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The present systematic review examined the effectiveness of weight management
interventions comparing diets with varying macronutrient distributions on BMI and
cardiometabolic risk factors in overweight or obese children and adolescents. A
systematic search of seven databases for the period 1975−2013 identified 14 eligible
randomized or quasi-randomized controlled trials conducted with 6–18-year-old
subjects. Seven trials compared a low-fat (≤33% energy or <40 g/day) to an
isocaloric (n = 2) or ad libitum (n = 5) low-carbohydrate diet (<20% energy or <60 g/
day). Meta-analysis indicated a greater reduction in BMI in the low-carbohydrate
group immediately after dietary intervention; however, the quality of the studies was
limited and cardiometabolic benefits were inconsistent. Six trials compared
increased-protein diets (19–30% energy) to isocaloric standard-protein diets
(15–20% energy) and one compared an increased-fat diet (40% energy) to an
isocaloric standard-fat diet (27% energy); there were no differences in outcomes in
these studies. Current evidence suggests that improved weight status can be
achieved in overweight or obese children and adolescents irrespective of the
macronutrient distribution of a reduced-energy diet. Tailoring the macronutrient
content to target specific cardiometabolic risk factors, such as a low-carbohydrate
diet to treat insulin resistance, may be possible, but further research is needed before
specific recommendations can be made.
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INTRODUCTION

Childhood and adolescent obesity is a global public
health concern and is associated with a range of health
problems.1,2 Published systematic reviews of treatments
for childhood obesity conclude that lifestyle interven-
tions, including diet, are effective in the short to medium
term.3–7 The most recent of these also found significant
improvements in cardiometabolic outcomes including
low-density lipoprotein cholesterol (LDL-C), trigly-
cerides, fasting insulin, and blood pressure up to 1 year
from baseline.7 However, the role of a specific macronut-
rient distribution in the diet has not been examined.

National dietary guidelines from the United States,8

the United Kingdom,9 and Australia10 currently recom-
mend a high-carbohydrate (45–65% of daily energy), low-
fat (less than 35% of daily energy) diet be adopted at the
population level. However, the optimal macronutrient
distribution of the diet for improving weight status is
unclear. In adults, low-carbohydrate and increased-
protein diets have been trialled for their effectiveness in
achieving weight loss,11–15 weight loss maintenance,16–18

and improvements in cardiometabolic risk factors.19–22

Mechanisms including sustained energy expenditure and
satiety have been reported to explain the effectiveness of
increased-protein diets.23

For adults, a 2009 systematic review15 of 13 studies
demonstrated that low-carbohydrate (<40 g/day) ad
libitum diets were more effective than low-fat energy-
restricted diets for both weight loss and reducing
triacylglycerol levels at 6 months. A 2012 systematic
review19 of 24 articles demonstrated that, in adults, an
increased-protein diet compared to an isocaloric
standard-protein diet (30.5 ± 2.4% versus 17.5 ± 1.5%
energy from protein and 41.6 ± 3.5% versus 56.9 ± 3.3%
energy from carbohydrate, respectively) can produce
greater reduction in weight, fat mass, and triglycerides,
with better preservation of fat-free mass and resting
energy expenditure. In contrast, results of recent studies
in adults examining long-term (2-year) effects suggest
that weight loss can be achieved regardless of the
macronutrient distribution of the diet and that individual
tailoring of the dietary intervention to achieve optimal
compliance and, hence, a sustained decrease in total
energy intake may be key.24–27 Individual tailoring may
also be used to treat specific cardiometabolic risk
markers, such as low fat to treat high blood lipids or low
carbohydrate to improve triglycerides, insulin, and/or
glucose levels, as demonstrated in systematic reviews of
adult studies.19,20 Additionally, the inclusion of exercise
has been shown to produce greater improvements in
high-density lipoprotein cholesterol (HDL-C), fasting
glucose, and fasting insulin in overweight and obese chil-
dren and adolescents compared with diet alone.28

While the literature for adult populations is conflict-
ing, little is known about the optimal macronutrient dis-
tribution of the diet for improved weight status and
cardiometabolic outcomes in overweight or obese chil-
dren and adolescents. It is also unknown whether results
observed in adult studies can be applied to younger age
groups. Therefore, the aim of the present systematic
review was to examine the effectiveness of diets varying in
macronutrient distribution as part of a weight manage-
ment intervention in overweight or obese children and
adolescents; the primary measure of interest was BMI
and secondary measures included body composition and
cardiometabolic outcomes.

METHODS

Search strategy for study identification

This systematic review utilized a peer-reviewed protocol
that is registered with the Joanna Briggs Institute.6 The
initial search focused on the English-language literature
published between 2003 and June 2013; articles that had
been identified using the same search strategy for a prior
systematic review of studies from 1975 to 2003 were then
added5 to deliver a complete review of literature published
between 1975 and 2013. The searches were conducted by a
medical librarian using the following databases: Cumula-
tive Index to Nursing and Allied Health Literature
(CINAHL), Cochrane Reviews, Current Concepts, Data-
base of Abstracts of Reviews of Effects (DARE), Excerpta
Medica Database (EMBASE), PreMedline, Medline, Dis-
sertations and Theses, and Informit. The medical subject
headings (MeSH) of the National Library of Medicine
were used to devise the key word search terms. The words
and terms used and combinations thereof were as follows:
dietetic, paediatric (pediatric), child, adolescent, family,
parent, school, overweight, obesity, intervention, weight
control, weight management, weight loss, and healthy
weight.

In addition to the electronic literature searches, the
reference lists of retrieved articles and key systematic
reviews of childhood obesity treatments3,4,29,30 were
reviewed to identify relevant publications not captured
electronically.

Eligibility criteria

Studies were deemed eligible for inclusion if they met all
of the following criteria: 1) were randomized or quasi-
randomized controlled trials (RCTs) published between
1975 and June 2013; 2) investigated the effectiveness of
dietary interventions of varying macronutrient content
to improve weight status in overweight and/or obese
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children and/or adolescents aged 18 years or younger; 3)
described specific dietary macronutrient goals for the
intervention; and 4) measured changes in at least one
weight-related outcome (i.e., weight, body mass index
[BMI; raw or z-score] or body composition) with or
without investigation of cardiometabolic risk factors. Par-
ticipants could be free living or attending obesity clinical
units, community programs, camps, schools or one-day
programs.

Studies were excluded for any of the following
reasons: 1) the study involved an obesity prevention
intervention; 2) the study aimed at weight loss mainte-
nance rather than weight loss; 3) the study involved a
drug trial or an intervention that dealt with eating disor-
ders; 4) the study included participants suffering from
obesity due to secondary or syndromic causes; 5) the
report was not published in English; or 6) the study
included children who were within the healthy weight
range at baseline.

Study selection

Potentially relevant reports were initially assessed for eli-
gibility based on evaluation of the title and abstract by
two independent reviewers. The full text of articles for
studies that met, or appeared to meet, the inclusion crite-
ria were retrieved. Retrieved studies were assessed for
inclusion by two independent reviewers. In case of dis-
agreement, a third independent reviewer made the final
decision.

Quality assessment

Two independent reviewers assessed the methodological
quality of the included studies using The Joanna Briggs
Institute’s critical appraisal of study quality tool
(Figure 1). The responses to 10 questions assessing the
level of randomization, intervention integrity, baseline
comparability, study blinding, allocation concealment,
retention rate, and potential bias in outcome measure-
ments or statistical analysis determined whether the
quality of each study was rated as positive, negative, or
neutral. A third reviewer was consulted when necessary
to resolve any disagreement between the two initial
reviewers.

Data extraction

A standardized form, developed specifically for this
review, was used to extract data in relation to the study
population, intervention details, intensity, and outcomes.
A second reviewer then verified the extracted data for
accuracy and, where disagreement existed, a consensus
was reached.

Data synthesis

Review manager (RevMan5.1, The Cochrane Collabora-
tion, Oxford, United Kingdom) was used to conduct the
meta-analyses of the primary outcome, BMI (raw and z
score). A random effects model was used for this analysis.
Heterogeneity was assessed by I2 statistics; it is considered
to be low if I2 is ≤40% and high if I2 is ≥75%.31 The BMI
and BMI z-scores for the diet subgroups were examined
immediately after the active intervention and at the latest
follow-up for which data were available.

Other weight-related outcomes were also examined
when data were available, including body composition
using body fat mass, body fat percentage, and lean body
mass. The cardiometabolic outcomes examined included
total cholesterol, LDL-C, high-density lipoprotein choles-
terol (HDL-C), triglycerides, fasting glucose and insulin
levels, measures of insulin resistance, and systolic and
diastolic blood pressure. These outcomes could not be
quantitatively combined in a meta-analysis, due to clini-
cal and statistical heterogeneity; they are, therefore,
described in a narrative summary.

RESULTS

Literature search results

The literature search identified a total of 9,719 potentially
relevant reports (Figure 2). The full-text articles were
retrieved for 780 of them and 11 of those articles met all
of the inclusion criteria. Two of those 11 articles32,33

reported data from the same trial, so the data were
extracted together. A further four studies34–37 were iden-
tified from the reference lists of retrieved articles and
from other sources. In total, 14 unique trials were identi-

Joanna Briggs Institute critical appraisal of study quality tool

1) Were the participants randomised to study groups?

2) Other than the research intervention, were participants in each group
treated  the same?

3) Were the outcomes measured in the same manner for all participants?

4) Were groups comparable at entry?

5) Was randomisation of participants blinded?

6) Were those assessing outcome blinded to treatment allocation?

7) Was allocation to treatment groups concealed from the allocator?

8) Was an appropriate statistical analysis used?

9) Were weight-related outcomes measured in a valid and reliable way?

10) Was there adequate follow-up of participants?

Yes, No or Unclear response for each question

Figure 1 Questions included in the Joanna Briggs
Institute's quality assessment tool for eligible trials.
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fied for inclusion in the review. The main reasons for the
exclusion of studies were as follows: 1) inappropriate
study design; 2) ineligible study population; 3) inappro-
priate intervention; 4) inappropriate comparison groups
(Figure 2).

