Abstract

Background

The impact of obesity interventions on dietary intake in children and adolescents with
overweight or obesity is unclear. This systematic review aimed to investigate the impact of
the dietary component of weight management interventions on the change in diet in children
and adolescents with overweight or obesity.

Methods

Eligible RCTs published between 1975 and 2020 were identified by a systematic search
following PRISMA guidelines. Meta-analyses of eligible study outcomes was performed
using R statistical software. A multi-level random effects model was used with three
significant random effects fitted using Restricted Maximum Likelihood estimation.

Results

This review identified 109 RCTs, including 95 that reported at least one statistically
significant dietary outcome change, and 14 reporting no significant dietary change. Results
from the meta-analyses (n= 29 studies) indicated that compared to control groups,
intervention groups achieved significantly greater reductions in mean total energy intake at
<6 months (-194kcal/day, 95%CI -275.80 to -112.90kcal/day, p<0.001) and up to 12 months
(-112k cal/ day 95% C1 -218.92 to -5.83kcal/ day)p=0.038), increases in fruit and/or
vegetable intakes over 2-12 months (n=34, range +0.6 to +1.5 servings/day) and reductions
in consumption of sugar-sweetened beverages (n=28, range -0.25 to -1.5 servings/day) at 4-
24 months follow-up.

Conclusions

Obesity interventions with a dietary component have a modest, but sustained impact on
reducing total energy intake and improving intakes of specific food groups in children and
adolescents with overweight or obesity. High quality RCTs that are powered to detect

change in diet as a primary outcome are warranted.



INTRODUCTION

The global prevalence of overweight and obesity among 5-19 year olds increased from 4% to
18% between 1975 and 2016 . Modification of dietary intake is recommended as a key
strategy for the management of childhood overweight and obesity ?*). However, previous
systematic reviews of interventions in children and adolescents with overweight and obesity
have focused on weight related outcomes. None have targeted the impact of interventions on
change in dietary intake, even among evidence-based interventions that include nutrition

education components and based on age-appropriate obesity treatment principles &> 8,

Systematic synthesis of dietary outcomes from randomised controlled trials (RCTs) across all
follow-up time points is lacking, so the overall impact of dietary interventions on changes to
dietary intake remains unclear. Dietary intervention features in studies with significant
improvements in post-intervention dietary intake include: use of dietary intake monitoring,
such as a food diary or diet application; self or family evaluation of dietary intake compared
with recommendations; use of specific strategies targeting improved dietary rather than

generic healthy eating advice 67,

Whether and how dietary intake improves post intervention is important to health
organisations and policy makers, including the World Health Organization @, in order to
inform the development of evidence-based dietary guidelines for childhood obesity
management. Systematic reviews ® © utilising data published prior to 2010 recommended
improvements in: study design related to reporting of dietary outcomes, the administration of
and adherence to intervention components, in future trials. Achieving consistent reporting of
all aspects of study implementation and outcome data would allow robust meta-analyses of
intervention effects. It would also evaluate: whether targeting intervention strategies to
specific dietary intake patterns or behaviours leads to sustained improvements in dietary
intake and diet-related outcomes; and which intervention components (such as adherence,
specific dietary strategies, or involvement of nutrition and health professionals) influence

efficacy.

There is a gap in the evidence about the dietary intervention features, contribution to and
impact of these dietary components of interventions aimed at overweight and obesity in
children and adolescence. The aim of this systematic review is to assess the impact of weight

management interventions in children and adolescents with overweight and obesity, that



include a dietary intervention, on change in dietary intake (as measured by total energy,

nutrients, food groups, diet quality or food-related behaviours).

METHODS

The reporting of this review follows the guidelines outlined in the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) statement®. The review protocol was
prospectively submitted to PROSPERO International Prospective Register of Systematic
Reviews for registration (CRD 42018104895).

Eligibility criteria

RCTs that evaluated the impact of an intervention that included a dietary component, for
children or adolescents aged two to 20 years who were classified as having overweight or
obesity were eligible if they reported pre and post-intervention results for at least one dietary
intake variable i.e. energy, nutrients, food group intake or diet quality.. Studies were excluded
if they were not an RCT or the dietary intervention was the same in multiple study arms,
involved dietary supplements, or focused on eating habits (e.g.meal times) rather than dietary

intake .
Systematic literature search

Eligible RCTs published from 1975 up to January 2020 were screened by two reviewers with
conflicts resolved though consensus or a third reviewer. Approximately 10% of titles, and 20%
of full text articles required a third reviewer. The PRISMA flow diagram is displayed in Figure
1. Table 1 reports inclusion criteria for participants, interventions, comparisons, outcomes, and
study design (PICOS).

Data extraction

Data extraction was informed by the Template for Intervention Description and Replication
(TIDieR) checklist ©. Data were extracted from eligible RCTs using a standardized Microsoft
Excel spreadsheet extraction tool to extract data on study population characteristics;
intervention characteristics; intervention implementation features; dietary intervention
characteristics and adherence; dietary intake assessment method/s and tool/s; dietary intake

outcome/s and weight status assessment measure/s (Table 3, Supplementary Table 2,



Supplementary Table 3). One reviewer (RT, KB, KD, VS) extracted the data while the second

reviewer (VS, KD) checked data s for completeness and accuracy.

