ta

ni
ta

 
Co

rp
or

at
io

n,
 

Ky
ot

o,
 J

ap
an

42
.2

 (1
5.

1)
25

32
.0

 (2
.0

)
12

/4
In

su
lin

-r
es

is
ta

nt
, 

“d
ie

t B
” 

(M
M

)
47

.3
 (1

1.
8)

13
33

.0
 (2

.5
)

8/
4

In
su

lin
-s

en
si

tiv
e,

 
“d

ie
t A

” 
(H

FL
C)

40
.6

 (1
4.

6)
43

31
.4

 (2
.2

)
7/

4
In

su
lin

-s
en

si
tiv

e,
 

“d
ie

t B
” 

(M
M

)

(c
on

tin
ue

d)
 

Nutrition ReviewsVR Vol. 00(00):1–17                                                                                                                                                                          5 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf297/8483933 by guest on 20 February 2026



Ta
bl

e 
2.

 C
on

tin
ue

d 
St

ud
y 

(y
ea

r)
, 

co
un

tr
y

A
ge

, m
ea

n 
(S

D
 o

r 
ra

ng
e)

, 
y

M
en

, %
Ba

se
lin

e 
BM

I, 
m

ea
n 

(S
D

 o
r 

ra
ng

e)
, k

g/
m

2

N
o.

 r
an

do
m


iz

ed
/N

o.
 

co
m

pl
et

ed

D
ie

t  
du

ra
ti

on
, 

m
o

D
ie

t 
ty

pe
s 

(a
s 

pe
r 

au
th

or
s)

 (d
ie

t 
ca

te
go

ri
es

)

Ph
ys

ic
al

 
ac

ti
vi

ty
/ 

be
ha

vi
or

al
 

su
pp

or
t

O
ut

co
m

es
 

as
se

ss
ed

A
ss

es
sm

en
t 

te
ch

ni
qu

e

W
yc

he
rle

y 
et

 a
l 

(2
01

2)
, 

Au
st

ra
lia

30

51
.3

 (9
.4

)
10

0
33

.0
 (3

.9
) 

co
lle

ct
iv

el
y

58
/3

3
12

H
ig

h-
pr

ot
ei

n 
(H

FL
C)

N
on

e
FM

 a
ch

ie
ve

d 
(k

g)
, 

FM
 c

ha
ng

e 
(k

g)
, 

FF
M

 a
ch

ie
ve

d 
(k

g)
, F

FM
 c

ha
ng

e 
(k

g)

D
XA

, L
un

ar
 P

ro
di

gy
; 

G
en

er
al

 E
le

ct
ric

.
50

.2
 (9

.3
)

10
0

62
/3

5
H

ig
h-

ca
rb

oh
yd

ra
te

 
(M

M
)

G
rif

fin
 e

t a
l 

(2
01

3)
, 

Au
st

ra
lia

31

22
.4

 (2
1.

6-
23

.2
)

0
34

.1
 (3

2.
7-

35
.5

)
36

/2
1

12
H

ig
he

r-
pr

ot
ei

n 
(H

FL
C)

N
on

e
FM

 a
ch

ie
ve

d 
(k

g)
, 

FM
 c

ha
ng

e 
(k

g)
, 

LM
 c

ha
ng

e 
(k

g)

D
XA

, L
un

ar
 P

ro
di

gy
 

G
E 

H
ea

lth
ca

re
, 

G
ile

s,
 U

K
22

.5
 (2

1.
7-

23
.3

)
0

33
.8

 (3
2.

1-
35

.5
)

35
/1

5
H

ig
he

r-
ca

rb
oh

y
dr

at
e 

(M
M

)
Je

su
da

so
n 

et
 a

l 
(2

01
3)

, U
SA

45
59

.5
 (0

.4
) (

5.
38

)
0

34
.0

 (0
.4

)
16

4/
69

24
H

ig
h-

pr
ot

ei
n 

(M
M

)
N

on
e

FM
 a

ch
ie

ve
d 

(k
g)

, 
FM

 c
ha

ng
e 

(%
), 

LM
 a

ch
ie

ve
d 

(k
g)

, 
LM

 c
ha

ng
e 

(%
)

D
XA

, N
or

la
nd

 X
R-

80
0 

m
ac

hi
ne

 (S
ie

m
en

s 
M

ed
ic

al
)

59
.4

 (0
.4

)(5
.0

4)
0

33
.4

 (0
.4

)
15

9/
67

H
ig

h 
no

rm
al

-p
ro


te

in
 (M

M
)

Ba
zz

an
o 

et
 a

l 
(2

01
4)

, U
SA

35
47

.8
 (1

0.
4)

11
35

.6
 (4

.5
)

73
/6

0
12

Lo
w

-f
at

 (M
M

)
Be

ha
vi

or
al

 
su

pp
or

t
Ch

an
ge

 in
 F

M
 (%

), 
LM

 (%
)

BI
A,

 R
JL

 S
ys

te
m

s
45

.8
 (9

.9
)

12
35

.2
 (3

.8
)

75
/5

9
Lo

w
-c

ar
bo

hy
dr

at
e 

(H
FL

C)
M

el
lb

er
g 

et
 a

l 
(2

01
4)

, 
Sw

ed
en

32

60
.3

 (5
.9

)
0

32
.6

 (3
.3

)
35

/2
2

24
Lo

w
-c

ar
bo

hy
dr

at
e 

(H
FL

C)
N

on
e

FM
 a

ch
ie

ve
d 

(k
g)

, 
FM

 c
ha

ng
e 

(k
g)

D
XA

, L
un

ar
 P

ro
di

gy
. 

G
E 

he
al

th
ca

re
59

.5
 (5

.5
)

0
32

.7
 (3

.6
)

35
/2

7
Pa

le
ol

ith
ic

 d
ie

t 
(M

M
)

de
 S

ou
za

 e
t a

l 
(2

01
2)

, U
SA

48
53

(9
.0

)
25

33
.1

 (3
.4

)
10

4/
18

2
24

Lo
w

-f
at

, a
ve

ra
ge

 p
ro


te

in
 (L

FH
C)

Bo
th

Ch
an

ge
 in

 F
M

 (k
g)

, 
LM

 (k
g)

, V
AT

 (k
g)

, 
SA

T 
(k

g)

D
XA

 o
n 

a 
H

ol
og

ic
 

Q
D

R 
45

00
A 

(G
E 

H
ea

lth
ca

re
, 

M
ad

is
on

, W
I, 

U
SA

) 
an

d 
CT

 (G
en

er
al

 
El

ec
tr

ic
 H

ig
h-

Li
gh

t 
or

 L
ig

ht
Sp

ee
d 

vo
lu

m
e)

