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Abstract: Pediatric obesity is a significant public health problem, the negative outcomes of which
will challenge individual well-being and societal resources for decades to come. The objective of
this study was to determine the effects of dietary counseling on weight management and metabolic
abnormalities in children with obesity. One hundred and sixty-five patients aged 2–18 years old
were studied over a two and a half year period. Data collected included demographic information,
anthropometric assessment, laboratory measurements, and self-reported eating behaviors. Dietary
counseling was provided at each visit. The data was analyzed from the first and last visits and
the subjects were retrospectively divided into responders and non-responders based on a decrease
in their BMI. After receiving dietary guidance, BMI decreased in 44% of the children, and these
participants were classified as responders (BMI-R; n = 72). However, BMI did not improve in 56% of
the participants, and these were classified as non-responders (BMI-NR; n = 93). At the initial visit,
anthropometric measurements and dietary habits were similar between the groups. At the time of
the last visit, mean change in BMI was −1.47 (SD 1.31) for BMI-R and +2.40 (SD 9.79) for BMI-NR.
Analysis of food intake revealed that BMI-R significantly improved their dietary habits (p = 0.002) by
reducing the intake of sugar-sweetened beverages (p = 0.019), processed foods (p = 0.002), sweets
(p < 0.001), and unhealthy snacks (p = 0.009), as compared with BMI-NR. There was no change in
the intake of second helpings, portion sizes, skipping meals, frequency of meals eaten at school,
condiment use, intake of fruits and vegetables and consumption of whole grains between the groups.
BMI-R also achieved an improvement in fasted glucose (p = 0.021), triglycerides (p < 0.001), and
total cholesterol (p = 0.023), as compared to BMI-NR. In conclusion, children with obesity who were
able to decrease their BMI implemented a significant reduction in consumption of foods with high
sugar content. Focusing on reducing sugar intake may yield the biggest impact in terms of weight
management and the improvement of metabolic abnormalities.

Keywords: sugar; dietary counseling; pediatric; obesity; metabolic dysfunction

1. Introduction

The prevalence of pediatric obesity has significantly increased in the last few decades,
and represents one of the most common chronic disorders, affecting an estimated 14.4 million
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children and adolescents in the USA [1]. The new evidence suggests that this problem has
worsened during the COVID-19 pandemic, affecting 19.3% children in 2019, and 22.0%
in 2021, respectively [2]. Higher prevalence and the severity of obesity in children leads
to a greater risk of developing obesity-associated complications including dyslipidemia,
hypertension, type 2 diabetes mellitus, nonalcoholic fatty liver disease, obstructive sleep
apnea, and others, which traditionally used to develop much later in adulthood [3,4].
The data from our clinic suggest that 62.2% of boys and 56.8% of girls over ten years of
age with severe obesity have already developed three or more components of metabolic
dysfunction [5].

The etiology of childhood obesity is multifactorial, but at the core of the issue is a
positive energy balance produced by increased caloric intake and decreased energy ex-
penditure. Intake of a high-fat diet has long been suspected to drive the obesity epidemic.
As a result of intense research, public awareness, and policy changes, total intake of fat
has stabilized, and the percentage of calories ingested from saturated fat has decreased
over the last several decades [6]. Unfortunately, curbed fat intake did not translate into a
substantial decrease in obesity prevalence. This has resulted in a paradigm shift and more
attention is now placed on reducing the intake of dietary sugar. Table sugar, sucrose, is a
disaccharide composed of glucose and fructose monomers. Fructose intake, in particular,
has been associated with the development of obesity and metabolic dysfunction. Several
medical societies recommend decreasing fructose intake as a way to manage obesity and
its complications. Furthermore, a number of leading pharmaceutical companies are devel-
oping inhibitors of fructose metabolism as a treatment for obesity, insulin resistance, and
non-alcoholic fatty liver disease [7,8].