Methodological quality

No study fulfilled all of the methodological requirements
for quality. The study conducted by Garnett et al.36 met
the most (9 of 10) requirements of all the included
studies. Blinding participants to a dietary intervention is
clearly difficult; therefore, if reported, it was deemed
“unclear” using the study quality tool. Blinding of
outcome assessors to participants’ treatment allocation
and methods of allocation concealment were rarely
reported in the included studies. Overall, retention rates
for the studies examined were good (66–100% follow-
ing the active intervention, Table 1). Performance of
an intention-to-treat analysis was reported for five

studies32,36,39,42,45 for the primary weight-related or
cardiometabolic outcomes following the intervention
phase. Although study quality was mixed and often
limited, the number of trials identified was small; hence,
all were included in the review.

Study description

For ease of description, studies were divided into three
groups. One group compared the effectiveness of a low-
carbohydrate diet to a conventional low-fat diet and
included six RCTs32,34,39–42 and one quasi-RCT.38 The low-
carbohydrate diets aimed to induce ketosis and either
placed a daily limit on carbohydrate intake in grams or
used a target maximum percentage of daily energy from
carbohydrate. For the purpose of this review, a diet was
considered to be low in carbohydrates if it aimed for
either less than 60 grams of carbohydrate per day or a
maximum of 20% of daily energy from carbohydrate.
Hence, these diets were subsequently higher in protein

Records identified through 
database searching (1975 to 2003)

(n = 1310)

Records identified from 
combined searches

(n = 9719)

Records screened after 
removal of duplicates

(n = 7186)

Records excluded
(n = 6406 )

Full-text articles assessed 
for eligibility

(n = 780)
Full-text articles excluded

(n = 769)
as they did not meet inclusion 

criteria for
• Participants (n = 129)
• Study design (n = 342)
• Outcomes (n = 33)
• Intervention (n = 101)
• Language (n = 33)
• Comparison (n = 131)

Id
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ed

Low carbohydrate diet versus
conventional low fat diet

Eligible studies, n = 7

Increased protein diet versus
standard protein diet
Eligible studies, n = 6

15 eligible articles
= 14 separate RCTs

Eligible articles found from 
reference lists of retrieved 

articles and other sources (n = 4)

Duplicates excluded
(n = 2533 )

Records identified through 
database searching (2003 to 2013) 

(n = 8409)

Increased fat diet versus
standard fat diet

Eligible studies, n = 1

Figure 2 Flow chart for identification of trials included in the present systematic review.
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(ad libitum, 50% of energy or 2–2.5 g/kg/day) and/or fat
(ad libitum or 30–60% of energy) than a standard diet.

The second group compared a standard-protein diet
to an increased-protein diet and included five
RCTs35,36,43–45 and one quasi-RCT.37 The carbohydrate
content of the standard-protein and increased-protein
diet groups of the six studies would be considered
moderate to high (35–50% of energy) across studies,
while protein was moderately increased (19–30% of
energy) in the increased-protein groups compared to the
standard-protein groups (15–20% of energy). The fat
content of prescribed diets ranged from 25% to 35% of
energy.

The remaining study46 compared two diets varying in
fat and carbohydrate content with protein content con-
stant in each diet arm at 18% of energy.

Low-carbohydrate diet compared to conventional
low-fat diet

Description of studies. Seven studies32,34,38–42 were identi-
fied that compared a low-carbohydrate diet to a conven-
tional low-fat, hypocaloric diet, as described in Table 1.
Four studies were conducted in the United States,38–40,42

and one each was performed in Cuba,34 Greece,41 and
Israel32; all seven were conducted in a hospital setting. The
age range was 6–18 years, with a mean sample size of 71
participants (range, 19–104). The study by Demol et al.32

had three study arms eligible for review. The study by
Kirk et al.42 also had three study arms, although the
reduced glycemic load diet arm was not eligible for
inclusion in this review as it did not have specific
macronutrient goals. All other studies had two study
arms. Five studies specifically reported recruiting obese
participants only32,39–42 (BMI range, 28.1–40.1 kg/m2

at baseline). Despite the varying descriptions of weight
status, the other two studies34,38 were also considered to
have recruited obese participants only: Pena et al.34

recruited patients with a weight greater than 120% of the
ideal weight for actual height; Figueroa-Colon et al.38

recruited children with a weight that was more than 40%
higher than the mean weight for age, sex, and height.
Although recruitment of insulin-resistant participants
was not specified, four studies reported that participants
had high fasting insulin levels and/or high homeostatic
model assessment of insulin resistance at baseline.32,40–42

Dietary intervention. The carbohydrate content of the
low-carbohydrate diet arm at commencement of the
intervention in each study was either <20 g/day,34,39–42

10% of energy intake (15–20 g/day in a diet with
recommended energy intake of 600–800 kcal/day [2,520–
3,360 kJ/day]),38 or 20% of energy intake (approxi-
mately 60 g/day of carbohydrate for an energy restriction

of 1,200 kcal/day [5,040 kJ/day])32 (Table 1). In all
seven studies, the low-carbohydrate diet was compared
to a diet low in fat (≤33% of energy32,34,38,40–42 or less
than 40 g/day39) and high in carbohydrate (50–60% of
energy).

Three studies32,38,42 reported dietary reviews every
week, and two every 2 weeks,39,40 during the intervention
phase, while the study by Partsalaki et al.41 had reviews
weekly for the first month then every 2 weeks for the
following 5 months. The study by Pena et al.34 did not
report the intensity of the dietary intervention. One
study38 delivered the dietary intervention via weekly out-
patient group education sessions, another administered
the intervention during one-on-one interviews,41 and
another delivered half the sessions individually and the
other half during group sessions.42 The remaining four
studies did not state the method of intervention delivery.
A dietitian,32,39,41,42 nutritionist,38 or bionutritionist40 was
reported to be involved in the delivery of the dietary
intervention in all studies, except for the study by
Pena et al.34 for which it was not stated who delivered the
intervention.

Dietary compliance. Compliance with the dietary inter-
vention was measured by the presence of urinary ketone
bodies in the low-carbohydrate arm of all seven studies
daily,34,39,41,42 weekly,32,38 or at the end of the interven-
tion.40 All reported consistent observation of urinary
ketones in the low-carbohydrate group, except for the
study by Kirk et al.,42 which reported that only 16% of
participants tested positive for urinary ketones during
the study. Other compliance measurements, which
included daily dietary and activity diaries,38 3-day food
records,39,40,42 or self-reported food diaries32,41 were
reported in all studies, except for the study by Pena et al.34

(Table 1).

Impact of treatment on obesity. Five studies reported
BMI32,38–41 as a weight-related outcome, three reported the
subject’s BMI z-scores,32,40,42 and five reported body
composition32,38,40–42 (Table 2). In addition, Figueroa-
Colon et al.38 reported changes in the percentage by
which participants were overweight following the active
intervention and during the follow-up period. The only
study not to report BMI or BMI z-scores was that by Pena
et al.,34 which reported changes in the ratio of ideal weight
for actual height.

All seven studies reported improvements in weight-
related outcomes after the intervention phase (BMI
decreases ranging from 1.2 to 5.2 kg/m2 across studies),
with four studies reporting no difference between the
dietary intervention groups32,34,41,42 and three studies
reporting an advantage of a low-carbohydrate diet for at
least one weight-related outcome following the active
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Table 2 Results of the main weight outcomes in the included studies examining the optimal macronutrient
distribution of the diet for reducing child obesity.
Reference Weight-related outcomes Results at measured time points (no. of subjects):

mean (SDa or SEMb or 95% CIsc)
Significant changes and differences between groups

Studies comparing low-carbohydrate to conventional low-fat diets
Pena et al. (1979)34 Percentage of usual values of

IW/AH at B and 8 wk
(n = 104)

LC: B, 147.5%, 8 wk, 132% ↓ in LC (P < 0.001) and LF (P < 0.05)
LF: (approximated from graph), B, 142%, 8 wk, 133% No difference between groups

Figueroa-Colon et al.
(1993)38

BMI (kg/m2) change from B to
10 wk, 5.5 mo, and 14.5 mo

LC (n = 10): 10 wk, −5.2 (1.3)a; 5.5 mo −5.6 (2.5)a; 14.5 mo,
−2.5 (2.8)a

↓ at 10 wk in LC (P ≤ 0.001) and LF (P ≤ 0.001)

LF (n = 9): 10 wk, −2.4 (1.4)a; 5.5 mo, −3.0 (2.6)a; 14.5 mo −2.7
(2.8)a

Greater ↓ in LC at 10 wk (P < 0.001) and 6 mo
(P < 0.05)

% overweight change from B
to 10 wk, 5.5 mo and
14.5 mo

LC (n = 10): 10 wk, −29.5 (7.4)a; 5.5 mo, −32.2 (13.4)a; 14.5 mo,
−23.3 (19.2)a

↓ at 10 wk in each group (P ≤ 0.001)

LF (n = 9): 10 wk, −13.8 (7.7)a; 5.5 mo, −17.5 (15.2)a; 14.5 mo,
−20.3 (16.5)a

↓ persisted at 14.5 mo in LC (P < 0.02) only
Greater ↓ in LC at 10 wk (P < 0.001) and 6 mo

(P < 0.05)
Body fat (kg) change in

skinfold measurements
from B to 10 wk,

LF (n = 9): 10 wk, −0.3 (0.5)a ↓ body fat in LC compared to LF at 10 wk (P < 0.05)
LC (n = 10): 10 wk, −1.1 (1.0)a

Sondike et al. (2003)39 BMI (kg/m2) at B and 12 wk for
all participants (n = 39) and
for completers only (n = 30)

LC: B, 35.4 (5.0)a; 12 wk, 33.0 (2.7)a ↓ both groups (P-values NS); no difference between
groupsLF: B, 35.6 (5.8)a; 12 wk, 34.4 (1.6)a