49
 (9

.0
)

18
33

.9
 (3

.3
)

10
4/

18
2

Lo
w

-f
at

, h
ig

h 
pr

o
te

in
 (L

FH
C)

55
 (7

.0
)

0
31

.6
 (4

.2
)

12
2/

24
2

H
ig

h-
fa

t, 
av

er
ag

e 
pr

ot
ei

n 
(H

FL
C)

49
 (9

.0
)

0
32

.5
 (3

.8
)

12
2/

24
2

H
ig

h-
fa

t, 
hi

gh
 p

ro


te
in

 (H
FL

C)
Sa

nt
an

as
to

 e
t a

l 
(2

01
5)

, U
SA

41
70

.6
 (5

.9
)

19
33

.6
 (3

.3
)

21
/1

8
12

D
ia

be
te

s 
Pr

ev
en

tio
n 

Pr
og

ra
m

 (M
M

)
Ph

ys
ic

al
 

ac
tiv

ity
Ch

an
ge

 in
 F

M
 (%

), 
LM

 (%
), 

m
us

cl
e 

ar
ea

 (c
m

2 ), 
VA

T 
ar

ea
 (c

m
2 ), 

SA
T 

ar
ea

 (c
m

2 )

D
XA

, H
ol

og
ic

 Q
D

R 
45

00
. H

ol
og

ic
 In

c.
, 

U
SA

69
.9

 (6
.2

)
14

32
.0

 (3
.1

)
15

/1
4

Co
nt

ro
l (

U
D

)

Br
in

kw
or

th
 e

t a
l 

(2
01

6)
, 

Au
st

ra
lia

34

51
.6

 (7
.8

)
31

33
.7

 (4
.0

)
57

/3
2

12
Ve

ry
 lo

w
 c

ar
bo

hy


dr
at

e,
 h

ig
h-

fa
t 

(H
FL

C)

N
on

e
FM

 a
ch

ie
ve

d 
(k

g)
, 

FM
 a

ch
ie

ve
d 

(%
)

D
XA

, L
un

ar
 P

ro
di

gy
. 

G
E 

H
ea

th
ca

re

51
.0

 (6
.5

)
39

33
.2

 (4
.0

)
61

/3
3

H
ig

he
r c

ar
bo

hy


dr
at

e,
 lo

w
-f

at
 

(M
M

)

(c
on

tin
ue

d)
 

6                                                                                                                                                                          Nutrition ReviewsVR Vol. 00(00):1–17 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf297/8483933 by guest on 20 February 2026



Ta
bl

e 
2.

 C
on

tin
ue

d 
St

ud
y 

(y
ea

r)
, 

co
un

tr
y

A
ge

, m
ea

n 
(S

D
 o

r 
ra

ng
e)

, 
y

M
en

, %
Ba

se
lin

e 
BM

I, 
m

ea
n 

(S
D

 o
r 

ra
ng

e)
, k

g/
m

2

N
o.

 r
an

do
m


iz

ed
/N

o.
 

co
m

pl
et

ed

D
ie

t  
du

ra
ti

on
, 

m
o

D
ie

t 
ty

pe
s 

(a
s 

pe
r 

au
th

or
s)

 (d
ie

t 
ca

te
go

ri
es

)

Ph
ys

ic
al

 
ac

ti
vi

ty
/ 

be
ha

vi
or

al
 

su
pp

or
t

O
ut

co
m

es
 

as
se

ss
ed

A
ss

es
sm

en
t 

te
ch

ni
qu

e

G
ep

ne
r e

t a
l 

(2
01

7)
, I

sr
ae

l51
47

.2
 (9

.0
)

86
30

.3
 (3

.4
)

13
8/

60
18

Lo
w

-f
at

 (M
M

)
Ph

ys
ic

al
 

ac
tiv

ity
Ch

an
ge

 in
 V

AT
 a

re
a 

(c
m

2 ), 
de

ep
 a

nd
 

su
pe

rf
ic

ia
l S

AT
 

ar
ea

 (c
m

2 )

M
RI

, I
ng

en
ia

 3
.0

T,
 

Ph
ili

ps
 H

ea
lth

ca
re

, 
N

et
he

rla
nd

s
47

.8
 (9

.8
)

30
.9

 (3
.3

)
13

9/
66

M
ed

ite
rr

an
ea

n 
(H

FL
C)

49
.5

 (9
.2

)
31

.1
 (3

.9
)

13
8/

57
Lo

w
-f

at
 (M

M
)

N
on

e
47

.0
 (8

.8
)

30
.9

 (4
.4

)
13

9/
56

M
ed

ite
rr

an
ea

n 
(H

FL
C)

G
ar

dn
er

 e
t a

l 
(2

01
8)

, U
SA

38
39

.3
 (6

.8
)

45
33

.4
 (3

.4
)

31
4/

24
1

12
Lo

w
-f

at
 (M

M
)

N
on

e
FM

 c
ha

ng
e 

(%
)

D
XA

, H
ol

og
ic

 Q
D

R 
45

00
. H

ol
og

ic
 In

c.
, 

U
SA

40
.2

 (6
.7

)
41

33
.3

 (3
.4

)
31

8/
23

8
Lo

w
-c

ar
bo

hy
dr

at
e 

(H
FL

C)
Bo

ut
el

le
 e

t a
l 

(2
02

2)
, U

SA
42

46
.4

 (1
2.

4)
17

35
.2

 (5
.6

)
69

/5
6

12
Re

gu
la

tio
n 

of
 C

ue
s 

(R
O

C)
 (U

D
)

Bo
th

FM
 c

ha
ng

e 
(%

)
D

XA
, s

of
tw

ar
e 

no
t 

sp
ec

ifi
ed

48
.2

 (1
1.