Critical appraisal

Two reviewers (LKC, KB, RT, VS, KD) independently assessed study quality using the 13-
item Joanna Briggs Institute (JBI) Checklist for RCTs 9. The item “Were outcomes
measured in a reliable way” was divided into two items asking about weight outcomes and
diet outcomes. Appraisal results (Supplementary Table 1) informed synthesis and

interpretation of review findings.
Synthesis of results and analytic strategy

Preliminary data extraction indicated that most dietary outcomes could not be meta-analysed
due to substantial heterogeneity. Alternative methods for synthesis of intervention effects for
quantitative data were informed by Synthesis Without Meta-analysis (SWiM) guidelines V),

Two reviewers (LKC, KB, RT, VS, KD) categorised intervention, participant and dietary
component characteristics using a process of consolidation, preliminary grouping, discussion
and consensus, as outlined in Table 2. The extracted dietary intake outcome/s were
categorised by consensus. Conversion of food items reported as servings/day into grams or
millilitres was not possible due to international variations in definitions of a ‘serving’ 12,
Table 2 reports how ‘serving’ data were categorised. Changes in dietary intake were reported

as differences between baseline data and data from the longest follow-up time point.

Changes in dietary intake within included RCTs were categorised as either significant
between group changes, significant pre-post changes within at least one group only, or not
statistically significant. Data on within group changes were extracted to allow for exploratory
analyses that could be used to inform sample size calculations in future fully powered RCTSs.
Studies were categorised as intention-to-treat (ITT) if data was reported for all participants
who commenced the study or as completer-only (CO) if analyses only included those
participants who had data at the final collection point. Other categories used for sensitivity
analysis included: dietary assessment method type (i.e. 24-hour recall, weighed food record,
food frequency questionnaire), comparison type (i.e. personalised, specific or general dietary

advice)study quality, age of children and also those with true control groups.



Meta-analyses was conducted to evaluate overall intervention impact on change in dietary
intake using the ‘metafor’ package (11) (V 2.1-0) in R statistical software (10) (V 3.6.1). For
each study, effects were estimated as the mean difference between groups at each time point
as Hedges’ g (standardized mean difference and mean difference) using the unbiased option
for variance estimates. Negative signs for the study effects indicate a reduction in energy
intake in the treatment group relative to the control group. Uncertainty in effect estimates was
expressed as 95% confidence intervals (Cl). Meta-regression was carried out via multilevel
modelling using the rma.mv program to determine fixed moderator effects for time-based
effects and other grouping variables. A multi-level random effects model was used with 3
significant random effects fitted using Restricted Maximum Likelihood (REML) estimation.
The highest level random effect was for study differences with two additional random effects
nested within study, level 2 (a group variable to address possible correlation due to multiple
study arms that used the same control group as a reference) and level 3 (time for possible
correlation between multiple time points within a study arm). Fixed effect moderators tested
were dietary assessment type, comparison (Intervention or Control), study quality, age group
of children, true control group, analysis type (ITT or CO) and time, all treated as categorical
variables and then tested both as main effects and as an interaction with the fixed time effect.
Non-significant effects were not retained in the model. The final model contained only time
as an explanatory variable and was used to combine the numerous different time endpoints
into broad groupings (baseline, 6 months or less, 7-12 months and >12months ). Residual
plots were used to examine homogeneity of variance and normality assumptions. Effect plots
and their confidence intervals for time and other variables were based on marginal mean
effects from the fitted model. Forest plots do not include an overall effect when there are
moderator variables in the model as individual effects might not be from the same population.
To assess for publication bias, funnel plots were produced and visually inspected and

supported with rank correlation tests for funnel plot asymmetry.

RESULTS

Of 340 RCTs of child obesity treatment identified up to January 2020, including RCTs in the
previous systematic reviews, 109 (32%) RCTs reported dietary intake outcomes and were
included. Two of the 109 (1.8%) included studies reported dietary outcomes as the primary
study outcome. Sixty-seven (61%) of the included RCTSs reported a statistically significant

between-group change in at least one dietary outcome variable over time (Table 3). Of the



remaining 42 trials that reported no statistically significant between group change in dietary
intake, exploratory analysis identified 28 RCTs where there was significant change in intake
within one intervention arm (Supplementary Table 3).Fourteen studies reported no

statistically significant change in any dietary outcome variables 3-2),

Methodological quality

A summary of JBI quality assessment of 109 included RCTs is reported in Supplementary
Table 1. Overall 82% (n=89) of RCTs met at least half the JBI study quality criteria @9, Eight
studies ?7-**) met all methodological quality criteria, except for ‘not applicable’ ratings for
blinding of participants and interventionists to group allocation, which is commonly reported
as not possible in a food-based dietary intervention. Another 19 studies % 20:25 35-50) met |

criteria except for ‘not applicable’ and one ‘no’ or ‘unsure’ rating.
Study characteristics

Detailed study characteristics of included RCTs are reported in Supplementary Table 2. (325
21121 Sixty-six percent were published from 2011 onward, and 47% conducted in the USA.
There were a total of 12867 participants, with studies predominately (40%) in children aged
5-12 years. Mean participant retention rate was between 74% and 89% for study durations

from less than three months to three years.