Completers:
LC: B, 35.4 (5.0)a; 12 wk, 32.1 (3.0)a ↓ LC compared to LF (P < 0.05)
LF: B, 35.6 (5.8)a; 12 wk, 34.1 (1.7)a

Demol et al. (2009)32/
Yackobovitch-Gavan
(2008)33

BMI (kg/m2) at B, 12 wk, and
1 y

LCLF (n = 18): B, 35.2 (1.6)b; 12 wk, 32.5 (1.6)b; 1 y, 32.4 (1.6)b ↓ BMI at 12 wk in groups combined, maintained at
1 y (P < 0.001); no differences between groupsLCHF (n = 17): B, 33.7 (1.6)b; 12 wk, 31.7 (1.6)b; 1 y, 32.6 (1.7)b

HCLF (n = 20): B, 33.8 (1.5)b; 12 wk, 32.0 (1.5)b; 1 y, 31.1 (1.6)b

BMI z-score (CDC) at B, 12 wk,
and 1 y

LCLF (n = 18): B, 3.4 (0.3)b; 12 wk, 2.8 (0.3)b; 1 y, 2.7 (0.3)b ↓ BMI z-score at 12 wk in groups combined and
maintained at 1 y (P < 0.001); no differences
between groups

LCHF (n = 17): B, 3.1 (0.3)b; 12 wk, 2.7 (0.3)b; 1 y, 2.7 (0.4)b

HCLF (n = 20): B, 3.3 (0.3)b; 12 wk, 2.9 (0.3)b; 1 y, 2.5 (0.3)b

Body fat (%) determined by
BIA at B, 12 wk, and 1 y

LCLF (n = 18): B, 43.2 (1.9)b; 12 wk, 37.5 (2.0)b; 1 y, 38.9 (2.2)b ↓ body fat % at 12 wk in groups combined
(P ≤ 0.05); ↑ body fat % from 12 wk to 1 y in
groups combined (P ≤ 0.05); no differences
between groups

LCHF (n = 17): B, 42.0 (2.0)b; 12 wk, 39.6 (2.1)b; 1 y, 42.3 (2.3)b

HCLF (n = 20): B, 39.2 (1.8)b; 12 wk, 34.9 (2.0)b; 1 y, 37.6 (2.2)b

Krebs et al. (2010)40 BMI (kg/m2) at B and 13 wk LC: B (n = 24), 38.0 (1.2)b; 13 wk (n = 18), 33.9 (1.4)b Results NS
LF: B (n = 22), 40.1 (1.8)b; 13 wk (n = 15), 36.9 (2.4)b

BMI z-score at B and 13 wk LC (n = 24): B, 2.48 (0.06)b; 13 wk, 2.1 (0.1)b ↓ in each group at 13 wk (P-value, NS); ↓ maintained
at 24 wk (LC, P = 0.01; LF, P = 0.01) and 36 wk (LC,
P = 0.04, LF, P = 0.002) follow up; greater ↓ in LC at
13 wk (P = 0.03)

LF (n = 22): B, 2.51 (0.05)b; 13 wk, 2.4 (0.1)b

Lean body mass (kg) at B and
13 wk, determined by DEXA

LC (n = 24): B, 47.08 (1.69)b; 13 wk, 45.84 (2.1)b ↓ fat mass in each group (P-values, NS); ↓ lean mass
in LC at 13 wk(P = 0.05)LF: (n = 22): B, 44.09 (1.9)b, 13 wk, 45.34 (2.1)b

Partsalaki et al.
(2012)41

BMI (kg/m2) at B and 6 mo
(completer analysis)

LC (n = 21): B, 30.0 (4.3)a; 6 mo, 26.3 (3.9)a Improvements in all weight-related outcomes; no
differences between groupsLF (n = 17): B, 28.1 (3.1)a; 6 mo, 24.8 (3.0)a

Body fat (kg) at B and 6 mo,
BIA

LC (n = 21): B, 26.0 (8.1)a; 6 mo, 19.0 (8.0)a

LF (n = 17): B, 21.8 (8.2)a; 6 mo, 16.7 (7.4)a

Kirk et al. (2012)42 BMI (kg/m2) at B, 6 mo, and
12 mo

LC (n = 35): B, 29.9 (4.4)a; 6 mo, NS; 12 mo, NS NS
RGL (n = 36): B, 29.2 (3.8)a; 6 mo, NS; 12 mo, NS
LF (n = 31): B, 29.1 (3.8)a; 6 mo, NS; 12 mo, NS

BMI z-score at B, 6 mo, and
12 mo

LC (n = 35): B, 2.3 (0.2)a; 6 mo, NS; 12 mo, NS ↓ in all 3 diet groups at 3 mo (P ≤ 0.0001); ↓
maintained at 6 (P ≤ 0.0001) and 12 mo
(P ≤ 0.0001)

RGL (n = 36): B, 2.3 (0.3)a; 6 mo, NS; 12 mo, NS
LF (n = 31): B, 2.3 (0.3)a; 6 mo, NS; 12 mo, NS

Body fat (%) at B, 6 mo, and
12 mo, determined by DEXA

LC (n = 35): B, 41.3 (3.3)a; 6 mo, NS; 12 mo, NS ↓ in all 3 diet groups at 3 mo (P ≤ 0.0002); ↓
maintained at 6 (P ≤ 0.0001) and 12 mo
(P < 0.002); no differences in weight-outcomes
between groups at any time point

RGL (n = 36): B, 41.1 (3.4)a; 6 mo, NS; 12 mo, NS
LF (n = 31): B, 39.6 (4.4)a; 6 mo, NS; 12 mo, NS

Studies comparing increased-protein with standard-protein diets
Rolland-Cachera et al.

(2004)35
BMI (kg/m2) at B and 9 mo

(end of treatment)
IP (n = 46): B, 36.4 (5.4)a; 9 mo, 24.0 (2.5)a Improvements in all weight-related outcomes in

both groups (P-values, NS); ↑ weight during
follow-up period; no difference in BMI z-score
from inclusion to end of follow up (P-values, NS)

SP (n = 53): B, 36.1 (4.6)a; 9 mo, 24.2 (2.6)a

BMI z-score at B and 9 mo
(end of treatment)

IP (n = 46): B, 4.27 (0.7)a; 9 mo, 1.72 (0.6)a No differences between groups
SP (n = 53): B, 4.29 (0.6)a; 9 mo, 1.74 (0.6)a

Body fat (%) at B and 9 mo
(end of treatment),
determined by BIA

IP (n = 46): B, 32.1 (3.9)a; 9 mo, 20.1 (5.1)a

SP (n = 53): B, 32.0 (3.2)a; 9 mo, 19.6 (5.0)a

Gately et al. (2007)43 BMI (kg/m2) at B and end of
camp (mean, 29 days)

IP (n = 41): B, 31.3 (3.9)a; end camp, 29.3 (3.5)a Improvements in all weight-related outcomes in
groups combined (BMI, P < 0.001; BMI z-score,
P < 0.001; body fat %, P < 0.01); no differences
between groups

SP (n = 39): B, 34.5 (6.0)a; end camp, 32.4 (5.8)a

BMI z-score at B and end of
camp

IP (n = 41): B, 2.83 (0.42)a; end camp, 2.54 (0.44)a

SP (n = 39): B, 3.10 (0.50)a; end camp, 2.84 (0.58)a

Body fat (%) at B and end of
camp, determined by air
displacement
plethysmography

IP (n = 41): B, 41.0 (6.3)a; end camp, 37.7 (7.3)a

SP (n = 39): B, 43.2 (7.5)a; end camp, 42.6 (7.8)a
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intervention38–40 (Table 2). Five studies were included in
the meta-analyses, which indicated there was a significant
decrease in BMI (pooled mean difference, −1.46; 95%
confidence interval (CI), −2.48 to −0.44) and BMI z-score
(pooled mean difference, −0.25; 95% CI, −0.44 to −0.06)
for the low-carbohydrate diet group compared with the
low-fat diet group (Figure 3A,B). Meta-analysis at latest
follow up included two of seven studies and indicated
there was no advantage of either diet with regard to the
BMI z-score (pooled mean difference, 0.57; 95% CI, −1.44
to 2.58) (Figure 3C).

Impact of treatment on metabolic parameters. All seven
studies examined the impact of dietary interventions on
various blood lipid levels, fasting glucose, and/or insulin
levels and three studies reported blood pressure out-
comes38,41,42 (Table 3). Three of the seven studies examin-
ing blood lipids demonstrated significant reductions in
total cholesterol32,38,40 and/or LDL-C32,40 post interven-
tion. However, there were no differences between groups.
Sondike et al.39 reported a significant decrease in LDL-C
in the low-fat group compared to the low-carbohydrate
group (–25.1 ± 25.3 mg/dL [0.6 ± 0.7 mmol/L] versus
3.8 ± 13.0 mg/dL [0.1 ± 0.3 mmol/L], P = 0.006). Two

studies demonstrated a significant decrease in trigly-
cerides in the low-carbohydrate group only39,40; three
other studies reported decreased triglyceride levels fol-
lowing the intervention compared with baseline but no
differences between the diet groups.32,34,42

Only one study32 reported a decrease in fasting
glucose levels following the intervention phase, which
was observed only when results of groups were com-
bined. One other study42 reported a significant decrease in
the low-fat group at 12 months (9 months following the
active intervention) but found no differences between the
diet groups. Five studies32,34,40–42 measured insulin levels
and/or reported an index of insulin resistance and all
reported improvements following the active intervention.
Three of them reported benefits irrespective of diet
group,32,34,41 while the other two studies reported fasting
insulin levels42 or 2–h post glucose load insulin levels
during an oral glucose tolerance test40 to be significantly
reduced in the low-carbohydrate diet group compared to
the low-fat group. Additionally, the study by Demol
et al.32 found that reduced fasting insulin and improved
homeostatic model assessment of insulin resistance were
maintained in the low-carbohydrate diet groups only at
the 1-year follow up from baseline.