1)
19

34
.2

 (5
.6

)
67

/5
5

RO
C 
þ

w
ei

gh
t l

os
s 

(M
M

)
So

m
m

er
st

en
 e

t a
l 

(2
02

2)
, 

N
or

w
ay

50

41
.6

 (8
.8

)
47

36
.4

 (4
.3

)
68

/1
4

12
Ac

el
lu

la
r H

CL
F 

(H
FL

C)
Ph

ys
ic

al
 

ac
tiv

ity
Ch

an
ge

 in
 V

AT
 a

re
a 

(c
m

3 ), 
SA

T 
ar

ea
 

(c
m

3 ), 
TA

T 
ar

ea
 

(c
m

3 )

CT
, S

O
M

AT
O

M
 F

or
ce

, 
Si

em
en

s,
 G

er
m

an
y

37
.7

 (5
.1

)
62

/2
2

Ce
llu

la
r H

CL
F 

(H
FL

C)
35

.9
 (4

.8
)

63
/2

1
LC

H
F 

(H
FL

C)
M

og
na

-P
el

� ae
z 

et
 

al
 (2

02
4)

, 
Sp

ai
n37

51
.1

 (9
.8

)
58

33
.7

 (4
.0

)
48

/3
2

24
Am

er
ic

an
 H

ea
rt

 
As

so
ci

at
io

n 
di

et
 

(M
M

)

Be
ha

vi
or

al
 

su
pp

or
t

Ch
an

ge
 in

 F
M

 (%
), 

VA
T 

ar
ea

 (k
g)

, L
M

 
(k

g)

D
XA

, L
un

ar
 iD

XA
, 

en
CO

RE
 1

4.
5,

 
M

ad
is

on
, W

I, 
U

SA
49

.2
 (8

.9
)

54
33

.3
 (4

.0
)

50
/2

6
Fa

tt
y 

Li
ve

r i
n 

O
be

si
ty

 (H
FL

C)
Pe

re
ira

 e
t a

l 
(2

02
4)

, 
Po

rt
ug

al
49

44
.0

 (8
.8

)
29

33
.9

 (2
.6

)
59

/4
0

18
W

LM
3P

 (H
FL

C)
Bo

th
Ch

an
ge

 in
 F

M
 (k

g)
, 

VA
T 

ar
ea

 (c
m

2 )
BI

A,
 In

Bo
dy

 m
od

el
 

77
0,

 S
eo

ul
, K

or
ea

46
.2

 (8
.4

)
26

34
.1

 (2
.2

)
53

/3
7

LC
D

 (H
FL

C)

Ab
br

ev
ia

tio
ns

: A
D

P,
 a

ir 
di

sp
la

ce
m

en
t p

le
th

ys
m

og
ra

ph
y;

 B
IA

, b
io

el
ec

tr
ic

al
 im

pe
da

nc
e 

an
al

ys
is

; D
XA

, d
ua

l-e
ne

rg
y 

X-
ra

y 
ab

so
rp

tio
m

et
ry

; F
FM

, f
at

-f
re

e 
m

as
s;

 F
M

, f
at

 m
as

s;
 H

CL
F,

 h
ig

h-
ca

rb
oh

y
dr

at
e 

lo
w

-f
at

; H
FL

C,
 h

ig
h-

fa
t/

lo
w

-c
ar

bo
hy

dr
at

e;
 L

FH
C,

 lo
w

-f
at

/h
ig

h-
ca

rb
oh

yd
ra

te
; L

M
, l

ea
n 

m
as

s;
 M

M
, m

od
er

at
e 

m
ac

ro
nu

tr
ie

nt
s;

 M
RI

, m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g;
 N

/A
, n

ot
 a

va
ila

bl
e;

 S
AT

, 
su

bc
ut

an
eo

us
 a

di
po

se
 ti

ss
ue

; T
AT

, t
ot

al
 a

di
po

se
 ti

ss
ue

; U
D

, u
su

al
 d

ie
t; 

VA
T,

 v
is

ce
ra

l a
di

po
se

 ti
ss

ue
; V

O
2 

m
ax

, h
yd

ro
st

at
ic

 w
ei

gh
in

g 
an

d 
m

ax
im

al
 o

xy
ge

n 
up

ta
ke

; W
LM

3P
, W

ei
gh

t L
os

s 
M

ai
nt

en
an

ce
 3

-P
ha

se
 P

ro
gr

am
.

Nutrition ReviewsVR Vol. 00(00):1–17                                                                                                                                                                          7 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf297/8483933 by guest on 20 February 2026



1.1; P¼ .011). Two additional trials compared HFLC with 

MM diets on FM percent change and did not report a sig

nificant difference between arms.37,38

HFLC vs MM vs LFHC. One trial, the A-to-Z weight- 

loss study, compared 3 diets and showed that 

participants on the HFLC diet had a mean percent FM 

reduction of –1.9% (SD, 4.2%), while those on the MM 

diet had a reduction of –1.0% (SD, 3.4%), and those on 

the LFHC diet had a reduction of –1.5% (SD, 4.0%). 

However, the P value for statistical significance was not 

reported.36

Table 3. Summary of the Change in Fat Mass by Diet Group Comparisons
Diet categories MM vs HFLC HFLC vs LFCH MM vs UD MM vs MMa HFLC vs HFLC

Achieved (kg) at 
study end

Wycherley et al30: 
HFLC: 26.2 (8.3) 
MM: 26.3 (7.9),  Pb ¼ .11 
Griffin et al31: 
HFLC: 47.6 (44.8; 50.4) 
MM: 44.4 (39.8; 49.0), 

P¼ 0.19 
Mellberg et al33,b: 
MM: 33.9 (3.3) 
HFLC: 37.8 (2.7), P ¼ NS 

— Pritchard et al40: 
MM: 16.1 (4.4) kg 
UD: 19.3 (3.9) kg 
P< .05 
Foster-Schubert  

et al39: 
MM: 31.2 (9.5) kg 
UD: 37.8 (8.7) kg 
P< .01 

Sukumar et al46: 
MM (HP): 35.4 

(10.6) 
MM (NP): 32.4 (8.3), 
P¼ .321c

Jesudason et al45: 
MM (HP): 40.5 (1.4) 
MM (NP): 39.9 (1.6), 

P¼ .47 

—

Achieved (%) at 
study end

Fernandez et al33: 
HFLC: 35.3 (8.2) 
MM: 35.0 (10.8), P ¼ NA 
Brinkworth et al34: 
HFLC: 36.1 (9.8) 
MM: 35.8 (8.5), Pd ¼ NA 
Mogna-Pel�aez et al37: 
HFLC: 39.2 (8) 
MM: 40.1 (7), P¼ .803 

— Boutelle et al42: 
UD: 45.48% 
MM: 43.36%,  

P ¼ N/A 

— —

Absolute change 
(kg)

Pooled estimate30,31

MD -2.88 kg (-5.41; 
-0.34), I2 5 0%  
favoring HFLC diet 

Mellberg et al32: 
MM: -4.6 (NA) 
HFLC: -2.9 (NA), P ¼ NA 

de Souza et al48: 
HFLC: -5.3 (0.4) 
LFHC: -5.6 (0.4), 

P¼ .63 

Foster-Schubert  
et al39: 

MM: -20.8 
UD: -5.3, P¼ .006 

Due et al43: 
MM (MP): -3.1  

(-1.4; -4.7) 
MM (HP): -4.6  

(-2.7; -6.6),  
P ¼ NS 

Tanumihardjo  
et al47,e: 

