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Comparative dietary effectiveness of a modified
government-recommended diet with avoidance of
ultra-processed foods on weight and metabolic
management in children and adolescents: An open-label,
randomized study
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Background and Objectives: Childhood obesity is rapidly rising in China and effective diet interventions are
needed. Here, we determine whether the Chinese government-recommended diet (GRD) or a modified diet of fur-
ther restriction of sugar and ultra-processed food but without energy restriction, minimally processed diet (MPD)
is effective on weight loss in children and adolescents with obesity/overweight. Methods and Study Design:
This open-label, randomized study included 60 children and adolescents between 5-18 years old with over-
weight/obesity. Participants were randomized 1:1 to the GRD or MPD and self-managed at home for 12 weeks.
Both groups received general recommendations in physical activities. The changes were evaluated in body weight,
fasting glucose and insulin, lipid metabolism and serum uric acid between baseline and week 12. Results: The re-
sults indicated great reductions by time for BMI, BMI z-score, fat mass percentage and fat mass index in both
groups. An obvious decrease by time for weight was found in the MPD group (p<0.001) as well as fasting glu-
cose (p=0.005), fasting insulin (p=0.001), total cholesterol (p=0.007) and serum uric acid (p=0.006). As for the
amount of visceral fat, greater reduction by time was observed in MPD group compared with GRD group. Con-
clusions: A 12-week self-intervention combining the Chinese government-recommended diet with physical activ-
ities was effective on weight loss in children and adolescents with overweight/obesity. The minimally processed
diet was more effective on decreasing visceral fat mass and may be beneficial to improving insulin resistance.
Further studies are required to assess long-term outcomes of the general public.
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INTRODUCTION With rapid economic development and urbanization,

Obesity is becoming a worldwide epidemic. In the United
States, it is estimated that approximately one-third of
adults and about 15-20% of children and adolescents
were affected by obesity."? In China, while only 1% of
children (aged 6 to 18 years) were identified as over-
weight/obese (BMI >85th percentile) and 0.1% of chil-
dren were obese (BMI >95th percentile) in 1985,%* we
observed that obesity/overweight rates in Chinese chil-
dren and adolescents (aged 6 to 17) increased dramatical-
ly to 19% (7.9% as obesity) in 2019.> Furthermore, this
rapid increase in obesity/overweight among Chinese chil-
dren continues to rise. Since childhood obesity is associ-
ated with increased risks of metabolic syndrome, cardio-
vascular disease, steatohepatitis, early puberty and poly-
cystic ovary syndrome,’ it is of paramount importance to
develop effective interventions in the population level.

the diet of Chinese citizens has been influenced by West-
ern culture. Chinese children have experienced BMI in-
crements as their dietary pattern has become more highly
processed.” China Nutrition and Health Surveys, indicate
that the total energy intake of urban residents has de-
creased since 1992, while the frequency of snacking and
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its contribution to energy intake has increased rapidly
since 2004, especially among children. Sugar-sweetened
beverages, ultra-processed grain products and fruits were
the most prevalent choices for snacks.® In 2014, a national
intervention program against obesity in Chinese children
and adolescents reported that consumption of sugar-
sweetened beverages is associated with a higher risk of
abdominal obesity and accumulated hepatic fat.? It is pos-
tulated that overconsumption of sugar-sweetened bever-
ages and ultra-processed food, which are both prevalent
in the Western diet, contributes to childhood obesity in
China. Meanwhile, a study based on two successive Nu-
trition and Health Surveys in Taiwan indicated that, at a
later time, adolescents consumed less energy from origi-
nal foods, with more from processed foods and ultra-
processed foods, resulting in higher saturated fat and low-
er monounsaturated and polyunsaturated fat, dietary fiber,
and micronutrient intakes.!® Aiming to prevent obesity at
the population level, the Chinese government has recom-
mended a plant-based diet consisting of grains, fruits and
vegetables, egg, meat, fish, soybean and milk. This Chi-
nese government-recommended diet (GRD) also advises
against the frequent consumption of sugar-sweetened
beverages and ultra-processed food.