While effective treatment options for children with obesity are being developed, in-
tensive lifestyle modifications are strongly recommended for the management of children
with obesity [9]. Based on current recommendations, the age-based appropriate lifestyle
changes should include dietary modifications, increasing physical activity, and decreasing
non-school related screen time [10]. The emphasis on dietary counseling is to improve the
quality of food, rather than to restrict caloric intake, in order to protect normal growth
and development [11,12]. Examples of this approach include the stoplight diet [13], the
US Department of Agriculture Food Guide Pyramid [14] and the American Heart Associa-
tion guidelines for the prevention of cardiovascular disease beginning in childhood [15].
However, what dietary changes result in the greatest improvement in pediatric weight
management is still an area of ongoing research.

This study was set up to evaluate the changes implemented by patients following
intensive dietary counseling based on US Department of Agriculture Food and Nutrition
Service MyPlate guidelines [16]. This is a retrospective data analysis of the patients that
were successful in reducing their BMI with this guidance, versus the ones that had no
improvement in their BMI. We hypothesized that the difference in food intake between
BMI responders and non-responders might uncover dietary interventions that should be
prioritized during a busy general pediatric clinic visit, in order to yield the largest benefit
in terms of weight management and the improvement of metabolic dysfunction.

2. Methods

This study is a retrospective review of medical records of children between 2–18 years
of age who were evaluated and treated for obesity (BMI ≥ 95th percentile for age and
gender) at a regional weight management clinic over a two and a half year period. The
study was approved by the University of Kentucky Medical Institutional Review Board,
approval code 14-0504-P3H, and approval date 23 July 2017. All patient information was de-
identified during the data collection process. For children who had two or more visits, the
lab work completed at the first and last visits, and whose quantification of food intake and
exercise was documented, were included in the study (n = 165). Patients with incomplete
data, those receiving pharmacotherapy that could affect metabolic profile, and children



Nutrients 2022, 14, 1500 3 of 11

with genetic abnormalities were excluded. The clinic’s personnel included an obesity
medicine pediatric specialist, a registered dietician, and a clinical medical assistant.

At the initial visit, each child underwent a thorough history, physical examination, and
laboratory screening. Data collected and analyzed included dietary pattern, demographic
information, anthropometric measurements, parental weight status, and fasting labs in-
cluding blood glucose, hemoglobin A1c (HbA1c), lipid panel, and liver enzymes. Weight,
height, BMI, and manual blood pressure were measured at each visit. Follow-up visits were
scheduled on average every two months but varied at the discretion of the provider from
two weeks to six months. Most patients included in the study had seven visits. Laboratory
tests were repeated annually unless a previous value had been abnormal, or if the child
had gained significant amount of weight, in which case they were repeated sooner.

At each visit, a complete review of the child’s self-reported eating and exercise behav-
iors was conducted. This included frequency of second helpings, portion size, intake of
sugar-sweetened beverages, consumption of processed foods, sweets, unhealthy snacks,
skipping meals, frequency of meals eaten at school, condiment use, intake of fruits and
vegetables, and servings of whole grains. For data analysis, food intake was scored based
on the frequency of occurrence on a scale from 1 to 4, with a lower score corresponding to a
healthier behavior (Supplemental Table S1). The sum of scored food intake behavior was
termed the health behavior score (HBS) and was used to analyze the child’s food trends
over time. We collected data on 11 food categories and dietary behaviors. The maximum
score for each category was four, so the highest cumulative HBS of 44 indicates the worst
diet. Data on exercise was collected as sessions per week and length of each session. A
registered dietician and a pediatrician specializing in obesity medicine both counseled the
family on appropriate healthy lifestyle changes. Dietary recommendations were based
on US Department of Agriculture Food and Nutrition Service MyPlate guidelines [16].
Examples of counseling included eliminating additional servings, age-appropriate portions
with balanced macronutrients, eliminating sugar-sweetened beverages, decreasing intake
of processed foods and fast food, limiting sweets and unhealthy snacks, choosing healthy
options at school meals, and increasing servings of fruits, vegetables, and whole grains.
Recipes with healthy substitutions, ideas for packing breakfast and lunch from home, and
healthy snack options were provided by the dietician. Exercise counseling included limiting
non-school related screen time and sedentary activity to less than two hours per day, and
increasing physical activity to one hour daily, as per expert committee recommendations [9].
The caregiver(s) and the patients were involved in these discussions at each visit. Any
barriers to making the suggested changes were discussed to ensure a realistic plan was in
place for the patient to follow.