MM (HV): 0.5 
MM (EFR): -4.5, 

P < .001 

Pereira et al49: 
HFLC (WLM3P): 

-11.2 (7.4) 
HFLC (LCD): -6.7 

(7.2), P¼ .009 

Percent change 
(%)

Pooled estimate30,37

MD -1.12 (-2.51; 0.27), I2 

¼ 31% favoring HFLC 
diet 

Bazzano et al35: 
MM: 0.3 (-0.5 to 1.1) 
HFLC: -1.2 (-2.0; -0.4), 

P 5 .011 
Gardner et al36,f: 
MM: -1.97 (3.2) 
HFLC: -2.15 (3.1), P ¼ NS 
Mogna-Pel�aez et al37: 
HFLC: -1.85 (4.13) 
MM: -1.55 (3.24), P ¼ NS 

— Pooled 
estimate40,41

-11.36 (-26.36; 
3.63), I2 ¼ 99% 
favoring MM 
diet 

Ebbeling et al44: 
MM (LGL): -16.5 
MM (LF): -15.7, 

P¼ .97 
Sukumar et al46: 
MM (HP): 11.7 

(10.1) 
MM (NP): 11.7 

(10.1), P ¼ NS 
Jesudason et al45: 
MM (HP): 12.9 (1.8) 
MM (NP): 14.3 (1.9), 

P ¼ NS 

Pereira et al49: 
HFLC (WLM3P):  

-6.6 (6.2) 
HFLC (LCD): -3.6 

(5.0), P¼ .023 

Fat mass values are shown as mean (SD or 95% CI). Significant results are shown in bold.
aDiets that fall under MM diet as per Acceptable Macronutrient Distribution Range but differ in their composition
bP value for the treatment effect between groups for the change from weeks 0, 12, and 52 (repeated-measures ANOVA)
cP for diet × time¼ .834
dP for time × diet ¼ .41
eEstimated from figure.
fGardner et al compared MM vs HFLC vs LFHC.
Abbreviations: EFR, energy- and fat-reducing; HFLC, high-fat/low-carbohydrate; HP, high-protein; HV, high-vegetables; LCD, low-car
bohydrate diet; LF, low-fat; LFHC, low-fat/high-carbohydrate; LGL, low glycemic load; MM, moderate macronutrients; MP, moderate 
protein; N/A, not applicable; NA, not available; NP, normal protein; NS, nonsignificant; UD, usual diet; WLM3P, Weight Loss 
Maintenance 3 Phases Program.
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MM vs UD. Four studies evaluated FM parameters in 

response to an MM diet compared with a UD39–42

(Table 3). In 2 studies, the FM achieved at study end 

was significantly lower in the moderate MM group 

compared with the UD group.39,40 The meta-analyses of 

2 trials40,41 showed an MD in the percentage FM change 

of –11.36% (–26.36 to 3.63), I2 of 99% (Figure 3).40,41

The Foster-Schubert et al study39 showed that partici

pants on the MM diet with exercise had an absolute FM 

change of –20.8 kg, while those on the UD had a change 

of –5.3 kg (P¼ .006). In Boutelle et al,42 the UD group 

(Regulation of Cues [ROC]) %FM at 12 months was 

45.48% compared with 43.36% in the ROC with weight- 

loss (MM) group, indicating a reduction of approxi

mately 2.1 percentage points in favor of the MM inter

vention (P value not available).

MM vs MM. We identified 5 studies comparing diets 

with different distributions of protein, fat, or glycemic 

load, but falling under the same category, MM diet, 

according to the AMDR classification43–47 (Table 3). 

Two RCTs assessed the achieved FM (kg) and showed 

no differences between 2 groups receiving MM diets, 

even if the protein content differed within this category. 

Sukumar et al46 showed a mean (SD) achieved FM of 

35.4 (10.6) kg in the high-protein diet group and 32.4 

(8.3) kg in the normal-protein diet group (P for diet ¼

.321 and P for diet × time ¼ .834). Similarly, Jesudason 

et al45 reported a mean (SE) achieved FM of 40.5 (1.4) 

kg in the MM high-protein diet group and 39.9 (1.6) kg 

in the MM normal-protein diet group (P for diet¼ 0.47 

and diet × time ¼ .59) . Two studies assessed the abso

lute FM change.43,47 One of them showed no difference 

between a medium- and a high-protein MM diet 

(–3.1 kg; 95% CI, –1.4 to –4.7; and –4.6 kg; 95% CI, –2.7 

to –6.6, respectively).43 Conversely, Tanumihardjo et 

al47 reported a significant difference in absolute FM 

change, with the high-vegetable MM diet group 

Figure 2. Forest Plots Comparing Fat Mass Parameters Between a High-Fat/Low-Carbohydrate Diet and a Moderate Macronutrients Diet. Fat 
mass change (kg) (A) and fat mass change (%) (B) between an HFLC diet and MM diet are shown. Abbreviations: HFLC, high-fat/low-carbo
hydrate; IV, inverse variance; MM, moderate macronutrients.

Figure 3. Forest Plot Comparing Fat Mass Change (%) Between a Moderate Macronutrient Diet and Usual Diet. Abbreviations: IV, inverse var
iance; MM, moderate macronutrients; UD, usual diet.
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showing a change of 0.5 kg compared with the energy- 

and fat-reduction MM diet group with -4.5 kg 

(P< .001). Three studies assessed the FM change (%) 

and showed no differences between arms.44–46

HFLC vs LFHC. De Souza et al48 reported no significant 

difference in FM reduction between HFLC and LFHC 

diets, with changes of –5.3 (0.4) kg and –5.6 (0.4) kg, 

respectively (P¼0.63).

HFLC and HFLC. Pereira et al49 found that, within 

HFLC diets, the Weight Loss Maintenance 3-Phase 

Program (WLM3P) achieved a greater absolute FM 

reduction compared with a low-carbohydrate diet 

(–11.2 (7.4) kg vs –6.7 (7.2) kg; P¼ .009), and similarly 

for percentage change [–6.6% (6.2%) vs –3.6% (5.0%); 

P¼ .023]. The diets differed in their introduction of car

bohydrates and intensity of behavioral support. The 

WLM3P diet featured a gradual increase in carbohy

drate intake and more intensive support than the low- 

carbohydrate diet.

VAT and SAT Parameters. Six studies evaluated 

visceral31,37,41,49,50 or subcutaneous fat48,50 (Table 4). 