Detailed characteristics of dietary interventions in included RCTs are summarised in
Supplementary Table 2. Key intervention aspects included delivery of dietary intervention
components by dietitians in 46 studies, of which 31 (67%) included specific or personalised
dietary advice in addition to general nutrition guidance. Seven studies (8 2330, 45.57,85,119)
reported adherence to dietary intervention components separately from study dietary
outcomes (e.g. actual intake versus prescribed dietary intake). Forty-three percent of studies
(n=47) did not specifically mention diet adherence, 27% (n=29) described diet adherence
methods in the methodology, and 21% (n=21) reported adherence based on program

attendance or log-ins. Dietary intake assessment was primarily conducted using repeat 24
hour recalls (n:25) (16, 20, 22, 30, 35, 39, 40, 46, 56, 58, 60, 65, 70, 74, 83, 88, 89, 92, 99-101, 104, 105, 112, 114) or >3-

day WERSs or food diaries (n=25) (48, 51, 53, 54, 57, 61, 62, 67-69, 73, 74, 78, 84-86, 91, 95, 97, 98, 107-109, 111, 113)
Eighteen studies used multiple dietary assessment methods (9 2% 39 44, 45,57, 58, 60, 62, 74, 82, 86, 92,

95,101,103, 112, 116)  Sjixty-six studies involved comparison of dietary outcomes between at least



one intervention group and a wait list or standard care control group, and 43 employed a

parallel (head-to-head) intervention group design.
Dietary outcomes

The most commonly reported dietary outcome variables were total energy intake (TEI)
(n=77), energy-dense, nutrient-poor foods (EDNP) (n=40), fruit and/or vegetable intakes
(n=34) and sugar-sweetened beverages (SSBs) (n=28) (Table 3, Supplementary Table 3).

Meta-analyses results

RCTs that reported TEI in kilojoules (kJ) or kilocalories (kcal) per day at each time point for
intervention and control/comparison groups (n=29) were included in a meta-analysis 6 3 35
46, 61,68, 70,73, 78, 80, 83, 89, 95, 106, 108, 116, 120) Results from the meta-analyses showed that compared
to control groups, intervention groups achieved significantly greater reductions in mean total
energy intake at <6 months (-194kcal/day, 95%CI -275.80 to -112.90kcal/day, p<0.001) and
up to 12 months (-112k cal/ day 95% CI -218.92 to -5.83kcal/ day)p =0.038 but not > 12 month
-19 kcal / day 95% CI -263.63 to 224.06 p= 0.87) (Figure 2).

For the sensitivity analysis undertaken result did not change when analysed separately based
on, analysis approach (ITT vs CO) (Figure 3), study quality, dietary assessment type, age group
or true control (Supplementary figures). The funnel plot (Figure 4) demonstrated symmetry,

indicating there no evidence of publication bias.

Narrative synthesis results
TEI - All included studies

In addition to the 29 RCTs included in the meta-analyses, a further 40 reported a statistically
significant change in TEI and 21 reported no significant change in TEI (Table 3, Supplementary
Table 3). These RCTs were not eligible for meta-analyses due to not meeting TEI meta-
analyses criteria. Nine RCTs reported a significant between group effect on TEI before 6
months (6. 44 48,70, 84, 85,105, 107, 109) anq six RCTs after at least six months (Table 3) (28 38,62, 69,
101, 110) stydies that employed 24 hour recalls or food records reported TEI reductions from

baseline of up to 500 kilocalories per day at six months (101 104),

Twelve RCTs reported within group TEI reductions from baseline up to at least six months G
34, 45, 56, 60, 78, 88-91, 111, 120) and another 13 (46, 49, 51, 55, 57, 65, 66, 68, 73, 74, 97, 106, 119) reported within group
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TEI reductions from baseline up to less than six months (Supplementary Table 3). Within group
reductions in TEI were reported in control/comparator groups in 15 RCTs (81 34 43, 45,56, 68, 74, 80,
90, 91, 97, 106, 111, 119, 120) and intervention group arms in 25 RCTs (31, 33, 34, 43, 45, 46, 51, 56, 57, 60, 65, 66, 68,
73,74,78,80,88,90, 91,97, 106, 111,118, 120) "TE| reductions of over 500 kilocalories per day from baseline

to 6-12 months were reported in both control/comparator and intervention groups ¢ 111 120)
Fruit and vegetables

Changes in fruit and vegetable intakes are summarised in Table 3 and Supplementary Table
3. Twenty-one out of 34 RCTs (62%) that measured vegetable and/or fruit intake reported a
statistically significant increase in consumption (Table 3, Supplementary Table 3). Across
studies fruit and/or vegetable intake was reported as: servings per day (s/d) (n=11), grams per

day (g/d) (n=5), intake ‘score’ or measure (n=9) or percentage of TEI (n=1).