There have been several weight loss studies of Chinese
children with multicomponent management programs
including energy-restricted diets, mandatory exercise, and
health education, that have demonstrated a general im-
provement in body weight, insulin resistance, and quality
of life.!""'* However, in consideration of the starvation
response comprised of rising hunger, falling metabolic
rate, and elevated stress hormone levels, long-term bene-
fits of conventional energy-restricted diets remain contro-
versial. Recently, the Carbohydrate-Insulin Model (CIM)
of obesity had been proposed, emphasizing the consump-
tion of processed, high-glycemic load carbohydrates leads
to hormonal changes that promote energy deposition in
adipose tissue, exacerbate hunger, and lower energy ex-
penditure.!® Thus, low-glycemic carbohydrate diets are
predicted to show superiority on long-term clinical weight
loss outcomes. In this study, we conducted a randomized
trial accessing the effects of the GR diet and a modified
GR diet with further restriction on the consumption of
sugar and ultra-processed food, minimally processed diet
(MPD), on children with overweight or obesity. We em-
phasized the importance of satiety without imposing limi-
tations of food amount of the minimally processed diet,
and self-management at home.

METHODS

Participants and study design

This study was a randomized parallel open-label study of
a total of 60 children and adolescents with overweight or
obesity. The trial was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved the Ethics Committee of the Children’s
Hospital of Zhejiang University School of Medicine
(2019-IRB-024) and informed consent was taken from the
parents/guardians of all individual participants. The study
was registered on the Chinese Clinical Trial Registry
(ChiCTR190002174). Participants were enrolled at the
Department of Endocrinology in the Children’s Hospital

of Zhejiang University School of Medicine from June
2019 to August 2019 and the final date of follow-up was
November 2019. The participants were randomly as-
signed to 2 groups; each group received an informal rec-
ommendation of 60 min/day of moderately vigorous
physical activity but with different diet recommendations
(GRD or MPD) and were followed up for 12 weeks. Ran-
domization assignments were computer generated by the
study statistician prior to the start of the study using ran-
dom permuted block sizes of 2 or 4. Participants managed
themselves at home and members of each group shared
their experience as well as their daily menu on WeChat (a
social communication platform) every day. Details of the
trial protocol appear in Supplementary figure 1.

Inclusion criteria

The inclusion criteria were as follows: participants be-
tween 5 and 18 years old, with a BMI z-score of >2 or
BMI z-score >1 combined with metabolic syndrome, no
psychiatric disturbance, and commitment to participate in
the study.

Exclusion criteria

Participants who were diagnosed with cardiovascular,
pulmonary, renal, hepatic digestive system disease or
chronic infection, or receiving medications known to alter
body composition or metabolism were excluded. Those
who had attended other weight loss programs in the past 3
months were also not included in the study.

Details on diet consultation

At the initiation of the trial, a registered dietitian (RD)
invited each participant and his/her family to attend a
face-to-face interview. One group was given advice on
the GRD and the other was advised on the MPD. The key
features of these two diets are summarized in Figure 1.

Participants of the GRD group were recommended to
managing their daily energy intake ranging from 1,100
keals to 2,300 kcals by age. Based on the target energy,
specific amounts of different types of food were suggest-
ed. Frequent consumption of sugar-sweetened beverages
and ultra-processed food was not recommended except
for packaged breads, steamed buns and dumplings. The
original recommendation letter for children and their fam-
ilies was provided with Supplementary figure 2.

Participants of MPD group were recommended to me-
ticulously avoid sugar-sweetened beverages and ultra-
processed food, as well as a moderate reduction of
starchy foods such as grains, potato and banana, but with
no restriction on the amount and type of non-starchy veg-
etables, protein-containing food, and cooking oil. The
original recommendation letter for children and their fam-
ilies was provided with Supplementary figure 3.

Based on the NOVA food classification system, ultra-
processed foods were defined as formulations of ingredi-
ents that result from a series of industrial processes,
which colors, flavors, emulsifiers and other additives are
frequently added in. Examples of ultra-processed foods
were showed in Table 1.6

For better understanding and execution, each partici-
pant received a note listing the food types that are al-
lowed or not, and a weekly diet recipe for reference. They
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GRD
Plant-based diet
Energy 1,100-2,300 keal/d
» Carbohydrate 50-65%E
» Protein 10-20%E
« Fat 20-30%E, Saturated fat < 10%E
Allow part of ultra-processed foods

MPD
No restriction on portions except:

« fruits (up to 200g/d)

» grains and starchy vegetables (up to 150g/d)

Ultra-processed foods: less than 1 serving per week

Figure 1. Key features of GRD and MPD and the findings of the study.