Table 2 Continued
Reference Weight-related outcomes Results at measured time points (no. of subjects):

mean (SDa or SEMb or 95% CIsc)
Significant changes and differences between groups

Duckworth et al.
(2009)44

BMI (kg/m2) at B and end of
camp (mean 31 days)

IP (n = 46): B, 33.7 (4.6)a; end camp, 31.9 (4.6)a Improvements in all weight-related outcomes in
groups combined (BMI, P < 0.001; BMI z-score,
P < 0.001; body fat %, P < 0.001); no differences
between groups

SP (n = 49): B, 34.0 (6.8)a; end camp, 31.9 (6.3)a

BMI z-score at B and end of
camp

IP (n = 46): B, 3.03 (0.51)a; end camp, 2.78 (0.61)a

SP (n = 49); B, 3.0 (0.72)a; end camp, 2.75 (0.77)a

Body fat (%) at B and end of
camp, air displacement
plethysmography

IP (n = 46): B, 43.4 (5.6)a; end camp, 40.2 (6.2)a

SP (n = 49): B, 44.5 (9.0)a; end camp, 41.1 (9.3)a

Baxter et al. (2013)37 BMI (kg/m2) at B and 12 wk Groups combined (n = 88): B, 32.7 (5.7)a; 12 wk, 31.5 (5.8)a Improved BMI z-score in groups combined
BMI z-score at B and 12 wk Groups combined (n = 88): B, 2.20 (0.4)a; 12 wk, 2.08 (0.42)a No differences between groups, hence, results are

pooled
Mirza et al. (2013)45 BMI z-score at B, 3 mo, 1 y, and

2 y
IP/LGD (n = 57): B, 2.25 (2.16, 2.34)c; 3 mo, 2.12 (2.08, 2.17)c,;

1 y, 2.10 (2.05, 2.16)c; 2 y, 2.10 (2.02, 2.16)c
↓ BMI z-score in both groups at 3 mo, 1 y, and 2 y

compared with B
SP (n = 56): B, 2.24 (2.17, 2.31)c; 3 mo, 2.13 (2.09, 2.18)c; 1 y,

2.16 (2.10, 2.11)c; 2 y, 2.16 (2.09, 2.22)c
No differences in BMI or BMI z-score between groups

Garnett et al. (2013)36 BMI (kg/m2) at B, 3 mo, and
6 mo

IP (n = 56): B, 34.22 (0.63)b; 3 mo, 33.05 (0.63)b; 6 mo, 33.16
(0.68)b

↓ from B to 3 months in both groups; maintained at
6 months in IP group; no differences between
groupsSP (n = 55): B, 33.92 (0.80)b; 3 mo, 32.82 (0.82)b; 33.19 (0.89)b

BMI z score at B, 3 mo and
6 mo

IP (n = 56): B, 2.39 (0.03)b; 3 mo, 2.25 (0.04)b; 6 mo, 2.21
(0.05)b

↓ from B to 3 months in both groups; maintained at
6 months; no differences between groups

SP (n = 55): B, 2.32 (0.04)b; 3 mo, 2.19 (0.06)b; 6 mo, 2.16
(0.06)b

BMI % of 95th percentile at B,
3 mo, and 6 mo

IP (n = 56): B, 132.9 (3.1)b; 3 mo, 126.8 (2.8)b; 6 mo, 124.5
(3.0)b

↓ from B to 3 months in both groups; maintained at
6 months; no differences between groups

SP (n = 55): B, 132.5 (3.2)b; 3 mo, 126.2 (3.2)b; 6 mo, 123.7
(2.9)b

Study comparing increased-fat with standard-fat diets
Casazza et al. (2012)46 Body fat (kg) change from B to

16 wk, determined by DEXA
IF (n = 12): −3.4 (1.0)a ↓ body fat in each group
SF (n = 14): −2.9 (0.9)a No differences between groups

Abbreviations: B, baseline; %BF, percent body fat; BIA, bioelectrical impedance analysis; CDC, Centers for Disease Control and Prevention; CIs, confidence intervals; DEXA, dual
energy X-ray absorptiometry; HCLF, high carbohydrate low fat; IF, increased fat; IP, increased protein; IW/AH, ideal weight for actual height; LC, low carbohydrate; LCHF, low
carbohydrate high fat; LCLF, low carbohydrate low fat; LF, low fat; n, number; NS, not specified; RGL, reduced glycemic load; SD, standard deviation; SEM, standard error of the
mean; SF, standard fat; SP, standard protein.
aNumber represents standard deviation.
bNumber represents standard error of the mean.
cNumber represents 95% confidence interval.
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Three studies examined blood pressure.38,41,42 One
found no intervention effect and no differences between
diet groups at any time point.41 Another study38 found a
decrease in mean systolic blood pressure and diastolic
blood pressure when results from the diet groups were
pooled at 10 weeks and at the 6- and 14.5-month follow-
ups. There were no differences between diet groups in this
study at any time point. In the study by Kirk et al.42 dia-
stolic blood pressure was significantly increased in the
low-fat diet group only at 6 months and both systolic and
diastolic blood pressure were significantly higher in the
low-fat group compared with the low-carbohydrate diet
group.

Adverse events. No studies reported adverse events that
prevented participants from completing their respect-
ive trials. Non-specific side effects were described for
four studies and included hunger,38 fatigue,38,39 muscle
cramps,38,40 gastrointestinal discomfort,32,39,40 head-
aches,32,39 and nausea.40 These side effects were not
different between diet groups.

Increased-protein diet compared to
standard-protein diet

Description of studies. Six studies35–37,43–45 were identified
that investigated the effect of varying the protein content
of the diet on weight loss in overweight and obese chil-
dren and adolescents, as described in Table 1. Two studies
were conducted in the United Kingdom,43,44 two in Aus-
tralia,36,37 one in the United States,45 and one in France.35

The two UK studies were conducted at a camp and
involved both overweight and obese participants.43,44 The
other studies were conducted in a boarding school with
obese participants only35 or in a hospital outpatient clinic
setting with obese only45 or overweight and obese partici-
pants.37 One study specifically targeted recruitment of
participants with insulin resistance and/or pre-diabetes,36

while another two studies indicated from baseline testing
that some insulin-resistant participants had been inci-
dentally recruited.37,45 Studies recruited boys and girls
aged 7–18 years, with sample sizes ranging between 98
and 121 participants (mean sample size, 110 participants).

A. Outcome: Change in BMI (kg/m2) at the end of active intervention

B. Outcome: Change in BMI z-score at the end of active intervention

C. Outcome: Change in BMI (kg/m2) at the latest follow-up

Figure 3 Meta-analysis of studies comparing a low-carbohydrate diet to a standard low-fat diet. A. Outcome: Change in
BMI (kg/m2) at the end of active intervention. B. Outcome: Change in BMI z-score at the end of active intervention. C. Outcome:
Change in BMI z-score at the 2-year follow up.
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Table 3 Results of the main metabolic outcomes in the included studies examining the optimal macronutrient
distribution of the diet for reducing child obesity.
Reference Metabolic outcomes Results at measured time points (no. of subjects):

mean (SDa or SEMb or 95% CIc)
Changes and differences between groups

Studies comparing low-carbohydrate to conventional low-fat diets
Pena et al. (1979)34 TC at B and 8 wk NS No significant changes in TC

TG (mg/dL) at B and 8 wk
(approximated from graph)

LC: B (n = NS), 148 (14)a; 8 wk (n = NS), 132 (14)a ↓ TGs in each group (LC: P < 0.001, LF: P < 0.05); no
differences between groupsLF: B (n = NS), 141 (13)a; 8 wk (n = NS), 133 (14)a

Fasting insulin (μU/mL) at B
and 8 wk

LC: B (n = 10), 28.73 (3.55)a; 8 wk (n = 10), 7.14 (2.91)a ↓ fasting insulin in LC only (P < 0.001); no differences
between groupsLF: B (n = 11), 29.47 (1.78)a; 8 wk (n = 11), 22.6 (1.66)a

Insulinogenic index at B and
8 wk

LC: B (n = 10), 0.799 (0.188)a; 8 wk (n = 10), 0.289 (0.06)a ↓ insulinogenic index in LC only(P < 0.01); no
differences between groupsLF: B (n = 11), 0.581 (0.191)a; 8 wk (n = 11), 0.391 (0.106)a

Fasting glucose (mg/dL) at B
and 8 wk

NS No change in either group; no differences between
groups

Figueroa-Colon et al.
(1993)38

SBP (mm Hg) at B, 10 wk,
5.5 mo, and 14.5 mo

LC: B (n = 10), 131 (16)a; 10 wk (n = 10), 118 (14)a; 5.5 mo
(n = 10), 121 (18)a; 14.5 mo (n = 7), 113 (21)a

↓ SBP in groups combined at 10 wk (P ≤ 0.05), 6 mo
(P ≤ 0.05), and 14.5 mo (P ≤ 0.01) compared with
B; no differences between groupsLF: B (n = 9), 124 (11)a; 10 wk (n = 9), 115 (14)a; 5.5 mo (n = 9),

115 (12)a; 14.5 mo (n = 4), 111(8)a

Groups combined: B (n = 19), 128 (14)a; 10 wk (n = 19), 117
(14)a; 5.5 mo (n = 19), 118 (15)a; 14.5 mo (n = 11), 112 (17)a

DBP (mm Hg) at B, 10 wk,
5.5 mo and 14.5 mo

LC: B (n = 10), 86 (8)a; 10 wk (n = 10), 78 (8)a; 5.5 mo (n = 10),
78 (6)a; 14.5 mo (n = 7), 73 (11)a

↓ DBP in groups combined at 10 wk (P ≤ 0.01), 6 mo
(P ≤ 0.01), and 14.5 mo (P ≤ 0.0001) compared
with B; no differences between groupsLF: B (n = 9), 82 (6)a; 10 wk (n = 9), 78 (8)a; 5.5 mo (n = 9), 76

(8)a; 14.5 mo (n = 4), 67 (6)a

Groups combined: B (n = 19), 85 (7)a; 10 wk (n = 19), 78 (8)a;
5.5 mo (n = 19), 77 (7)a; 14.5 mo (n = 11), 71 (9)a