Statistical Analysis

Based on an absolute change in BMI of ≥0.10 from the first to last visit, patients
were categorized into the following two groups: BMI responders (BMI-R) and BMI non-
responders (BMI-NR). To analyze the difference in demographics and the biomedical
profiles of patients in these two groups, we used Fisher’s exact tests, independent t tests,
and chi-square tests. We calculated frequency tables for demographic and biomarker
variables along with p-values for chi-square tests. The estimated mean and standard
deviation, along with p-values for independent t tests, are also presented. Since patients
varied in the number of total visits over the study period, we focused the analysis on
their initial and final visits, as well as the interval change. We analyzed the relationship of
parental obesity with the child’s BMI trend. To determine the changes in HBS over multiple
visits, we compared BMI-R and BMI-NR using a variance-covariance matrix.

3. Results
3.1. The Effect of Dietary Counseling on BMI

The characteristics of the study population are shown in Supplemental Table S2. Of
the subjects involved in the study, 43% were female, and 57% were male. About 45% were
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white, 28% were black, 24% were Hispanic, and 3% were biracial. We analyzed parental
BMI from self-reported weight and height data obtained at the initial visit. For 78 patients,
anthropometric data was available on both parents, including 99 patients with data on
mothers and 85 with data on fathers. Among the available data, 62.6% of subjects had
maternal BMI in the obese range, and 63.5% had fathers that were obese. The majority
of children (71.8%) had both parents with BMI in either the overweight (BMI ≥ 25.0) or
obese ranges. The prevalence of maternal obesity was significantly lower in BMI-R (48.7%),
compared with 71.7% in BMI-NR (p = 0.021). Paternal obesity was similar between the
two groups.

At the initial visit, the mean BMI was 31.49 Kg/m2, corresponding to the 98th per-
centile on the CDC growth charts (Table 1). Mean age, weight, height, BMI, and BMI
percentile were similar between the groups. At the final visit, the mean BMI for the total
study population was 32.20 Kg/m2, representing an increase of 0.712 (SD 7.63). There were
no statistically significant differences between the groups in terms of weight, height, BMI,
and BMI percentile at the end of the study. Age of the participants increased as expected
(p = 0.04). Next, we identified the patients who were able to decrease their BMI and com-
pared them to the subjects whose BMI continued to increase. Out of a total of 165 patients,
72 subjects (44%) improved their BMI and were classified as responders (BMI-R), while 93
(56%) did not reduce their BMI and were classified as non-responders (BMI-NR). There
were no differences in age, weight, and height between responders and non-responders
(Table 1). However, non-responders had a +2.40 (SD 9.79) unit increase in BMI, while
responders decreased their BMI by −1.47 (SD 1.31) units (p < 0.001). Both groups had a
decrease in their BMI percentile, but the BMI-R group had a significantly greater reduction
of 1.0%, compared to a 0.2% reduction in the BMI-NR group (p = 0.011).

Table 1. Treatment Effect by Group.