Table 1. Examples for ultra-processed foods

serum uric
acid |

Food types Examples

Grains Mass-produced packaged breads and buns; cookies (biscuits), pastries, cakes, breakfast ‘cereals’, ‘cereal’ and
‘energy’ bars; ready to heat products including pre-prepared pies and pasta and pizza dishes; packaged ‘instant’
noodles and desserts

Dairy products  Ice-cream; margarines, milk drinks, ‘fruit’ yoghurts, infant formulas, follow-on milks

Meat and fish Poultry and fish ‘nuggets’ and ‘sticks’, sausages, burgers, hot dogs, and other reconstituted meat products

Drink Carbonated soft drinks, ‘energy’ drinks, ‘fruit’ drinks, ‘cocoa’ drinks

Others Sweet or savoury packaged snacks, chocolate, candies (confectionery), spreads

were also trained in estimating food portions by a series
of food replicas. In the next 12 weeks, the RD contacted
the family on the phone or WeChat every 4 weeks to
evaluate their compliance and to provide supportive ad-
vice.

Clinical and follow-up evaluations

Study visits were set at baseline and at 12 weeks after diet
intervention. Each visit consisted of an anthropometric
assessment and fasting blood collection for determining

glucose and insulin, lipid metabolism and serum uric acid.

Body composition was further examined by dual X-ray
absorptiometry (DXA, HOLOGIC®).

Primary outcomes

Study participants were required to fast for more than 8
hours prior to laboratory examinations. The primary out-
comes were changes in height, height for age z-score,
weight, BMI z-score, fasting glucose and insulin, total
cholesterol, triglyceride and serum uric acid. Anthropo-
metric measurements were taken twice, and the average
value was used for the analysis. Height for age z-score
and BMI z-score were calculated using the WHO Anthro
Plus software (www.who.int/en/).

Secondary outcomes
The secondary outcomes consisted of changes in fat mass

%, fat mass index (FMI=fat mass [in kg]/ height? [in m?]),
visceral adipose tissue area (VAT area) and lean mass
index (LMI=lean mass [in kg]/ height? [in m?]). All out-
comes were compared between baseline and week 12 in
17 subjects from the MPD group and 11 subjects from the
GRD group. 3 subjects from the MPD group and 9 from
the GRD group refused to do the DXA.

Statistical analysis

The outcome variables were described using mean
(standard deviation, SD) for continuous variables with
normal distribution, median (interquartile range, IQR) for
continuous variables with non-normal distribution and n
(%) for categorical variables. An independent t test and
chi-square test were used to compare the two groups with
respect to baseline data. Primary and secondary outcomes
at the end of the intervention of each group were com-
pared by two-way repeated measures ANOVA, including
the effect of time, group, and the interaction of group and
time, and further analysis was made by simple effect test.
Non-normal-distributed variables were log-transformed to
meet the normality assumptions of t test and ANOVA. A
p-value of 0.05 was considered to indicate statistical sig-
nificance. All analyses were conducted using SPSS Sta-
tistics v.20.
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RESULTS

Study participants

As shown in Figure 2, a total of 60 overweight or obese
subjects were included in this study and were randomly
assigned into two groups of diet intervention. In the STJ
diet group, one child participated in another weight-loss
program during the trial and was excluded; 29 partici-
pants had successfully completed the 12-week STJ diet
intervention. In the GR diet group, one child participated
in another weight-loss program and two took metformin,
and all three were eliminated. In addition, two other par-
ticipants refused to finish the follow-up interview. Thus, a
total of 25 participants in the GR diet group had success-
fully completed this study.

Primary outcomes

Demographic, anthropometric and clinical characteristics
were similar at baseline between the MPD group and the
GRD group (p>0.05, Table 2). The average age of the 54
participants was 10.8 (x£1.9) years old, and 70.4% of them
were men. After the 12-week intervention, their growth of
height was obvious (two-way ANOVA, main effect of
time, p<0.001), and their height for age z-score remained
stable (two-way ANOVA, main effect of time, p=0.104).
Meanwhile, significant groupxtime interactions were
found for weight, BMI and BMI z-score. Further analysis
of simple effect indicated an obvious decrease by time for
weight in the MPD group (p<0.001) and a less significant
change in the GRD group (p=0.053). BMI decreased sig-
nificantly from 27 to 24.5 kg/m2 in the MPD group, and
from 27 to 26 kg/m2 in the GRD group (p<0.001) while
no differences were found between groups of week 12
(»p=0.166). Similarly, BMI z-score decreased significantly

by time for two groups (p<0.001) while no differences
were found between groups of week 12 (p=0.339).