Between group increases in fruit and/or vegetable intake ranged from 2.3 servings per day at
2 months ©Y, to 0.3 to 0.5 servings per day at 8-12 months (Table 3)“" 1%, Five studies

reported a between group improvement in a fruit and vegetable score or measure (2% 43 94,101,
115)

Five RCTs reported a significant within group change in fruit intake in an intervention group
including increased servings per day at 12 months @®); increased g/d at 12 months ©9;

increased g/d at 2-3 months €8 119): and decreased cups of fruit (including juice) at 12 months
(Supplementary Table 3) 9. The increase in fruit intake ranged from 1.0 serving per day at

2 months 9 to 0.3 servings per day at 6 months ¢,

Seven RCTs reported significant within group increases in vegetable intake. These included:
increased vegetable intake of 0.3 to 0.5 servings per day at 3-12 months (n=3) (1. 34 102, 119).
higher vegetable score at 12 months (n=1); increased vegetables (g/d) at 2-3 months (n=2)
(68, 119): increased intake associated with decreased BMI (n=1) ¢"; and an increased

percentage TEI from vegetables (n=1) &%,
Nutrient-dense foods other than vegetables and fruit

Eight RCTs reported statistically significant between group changes in nutrient-dense food
groups, including wholegrain foods or dairy/alternatives (Table 3). Dietary intervention
strategies that focused on specific nutrient-dense food/s reported significant changes to intake

of targeted food groups in 11 studies (38 45 46,52, 63, 75,90, 115, 116, 119, 120) - Nytrient-dense foods



were reported as grams per day (n=7) (8 68,8290, 116, 119, 120) ' seryings per day (n=2) 2 ), a

percentage of TEI (%TEI) (n=1) “* or using a diet quality score (n=2) 3119,

Four RCTs reported increased dairy food intake (68 0 115 119 Between group differences
included increased dairy intake at two months (+94g/d, p<0.001) 19 increased milk intake at
six months (+194g/d, p<0.01) © and higher diet quality dairy score at 12 months %, One
RCT reported a within group increase in dairy intake (+28g/d, p<0.05) after three months (8,
One study that aimed for lower dairy intake reported a within group decrease in milk products
at 12 months (-2s/d, p<0.05) .

Three RCTSs reported decreased meat intake > %119 Between group decreases in meat
intake (-53g/d, p<0.001) and increased fish (+32g/d, p<0.001) at 2 months was reported in
one study %, Within group effects on daily meat intake included a reduction in meat
product intake (-2 s/d, p<0.05) at 12 months ), and decreased meat intake in two
intervention arms of one study at 12 months (-23g/d, -24g/d, both p<0.05) ©9,

Three RCTs reported increased wholegrain intake ©2 115119 A between group effect in
favour of the comparator group was reported in one RCT (+1.4s/d, p<0.05) ®2. Other RCTs
reported within group increases in both arms (+48.6g/d, +28.0g/d, both p<0.01) ' and
within group increase in the intervention group only for the ‘friendly’ grains score (p<0.05)
(19 Five RCTs reported increased fibre intake (> 106116, 119.120) “inclyding one between group
effect (+4g/d, p<0.05) 1), Within group increased fibre intakes in the intervention group

ranged from +3.4g/1000cal (p<0.05) at four months ©® to +2.8g/d (p<0.05) at six months
(120)

Four RCTs reported significant within group increases in total nutrient-dense food intakes,
including increased servings of nutrient-dense foods per day at six months ¢, an increase in
percentage TEI from nutrient-dense foods at 12 months “®; and increased diet quality scores
at 12 419 and 15 months 63,

Energy-dense beverages
1) Sugar sweetened beverages

Twenty of 28 RCTs (71%) that measured SSB intake reported a statistically significant
reduction of between 0.25 and 1.5 servings per day, at post-baseline time points ranging from
4-24 months (Table 3, Supplementary Table 3). Seven studies targeted reducing SSB intake as

a specific dietary intervention strategy 5 5883 89, 98,101, 103)

9



Seven RCTs reported a between-group effect on SSB intake, including decreased SSB
servings per day at 4-24 months 28 41.47.83) 3 decreased %TEI from SSB at five months (©
and reduced proportion of students with high SSB intake at 24 months G, Ebbeling et al. €
reported that home delivery of artificially sweetened beverages for 12 months reduced SSBs
intake after 12 months (—0.7+0.1s/d, p<0.001), and was sustained for a further 12 months
post-intervention (—0.4+0.1s/d, p<0.01). The usual care control group in one RCT reported a
significant between group reduction compared to the intervention group after 6 months (-2.3
vs +0.34s/d, p<0.05).

Thirteen RCTs reported a within group change in SSB intake in an intervention group,
including decreased SSB (g/d) at three months ©®), decreased SSB home availability at six
months @, a reduction in daily SSB servings at 6-12 months (% 50.58.75.89,98,110) ‘qecreased
%TEI from SSB at 12 months ¢+ 9, reduced intake of SSB (and desserts) at 12 months and
reduced odds of consuming >2 servings of SSB per day at 24 months %) (Table 3,

Supplementary Table 3) ¢19),

i) Fruit juice
Four RCTs reported a significant between-group effect on fruit juice intake, with a reduced
daily fruit juice millilitres (ml/d) at three months in two intervention arms (-65ml/d, -64mi/d,
both p<0.05) ¢ mean reduction in daily kilocalories from fruit juice (—45ml/d, p<0.01) at
12 months @, a 1.2% decreased %TEI from fruit juice in intervention groups (p<0.05) at 12

and 24 months “, increased odds of intervention group consuming fruit juice never/rarely
(OR 2.5 (1.6, 3.8)) at 24 months (193,

Energy-dense, nutrient-poor foods

Of 40 RCTs that measured intake of energy-dense, nutrient-poor (EDNP) foods, 17 (43%),
reported a statistically significant between group reduction in intake, as summarised in Table
3.