Two trials compared HFLC with MM diets on absolute 

VAT area change (cm2)51 and on absolute VAT mass 

change (kg).37 In the former, patients on the HFLC diet 

lost –39.9 (34.9) cm2 VAT, while those on the MM diet 

lost –41.0 (38.6) cm2 (P value not available).51 In the lat

ter, VAT mass at study end was 2.2 kg in the MM group 

vs 1.7 kg in the HFLC group, with reductions of −0.39 

(0.65) kg and −0.38 (0.57) kg (P ¼ not significant 

[NS]).37 One study reported a decrease in the absolute 

change in VAT area (cm2) that was larger with an MM 

diet compared with a UD (MM, –34.8 [40.4]; UD, –1.0 

[29.3]; P< .05).41

Two trials assessed the effects HFLC diets on VAT 

parameters.49,50 In Sommersten et al,50 2 HFLC diets 

were used: the acellular diet and the cellular diet consti

tuted diet category 1 and the low-carbohydrate/very- 

high-fat diet constituted the second diet category. The 

VAT area decreased by 667 cm2 in the acellular and cel

lular higher-carbohydrate, low-fat diet and by 926 cm3 

(95% CI, −1321 to −530) in the LCHF diet (P ¼ NS). In 

Pereira et al,49 the VAT area decreased by 53.1 cm2 (SD, 

38.1) in the HFLC WLM3P and by −29.8 cm2 (SD, 

34.6) in the HFLC (P¼ .01).

An HFLC diet resulted in similar absolute change 

in deep and superficial SAT area compared with the 

MM diet (–58.5 vs –55.9 cm2; P¼ .78; and –25.5 vs 

–27.0 cm2; P¼ .45, respectively).51 Similarly, the change 

in SAT mass (kg) was not significantly different when 

an HFLC diet was compared with an LFHC diet.48

Comparing the MM diet to a UD, the decrease in the 

overall SAT area (cm2) was –46.7 (SD, 62.8) in the for

mer and –24.8 (SD, 63.8) cm2 in the latter (P value not 

available).41 Finally, in the 12-month trial by 

Sommersten et al,50 all 3 HFLC diets—acellular (−1056 

cm2), cellular (−1204 cm2), and low-carbohydrate/high- 

fat (−1598 cm2)—produced reductions in SAT, with no 

available data whether there were significant differences 

between arms.

Fat-Free, Lean, and Muscle Masses. Two RCTs assessed 

FFM30,47 (Table 5). Participants on the HFLC diet 

achieved a significantly higher mean FFM of 65.6 (SD, 

5.9) kg compared with those on the MM diet, who 

achieved 64.3 (7.8) kg (P< .01), with a smaller absolute 

reduction in FFM with the HFLC diet of –2.6 (SD, 3.7) 

kg, compared with the MM diet of –3.8 (SD, 4.7) kg 

(P< .05).30 Conversely, Tanumihardjo et al47 found no 

significant differences in the absolute change in FFM 

between the 2 MM diet groups (high-vegetable diet vs 

kcal-reduction diet).

Eleven studies assessed lean mass parame

ters31,35,37,39–41,43–46,48 (Table 5). Three studies com

pared MM with HFLC diets.31,35,37 There was no 

difference in the achieved and absolute change in lean 

mass (kg),31,37 but there was a significant difference in 

lean mass percent change with the MM diet (–0.4%; 

95% CI, –1.2% to 0.4%) compared with the HFLC diet 

(1.3%; 95% CI, 0.5% to 2.0%; P¼ .01).35 De Souza et 

al48 showed that the HFLC diet decreased lean mass sig

nificantly more than the LFHC diet (absolute change 

HFLC vs LFHC, –2.9 [1.9] vs –2.2 [0.3]; P¼ .04). Three 

studies compared the MM diet with the UD, and found 

no significant difference in the achieved or the absolute 

change in lean mass.39–41 Yet, the percentage change in 

lean mass was significantly greater in the MM diet 

group compared with the UD in the 2 studies, but in 

opposite directions.39,40

Four RCTs compared diets that fall under the MM 

category of the AMDR classification. There was no dif

ference in the achieved, absolute, and percent change in 

lean mass between arms, except in Sukumar et al,46

which reported a significant difference in the achieved 

lean mass between the MM high-protein diet group 

(44.0 [5.8] kg) and the MM normal-protein diet group 

(40.3 [4.6] kg) (P¼ .034 for diet and P¼ .504 for diet × 
time).

BMD Parameters

We included a total of 4 studies (3 trials reported on BC 

and BMD and 1 trial reported only on BMD).34,45,46,52

The changes in BMD parameters in various diet group 

comparisons are shown in Table 6. Two trials compared 

the HFLC diet with the LFHC diet. Brinkworth et al34
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Table 4. Summary of the Change in Adipose Tissue Components (Visceral, Subcutaneous, and Total Adipose Tissues) by Diet 
Category Comparisons
Diet categories MM vs HFLC HFLC vs LFCH MM vs UD MM vs MMa HFLC vs HFLCa

VAT area
Absolute change (cm2) Gepner et al51: 

MM: -41.0 (38.6) 
HFLC: -39.9 (34.9),  

P ¼ NA 

— Santanasto et al41: 
MM: -34.8 (40.4) 
UD: -1.0 (29.3), 

P < .05 

N/A • Pereira et al49: 
• HFLC (WLM3P): -53.1 

(38.1) 
• HFLC (LCD): -29.8 

(34.6), P 5 .010 
• Sommersten et al50: 
• HFLC (acellular and cel

lular higher carbohy
drate, low-fat): -667 
(P< .05) 

• HFLC (LCHF): -926 
(-1321, -530), P ¼ NA 

Percent change (%) N/A — N/A N/A Sommersten et al50: 
HFLC (acellular and cellular 

higher carbohydrate, 
low-fat): -0.40 

HFLC: -0.35, P ¼ NA 
Absolute change (kg) Mogna-Pel�aez et 

al37: 
MM: -0.39 (0.65) 
HFLC: -0.38 (0.57),  

P ¼ NS 

de Souza et al48: 
HFLC: -1.1 (0.2) 
LFHC: -1.3 (0.2), 

P¼ .32 

— — —

SAT area
Absolute change (cm2) Gepner et al, 

deep51: 
MM: -55.9 (42.0) 
HFLC: -58.5 (44.7), 

P¼ .78 
Gepner et al, 

superficial51: 
MM: -27.0 (25.0) 
HFLC: -25.5 (24.9), 

P¼ .45 

— Santanasto et al41: 
MM: -46.7 (62.8) 
UD: -24.8 (63.8), P ¼

NA 

N/A Sommersten et al50: 
HFLC (acellular and cellular 

higher carbohydrate, 
low-fat): -1127 

HFLC (LCHF): -1598,  
P ¼ NA 

Absolute change (kg) — de Souza et al48: 
HFLC: -1.9 (0.4) 
LFHC: -2.4 (0.4), 

P¼ .32 

— — —

SAT volume
Change (cm3) — — — — Sommersten et al50: 