TC (mmol/L) at B and 10 wk Groups combined: B (n = 19), 4.47 (0.79)a; 10 wk (n = 19), 3.74
(0.84)a

↓ TC in groups combined (P < 0.02); no differences
between groups

TG (mmol/L) at B and 10 wk Groups combined: B (n = 19), 1.25 (0.57)a; 10 wk (n = 19), 0.98
(0.47)a

No change in TG

Fasting glucose at B and wk 10 Data not presented Change not reported (all in normal range)
Sondike et al. (2003)39 TC (mg/dL) change from B to

12 wk
LC: −3.7 (18)a ↓ TC in LF group only (P < 0.05)
LF: −17.3 (15.8)a

TG (mg/dL) change from B to
12 wk

LC: −48.3 (29)a ↓ TG in LC group only (P < 0.05)
LF: −5.9 (70)a

HDL-C (mg/dL) change from B
to 12 wk

LC: 3.8 (7.2)a No changes in either diet group
LF: 1.8 (7.7)a

LDL-C (mg/dL) change from B
to 12 wk

LC: 3.8 (13)a ↓ LDL-C in LF group (P < 0.05); greater LDL-C
reduction in LF group compared with LC
(P = 0.006)

LF: −25.1 (25.3)a

non-HDL-C (mg/dL) change
from B to 12 wk

LC: −26 (22.3)a ↓ non-HDL-C in LF and LC groups (P < 0.05)
LF: −13.6 (13.4)a

Fasting glucose at B and 12 wk Data not presented No changes
Demol et al. (2009)32/

Yackobovitch-Gavan
(2008)33

For all tests: LCLF (n = 18); LCHF (n = 17); HCLF (n = 20); total
(n = 35)

TC (mg/dL) at B, 12 wk, and 1 y LCLF: B, 171.9 (6.7)b; 12 wk, 148.7(7.1)b; 1 y, 166.4 (7.7)b ↓ TC in groups combined at 12 wk; ↓ maintained at
1 y (P < 0.001); no differences between groupsLCHF: B, 170.5 (6.9)b; 12 wk, 152.8 (7.6)b; 1 y, 140.7 (8.9)b

HCLF: B, 163.5 (6.4)b; 12 wk, 147.8 (6.9)b; 1 y, 150.4 (8.0)b

Combined: B, 168.6 (3.8)b; 12 wk, 149.7 (4.1)b; 1 y, 152.3 (4.7)b

LDL-C (mg/dL) at B, 12 wk, and
1 y

LCLF: B, 103.1(5.5)b; 12 wk, 88.4 (5.8)b; 1 y, 96.8(6.2)b ↓ LDL-C in groups combined at 12 wk; ↓ maintained
at 1 y (P < 0.001); no differences between groupsLCHF: B, 98.9 (5.7)b; 12 wk, 89.0 (6.2)b; 1 y, 82.1 (7.2)b

HCLF: B, 94.4 (5.3)b; 12 wk, 83.9 (5.6)b; 1 y, 89.8 (6.5)b

Combined: B, 98.8 (3.2)b; 12 wk, 87.1 (3.4)b; 1 y, 89.6 (3.4)b

HDL-C (mg/dL) at B, 12 wk,
and 1 y

LCLF: B, 45.0 (2.0)b; 12 wk, 44.4 (2.2)b; 1 y, 44.8 (2.4)b ↓ HDL-C in groups combined at 1 y compared to B
(P ≤ 0.05); no differences between groupsLCHF: B, 46.3 (2.1)b; 12 wk, 43.0 (2.4)b; 1 y, 38.3 (2.8)b

HCLF: B, 48.3 (2.0)b; 12 wk, 46.0 (2.1)b; 1 y, 44.7 (2.5)b

Combined: B, 46.5 (1.2)b; 12 wk, 44.5 (1.3)b; 1 y, 42.6 (1.5)b

TG (mg/dL) at B, 12 wk, and
1 y

LCLF: B, 119.3(12.2)b; 12 wk, 78.8 (12.8)b; 1 y, 121.1(13.9)b ↓ TG in groups combined at 12 wk; ↓ maintained at
1 y (P < 0.001); no differences between groupsLCHF: B, 126.3 (12.6)b; 12 wk, 105.0 (13.9)b; 1 y, 102.7 (16.3)b

HCLF: B, 106.4 (11.6)b; 12 wk, 89.6 (12.5)b; 1 y, 78.7 (14.6)b

Combined: B, 117.3 (6.9)b; 12 wk, 91.1 (7.6)b; 1 y, 101.0 (8.6)b

Fasting glucose (mg/dL) at B,
12 wk, and 1 y

LCLF: B, 85.4 (1.8)b; 12 wk, 81.3 (2.0)b; 1 y, 80.1 (2.3)b ↓ fasting glucose in groups combined at 12 wk; ↓
maintained at 1 y (P < 0.001); no differences
between groups

LCHF: B, 85.0 (1.9)b; 12 wk, 81.0 (2.2)b; 1 y, 76.4 (2.9)b

HCLF: B, 87.4 (1.7)b; 12 wk, 81.1 (2.2)b; 1 y, 81.9 (2.5)b

Combined: B, 85.9 (1.0)b; 12 wk, 81.1 (1.2)b; 1 y, 79.5 (1.5)b

Fasting insulin (μU/mL) at B,
12 wk, and 1 y

LCLF: B, 20.3(2.3)b; 12 wk, 15.0(2.5)b; 1 y, 13.1(2.7)b ↓ fasting insulin in groups combined at 12 wk; ↓
maintained at 1 y (P < 0.001) and stand-alone ↓ at
12 wk maintained at 1 y in LCLF (12 wk, P = 0.026;
1 y, P = 0.008) and LCHF (12 wk, P = 0.002; 1 y,
P < 0.001)

LCHF: B, 19.5 (2.4)b; 12 wk, 12.9 (2.8)b; 1 y, 12.0 (3.3)b

HCLF: B, 20.0 (2.1)b; 12 wk, 18.7 (2.4)b; 1 y, 15.1 (2.9)b

Combined: B, 19.9 (1.3)b; 12 wk, 15.5 (1.5)b; 1 y, 13.4 (1.7)b

HOMA-IR at B, 12 wk, and 1 y LCLF: B, 4.3 (0.5)b; 12 wk, 3.1 (0.5)b; 1 y, 2.7 (0.6)b ↓ HOMA-IR in groups combined at 12 wk; ↓
maintained at 1 y (P < 0.001) and stand-alone ↓ at
12 wk maintained at 1 y in LCLF (12 wk, P = 0.014;
1 y, P = 0.003) and LCHF (12 wk, P < 0.001; 1 y,
P < 0.001)

LCHF: B, 4.1 (0.5)b; 12 wk, 2.6 (0.6)b; 1 y, 2.3 (0.7)b

HCLF: B, 4.2 (0.5)b; 12 wk, 3.8 (0.5)b; 1 y, 3.1 (0.6)b

Combined: B, 4.2 (0.3)b; 12 wk, 3.1 (0.3)b; 1 y, 2.7 (0.3)b
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Table 3 Continued
Reference Metabolic outcomes Results at measured time points (no. of subjects):

mean (SDa or SEMb or 95% CIc)
Changes and differences between groups

Krebs et al. (2010)40 For all tests: LC (n = 24) at B and (n = 18) at 13 wk; LF (n = 22)
at B and (n = 15) at 13 wk

TC (mg/dL) at B and 13 wk LC: B, 166.8 (7.7)b; 13 wk, 154.1 (8.6)b ↓ TC in each group (P-values, NS); no differences
between groupsLF: B, 161.3 (6.9)b; 13 wk, 144.7 (7.0)b

LDL-C (mg/dL) at B and 13 wk LC: B, 103.5 (6.8)b; 13 wk, 96.8 (7.6)b ↓ LDL-C in each group (P-values, NS); no differences
between groupsLF: B, 97.4 (5.6)b; 13 wk, 85.5 (5.6)b

HDL-C (mg/dL) at B and 13 wk LC: B, 39.2 (1.3)b; 13 wk, 38.4 (2.2)b ↓ HDL-C in LF only, but not different between
groups (P-values, NS)LF: B, 42.6 (2.3)b; 13 wk, 39.1 (2.5)b

TG (mg/dL) at B and 13 wk LC: B, 125.8 (9.7)b; 13 wk, 80.3 (6.5)b ↓ TG in LC (P = 0.0003); greater ↓ in LC compared to
LF group (P = 0.03)LF: B, 107 (12.7)b; 13 wk, 96.5 (13.8)b

2-h OGTT measuring HOMA-IR
at B and 13 wk

LC: B, 4.3 (0.6)b; 13 wk, 2.8 (0.4)b ↓ HOMA-IR in both groups (P-values, NS) with no
differences between groups; ↓ 2-hr insulin in LC
only (P = 0.03) with no significant differences
between groups; no change in fasting glucose or
glucose tolerance

LF: B, 4.9 (0.7)b; 13 wk, 3.3 (0.4)b

Partsalaki et al.
(2012)41

TC (mmol/L) at B and 6 mo LC (n = 21): B, 4.40 (0.85)a; 6 mo, 4.63 (0.75)a No differences between or within groups and no
intervention effectLF (n = 17): B, 4.05 (0.94)a; 6 mo, 4.03 (0.89)a

LDL-C (mmol/L) at B and 6 mo LC (n = 21); B, 2.72 (0.69)a; 6 mo, 2.86 (0.65)a No differences between or within groups and no
intervention effectLF (n = 17): B, 2.6 (0.83)a; 6 mo, 2.55 (0.77)a

HDL-C (mmol/L) at B and 6 mo LC (n = 21): B, 1.27 (0.26)a; 6 mo, 1.38 (0.25)a No differences between or within groups and no
intervention effectLF (n = 17): B, 1.13 (0.20)a; 6 mo, 1.23 (0.23)a