As depicted in Table 2 and 3, distinct improvements by
time were observed for fasting glucose from 5.6 to 4.9
mmol/L and fasting insulin from 20.9 to 12.9 only in the
MPD group (p=0.005, p=0.001 respectively). In addition,
total cholesterol and serum uric acid decreased signifi-
cantly by time in the MPD group (p=0.007, p=0.006 re-
spectively); the GRD group only showed improvement on
triglyceride (p=0.028). Nonetheless, there was no signifi-
cant difference by group of week 12 for fasting glucose,
fasting insulin, total cholesterol, triglyceride or serum uric
acid.

The changes in BMI z-score, fasting glucose, fasting
insulin, and serum uric acid for each participant are
shown in Figure 3. In the MPD group, 28 participants
showed a reduced BMI z-score and 5 of them had a re-
duction of more than one unit. In the GRD group, 23 par-
ticipants had a reduced BMI z-score and 1 of them had a
reduction of more than one unit. In terms of the im-
provement in fasting glucose and fasting insulin, 11 par-
ticipants in the MPD group showed improvement from
abnormal to normal levels, 13 participants remained nor-
mal (fasting glucose <5.6 mmol/L and fasting insulin
<24.9 plU/mL), and only 1 participant in the MPD group
had a normal to abnormal change of fasting glucose. In
the GRD group, 8 participants changed from abnormal to
normal, 8 participants remained normal, and 3 partici-
pants showed a normal to abnormal change. In compari-
son, both groups showed a similar trend in the normaliza-
tion of fasting glucose and insulin (p=0.359) at week 12.
Furthermore, 22 participants in the MPD group had a
reduction of serum uric acid, whereas 13 participants in

60 children were excluded

/

30 randomized to MPD group

1 Excluded (attend another program)

29 finished the intervention

29 included in primary analysis

17 included in secondary analysis
(The Others refused to do DXA)

Figure 2. Study design.

T~

30 randomized to GRD group

3 Excluded (1 attend another program; 2 take
medication)
2 lost to follow up(distance)

25 finished the intervention

25 included in primary analysis

11 included in secondary analysis
(The Others refused to do DXA)
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Table 2. Baseline and week 12 comparisons for primary outcomes

Outcomes Baseline Week 12 F p value
Age, mean (SD), y 0.290
MPD 10.5 (1.8)
GRD 11.1(2.1)
Gender 0.810
MPD Men 20; Women 9
GRD Men 18; Women 7
Height, mean (SD), cm
MPD 149 (13.0) 151 (12.9)
GRD 153 (12.3) 154 (12.3)
Time 155 <0.001
Group 1.22 0.275
Time x Group 0.081 0.776
Height z-score, mean (SD)
MPD 1.2(0.9) 1.2(0.9)
GRD 1.3 (0.8) 1.2(0.9)
Time 2.73 0.104
Group 0.022 0.883
Time x Group 0.206 0.652
Weight, median (IQR), kg
MPD 58 (19.6) 54 (18.9)
GRD 62 (23.3) 59.8(23)
Time 48.65 <0.001
Group 1.11 0.297
Time x Group 16.57 <0.001
BMI', mean (SD), kg/m?
MPD 27.0 (4.1) 24.53.9)
GRD 27.0 (4.1) 26.0 (4.0)
Time 103 <0.001
Group 16.6 0.470
Time x Group 16.9 <0.001
BMI Z-score, mean (SD)
MPD 2.9 (0.7) 2.3(0.7)
GRD 2.8(0.8) 2.5(0.7)
Time 115 <0.01
Group 0.048 0.827
Time x Group 9.05 0.004
Fasting glucose, median (IQR), mmol/L
MPD 5.6(1.3) 4.9 (0.7)
GRD 5.5(1.3) 5.3(0.8)
Time 9.8 0.003
Group 0.746 0.392
Time x Group 0.809 0.372
Fasting insulin, median (IQR), plU/mL
MPD 20.9 (15.4) 12.9 (10.9)
GRD 21.5(23.8) 17.4 (12.5)
Time 10.0 0.003
Group 0.859 0.358
Time x Group 2.83 0.099

MPD: minimally processed diet; GRD: government-recommended diet; IQR: inter quartile range; BMI: body mass index.

fCalculated as weight in kilograms divided by height in meters squared.

the GRD group showed a reduction.