Five RCTs reported significant between-group effect on total EDNP food intake including
decreased servings of high fat/sugar foods (-1.4 vs. -0.5s/d, p<0.01) at six months ©®? and 12
months %, a decreased number of EDNP foods per day at six months % and 24 months 9,
and improved nutrient-dense versus EDNP foods ratio at 24 months (-0.9 vs —3.1, p<0.05) ¢4,
Another nine RCTs (1 34 45, 52-54, 56, 67, 78) renorted significant within group effect on the
proportion of EDNP food intake. One RCT reported decreased %TEI from EDNP foods at 12

10



months (-8%, p<0.01) 7® and 24 months (-7%, p<0.01) 4. A within group decrease in total or
snack EDNP food servings (-0.5 to -2.0 s/d) was reported at 2-3 months in two RCTs 253 and
6-12 months in four RCTs (154 56.67),

Two studies reported significant between-group effects, specific ‘savoury’ EDNP foods
intake with decreased servings of fast food per week (-0.17 vs +0.28, p<0.05) 9, and
decreased fried foods (-0.3s/d, p<0.05) at 12 months 8. Eight studies reported significant
within group effects on specific savoury EDNP foods intake (7375887, 90, 115, 117, 119) Thgege
changes include decreased fried potato/potato crisp at 4-12 months ¢7:37:58.87) decreased fast

food at 6-24 months 758117 and improved food group choices at 2-12 months (0 115 119),

Four studies reported a significant between-group effect on sugar intake “® 67:83.8) ranging
from -48 g/d at four months (p<0.05) 7, and -49 g/d at 12 months (p<0.01) 3 to -105 g/d at
12 months (p<0.001) and -58 g/d at 24 months (p<0.01) ®3. Six studies reported a significant
within group effects on sugar intake & 6890 91,110, 120) ‘ranging from -15 g/d at six months
(p<0.05) *?9 t0 -9.5 g/d at 24 months ©Y,

Other ‘sweet” EDNP food outcomes were reported in six RCTs (3237 68,96, 101, 107) from study
durations of two to four months (68 9.107) tg 12 to 24 months ©2: 37101 and included reduced

desserts or sweets G7 %119 reduced ‘empty calorie’, ‘high calorie’ or “problematic’ foods ¢

68, 101)

Macronutrients
i) Macronutrient proportions

Fifteen out of 17 RCTSs that assessed macronutrient intakes reported significant changes
(Table 3, Supplementary Table 3), and two reported no significant changes G 116),
Macronutrient intakes were reported as daily grams (n=7) (5 57.60.61,66,100,105) ‘narcentage of

TEI (n=9) (36, 38, 45, 57, 67, 73, 78, 89, 113), and glycaemic load (n:3) (40, 46, 92)_
Intake of Dietary fats

Two RCTs reported a significant between-group effects on dietary fat intake, including an
intervention effect of -4-5%E (both p<0.01) for dietary fats at three ©® or four months @8, A
dietary intervention that aimed to achieve ketosis reported a significant between-group effect
on dietary fat at three months (+106g/d, p<0.001) ¢,
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Eleven RCTs reported a significant within group decreases in dietary fat intake, including a
reduced %TEI from fat in the intervention group at 1-3 months (" 113.119) and 4-12 months “*
78,89.115) 3 lower fat intake of seven to 45g/d at three to five months (6% 66.100.119) ‘and
decrease of 15g/d (p<0.01) at 12 months “®. One RCT reported a decrease in daily fat intake

in control and intervention groups (-34g/d, —18 grams, p<0.05) at three months ©9),

Seven out of 17 RCTSs that targeted dietary fat intake reported a significant effect for dietary

fats (36, 38, 57, 73, 113, 115, 119) and 10 reported no Signiﬁcant Change (30, 40, 46, 62, 80, 99, 106, 108, 116, 120)

i) Carbohydrate intake
Five RCTs (45496166, 113) renorted between-group effects on carbohydrate intake that ranged
from a decrease of nine grams carbohydrate per week (p<0.05) at three months ©9), to a 72
grams per day decrease at 12 months (p<0.01) “®. Two other dietary interventions reported a
significant between-group difference in daily carbohydrate intake at three months, one
prescribed different nutrient proportions at breakfast (+38g/d, +25g/d, -51g/d, p<0.01) (%)
and another aimed to achieve ketosis (-118 grams, p<0.001) ©7. Within group changes in
carbohydrate intake were reported in both arms of two RCTs (—91g/d, p<0.001 and —71.7,
p<0.001) at two months ! and (-73g/d, p<0.01 and -72g/d, p<0.001) at six months 29,

Three studies reported a significant between-group effect on glycaemic load of -18
grams/1000 kcal (p<0.05) at five weeks “9), -22.4 grams/1000 kcal (p<0.001) at two months
(49 and -13.8 grams/1000 kcal (p<0.05) at three months ©®?. The %TEI from carbohydrate
was higher at two to three months (p<0.05) in four studies ¢ 7 115:119) and lower in one RCT

at 12 months (p<0.05) “®. One study reported no significant change in glycaemic load ©%,