TG (mmol/L) at B and 6 mo LC (n = 21): B, 0.83 (0.35)a; 6 mo, 0.81 (0.39)a No differences between or within groups and no
intervention effectLF (n = 17): B, 0.89 (0.57)a; 6 mo, 0.80 (0.40)a

SBP (mm Hg) at B and 6 mo LC (n = 21): B, 108 (13)a; 6 mo, 103 (10)a No differences between or within groups and no
intervention effectLF (n = 17): B, 106 (11)a; 6 mo, 102 (10)a

DBP (mm Hg) at B and 6 mo LC (n = 21): B, 68 (8)a; 6 mo, 67 (8)a No differences between or within groups and no
intervention effectLF (n = 17); B, 62 (11)a; 6 mo, 66 (7)a

Fasting glucose (mmol/L) at B
and 6 mo

LC (n = 21): B, 4.52 (0.61)a; 6 mo, 4.51 (0.29)a No differences between or within groups and no
intervention effectLF (n = 17): B, 4.25 (0.55)a; 6 mo, 4.5 (0.5)a

Fasting insulin (pmol/L) at B
and 6 mo

LC (n = 21); B, 125 (64)a; 6 mo, 65.97 (45.83)a ↓ in each diet group at 6 mo
LF (n = 17); B, 77 (60)a; 6 mo, 39.58 (22.91)a

HOMA-IR at B and 6 mo LC (n = 21): B, 3.6 (2.0)a; 6 mo, 1.8 (1.4)a ↓ in each diet group at 6 mo
LF (n = 17): B, 2.2 (1.9)a; 6 mo, 1.2 (0.6)a

Kirk et al. (2012)42 TC (mg/dL) at B, 3 mo, 6 mo,
and 12 mo

LC: B, 162 (4)b; 3 mo, 157 (5)b; 6 mo, 160 (5)b; 12 mo, 161 (5)b No differences between or within groups and no
intervention effectRGL: B, 158 (5)b; 3 mo, 153 (4)b; 6 mo, 157 (4)b; 12 mo, 153 (4)b

LF: B, 159 (5)b; 3 mo, 155 (5)b; 6 mo, 155 (5)b; 12 mo, 160 (6)b

LDL-C (mg/dL) at B, 3 mo,
6 mo, and 12 mo

LC: B, 95.0 (3.9)b; 3 mo, 92.7 (4.4)b; 6 mo, 93.4 (4.3)b; 12 mo,
91.7 (4.6)b

↓ in the RGL group only at 12 mo; no other changes
and no differences between groups

RGL: B, 91.1 (4.0)b; 3 mo, 87.5 (3.4)b; 6 mo, 92.8 (4.0)b; 12 mo,
86.1 (3.5)b

LF: B, 90.8 (4.5)b; 3 mo, 89.3 (4.5)b; 6 mo, 90.0 (4.2)b; 12 mo,
89.9 (4.7)b

HDL-C (mg/dL) at B, 3 mo,
6 mo, and 12 mo

LC: B, 47.6 (1.4)b; 3 mo, 50.9 (1.5)b; 6 mo, 51.6 (1.7)b; 12 mo,
52.7 (1.8)b

↑ in LC group at 3 mo, 6 mo, and 12 mo; ↑ in LF
group at 12 mo only; no other changes and no
differences between groupsRGL: B, 49.8 (1.4)b; 3 mo, 49.2 (1.5)b; 6 mo, 48.3 (1.4)b; 12 mo,

50.3 (1.5)b

LF: B, 48.2 (2.1)b; 3 mo, 48.2 (2.1)b; 6 mo, 49.0 (1.7)b; 12 mo,
51.7 (2.1)b

TG (mg/dL) at B, 3 mo, 6 mo,
and 12 mo

LC: B, 100 (7)b; 3 mo, 69 (6)b; 6 mo, 76 (7)b; 12 mo, 82 (6)b ↓ in RGL and LF at 6 mo only; ↓ in LC at 3 mo, 6 mo,
and 12 mo; no differences between groupsRGL: B, 87 (6)b; 3 mo, 81 (7)b; 6 mo, 77 (6)b; 12 mo, 82 (6)b

LF: B, 102 (7)b; 3 mo, 88 (8)b; 6 mo, 82 (6)b; 12 mo, 89 (7)b

SBP (mm Hg) at B, 3 mo, 6 mo,
and 12 mo

LC: B, 99.9 (1.3)b; 3 mo, 98.6 (1.6)b; 6 mo, 98.2 (1.6)b; 12 mo,
101.0 (1.8)b

No changes in any diet group, but at 6 mo, SBP was
higher in LF group than LC and RGL groups

RGL: B, 98.3 (1.7)b; 3 mo, 100.0 (1.7)b; 6 mo, 99.0 (1.5)b; 12 mo,
100.0 (1.7)b

LF: B, 102.0 (2.3)b; 3 mo, 99.7 (1.7)b; 6 mo, 104.0 (1.7)b; 12 mo,
99.8 (1.7)b

DBP (mm Hg) at B, 3 mo, 6 mo,
and 12 mo

LC: B, 60.8 (1.4)b; 3 mo, 59.3 (1.6)b; 6 mo, 59.2 (1.5)b; 12 mo,
62.5 (2.2)b

↑ in RGL and LF groups at 6 mo only; no other
changes; at 6 mo, DBP was lower in LC group than
LF groupRGL: B, 57.9 (1.1)b; 3 mo, 61.6 (1.9)b; 6 mo, 62.4 (1.8)b; 12 mo,

60.3 (1.5)b

LF: B, 59.3 (1.8)b; 3 mo, 60.7 (1.8)b; 6 mo, 64.8 (1.6)b; 12 mo,
59.4 (1.7)b

Fasting glucose (mg/L) at B,
3 mo, 6 mo, and 12 mo

LC: B, 93.9 (1.1)b; 3 mo, 92.1 (1.0)b; 6 mo, 93.5 (1.2)b; 12 mo,
94.2 (1.2)b

↓ in LF group at 12 mo only; no other changes and
no differences between groups

RGL: B, 94.5 (1.1)b; 3 mo, 93.9 (1.2)b; 6 mo, 93.4 (1.0)b; 12 mo,
92.5 (1.0)b

LF: B, 95.5 (1.2)b; 3 mo, 93.6 (1.0)b; 6 mo, 94.9 (1.0)b; 12 mo,
93.1 (1.1)b

Fasting insulin (μU/L) at B,
3 mo, 6 mo, and 12 mo

LC: B, 22.9 (2.4)b; 3 mo, 16.9 (1.5)b; 6 mo, 19.8 (1.5)b; 12 mo,
22.7 (2.3)b

↓ in LC group at 3 mo, RGL group at 6 mo and
12 mo, and LF group at 3 mo, 6 mo, and 12 mo; at
3 mo, LC group was lower than both the RGL and
LF groups

RGL: B, 23.7 (2.5)b; 3 mo, 22.0 (1.8)b; 6 mo, 21.1 (1.6)b; 12 mo,
20.7 (1.7)b

LF: B, 30.2 (3.6)b; 3 mo, 22.8 (2.5)b; 6 mo, 23.9 (2.2)b; 12 mo,
22.8 (2.2)b

Nutrition Reviews® Vol. 72(7):453–470464

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/72/7/453/1825279 by guest on 23 April 2024



Table 3 Continued
Reference Metabolic outcomes Results at measured time points (no. of subjects):

mean (SDa or SEMb or 95% CIc)
Changes and differences between groups

Studies comparing increased-protein with standard-protein diets
Rolland-Cachera et al.

(2004)35
None Not applicable Not applicable

Gately et al. (2007)43 SBP (mm Hg) at B and end of
camp (mean, 29 days)

IP (n = 41): B, 113 (9)a; end camp, 108 (8)a ↓ in groups combined (P < 0.001); no differences
between groupsSP (n = 39): B, 114 (9)a; end camp, 111 (10)a

DBP (mm Hg) at B and end of
camp (mean: 29 days)

IP (n = 41): B, 64 (8)a; end camp, 59 (6)a ↓ in groups combined (P < 0.001); no differences
between groupsSP (n = 39): B, 67 (10)a; end camp, 62 (7)a

TC (mM) at B and end of camp
(mean: 29 days)

IP (n = 16): B, 4.26 (0.79)a; end camp, 3.40 (1.01)a ↓ in groups combined (P < 0.001); no differences
between groupsSP (n = 17): B, 3.99 (0.73)a; end camp, 3.25 (0.50)a

HDL-C (mM) at B and end of
camp (mean: 29 days)

IP (n = 16): B, 1.14 (0.28)a; end camp, 1.03 (0.23)a ↓ in groups combined (P < 0.01); no differences
between groupsSP (n = 17): B, 1.15 (0.19)a; end camp, 0.99 (0.17)a

LDL-C (mM) at B and end of
camp (mean: 29 days)

IP (n = 16): B, 2.66 (0.68)a; end camp, 2.03 (0.91)a ↓ in groups combined (P < 0.001); no differences
between groupsSP (n = 17): B, 2.48 (0.59)a; end camp, 1.94 (0.50)a

TG (mM) at B and end of camp
(mean: 29 days)

IP (n = 16): B, 1.05 (0.52)a; end camp, 0.83 (0.31)a ↓ in groups combined (P < 0.01); no differences
between groupsSP (n = 17): B, 0.82 (0.40)a; end camp, 0.78 (0.28)a

Duckworth et al.
(2009)44

SBP (mm Hg) at B and end of
camp (mean: 31 days)

IP (n = 46); B, 120 (15)a; end camp, 119 (15)a No changes and no differences between groups
SP (n = 49): B, 119 (18)a; end camp, 118 (17)a

DBP (mm Hg) at B and end of
camp (mean: 31 days)

IP (n = 46); B, 76 (14)a; end camp, 72 (13)a ↓ in groups combined (P = 0.009); no differences
between groupsSP (n = 49); B, 76 (15)a; end camp, 71 (11)a

Baxter et al. (2013)37 Fasting glucose and insulin to
determine HOMA-IR at B
and 12 wk