HFLC (acellular and cel
lular higher carbohy
drate, low-fat): -1127 

HFLC (LCHF): −1598, 
P < .001 

TAT volume
Absolute change (cm3) — — — — Sommersten et al50: 

HFLC (acellular and cel
lular higher carbohy
drate, low-fat): -1777 

HFLC (LCHF): -2583, 
P < .001 

Values are mean (SD). Significant results are shown in bold.
aDiets that fall under MM as per the Acceptable Macronutrient Distribution Range differ in their composition. Their diet brands are 
defined within parentheses.
Abbreviations: HFLC, high-fat/low-carbohydrate; LCD, low-carbohydrate diet; LFHC, low-fat/high-carbohydrate; MM, Moderate 
Macronutrients; N/A, not applicable; NA, not available; NS, nonsignificant; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; 
UD, usual diet; VAT, visceral adipose tissue; WLM3P, Weight Loss Maintenance 3 Phases Program.
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compared a an HFLC diet with an LFHC diet for a 

period of 12 months. Weight, total bone mineral con

tent, and total BMD remained unchanged in both diet 

groups. In Tirosh et al52 the diets differed in the macro

nutrient composition, such as fat (20% vs 40%), protein 

(15% vs 25%) and carbohydrate percentage (ranging 

from 35 to 65%). At 2 years, there was a significant drop 

in BMD at all sites, but there were no significant differ

ences between study arms.52

Two studies compared MM diets, differing in pro

tein composition.45,46 Sukumar et al46 compared a high- 

protein MM diet with a normal-protein MM diet over a 

1-year period. There was no significant difference 

between the 2 groups in weight-loss percentage; partici

pants in the high-protein group lost 6.6% (4.0%) of their 

weight, while those in the normal-protein group lost 

7.4% (5.2%) (P ¼ NS). Participants in the normal- 

protein group experienced significantly greater BMD 

loss compared with the high-protein group at the ultra

distal radius (–3.3% [4.2%] vs –0.9% [3.2%]; P< .05), 

lumbar spine (–1.4% [3.6%] vs 0.2% [3.4%]; P< .05), 

and total hip (–1.2% [1.8%] vs –0.4% [1.3%]; P< .05).46

Jesudason et al45 compared a high-protein MM diet 

with a high-normal-protein MM diet (≤80 vs ≥90 g/d) 

in postmenopausal women over a 1-year duration. The 

study found that neither the “high protein” nor the 

“high normal protein” diet had any significant effect on 

weight or bone density, and there was no interaction 

between diet and time at any of the 4 measured sites. 

After 2 years, a higher percentage of bone loss was 

observed at all sites in the “high normal protein” group 

compared with the “high protein” group, but this differ

ence was not significant.45 Tirosh et al52 compared an 

HFLC diet with an LFHC diet.52 The diets differed in 

the macronutrient composition, such as fat (20% vs 

40%), protein (15% vs 25%), and carbohydrate 

Table 5. Summary of the Change in Lean and Fat-Free Mass by Diet Group Comparisons
Diet categories MM vs HFLC HFLC vs LFCH MM vs UD MM vs MMa

Fat-free mass, mean (SD)
Achieved (kg) Wycherley et al30: 

MM: 64.3 (7.8) 
HFLC: 65.6 (5.9), 

P < .01 

— N/A N/A

Absolute change (kg) Wycherley et al30: 
MM: -3.8 (4.7) 
HFLC: -2.6 (3.7), P < .05 

— N/A • Tanuamihardjo et al47: 
• MM (HV): -0.5 
• MM (EFR): -0.75, P ¼ NS 

Lean mass, mean (SD or 95% CI)
Achieved (kg) Mogna-Pel�aez et al37: 

MM: 51.9 (10) 
HFLC: 52.4 (8), P¼ .984 

— Pritchard et al40: 
MM: 64.2 (6.6) 
UD: 65.7 (7.0), P ¼ NS 
Foster-Schuber et al39: 
MM: 39.2 (3.9) 
UD: 40.5 (5.1), P¼ .15 

Sukumar et al46: 
MM (HP): 44.0 (5.8) 
MM (NP): 40.3 (4.6), 

P 5 .034 
Jesudason et al45: 
MM (HP): 37.7 (0.6) 
MM (NP): 37.1 (0.7), 

P¼ .34 
Absolute change (kg) Griffin et al31: 

MM: -0.3 (-0.6; 1.1) 
HFLC: -0.9 (-0.2; 2.1), 

P¼ .22 

de Souza et al48: 
HFLC: -2.9 (1.9) 
LFHC: -2.2 (0.3),  

P 5 .04 

Foster-Schubert et al39: 
MM: -1.1 
UD: 0.7, P¼ .15 
Santanasto et al41: 
MM: -1.2 (1.7) 
UD: -0.1 (1.2), P ¼ NS 

Due et al43: 
MM (MP): -0.4 (-1.2 to 0.4) 
MM (HP): -0.9 (-1.8 to 0.0), 

P ¼ NS 

Percent change (%) Bazzano et al35: 
MM: -0.4 (-1.2; 0.4) 
HFLC: 1.3 (0.5; 2.0), 

P 5 .01 

— • Pritchard et al39,40: 
• MM: -3.9 (0.5) 
• UD: 0.2 (0.4) P < .05 
• Foster-Schubert et al39: 
• MM: 11.8 
• UD: 3.5, P 5 .008 

Ebbeling et al44: 
MM (LGL): -1.1 
MM (LF): -1.5, P¼ .92 
Sukumar et al46: 
MM (HP): 2.7 (4.0) 
MM (NP): 2.7 (4.0), P ¼ NS 
Jesudason et al45: 
MM (HP): 4.6 (0.6) 
MM (NP): 4.6 (0.8), P ¼ NS 

Muscle mass (cm2), mean (SD)
Absolute change (cm2) N/A Santanasto et al41: 

MM: -5.0 (6.4) 
UD: -2.1 (5.7), P ¼ NA 

N/A

Significant results are shown in bold.
aWhen comparing the same categories, diet types are defined within parentheses.
Abbreviations: EFR, energy- and fat-reducing; HFLC, high-fat/low-carbohydrate; HP, high-protein; HV, high-vegetables; LF, low-fat; 
LFHC, low-fat/high-carbohydrate; LGL, low glycemic load; MM, moderate macronutrients; MP, moderate-protein; N/A, not applicable; 
NA, not available; NP, normal protein; NS, nonsignificant; UD, usual diet.
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percentage (ranging from 35% to 65%). At 2 years, there 

was a significant decrease in BMD at all sites, but there 

was no significant differences between study arms.52

Table S4 and Figure S1 present the ROB assess

ment of the included trials. Most of the RCTs had 

“high” or “unclear” ROB. Common biases were related 

to the lack or inadequate reporting of allocation con

cealment as well as blinding of participants, personnel, 

and outcome assessment. High ROB was mostly related 

to incomplete outcome reporting. Other biases con

sisted of imbalances in baseline characteristics, indus

trial sponsorship, conflict of interest, and lack of 

description of funding sources.