Eleven studies that reported a significant reduction in carbohydrate intake, provided an

intervention with a nutrient target for daily carbohydrate intake (n=2) ¢ 113, and food-based
guidance or behaviour change strategies (n=9) (36 45 46,49, 61,66,67,92,116) gy other studies did
not report a significant finding related to carbohydrate intake but used an intervention with a

nutrient target for daily carbohydrate intake (38 40 4880, 84,99, 109, 116, 120)

iii) Protein intake
No studies reported a significant between group effects on protein intake. Seven studies
reported significant within group effect on protein intake (38 45 60.113,115,119,120) 'Byecreased
grams of protein of 15 to 20g/d were reported in two RCTs, at two months follow up ¢? and

six months %, and an increased %TEI from protein at three to 12 months (n=3) @8 45119,
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Dietary intake behaviour outcomes

Statistically significant changes in dietary intake related behaviours following use of
behaviour/inventory/habit tools were reported in nine studies, summarised in Table 3 and
Supplementary Table 3. Three studies reported a significant between-group effect on dietary
behaviour changes, including a smaller decrease in family meals per week over 12 months (-
0.4 vs -1.1, p<0.05) @9, reduced hunger two and three hours after a high protein breakfast
compared to control (p<0.001) ®%), and less daily hunger (p<0.05) after a high protein
breakfast. %) Six studies reported a significant within group differences in dietary behaviour
outcomes by the intervention group, with increased odds of lunch everyday (OR 0.49 (0.30,
0.82)) @M, improved scores for restrained eating at four months 2, decreased snacking
between meals at six months “2, increased odds of daily breakfast intake %, increased
proportion consuming breakfast (p<0.01) @7, and decreased grams of food consumed in a meal
(-45, p<0.05) at 12 months 7,

Associations between dietary intervention features and post-intervention dietary change

Secondary analysis of dietary intervention features and dietary outcomes identified that 67%
of RCTs in which a dietitian administered dietary interventions reported significant
reductions in TEI, compared to 43% (X?(1) 6.65, p<0.05) that were not dietitian-
administered. Dietitians delivered a higher percentage of interventions that involved
personalised dietary advice than other interventionist (69% vs, 42%, p<0.01), and similar
percentages of interventions that resulted in changes in sugar-sweetened beverages (26% vs
31%), energy-dense, nutrient-poor foods (46% vs. 47%) and core foods or nutrients (67% vs.
55%).

However, no associations were identified between a dietitian administered intervention and a
significant change in intake of other foods or beverages, or between the type of dietary advice

(general, specific or personalised) and significant change in dietary outcomes.

DISCUSSION

This review provides a comprehensive evidence summary from RCTs published to January
2020 and the impact of dietary interventions for treatment of children and adolescents with
overweight or obesity on change in dietary intake. Although meta-analyses was only possible
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for TEI, qualitative synthesis summarizes the impact on changes in nutrients, food groups,

diet quality and dietary intake-related behaviours.

Study characteristics

Each decade has seen a marked increase in number of RCTs published (Supplementary Table
2). This parallels the worldwide increase in child obesity prevalence, particularly from 1980
to early 2000s @. The predominance of studies conducted in North America, Australia and
Europe reflects the earlier rise in child obesity prevalence in these regions. More studies from
Asia, the Middle East and Eastern Europe have been conducted since 2010 as prevalence of
child obesity in these regions rises ¢ 122_ However, the transferability of western

interventions is questionable.

The majority of studies only included participants with obesity rather than overweight, which
suggests that children and adolescents may not be identified or targeted for interventions until
substantially above healthy weight ranges. A recent review by Steinbeck et al (2018) 2%
indicated that adolescents aged 1215 years had a 41% lower odds of successful weight
reduction and maintenance compared to interventions in children aged 5-11 years. This
finding highlights the importance of early treatment for established obesity, and the need for
studies that target prevention and treatment earlier in childhood. The majority of RCTs were
conducted in a clinical or primary care setting, with the introduction of home and technology
components becoming more common in interventions published since 2016. Combining
clinic-based interventions with a home-based intervention components that involve the whole
family, or using methods facilitated by technology to link participants with clinicians or
evidence-based resources could be targeted in future interventions ‘24, particularly given the
COVID-19 pandemic has highlighted the importance of providing appropriate treatments

remotely 125,

In RCTs included in the current review, only 2% reported dietary intake as the primary
outcome. The remaining 98% included dietary intake as a secondary outcome, meaning that
studies are underpowered to detect dietary change. Although recommendations for childhood
obesity intervention studies suggest that only between group results be reported 129,
exploratory analyses of within group change were reported as a supplementary file in order
to guide researchers when selecting potential dietary variable to target in future fully powered
trials. Included study designs predominantly compared two active intervention groups or

include a comprehensive ‘standard care’ control group rather than having a ‘no intervention’
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or wait list control group. This is understandable given the potential ethical implications of
identifying but not treating children and adolescents with overweight or obesity, although this
presents challenges when evaluating the intervention impact on dietary outcomes, and
seeking to quantify true intervention effect compared with ‘no intervention’. To facilitate
future evidence synthesis, it is recommended that RCTs report between group non-significant
findings for primary and secondary study outcomes and all within group findings in
supplementary files, particularly in studies that compare two or more alternate intervention

conditions in the comparison arms.