Secondary outcomes

For further understanding of the effects of diet interven-
tion on fat mass and lean mass, 17 participants of the
MPD group and 11 participants of the GRD group had
taken examination of body composition at baseline and
week 12 (Table 4). The results indicated great reductions
by time for fat mass percentage and fat mass index in
both group and no significant difference was found by
group of week 12. As for the amount of visceral fat, great
reductions by time were observed in both group and a
significant difference was found by group of week 12
(»=0.041). However, a slight reduction of lean mass index

by time was observed in MPD group (p=0.009), while no
significant changes were observed in the GRD group.

DISCUSSION

Here, we conducted a randomized parallel open-label
study to evaluate the effectiveness of the Chinese GR diet
in overweight or obese children and examine the effects
of further restriction on sugar and ultra-processed food
(minimally processed diet) over the GR diet. An im-
portant recommendation is the emphasis on satiety with-
out limiting energy intake of the participants in the MPD
group. According to recent reports, most studies on a diet
intervention in children with obesity used an energy re-
striction approach with energy intake below the govern-
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Table 3. Baseline and week 12 comparisons for primary outcomes

Outcomes Baseline Week 12 F p value
Triglyceride, median (IQR), mmol/L

MPD 1.1 (0.7) 0.9 (0.5)

GRD 1.0 (0.9) 0.9 (0.3)

Time 5.23 0.026

Group 0.004 0.950

Time x Group 1.06 0.308
Total cholesterol, mean (SD), mmol/L

MPD 4.5(0.8) 4.2(0.7)

GRD 4.1(0.8) 4.0 (0.9)

Time 6.19 0.016

Group 1.98 0.166

Time x Group 1.73 0.194
Serum uric acid, mean (SD), pmol/L

MPD 409 (86.8) 370 (93.6)

GRD 404 (93.7) 390 (87.5)

Time 6.89 0.011

Group 1.11 0.739

Time x Group 1.65 0.204

MPD: minimally processed diet; GRD: government-recommended diet; IQR: inter quartile range.

Table 4. Body composition comparisons between MPD and GRD

Outcomes Baseline Week 12 F p value
Fat mass percentage’, mean (SD), %

MPD 40.9 (5.6) 35.3(6.6)

GRD 39.4(6.2) 36.7(7.1)

Time 51.9 <0.001

Group 0.001 0.969

Time x Group 6.45 0.017
Fat mass index?, median (IQR), kg/m?

MPD 10.9 (2.6) 8.7(2.7)

GRD 10.4 (4.8) 9.2(3.8)

Time 71.6 <0.001

Group 0.063 0.804

Time % Group 13.0 0.001
VAT area, mean (SD), cm?

MPD 101 (22.6) 74.3 (24.8)

GRD 110 (39.7) 99.1 (36.6)

Time 55.0 <0.001

Group 2.19 0.151

Time x Group 9.96 0.004
Lean mass index$, mean (SD), kg/m?

MPD 15.8(3.3) 15.2(3.0)

GRD 16.0 (1.8) 16.2(2.1)

Time 1.69 0.205

Group 0.304 0.586

Time x Group 4.91 0.036

MPD: minimally processed diet; GRD: government-recommended diet; IQR: inter quartile range; VAT area: visceral adipose tissue area.
fCalculated as fat mass in kilograms divided by weight in kilograms the multiplied by 100%.

ICalculated as fat mass in kilograms divided by height in meters squared.

SCalculated as lean mass in kilograms divided by height in meters squared.

ment recommendation and varied macronutrient combina-
tions. These studies indicated that a reduced-energy diet
could provide a weight reduction in children and adoles-
cents with obesity and overweight.'”!® In our study, we
observed that the GR diet could promote effective weight
loss in children and adolescents with obesity/overweight
with an energy intake appropriated for sex and age. Intri-
guingly, our results also showed that a 12-week self-
intervention using the minimally processed diet, which
has no imposed restriction of energy intake, could lead to
a more significant decrease on weight and visceral fat
mass among overweight/obese children and adolescents.