Results not described

Mirza et al. (2013)45 HOMA-IR at B, 3 mo, 1 y, and
2 y (ITT analysis)

IP/LGD (n = 57); B, 2.59 (2.11, 3.19)c; 3 mo, 2.78 (2.33, 3.31)c;
1 y, 2.42 (2.00, 2.94)c; 2 y, 2.44 (2.04, 2.92)c

No changes and no differences between groups at
any time point

SP (n = 56); B, 2.77 (2.24, 3.41)c; 3 mo, 3.03 (2.54, 3.62)c; 1 y,
3.01 (2.48, 3.66)c; 2 y, 3.12 (2.60, 3.75)c

SBP z-score change from B at
3 mo, 1 y, and 2 y (ITT
analysis)

Groups combined (n = 113); 3 mo, −0.23 (−0.36, −0.94)c; 1 y,
−0.18 (−0.30, −0.06)c; 2 y, −0.27 (−0.39, −0.15)c

↓ SBP at all time points compared with B; no
differences between groups, hence pooling of
results

DBP z-score change from B at
3 mo, 1 y, and 2 y (ITT
analysis)

Groups combined (n = 113): 3 mo, −0.21 (−0.32, −0.09)c; 1 y,
−0.10 (−0.20, −0.006)c; 2 y, −0.05 (−0.15, 0.05)c

↓ DBP at 3 mo and 1 y compared with B; no
differences at 2 y, no differences between groups,
hence, pooling of results

Garnett et al. (2013)36 LDL-C (mmol/L) at B, 3 mo,
and 6 mo

IP: B, 2.81 (0.09)b; 3 mo, 2.75 (0.09)b; 6 mo, 2.83 (0.10)b No changes over time
SP: B, 2.62 (0.09)b; 3 mo, 2.55 (0.10)b; 6 mo, 2.67 (0.10)b No differences between groups at any time point

HDL-C (mmol/L) at B, 3 mo,
and 6 mo

IP: B, 1.05 (0.03)b; 3 mo, 1.07 (0.03)b; 6 mo, 1.09 (0.03)b No changes over time
SP: B, 1.05 (0.03)b; 3 mo, 1.06 (0.03)b; 6 mo, 1.08 (0.03)b No differences between groups at any time point

TG (mmol/L) at B, 3 mo, and
6 mo

IP: B, 1.13 (1.02, 1.26)c; 3 mo, 1.06 (0.95, 1.18)c; 6 mo, 1.10
(0.99, 1.23)c

No changes over time

SP: B, 1.03 (0.92, 1.15)c; 3 mo, 1.13 (1.01, 1.27)c; 6 mo, 1.06
(0.94, 1.18)c

No differences between groups at any time point

SBP z-score at B, 3 mo, and
6 mo

IP: B, 0.71 (0.16)b; 3 mo, 0.40 (0.16)b; 6 mo, 0.14 (0.17)b ↓ SBP at 3 mo and 6 mo compared with B
SP: B, 0.75 (0.16)b; 3 mo, 0.43 (0.17)b; 6 mo, 0.17 (0.17)b No differences between groups at any time point

DBP z-score at B, 3 mo, and
6 mo

IP: B, 0.90 (0.10)b; 3 mo, 0.64 (0.10)b; 6 mo, 0.54 (0.10)b ↓ DBP at 3 mo and 6 mo compared with B
SP: B, 0.91 (0.10)b; 3 mo, 0.65 (0.10)b; 6 mo, 0.55 (0.10)b No differences between groups at any time point

Fasting glucose (mmol/L) at B,
3 mo, and 6 mo

IP: B, 4.8 (0.06)b; 3 mo, 4.7 (0.06)b; 6 mo, 4.9 (0.06)b ↓ in both groups at 3 mo; at 6 mo, levels had
returned to B

SP: B, 4.7 (0.06)b; 3 mo, 4.6 (0.06)b; 6 mo, 4.8 (0.06)b No differences between groups at any time point
Fasting insulin (pmol/L) at B,

3 mo, and 6 mo
IP: B, 243 (217, 273)c; 3 mo, 215 (191, 240)c; 6 mo, 214 (191,

241)c
↓ in both groups at 3 mo compared to B; levels were

maintained at 6 mo
SP: B, 236 (210, 265)c; 3 mo, 208 (185, 234)c; 6 mo, 208 (185,

234)c
No differences between diet groups at any time

point
ISI (from OGTT) at B and 3 mo Mean increase of 0.3 at 3 mo in groups combined ↑ at 3 mo compared with B; no differences between

diet groups at 3 mo
Insulin:glucose Mean decrease of 7.2 at 6 mo in groups combined ↓ at 3 mo and 6 mo compared with B; no differences

between diet groups at any time point
Study comparing increased-fat with standard-fat diets
Casazza et al. (2012)46 TC (mg/dL) at B and 5 wk IF (n = 12): B, 151.7 (9.5)a; 5 wk, 144.2 (7.5)a No significant changes or differences between

groupsSF (n = 14): B, 165.1 (7.7)a; 5 wk 157.5 (6.1)a

LDL-C (mg/dL) at B and 5 wk IF (n = 12): B, 98.4 (8.0)a; 5 wk, 93.6 (6.8)a No significant changes or differences between
groupsSF (n = 14): B, 109.8 (6.6)a; 5 wk, 100.1 (5.6)a

HDL-C (mg/dL) at B and 5 wk IF (n = 12): B, 40.5 (2.8)a; 5 wk, 40.8 (2.3)a No significant changes or differences between
groupsSF (n = 14): B, 42.6 (2.3)a; 5 wk, 42.1 (1.9)a

TG (mg/dL) at B and 5 wk IF (n = 12): B, 64.3 (8.0)a; 5 wk, 49.4 (8.7)a TGs changed significantly over time, significantly
higher TGs in SF group than IF group at 5 wksSF (n = 14): B, 63.6 (6.6)a; 5 wk, 76.5 (7.1)a

Fasting glucose (mg/dL) at B
and 5 wk

IF (n = 12): B, 95.6 (2.5)a;5 wk, 99.7 (2.4)a No significant changes or differences between
groupsSF (n = 14): B, 96.0 (2.2)a; 5 wk, 98.1 (2.2)a

Fasting insulin (μU/mL) at B
and 5 wk

IF (n = 12): B, 14.3 (3.3)a; 5 wk, 21.0 (2.9)a ↑ from B to 5 wk
SF (n = 14): B, 17.3 (3.0)a; 5 wk, 18.9 (2.6)a No differences between groups

SI, ×104 μU/mL at B and 5 wk IF (n = 12): B, 3.9 (0.8)a; 5 wk, 3.7 (0.8)a No significant changes or differences between
groupsSF (n = 14): B, 3.0 (0.7)a; 5 wk, 2.8 (0.7)a

Abbreviations: B, baseline; CIs, confidence intervals; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HCLF, high carbohydrate low fat; IF, increased
fat; IP, increased protein; ISI, insulin sensitivity index;LC, low carbohydrate; LCHF, low carbohydrate high fat; LCLF, low carbohydrate low fat; LDL-C, low-density lipoprotein
cholesterol; LF, low fat; NS, not specified; OGTT, oral glucose tolerance test; RGL, reduced glycemic load; SBP, systolic blood pressure; SD, standard deviation; SEM, standard
error of the mean; SF, standard fat; SP, standard protein; TC, total cholesterol; TG, triglyceride.
aNumber represents standard deviation.
bNumber represents standard error of the mean.
cNumber represents 95% confidence interval.
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Dietary interventions. Facilitators provided meals for par-
ticipants in the studies conducted in a boarding school or
camp,35,43,44 resulting in a high level of control over intake
(Table 1). In the other three studies, participants were
free-living and were given prescriptive and structured
meal plans that instructed participants on what to eat.36,37,45

All six studies compared two isocaloric dietary interven-
tion groups varying primarily in the energy contributions
of protein and carbohydrate, as described in Table 1.

In five of the studies, a dietitian was reported to be
involved with either menu preparation43,44 or the support
and review of participants.35–37 Measures of compliance
were not considered in two studies due to the high level of
control facilitators had over intake during the interven-
tion. Plate wastage was measured for all meals once per
week in the study by Duckworth et al.,44 which found very
little wastage and no difference between diet groups. Mea-
sures of compliance in other studies included multiple
24-h recalls,36,45 a 2-week food frequency questionnaire,45

and a 4-day food diary.37

Impact of treatment on obesity. All studies reported on
BMI, BMI z-score, and/or body composition (Table 3).

Only one study reported waist:height ratio as an outcome
measure.36 There were improvements in weight-related
outcomes in all studies, with no differences between diet
groups at any time point (Figure 4A–C). The study by
Rolland-Cachera et al.35 achieved massive weight loss,
with an average of 30.3 kg per participant during the
9-month intervention phase. However, there was signifi-
cant weight regain during the maintenance period, with
no significant difference in BMI z-score from baseline by
the 2-year follow-up. Other studies achieved more
modest weight-related improvements (range, 1.2–
2.1 kg/m2 decrease in BMI across studies). In one study,
all participants achieved weight loss maintenance at the
2-year follow-up.45

Impact of treatment on metabolic parameters. Overall,
there were no differences in any cardiometabolic risk
factor between the diet groups at any time point in the
included studies, Table 3. Studies by Rolland-Cachera
et al.35 and Baxter et al.37 were the only studies not to report
any cardiometabolic outcome measures.Blood lipids were
measured in two studies: one reported reduced HDL-C,
LDL-C, total cholesterol, and triglycerides after the active

A. Outcome: Change in BMI (kg/m2) at the end of active intervention

B. Outcome: Change in BMI z-score at the end of active intervention

C. Outcome: Change in BMI z-score at the 2-year follow-up

Figure 4 Meta-analysis of studies comparing an increased-protein diet to a standard-protein diet. A. Outcome: Change
in BMI (kg/m2) at the end of active intervention. B. Outcome: Change in BMI z-score at the end of active intervention.
C. Outcome: Change in BMI z-score at the 2-year follow-up.
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intervention in a subsample of study participants when
diet groups were combined43; another reported no inter-
vention effect on blood lipids and no differences between
diet groups. 36

Two studies measured glucose, insulin, and/or
insulin resistance.36,45 One found no intervention effect
on homeostatic model assessment of insulin resist-
ance levels,45 while the other found improved fasting
glucose, fasting insulin, insulin sensitivity index, and
insulin:glucose ratio in both diet groups.36

Four studies measured blood pressure.36,43–45 All
reported decreased systolic and/or diastolic blood pres-
sure compared with baseline at all measured time points
with no differences between diet groups.