Dietary outcomes

Energy intake

Although most studies taken individually did not have a statistically significant impact on
caloric intake, the summary meta-analyses reported a statistically significant reduction in
TEI of between 112 kcal to 194 kcal per day at six to 12 months, with no significant
reduction detected beyond 12 months from baseline. These changes in energy intake,
although modest are potentially important at the population level. For example, the increase
in population obesity prevalence has been modelled dynamically as corresponding to an
energy imbalance of 100-200 kcal excess per person per day 127, Although dietary intake
reporting is prone to error and bias *?®, these findings indicate that reduction in TEI
contributes to weight change reported in the systematic reviews from which the current RCTs
were drawn © 6129 To demonstrate the clinical practice implications of minor dietary
adjustments, Lal et al (2020) modelled the impact of a small reduction in energy-dense,
nutrient-poor food consumption in Australia 39, Substituting or replacing specific EDNP
foods resulted in an estimated six to 57 kilojoules per day per food serve reduction in total
energy intake for children aged 7-18 years. Importantly, further modelling identified that
these change were associated with significant population level health improvements and

substantial healthcare cost savings 3%

The modest long term TEI change suggests that there is a need for additional long-term
interventions targeting improved dietary intake in children and adolescents with obesity.
Given trial participants are likely to have been on a weight gain trajectory prior to

participation in an intervention, reversing or stabilising weight gain is a positive clinical
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outcome 122, Therefore, the long-term maintenance of an energy deficit needs to be

prioritised in future trials for treating overweight and obesity.

Changes in food patterns and food groups

Studies reported increases in total fruit and vegetable intakes ranging from 0.6 to 1.5 servings
per day at time periods up to 12 months from baseline. Future studies could consider further
tailoring of dietary fruit and vegetable intake targets using personalised dietary advice and
coaching to facilitate behaviour change and address barriers to increasing vegetable intakes.
It is recommended that future interventions report post-intervention change in fruit and
vegetable intake separately and that fruit juice and fried potato also be reported separately in

order to further refine dietary intervention components.

Dietary interventions targeting intakes of specific nutrient-dense food groups were more
likely to result in the intended change in the targeted food(s). In addition to the positive
changes when fruit and vegetables were targeted within interventions, an increase in daily
intake of servings of specific nutrient-dense foods was reported in the intervention arm of six
studies (Table 3) (30.52.54.58,64,119) Thyjs provides some support for future interventions testing
the impact of focussing on increasing specific foods, or groups of foods, as an intervention
strategy, and in combination with a target to reduce intake of EDNP foods. One study ("
highlights a need to differentiate between ‘nutrient-dense’ lean meat and reduced fat dairy
foods from ‘energy-dense, nutrient-poor’ meat and dairy food options in order to optimise

diet quality.

The reported changes in SSBs and EDNP foods indicate that these aspects of dietary intake
are amenable to change and importantly, provide support for targeting dietary components
that have the potential to positively influence child weight status. Although the dietary
assessment measures used to quantify SSB intake were highly variable, Ebbeling et al. found
that maintenance of unsweetened beverage consumption at 12 months post-intervention was

achievable @3,

Meta-analyses of EDNP results was not possible due to heterogeneity across methods used to
assess EDNP foods and intake and inconsistent reporting of serving size data. It is
recommended that consistent and explicit reporting of EDNP food intake be used across

studies.

Future studies should report SSB intake in millilitres and EDNP foods be reported in grams

and/or daily number of servings with dietary data collected across multiple days. When
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servings are reported, the reference database or objective serving size units, such as
grams/millilitres should also be reported. These practical recommendations for reporting
dietary outcomes, in combination with more explicit descriptions of dietary intervention

components would facilitate future meta-analyses of study outcomes.

Guidance or goal setting targeted to individual foods and food groups was associated with
improved intake of specific foods and nutrients in the short term, but sustained change in
dietary intake beyond 12 months post baseline was not as commonly reported. Investigating
the long-term impact of interventions that provide specific dietary advice about nutrient
density of foods needs to be a research priority. This could be achieved if current and future
studies implemented the suggestions for strengthening dietary intervention components in
line with recommendations made in the current review. In addition, dietary strategies should
focus on food-based guidance be delivered as part of a behaviour change strategy, rather than

involving nutrient-focused advice.

The findings from this review indicate that participation in moderate to high intensity
interventions can result in short-term changes in total dietary intake and proportions of fat,
protein and carbohydrate. However, severe nutrient restrictions, such as a very low
carbohydrate intake, were not sustained ®%. Food based guidance appears to be more
effective in achieving longer-term dietary changes in studies where the dietary intervention

focused on macronutrient-specific targets or proportions of TEI.

Summarising dietary intake behaviour outcomes was limited by the diversity of variables and
assessment tools used. The favourable results reported in studies targeting increased dietary
protein relative to carbohydrate suggest that increasing the proportion of protein relative to
carbohydrate in isocaloric weight reduction dietary interventions for children and adolescents
warrants further research. It is recommended that interventions targeting changes in
macronutrient intakes also report the corresponding changes in food group intakes to inform
which food patterns are more effective and sustainable post-intervention. Use of a taxonomic
framework for the methodological terminology would allow for consistency and
comparability when collating data from interventions, particularly for behaviour change

factors that have a wide range of descriptors 3% 132,

Maintenance of dietary change post-intervention
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Longer term maintenance of multiple dietary changes post-intervention were more common
in RCTs that involved provision of personalised dietary advice, although this finding may
have been influenced by follow-up duration. Nevertheless, the efficacy of personalised versus
specific dietary advice on maintenance of dietary change could be investigated in larger
studies, along with assessment of whether the involvement of a trained health professional

such as dietitian, facilitates sustained dietary change.