In addition, there were no adverse effects of the minimal-
ly processed diet on triglycerides and cholesterol even if
the amounts of fat and protein were not limited in the diet.
No imposed restriction of energy intake, protein or fat can
ensure satiety and make children more satisfied, which is
conducive to the continuation of the diet. Although previ-
ous studies have demonstrated that intensive diet inter-
ventions are effective,!”!° they are not easy to implement
into the daily lives of children. Our study here illustrates
the effectiveness of this self-managed diet intervention
program with minimum interference on weight loss of
children and adolescents with obesity/overweight, sug-
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gesting possible implementation at the community level.

The consumption of industrially processed food has
been considered a dietary risk factor associated with obe-
sity and metabolic disorders among children, adolescents,
and adults. A recent inpatient randomized controlled trial
of 20 weight-stable adults receiving either the ultra-
processed or unprocessed diets for 2 weeks, then altered
to the other one in the next 2 weeks, showed a greater
energy intake during the consumption of the ultra-
processed diet leading to significant weight gain and body
fat mass.?° Several epidemiological investigations in chil-
dren have indicated that the consumption of industrially
processed food is associated with a higher risk of ab-
dominal obesity, adverse changes in glucose and lipid
profiles, and food addiction.?'?* Such findings have also
been observed in similar studies on sugar-sweetened bev-
erages.>* Sucrose and high-fructose corn syrup (HFCS)
are common sweeteners in industrially processed food
and sugar-sweetened beverages, which contain 50% and
55% of fructose respectively. Overconsumption of fruc-
tose has been shown to promote dyslipidemia, hepatic
steatosis, insulin resistance, increased risk of hepatocellu-
lar damage, and a disposition towards continuous food
intake.>?® Several randomized clinical trials have re-
vealed an improvement in BMI and non-alcoholic fatty
liver disease with a low fructose intake.?’° In addition,
Fructose is known to induce uric acid production by in-
creasing ATP degradation to AMP and accelerating de
novo purine synthesis. Greater soft drink and fructose
consumption is associated with increased serum uric ac-
id3! It can be said that fructose overconsumption favors
obesity and reduction of ultra-processed food and sugar-
sweetened beverage encourages weight loss. Our findings
support a dietary approach which emphasizes an intake of
minimally processed foods and beverages (with little if
any added fructose) in order to reduce body fat mass and
visceral fat, along with improved fasting glucose, fasting
insulin and serum uric acid, in contrast to the GR diet. As
our dietary intervention was based on education rather
than prescription or enforcement, adherence to it is likely
to be more acceptable and successful across communities.

Lack of physical activity has been an important factor
contributing to obesity.> Physical activity have been
shown to positively affect body composition by reducing
body fat while increasing fat-free mass.*> In this study,
both groups received a recommendation on daily physical
activity but its efficacy on weight loss was not evaluated.
Future research should be carried out to compare diet-
only intervention with combination of physical

The study has several limitations. First, there was a
lack of dietary intake assessments the at baseline and
throughout the trial. Thus, we were unable to provide
convincing evidence about the effectiveness of our diet
consultation. Second, the number of participants qualified
for this study was small since many obese children we
received at the hospital are school-aged and usually have
breakfast and lunch at school, and therefore could not be
carefully managed by their parents. Third, in despite daily
self-reporting, physical activity was not quantified and
available for analysis. Further research for longer, with a
larger sample and improved documentation of dietary

intake and exercise should provide useful insight into the
utility of the test intervention used here.

Conclusion

A 12-week self-intervention combining the Chinese gov-
ernment-recommended diet with physical activities was
effective for weight loss in children and adolescents with
obesity/overweight. Consistent with recent studies on the
adverse effects of sugar-sweetened beverages and ultra-
processed foods on obesity, further restriction of these
foods in the minimally processed diet was found to be
more effective on weight loss and may be beneficial for
improving insulin resistance. More research is needed to
assess the long-term effectiveness of these diet interven-
tions on weight loss in children and adolescents with obe-
sity/overweight, and their applicability to the general pub-
lic.
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Trial Protocols
L. Trail's objective
To determine whether, self-management of the Chinese government-
recommend diet (GRD) or a modified diet with further restriction of sugar
and ultra-processed foods (minimally processed diet, MPD) in the absence
of energy restriction, is effective at achieving weight loss in
obese/overweight children and adolescents.

II. Design

It was an open-label, randomized parallel study of overweight/obese
children and adolescents. A total of 60 overweight/obese children and
adolescents aged 5 to 18 were randomized 1:1 to an education of GRD or
MPD and self-managed at home for 12 weeks. During the 12-week period,
compliance of the participants was evaluated by phone or WeChat (a
social communication media) every 4 weeks and participants of each
group shared their experience as well as daily menu on WeChat.