Adverse events. No serious adverse events were reported.
Some participants in the study by Garnett et al.36 experi-
enced expected side effects to the prescribed medic-
ation (metformin) including gastrointestinal side effects
and migraines. Two participants also reported hair
loss, possibly due to metformin use.47 Of note, no side
effects prevented further participation in the study.

Increased-fat compared to standard-fat diet

The literature search identified one US study of 26
African American girls aged 9–14 years, which examined
the effect of two diets varying in fat and carbohydrate
content (42% energy as carbohydrate, 40% fat, and 18%
protein versus 55% carbohydrate, 27% fat, and 18%
protein).46 Participants were overweight or obese and
baseline fasting glucose and insulin levels indicated that
many were also insulin resistant. The 16-week study
incorporated a 5-week eucaloric phase followed by an
11-week weight-loss phase. During both phases, partici-
pants were provided with all their food and were weighed
twice per week to monitor compliance with the diet and
to ensure weight maintenance/loss.

The study examined changes in total body fat and
found significant improvements in each group but no
between-group differences. Cardiometabolic outcomes
were examined only at baseline and at completion of
the eucaloric phase. The only significant difference was
an increase in triglyceride levels in the standard-fat/
high-carbohydrate group compared with the increased-
fat/moderate-carbohydrate group at 5 weeks (end of
eucaloric phase).

DISCUSSION

This systematic review is believed to be the first to
evaluate the effect of varying dietary macronutrient
content on BMI and cardiometabolic outcomes in

overweight or obese children and adolescents. The lit-
erature search identified 14 studies that met all of the
inclusion criteria. Seven studies compared a low-
carbohydrate diet to a conventional low-fat approach
(five incorporated ad libitum diets and two isocaloric
diets), six compared an increased-protein diet to an
isocaloric standard-protein diet and one compared an
increased-fat to an isocaloric standard-fat diet. All
studies reported improvements in weight-related out-
comes irrespective of the macronutrient distribution. In
studies measuring cardiometabolic outcomes, improve-
ments in blood lipids, glucose and insulin homeostasis,
and blood pressure were reported. The methodological
quality of studies finding differences between diet
groups was often limited; hence, these results should be
interpreted with caution.

Unlike with adults, the appropriateness of weight loss
in children is contentious due to possible physiological
and psychological changes. The mean baseline BMI of
participants in the studies included this review ranged
from 28.1kg/m2 to 40.1 kg/m2, indicating that many sub-
jects had a greater BMI than would be considered healthy
for an adult (normal BMI range for adults, 18.5–24.9 kg/
m2). Considering the severity of comorbidities associated
with this level of obesity in childhood, weight loss is indi-
cated, as supported by a 2007 US Expert Committee,
which recommends weight loss for obese children and
adolescents over the age of 6 years.48

Low-carbohydrate compared to conventional
low-fat diet

Overall, a significant beneficial effect of a low-
carbohydrate diet on both the BMI and BMI z-score com-
pared with a low-fat diet was observed immediately
following the active intervention, Figure 3. However, the
high degree of statistical and clinical heterogeneity
(I2 = 0–35%), including pubertal and glycemic status,
which may affect weight loss, indicates that these results
should be interpreted with caution.

Four of seven included studies reported no differ-
ences between diet groups regarding the change in weight
status.32,34,41,42 Two of these studies41,42 were more recent
RCTs with larger sample sizes and better methodological
quality than previous studies. Three studies reported a
greater improvement in weight status in the low-carbo-
hydrate group. One38 instructed the low-carbohydrate
group to consume a third less energy than the low-fat
group, which explains the increased weight loss. Sondike
et al.39 found no difference between groups using
intention-to-treat analysis but reported a greater reduc-
tion in BMI in the low-carbohydrate group when exam-
ining only those with good compliance. Despite the
limitations of the included studies, a low-carbohydrate
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diet may lead to greater short-term weight loss if indi-
cated, for example, in severe obesity prior to surgery.

A low-carbohydrate diet may assist in facilitating
improved body composition,38 triglycerides,39,40 and/or
insulin levels32,34; however, results were reported incon-
sistently in the evaluated studies. The two studies report-
ing greater improvements in triglyceride and insulin
levels39,40 in the low-carbohydrate group also reported
greater improvement in weight status. This suggests that
improvement in weight status, in conjunction with
factors such as behavior, exercise, and diet, including car-
bohydrate quality, play an important role in the reduction
of cardiometabolic risk in the short term. No study
included in this review reported follow-up past 2 years;
therefore, it is not possible to assess the long-term impact
that varying the macronutrient content of the diet has on
cardiometabolic risk.

Adult systematic reviews report an association
between high-protein diets (>1.05 g/kg/day) and preser-
vation of lean body mass during weight loss.19,49 This is in
contrast to the included study by Krebs et al.,40 which
reported a greater reduction in BMI z-score and a greater
loss of lean mass, determined by DEXA, in the low-
carbohydrate diet group despite a prescribed protein
intake of 2–2.5 g/kg/day. Only one study found a benefi-
cial effect of a low-carbohydrate diet for body fat loss
(measured by skinfolds),38 while other studies found no
difference in body fat loss or lean mass retention between
diet groups.

The carbohydrate quality of the diet, including the
glycemic index and glycemic load, is related to the risk of
developing type 2 diabetes, cardiovascular disease, and
some cancers50 and is generally poor in children and ado-
lescents.51,52 Several reports included in this review
describe the type of carbohydrate consumed by study
subjects.36,37,39,42,45 Two studies specifically examined diets
varying in carbohydrate quality,42,45 finding no effect on
weight-related outcomes and no consistent effect on
cardiometabolic outcomes. This is similar to a study
examining obese young adults, which found no difference
in weight loss among participants following either a low-
glycemic-index diet or a low-fat diet.53 That study
reported increased weight loss when individuals with
poorer insulin control followed a low-glycemic-index
diet, proposing a diet-phenotype interaction. This
needs to be examined further, especially in children and
adolescents.

In line with other systematic reviews in children54

and adults,55 no diet adversely affected the cardio-
metabolic profile, suggesting the short-term safety of a
low-carbohydrate intake. The long-term safety, however,
is controversial, as reduced intake of certain foods, such
as fiber-containing foods and fruits, may result in some
nutritional requirements not being met.56 Additionally,

long-term compliance with a low-carbohydrate diet is
difficult,57 potentially impacting on quality of life due to
limited food choices. However, it is important to note that
no study included in this review suggested that the low-
carbohydrate diet be followed long term.

Increased-protein compared to standard-protein diet

All six studies comparing isocaloric increased-protein
and standard-protein diets35–37,43–45 reported improved
weight and cardiometabolic outcomes irrespective of diet
group and irrespective of whether participants were free-
living or in highly controlled environments. The protein
content of the diet appears to have little effect when given
isocalorically, supporting the importance of total energy
intake for improved weight status in obese children and
adolescents.

The isocaloric nature of study diets may have blunted
the satiating effect of protein that is thought to contribute
to a lower ad libitum total energy intake and consequent
increase in weight loss, as reported in adult studies.11,16,58,59

In contrast, the three studies in this review reporting sub-
jective feelings of hunger and/or fullness (one examining
ad libitum low-carbohydrate/low-fat intake and two
examining increased-protein/standard-protein intake)
showed no differences between the diet groups for
changes in BMI or body composition.40,43,44 Additionally,
achieving dietary protein targets in studies of free-living
children and adolescents is difficult60 and may explain the
lack of protein effect observed in studies examining a
free-living cohort.

The standard-protein diets of the studies reviewed
prescribed protein contents in the range of 15–20%,
which can be considered low in protein within an energy
restriction and may not meet the recommended dietary
intake for protein of approximately 1 g/kg/day for chil-
dren and adolescents aged 4–18 years.61 Therefore, the
increased-protein diets in the included studies might
actually be considered to contain normal protein levels
rather than increased levels. A recent systematic review19

of 19 adult studies reported beneficial effects of an
increased-protein diet (mean, 30.5 ± 2.4% of energy)
compared to an isocaloric standard-protein diet (mean,
17.5 ± 1.5% of energy), including a 0.79 kg greater reduc-
tion in weight. Although the difference in weight loss was
statistically significant, whether the result is clinically rel-
evant is debatable.

Manipulating the fat content of the diet, as in the
study by Casazza et al.,46 also had no effect on weight-
related outcomes, with both groups achieving a similar
reduction in body fat. It is unlikely that one approach to
macronutrient distribution of dietary intake is suitable
for improving weight status in all individuals. Instead. it
may be suitable to match patients to macronutrient
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distributions depending on their specific needs, prefer-
ences, and cardiometabolic and genetic profile.26,42,53,62 If
individuals can be matched to a suitable diet it may
increase their potential to achieve success; however, this
requires further research.

CONCLUSION

The current evidence indicates that an improvement
in weight status can be achieved in overweight or
obese children and adolescents, irrespective of the
macronutrient distribution of a reduced-energy diet. This
suggests that the primary objective of dietary interven-
tions should be to reduce total energy intake. Studies
reporting a benefit of a low-carbohydrate diet for short-
term weight loss had methodological limitations that
restrict their generalizability. It may be appropriate to
individually tailor the macronutrient distribution of the
diet to target specific cardiometabolic risk factors, such as
a low-carbohydrate diet for the treatment of insulin resis-
tance; however, further research is required before rec-
ommendations can be made.
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