Initial Visit Last Visit Interval Change

Total BMI-
NR

BMI-
R

p-
Value Total BMI-

NR
BMI-

R
p-

Value
p-

Total
Mean ∆,
BMI-NR

Mean∆,
BMI-R

p-
Value

Age, y 10.16
(3.54)

10.05
(3.26)

10.32
(3.88) 0.62 10.97

(3.57)
10.99
(3.19)

10.94
(4.02) 0.93 0.04 0.94

(4.56)
0.62

(5.58) 0.686

Weight,
kg

71.78
(34.18)

70.31
(34.58)

73.67
(33.79) 0.53 74.55

(31.82)
74.82

(29.48)
74.21

(34.82) 0.90 0.11 4.50
(18.88)

0.54
(12.38) 0.107

Height,
cm

145.02
(21.33)

145.19
(19.10)

144.80
(24.04) 0.91 149.51

(19.16)
150.55
(17.64)

148.18
(21.02) 0.43 0.10 5.35

(5.40)
3.38

(10.73) 0.157

BMI 31.49
(7.57)

30.73
(6.88)

32.48
(8.33) 0.14 32.20

(11.67)
33.13

(13.81)
31.01
(8.04) 0.22 0.51 2.40

(9.79)
–1.47
(1.31) <0.001

BMI % 98.20
(1.98)

98.13
(2.22)

98.29
(1.63) 0.59 97.62

(3.04)
97.91
(2.67)

97.25
(3.43) 0.18 0.58 –0.22

(2.11)
–1.04
(1.97) 0.011

Data are presented as mean (SD). BMI = body mass index, BMI% = BMI percentile for age and sex, NR =
non-responders, R = responders.

3.2. Dietary Changes Implemented by BMI Responders and Non-Responders

Dietary habits were compiled into a composite health behavior score (HBS), consisting
of 11 dietary categories, and a numerical score was assigned to each category based on
the frequency of occurrence, as outlined in Supplemental Table S1. At the initial visit,
HBS was similar between the groups, at 36.4 ± 1.2 for BMI-R and 36.5 ± 1.3 for BMI-NR
(Figure 1). Both groups demonstrated an improvement in HBS at the second visit, and
this difference was sustained until the final visit. At the time of the final visit, BMI-R
achieved a significantly lower HBS than the BMI-NR (p = 0.002), so that BMI-R had HBS of
25.8 ± 3.5 and BMI-NR of 30.2 ± 3.2, respectively. Next, we evaluated the impact of dietary
counseling on individual dietary categories (Table 2). BMI-R showed a significant reduction
in the intake of sugar-sweetened beverages (p = 0.019), processed foods (p = 0.002), sweets



Nutrients 2022, 14, 1500 5 of 11

(p < 0.001), and unhealthy snacks (p = 0.009) when compared with BMI-NR. There was
no difference between the groups in the frequency of second helpings, portion sizes,
skipping meals, meals eaten at school, condiment use, intake of fruits and vegetables, and
consumption of whole grains.
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Figure 1. Health Behavior Score Trend over Time.

Table 2. Changes in Health Behaviors from Initial to Last Visit.

Dietary
Categories BMI-NR BMI-R Treatment Effect

(BMI = R-NR) p-Value

Second helpings –0.74 –1.03 –0.29 0.151

Portion size –0.52 –0.75 –0.23 0.086

Sugar-sweetened beverages –0.78 –1.26 –0.47 0.019

Processed food –0.38 –0.87 –0.49 0.002

Sweets –0.54 –1.20 –0.66 <0.001

Unhealthy snacks –0.56 –1.03 –0.46 0.009

Skipping meals –0.04 –0.14 –0.09 0.346

Meals eaten at school –0.34 –0.53 –0.19 0.222

Condiment use –0.44 –0.64 –0.19 0.093

Fruits and vegetables –0.51 –0.75 –0.24 0.065

Whole grains –0.37 –0.53 –0.16 0.095
Data are presented as mean (SD). BMI = body mass index, NR = non-responders, R = responders.