Inclusion criteria

Participants of age between 5 and 18, with Body Mass Index (BMI) z-score
of >2 or BMI z-score of >1 combined with metabolic syndrome, no
psychiatric disturbance, and commitment to participate in the study.

Exclusion criteria

Participants who were diagnosed with cardiovascular, pulmonary, renal,
hepatic digestive system disease or chronic infection, or receiving
medications known to alter body composition or metabolism were
excluded. Those who had attended other weight loss programs in the past
3 months were also not included in the study.

III. Qutcomes

Primary Outcomes

Study participants were required to fast for more than 8 hours prior to
laboratory examinations. The primary outcomes were changes in height,
height for age z-score, weight, BMI z-score, fasting glucose and insulin,
total cholesterol, triglyceride and serum uric acid. Anthropometric
measurements were taken for two times, and the average value was used
for the analysis. Height for age z-score and BMI z-score were calculated
using the WHO Anthro Plus software (www.who.int/en/).

Secondary Outcomes

The secondary outcomes consisted of changes in fat mass %, fat mass
index (FMI=fat mass [in kg)/ height2 [in m2]), visceral adipose tissue area
and lean mass index (LMI=lean mass [in kgl/ height2 [in m2]). The
laboratory measurements were performed by the clinical laboratory at
the Children’ s Hospital of Zhejiang University School of Medicine.

Supplementary figure 1. Trial protocols.
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Dear parents and kids:

For better control on children’ s weight, please change your diet
following these recommendations:

Choose a balance diet appropriate to age:

Types Units 2-3y 4-By 7-10y 11-13y 14-18y
Grain g/d 85-100 100-150 150-200 225-250 250-300
Vegetable  g/d 200-250 250-300 300 400-450 450-500
Fruit g/d 100-150 150 150-200 200-300 300-350
Meat
Egg
Aquatic g/d 50-70 70-105 100-120 150 150-200
product
Dairy gid 500 350~500 300 300 300
Soybean g/d 515 15 15 15 15-25
Nut gd 7-10
Oil g/d 15-20 20-25 20-25 25-30

For extra meal, we recommend low-caloric-dense food such as vegetables
and fruits.

Reduce the consumption of sugar-sweetened beverages and proceed
food contain added sugar such as cake, chocolate, cookies and candied
fruit.

Reduce the intake of saturated fats, trans fats, and cholesterol. On the
other hand, monounsaturated fats, polyunsaturated fats, and omega-3
fats is recommended.

- Sources of saturated fat

bacon, pork intestines, high-fat meats (such as sausages, hot dogs, pork
ribs and preserved meat), the skins of poultry, chocolate, coconut,
coconut oil, butter, lard, ghee, palm oil and palm kernel oil.

- Sources of trans fat

hydrogenated vegetable oils and foods containing them (some baked
goods and snacks), margarine, ghee, some fast food such as French fries.
- Sources of cholesterol

high-fat meat and poultry, crab roe, organ meats

- Sources of monounsaturated fat

Avocado, nuts (such as almonds, cashews, pecans, peanuts, walnuts),
olive oil and clives, peanut butter and peanut oil, sesame, canola oil

- Sources of polyunsaturated fat

Corn oil, sesame, pumpkin seeds, cotton seed oil, sunflower and
sunflower seed oil, walnuts, linseed, safflower seed oil, sesame paste

- Sources of omega-3 fats

Albacore tuna, sardines, herring, salmon, rainbow trout, mackerel,
flaxseed, soybean oil, canola oil, walnuts

Supplementary figure 2. Chinese government-recommended diet (GRD) recommendation letter.

Be more active.

- Aim for a goal of 60 minutes of activity daily. It can start with 15 minutes
than increase gradually to 60 minutes.

- Optional exercises include:

+ aerobic exercise: hiking, skateboarding, rollerblading, cycling, brisk
walking, rowing, hiking, chasing, jumping rope, martial arts, ball games,
swimming, dancing

* muscle-strengthening activities: tug-of-war, push-ups (kneeling on the
floor), resistance exercises (using weights or resistance bands), sit-ups,
swings, rock climbing

+ bone strengthening activities: hopscotch, jumping, rope skipping,
running, gymnastics, ball games

- Limit TV and screen time to less than 2 hours daily

- Encourage reading or crafts rather than TV time. After 60 minutes of
inactivity your child should be encouraged to be active,

- Avoid having the TV on during mealtimes. Don't put a TV in your child's
bedroom.