DISCUSSION

In this systematic review, long-term (≥12 months) diet

ary interventions encompassing different macronutrient 

compositions were evaluated in relation to BC and 

BMD outcomes. Our findings on 23 original trials sug

gest that, for individuals with overweight and/or obe

sity, HFLC diets may be associated with modest 

reductions of 1%–2% in FM compared with MM diets. 

The clinical significance of these reductions remain 

questionable, since a minimum 5% decrease in FM 

might be needed for improvement in metabolic parame

ters.53 The MM diets did not significantly reduce FM 

when compared with UDs. The data on adipose tissue 

components are inconclusive. With regard to lean and 

FFM, the data are suggestive of a possible protective 

effect of an HFLC diet compared with an MM diet.

Given the limitations of BMI measurement, partic

ularly its inability to reflect lean mass and FM accu

rately, understanding the effect of weight-loss diets on 

BC parameters using reference methods, such as DXA 

and BIA, has a direct clinical implication. Body 

Table 6. Summary of the Achieved BMD (g/cm2) by Site in Different Diet Group Comparisons
Study, year Diet category Weight loss 

(kg)
Total BMD 

(g/cm2)
Lumbar spine 

(g/cm2)
Total hip (g/ 

cm2)
Femoral neck 

(g/cm2)
Forearm (g/ 

cm2)

Sukumar  
et al,46

2010

MM (HP) vs 
MM (NP)

MM (HP)  
-6.6% ± 4.0% 

MM (NP)  
-7.4% ± 5.2% 

P: NS 

MM: 1.19 
(0.09) 

MM: 1.12 
(0.10) 

P for diet: .023 
P for diet × 

time: .951 

MM: 1.25 
(0.18) 

MM: 1.12 
(0.17) 

P for diet: .063 
P for diet × 

time: .028 

MM: 1.01 
(0.12) 

MM: 0.93 
(0.10) 

P for diet: .020 
P for diet × 

time: .050 

MM: 0.94 
(0.11) 

MM: 0.89 
(0.10) 

P for diet: .085 
P for diet × 

time: .884 

MM: 0.68 
(0.06) 

MM: 0.67 
(0.08) 

P for diet: .419 
P for diet × 

time: .490 
Jesudason  

et al,45

2013

MM (HP) vs 
MM (HNP)

MM (HP)  
9.0%±1.0% 

MM (HNP) 
10.1%±1.0% 

P: NS 

— High-protein 
(MM): 

1 y: 1.17 (0.02) 
2 y: 1.15 (0.02) 
High-normal 

protein 
(MM): 

1 y: 1.18 (0.02) 
2 y: 1.15 (0.02) 
P for diet: .603 
P for diet × 

time: .239 

High-protein 
(MM): 

1 y: 0.98 (0.01) 
2 y:s 0.96 

(0.02) 
High-normal 

protein 
(MM): 

1 y: 0.98 (0.01) 
2 y: 0.97 (0.02) 
P for diet: .985 
P for diet × 

time: .540 

High-protein 
(MM): 

1 y: 0.92 (0.01) 
2 y: 0.9 (0.02) 
High-normal 

protein 
(MM): 

1 y: 0.92 (0.01) 
2 y: 0.91 (0.02) 
P for diet: .814 
P for diet × 

time: .176 

High-protein 
(MM): 

1 y: 0.35 (0.01) 
2 y: 0.36 (0.01) 
High-normal 

protein 
(MM): 

1 y: 0.36 (0.01) 
2 y: 0.37 (0.01) 
P for diet: .152 
P for diet × 

time: .239 

Brinkworth 
et al,34

2016

HFLC vs LFHC HFLC (kg): 79.2 
± 13.7 (-15%) 

LFHC (kg) 83.4 
± 13.1 (-12%) 

P: .18 

HFLC: 1.22 
(0.09) 

LFHC: 1.23 
(0.08) 

P for time × 
diet: .25 

— — — —

Tirosh  
et al,52

2015

HFLC vs LFHC No significant 
differences 
among diet 
groups (6.4% 
of initial 
body 
weight), 
P¼ .34

N/A High-protein 
vs average- 
protein: 
P¼ .4215 

High-fat vs 
low-fat: 
P¼ .1242 

High-carbohy
drate vs low- 
carbohy
drate: 
P¼ .6507 

High-protein 
vs average- 
protein: 
P¼ .3446 

High-fat vs 
low-fat: 
P¼ .4402 

High-carbohy
drate vs low- 
carbohy
drate: 
P¼ .9219 

High-protein 
vs average- 
protein: 
P¼ .8026 

High-fat vs 
low-fat: 
P¼ .4672 

High-carbohy
drate vs low- 
carbohy
drate: 
P¼ .4932 

—

Abbreviations: BMD, bone mineral density; HFLC, high-fat/low-carbohydrate; HNP, high-normal protein; HP, high-protein; LFHC, low- 
fat/high-carbohydrate, MM, moderate macronutrients; N/A, not applicable; NP, normal-protein; NS, nonsignificant.
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composition, particularly the distribution between FM 

and FFM, is closely linked to cardiovascular out

comes.54 Excess adiposity, especially VAT, is associated 

with increased risks of hypertension, dyslipidemia, and 

insulin resistance, all of which are significant risk fac

tors for cardiovascular diseases.54,55 Given the complex 

interrelationship between obesity and other chronic dis

eases, such as cardiovascular diseases,56,57 an HFLC diet 

could be integral to a holistic approach to address mul

tiple adverse obesity-related health outcomes. The pos

sible superiority of an HFLC diet in attaining FM 

reduction is supported by several previous systematic 

reviews on the topic. A meta-analysis by Chawla et al58

demonstrated the effectiveness of low-carbohydrate 

diets in improving many cardiovascular risk factors. 