3.3. Metabolic Profile of BMI Responders versus Non-Responders

At the time of the initial visit, the patients had similar mean HbA1c, fasting blood
glucose, serum ALT, and triglycerides (Table 3). Interestingly, BMI-R had higher total
cholesterol (p = 0.02), LDL-c (p = 0.05), and HDL-c (p = 0.02) than BMI-NR. At the last visit,
there was no difference between responders and non-responders in terms of HbA1c and
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serum ALT. The BMI-R group showed a strong tendency to have reduced fasting glucose
(p = 0.07), compared to BMI-NR. Serum triglycerides were significantly lower in BMI-R
(p = 0.01). Although the total cholesterol was significantly higher at the initial visit, it
markedly decreased in BMI-R so that it was not different than in BMI-NR at the end of the
study. Similarly, BMI-R had a significant decrease in HDL-c (p = 0.04), and a trend towards
reduced LDL-c (p = 0.10), at the time of the last visit. When the total study population was
analyzed together, in spite an overall increase in BMI, there was an improvement in serum
triglycerides and total cholesterol. This difference is primarily driven by BMI responders
who achieved significantly lowered triglycerides (p = 0.001), total cholesterol (p = 0.023),
and also fasting glucose (p = 0.021), compared to BMI-NR.

Table 3. Prevalence of Metabolic dysfunction.

Initial Visit Last Visit Interval Change

Total BMI-
NR

BMI-
R

p
R-NR Total BMI-

NR
BMI-

R
p

R-NR
p

Total

Mean
∆,

BMI-NR

Mean
∆,

BMI-R

p
R-NR

HbA1c 5.27
(0.38)

5.25
(0.33)

5.29
(0.44) 0.51 5.25

(0.35)
5.23

(0.32)
5.28

(0.39) 0.38 0.98 –0.01
(0.19)

–0.01
(0.22) 0.824

Glucose,
mg/dL

87.10
(6.47)

87.14
(6.46)

87.04
(6.54) 0.92 88.07

(6.22)
88.91
(6.11)

86.95
(46.26) 0.07 0.33 1.76

(6.31)
–0.09
(2.39) 0.021

ALT,
U/L

30.76
(27.69)

30.00
(30.91)

31.75
(22.95) 0.68 26.36

(18.09)
26.73

(20.23)
25.87

(14.93) 0.76 0.14 –3.27
(17.44)

–5.88
(16.39) 0.338

Triglycerides,
mg/dL

121.86
(65.90)

120.50
(60.65)

123.67
(72.74) 0.76 116.52

(70.55)
127.47
(82.77)

101.91
(46.54) 0.01 0.001 6.97

(57.14)
–21.75
(53.11) 0.001

Total Chol,
mg/dL

158.81
(29.03)

154.27
(30.09)

164.87
(26.57) 0.02 154.91

(26.98)
153.30
(28.22)

157.04
(25.29) 0.38 0.008 –0.97

(15.52)
–7.83

(20.87) 0.023

LDL-c,
mg/dL

89.71
(24.88)

86.38
(26.44)

94.14
(22.05) 0.05 86.99

(22.85)
84.42

(23.67)
90.41

(21.40) 0.10 0.28 –1.96
(15.65)

–3.74
(17.11) 0.493

HDL-c,
mg/dL

44.84
(8.56)

43.51
(8.75)

46.62
(8.03) 0.02 44.53

(9.01)
43.32
(9.46)

46.16
(8.14) 0.04 0.64 –0.20

(5.09)
–0.46
(4.56) 0.730

Data are presented as mean (SD). ALT = alanine aminotransferase, BMI = body mass index, Total Chol = total
cholesterol, HbA1c = glycated hemoglobin, HDL-c = high-density lipoprotein cholesterol, LDL-c = low-density
lipoprotein cholesterol, NR = non-responders, R = responders. ∆ = delta.