Avoid eating outside and enjoy home-made food.

Thank you for your corporation.
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Dear parents and kids:

For better control on children’ s weight, please change your diet
following these recommendations:

Limit sugar-sweetened beverages and processed food contain added
sugar such as cake, chocolate, cookies and candied fruit. Less than 1
serving per week.

No fried food or other unhealthy fat such as puffed food, processed meat.

However, there is no limitation on amount of fat from meat, fish, nuts,
avocado and plant oil cooking in a healthy way.

We suggest to take fruits no more than 200g or juices no more than 50ml
per day.

We also advice to reduce the intake of grains and starchy vegetables to
150g per day. The starchy vegetables include potatoes, sweet potatoes,
corn, pumpkin, yams, taro, peas, broad beans and chestnuts.

When cooking porridge, use broth, chicken soup, fish soup instead of
water to increase hunger tolerance.

There are only three meals a day but child can decide how much he will
have that makes him feel full and satisfied. Vegetables, fish, poultry, meat
and eggs can be provided according to child's needs, as the intake of
grains and starchy vegetables per meal is limited.

A five-day recipe designed by dietitian is provided for reference.

Be more active.

- Aim for a goal of 60 minutes of activity daily. It can start with 15 minutes
than increase gradually to 60 minutes.

- Optional exercises include:

+ aerobic exercise: hiking, skateboarding, rollerblading, cycling, brisk
walking, rowing, hiking, chasing, jumping rope, martial arts, ball games,
swimming, dancing

* muscle-strengthening activities: tug-of-war, push-ups (kneeling on the
floor), resistance exercises (using weights or resistance bands), sit-ups,
swings, rock climbing

* bone strengthening activities: hopscotch, jumping, rope skipping,
running, gymnastics, ball games

- Limit TV and screen time to less than 2 hours daily

- Encourage reading or crafts rather than TV time. After 60 minutes of
inactivity your child should be encouraged to be active.

- Avoid having the TV on during mealtimes. Don't put a TV in your child's
bedroom.

Thank you for your corporation.

Supplementary figure 3. Minimally processed diet (MPD) recommendation letter.

Five-day recipe

meals | breakfast lunch dinner
Day1 |+ Fish congee + Rice 50g * Rice cakes with
(madewithrice |+ Porkand pork and cabbage
30g and fish) caulifiower (rice cakes 50g)
*  egg * Radish soup *  Mushroom soup
*  milk + Beef *  Shrimp (boiled)
*  cucumber salad +  Streaky pork
(made with olive stewed with carrot
oil, cucumber and
walnut)
* apiece of pomelo
Day2 |« Sweetpotato50g |+ Rice 50g * Rice 50g
+ scrambled eggs + spinach + Belt fish braise in
with tomatoes * Roasted chicken SOy sauce
+ yogurt wings +  Amaranth
* Dblueberry 1/2cup [+ Tofuandfish soup |+ Chicken soup
Day3 |+ century egg and + Rice 50g +  Sweet potato
pork poridge *  shrimp with lettuce starch noodle 70g
(rice 30g) stem ( lettuce | = Curry Chicken
+ Streamed egg stem, shrimp, + Beefand tomato
custard with clam carrot, walnut) + Pigeon soup
* Wood ear fungus |+ seaweedand egg
salad ( made with soup
olive oil, peanut, +  pork and broccoli
wood ear fungus
and vinegar)
+ chees
* 1/2 orange
Day4 |+ Taro 50g * Rice 50g * Konjac noodle with
*+ Kelpsalad (olive |« twice-cooked pork cabbage ( konjac
oil, kelp) +  winter melon and 50g)
*  nuts rib soup + gingko with celery
*+  egg + chrysanthemum stem and lily
«  mil crown daisy + Beefand green
* 1/2 apple pepper
+ Radish and fish
soup
Day5 | * Ricenoodles (egg. |+ Rice 50g + Potato 50g
cabbage, pork, * Kalimeris and pork | + crab
carrot, mushroom liver + egg with Chinese
rice noodles 50g) |+ celery and pork chives
+ peanuts + tomatoeggsoup |+ duck and bamboo
«  milk shoot soup
+ 1 kiwi fruit