Reporting of dietary intervention adherence would be substantially improved if it was
reported for intended dietary outcomes rather than general intervention compliance measures
(eg. session attendance). Dietary adherence should be reported separately for intermediate
time points, and where appropriate, include use of dietary biomarkers. For example, Sondike
et al measured urinary ketones when evaluating adherence to a very low carbohydrate diet
7). The availability of this data would improve the quality of results, improve understanding
of participants’ capacity to comply with specific dietary targets, and address reporting bias
(133 Improving adherence measures could improve interventions outcomes. For example,
electronic communication could be used to collect adherence data and simultaneously
generate personalised feedback and/or be used to develop an adherence incentive strategy.
Emerging technologies for non-invasive objective approximation of fruit and vegetable intake

have the potential to decrease participant burden and increase accuracy in dietary assessment
(134, 135)

Dietary intervention personnel

The association between dietitian delivery of dietary intervention components and a
statistically significant reduction in TEI (p=0.036) highlights a need for increased specialist
skills in intervention delivery. While this finding may be related to higher percentage of
dietitian-delivered interventions that employed a personalised diet approach, it does warrant
further investigation. This highlights an opportunity to evaluate the impact of obesity
treatment interventions delivered by specialised and/or health professionals trained in roles
‘fit for purpose’. The findings of the current review support dietitian-delivered, personally
tailored dietary advice for individuals and their families as a strategy to improve dietary
compliance, optimize nutrient intake adequacy and achieve dietary intervention goals.
Further, dietitians that deliver behaviour change interventions should be experienced in
behaviour change intervention delivery. Given the resource implication of delivering
interventions, utilising interventionists mostly likely to facilitate families making cost-

effective changes is warranted in future research.
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Limitations

Some caution is warranted when interpreting the current review’s findings. Despite the large
number of RCTs included, the number of high methodological quality remains limited. RCTs
were unlikely to be powered to detect statistically significant changes in diet as dietary intake
was not usually the primary outcome. Prioritisation of reporting statistically significant
results may have influenced whether or what dietary intake results were reported %),
Additionally, some studies only tested for significant between-group changes in dietary
outcomes, whereas others evaluated both significant and non-significant group and/or time
effects. It is therefore recommended that between and within group non-significant findings
for primary and secondary study outcomes be reported in supplementary files. The obesity
research evidence base will develop more rapidly if results about how amenable dietary
intake is to change are reported. When multiple food group or nutrient comparisons aren’t
adjusted for in analyses, results should be interpreted with caution. The distribution of
significant findings may have been skewed because other obesity-related factors, for example
physical activity and sleep were not necessarily adjusted for in the included RCTs. Finally,
few studies analysed adiposity change in relation to dietary changes, which further limited

secondary analysis of dietary outcomes.
Recommendations for future research and clinical practice

This review highlights the urgent need for large, comprehensive, high-quality dietary
intervention trials that include specific and personalised dietary advice. Dietary advice should
be delivered by qualified dietitians and have long term follow up and that are powered to
detect change in dietary intake. Recommendations for reporting on dietary interventions
components are shown in Supplementary Table 4. The implications of this review for
practitioners who deliver interventions to address overweight and obesity for children and

adolescents are summarised in Supplementary Table 5.

CONCLUSIONS

Interventions aimed at reducing overweight and obesity in children and adolescents show a
modest, but clinically important reductions in intakes of total energy, SSBs and EDNP foods,
increases in fruit and vegetable intakes, and altered proportion of macronutrients.

Interventions that tailor dietary advice for individuals or families and that target specific
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dietary outcomes appear to be associated with greater improvement in dietary intake
compared to provision of general dietary advice only. However, given current study
limitations, results should be interpreted with caution. Future large scale trials that use robust,
specific dietary intervention components should be powered to detect change in dietary
intake.
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Figure legends

Figure 1: PRISMA Flow Diagram for dietary change and intervention components in Randomised Controlled
Trials for treatment of overweight and obesity in children and adolescents

Figure 2a: Forest plot for meta-analysis of mean difference [95% confidence interval] over time (months) in
total energy intake in sixteen intention to treat (ITT) and completer only analysis (CO) studies that used either
24-hour recalls, weighed food records, demonstrating the effect of time on daily energy intake (Calories/ day),
p<0.05 The posterior estimate and credible interval for each study are given by a square and a horizontal line,
respectively.

Figure 2b: Standardized mean differences (SMD) showing the effect size by time (months) of total energy
intake in randomised controlled trials that used 24-hour recall or weighed food records and intention to treat or
completer only analysis.

Figure 3: Standardized mean differences (SMD) showing the effect size by time (months) of total energy intake
in randomised controlled trials that used 24-hour recall or weighed food records and intention to treat (ITT) or
completer only (CO) analysis

Figure 4: Funnel plot for meta-analysis of effect of time on energy intake in randomised controlled trials that
used 24-hour recall or weighed food records

33