4. Discussion

In the present study, we have retrospectively evaluated the impact of dietary coun-
seling on food intake, anthropometric measurements, and serum markers of metabolic
health. All the patients that received intensive dietary counseling implemented measurable
changes in terms of improving the quality of their nutritional intake. For some patients,
this resulted in decreased body mass index, and they were termed BMI responders. Others
did not achieve a decrease in BMI and, as such, were classified as BMI non-responders.
When evaluating the difference between BMI responders and non-responders, the former
group achieved a significantly greater decrease in the intake of foods with high sugar
content, such as sugar-sweetened beverages, sweets, processed food, and unhealthy snacks.
There was no statistically significant difference between the groups in terms of the intake of
second helpings, portion sizes, skipping meals, meals eaten at school, or the intake of whole
grains, fruits, and vegetables. Compared to BMI non-responders, responders achieved
a significant improvement in blood glucose, serum triglycerides, and total cholesterol.
Our study suggests that focusing dietary counseling on reducing the intake of foods with
high-sugar content may yield the greatest benefit in terms of improving BMI, as well as
decreasing some measures of metabolic dysfunction.

High intake of dietary sugar has been linked with the development of obesity [17,18],
insulin resistance [19,20], dyslipidemia [21,22], NAFLD [22–24], and many other metabolic
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abnormalities [20,25,26]. Several hypotheses have been proposed to explain this association.
The first claims that sugar intake serves as a vehicle for increased caloric intake. Sugary
deserts are traditionally consumed after a meal when the subject is no longer hungry. This
translates into a higher caloric intake beyond the level determined by the homeostatic
hunger cues. Similarly, sugar-sweetened beverages, which represent the largest means of
sugar intake, are consumed when the subject is thirsty, not hungry, again contributing to
increased caloric load. The second hypothesis proposes that the fructose component of di-
etary sugar is intrinsically harmful to cellular metabolic balance independent of total caloric
intake. This is based on the studies in humans [27] and rodents [28], showing that fructose,
but not equicaloric glucose intake, leads to development of metabolic complications. The
pathways affected by fructose metabolism include insulin resistance [29], decreased fatty
acid oxidation [30,31], and increased hepatic de novo lipogenesis [32,33], all of which
contribute to fat accumulation. Mechanistically, these processes lead to inflammation [34],
lipotoxicity [35], endoplasmic reticulum stress [36], advanced glycation end products [37],
and others, which have been proposed to be the mediators of metabolic complications. On
the other hand, isocaloric fructose restriction reduces insulin resistance [38], NAFLD [39],
and low-density lipoprotein cholesterol [40,41] in human studies. Indeed, the World Health
Organization [42] and several leading medical societies, such as the American Heart Associ-
ation [43], the Canadian Diabetes Association [44], and the joint statement by the European
Association for the Study of the Liver (EASL), the European Association for the Study
of Diabetes (EASD), and the European Association for the Study of Obesity (EASO) [45],
recommend reducing dietary sugar as a way to combat obesity and metabolic dysfunction.

While reducing sugar intake may explain the observed benefits in our responders
versus non-responders, we cannot discount the possibility that additional factors may
have contributed to this effect. BMI responders had a higher degree of dyslipidemia at
the time of the initial visit. The presence of one or more metabolic complications may
serve as an additional motivator to more strictly adhere to dietary recommendations [46].
Furthermore, BMI responders had a lower percentage of mothers with obesity. Parental
obesity has been shown to greatly influence the weight status of children [47–49]. This, in
part, reflects the shared family environment, parental awareness of healthy eating habits,
and s similar genetic predisposition to obesity. Our study and others [50,51] indicate
that maternal obesity is more strongly associated with childhood obesity than paternal
weight status. This may be because the intrauterine environment is solely dictated by the
mother. Conditions such as gestational diabetes, hypertension, pre-eclampsia, and placental
insufficiency affect intrauterine growth, which can influence a long-term predisposition to
the development of obesity [52,53]. Our dietary recommendations reflected the American
Academy of Pediatrics [9] and Endocrine Society [4] guidance for the management of
obesity in a pediatric population. Thus, our dieticians routinely counseled the patients on
reducing their intake of high-fat foods. Unfortunately, we did not systemically collect data
on reducing the intake of foods high in fat. However, we did collect data on adherence
to our recommendations to reduce the quantity of food consumed, such as decreasing
portions size and second helping. Additionally, we quantified the frequency of skipping
meals and meals eaten at school, although we did not find a difference between the groups.
Moreover, there was no difference in the intake of healthy foods such as fruits, vegetables,
and whole grains. We did find a difference in reducing sugar intake, indicating that this
intervention may be the easiest for the families to follow. Thus, in a busy general pediatric
clinic, focused dietary counseling on reducing sugar intake may yield the best results in
terms of improving BMI and metabolic dysfunction.