Hashimoto et al20 described the effectiveness of both 

the low-carbohydrate and control diets in reducing 

body FM (2–24 months) and found that the reduction 

was higher in the low-carbohydrate group, with a mean 

difference in the change in FM of 0.82 kg. Similarly, 

Clifton et al19 found that high-protein diets over a dura

tion of 1–4 years were associated with a slightly larger 

FM loss (equivalent to 0.44 kg loss at study end) and 

participants who had 5% or greater increased protein 

intake at study end had 3-fold more FM loss compared 

with their counterparts with lower intake. Such poten

tial modest benefit of an HFLC diet on BC is in line 

with our findings in a previous network meta-analysis 

on the long-term effects of diets on weight.26

Hall59 proposed the carbohydrate–insulin model of 

obesity that extends beyond caloric intake and energy 

expenditure. The model suggests that diets high in car

bohydrates induce insulin secretion which “directs the 

partitioning of energy toward storage as fat in adipose 

tissue,” and in turn, increases feelings of hunger and 

appetite and therefore promotes obesity.59 In addition, 

dietary fat is important for the regulation of neuropep

tide Y, cholecystokinin, and corticotropin-releasing 

hormone, which are essential for the regulation of 

digestion and sensations of satiety.60 AMP-activated 

protein kinase, pertinent to insulin, glucose, and fatty 

acid metabolism, has also shown favorable responses to 

dietary fat.60 Furthermore, our aforementioned findings 

are bolstered by previous findings of reviews that favor 

an HFLC diet over other diets in relation to several 

chronic conditions. A review by Noakes and Windt61

has shown that HFLC diets are effective at regulating 

glycemia, reducing hyperinsulinemia in individuals 

with type 2 diabetes, and improving most of the cardio

metabolic profile (eg, decreased triglycerides, increased 

high-density-lipoprotein cholesterol).

This review also assessed the effects of different 

diets on BMD; there was no effect of different diets on 

BMD except for 1 study.46 The latter trial compared 2 

MM diets, high-protein (MM) diet with a normal- 

protein (MM) diet over 1 year and found that partici

pants in the normal-protein group experienced signifi

cantly greater BMD loss at different sites, weight- 

bearing and peripheral sites, compared with the high- 

protein diet, while there was no difference in weight 

loss between arms.46 Previous systematic reviews 

exploring bone loss in response to diet-induced weight 

loss showed heterogeneous results. Wright et al62 con

ducted a systematic review looking at the effect of 

higher-protein vs normal-protein diets on BMD and 

bone mineral content. Participants lost an average of 7.0 

(2.6) kg of body weight following the weight-loss inter

vention; 54.5% of those in the high-protein group and 

32.6% in the normal-protein group achieved a reduction 

of 10% or more from their baseline body weight. The 

systematic review revealed that most studies (59%) 

reported a reduction in bone parameters during weight 

loss, regardless of protein intake, although a high- 

protein diet slightly mitigated the loss of total BMD 

compared with a normal-protein diet.62 Soltani et al63

also performed a systematic review and meta-analysis 

and reported that weight-loss interventions (calorie 

restriction and exercise), compared with no interven

tions, reduced BMD at the hip and lumbar spine, partic

ularly in individuals with obesity and after more than 

4 months of intervention. While the weight loss attrib

uted to exercise alone was relatively small in compari

son to the greater weight reduction achieved through 

diet alone, there was no comparison between different 

diets to assess their impact on BMD.63 The systematic 

review and meta-analysis by Zibellini et al,64 which 

included 41 publications, showed that diet-induced 

weight loss was associated with significant decreases in 

total hip BMD (decrease of 0.010 to 0.015 g/cm2) for 

interventions lasting 6, 12, or 24 months, but not for 

shorter durations. Conversely, there was no significant 

effect on lumbar spine or whole-body BMD, except for 

a small decrease in total body BMD after 6 months. 

When subgroup analyses were conducted by degree of 

dietary intervention, there was a significant reduction in 

total hip BMD with moderate energy restriction but not 

with severe energy restriction using very-low-energy 

diets or low-energy diets. In contrast, lumbar spine 

BMD significantly decreased with interventions involv

ing very-low-energy diets or low-energy diets, but not 

with moderate energy restriction.64

We aimed to compare the impact of diets adminis

tered at least 1 year on BC and BMD parameters in 

order to assess the sustainability of the effect of weight- 

loss diets among individuals with a BMI of 25 kg/m2 or 

greater. We considered the AMDR classification, which 

is widely used and standardized, allowing for ease of 

cross-comparison across studies. The limitations of this 
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review relate to the participants in the RCTs, mostly 

belonging to the Western population, which limits the 

generalizability of the findings to populations from 

non-Western countries. In addition, many included tri

als excluded individuals with chronic comorbidities or 

those taking medications that influence weight or 

metabolism, such as corticosteroids or antidiabetics. 

This restricts the applicability of our findings to more 

medically complex, real-world populations. Our analysis 

was also limited by the small number of studies evaluat

ing the same dietary interventions. Moreover, most of 

the included trials were rated as having high or unclear 

ROB, particularly in domains such as allocation con

cealment, blinding, and attrition. These risks may intro

duce systematic error and limit the internal validity of 

the findings. While we attempted to assess the robust

ness of results, the small number of included trials (only 

2 per comparison) precluded formal sensitivity analyses, 

as removing 1 study would eliminate the possibility of 

meta-analytic synthesis altogether. Similarly, although 

we observed high heterogeneity in certain outcomes (eg, 

%FM change), I2 estimates derived from only 2 studies 

are statistically unstable and should be interpreted cau

tiously. Subgroup analyses and meta-regression, which 

are commonly used to explore heterogeneity, could not 

be conducted due to the very limited number of trials. 

Furthermore, a few studies did not report a clinical trial 

registration number despite multiple journals requiring 

that number for publication as of the early–mid 

2000s.65,66 Additional limitations of this study include 

the small number of studies that could be meta- 

analyzed due to differences in the collection, analysis, 

and reporting of parameters of interest across the stud

ies. Finally, the lack of quantitative and rigorous collec

tion of dietary adherence data limits our ability to assess 

the accurate effectiveness of the dietary interventions,67

which affects the validity and reliability of the findings.

CONCLUSION

This systematic review highlights the wide heterogeneity 

in BC outcomes assessed with long-term weight-loss 

diets. Results suggest that HFLC diets may be associated 

with modest reductions in FM compared with MM 

diets, whereas MM diets compared with UDs, and 

HFLC compared with LFHC diets did not yield signifi

cant results. Although high-protein diets may help 

attenuate bone loss associated with weight reduction, 

this finding was largely influenced by a single trial and 

should therefore be interpreted with caution. Additional 

high-quality, long-term studies are needed to confirm 

these observations. Furthermore, standardized methods 

for reporting BC and bone parameters are essential to 

enhance comparability across studies and generate 

more conclusive evidence.
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