Our study is in line with other interventions that emphasize improving the quality
of nutrition rather than solely advocating reduced caloric intake for the management of
pediatric obesity. Hypocaloric diets are generally not recommended for children due to con-
cerns regarding their safety, as well as their effects on normal growth and development [54].
Similar results to ours were demonstrated in a 12 week intervention study designed to
reduce dietary fructose intake in children aged between five and eight years [55]. A reduc-
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tion in weight in these subjects may be independent of the total caloric intake, as isocaloric
fructose restriction in children has been shown not only to reduce weight, but also serum
triglycerides, LDL cholesterol, and glucose tolerance [38,39,41]. Interestingly, we did not
observe a significant reduction in serum ALT, which is often used as a surrogate marker
to screen for fatty liver disease in children [56]. Similarly, AST was not different between
responders and non-responders (p = 0.21). A recent study in children examined the effects
of eight weeks of dietary sugar restriction and documented a reduction in ALT, as well
as a decrease in hepatic de novo lipogenesis [33]. The difference between this study and
ours may be that we did not specifically focus our dietary guidance on restricting fructose
intake. Interventions designed to prioritize reducing sugar intake may yield greater results.

In summary, our study demonstrates that intensive dietary recommendations result in
a meaningful and sustainable improvement in nutritional quality. Children with obesity
who reduce their intake of foods high in sugar are able to achieve a statistically significant
reduction in BMI and some measures of metabolic dysfunction. In a general pediatric
practice, focusing on reducing the intake of dietary sugar may be the easiest strategy to
implement in order to improve weight status and metabolic abnormalities in children
with obesity.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu14071500/s1, Table S1. Health Behavior Score; Table S2: Baseline
characteristics.

Author Contributions: Conceptualization, A.R. and S.S.; methodology, A.R. and MK; formal analysis,
Q.K., Q.Y.; investigation, A.R., M.K., Q.K., Q.Y., S.S; resources, S.S; data curation, M.K., Q.K., Q.Y.;
writing—original draft preparation, A.R., M.K., S.S.; writing—review and editing, A.R., M.K., Q.K.,
Q.Y., S.S; supervision, A.R.; project administration, A.R.; funding acquisition, S.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This project was supported by the Department of Pediatrics at UKY and the Department of
Pharmacology and Nutritional.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the University of Kentucky Medical Institutional Review Board,
approval code 14-0504-P3H, and approval date 23 July 2017.

Informed Consent Statement: The was a retrospecitive analysis of de-identified patient data there-
fore informed consent was not requiered by the IRB.

Data Availability Statement: We did not generate large data sets that should be reported into
public repository.

Acknowledgments: This project was supported by the Department of Pediatrics at UKY and the
Department of Pharmacology and Nutritional Sciences startup funds, as well as by P30 GM127211
and NASPGHAN Foundation Young Investigator Award awarded to SS and the National Center for
Research Resources and the National Center for Advancing Translational Sciences, National Institutes
of Health, through Grant UL1TR0001198 and the Professional Student Medical Research Fellowship
(PSMRF) awarded to MK. We would like to thank our patients and their families who participated
in the study. We would like to acknowledge the work of Linda Brooks, RD who provided dietary
counseling to our patients and their families and Molly Robinson, RD who helped in a consulting
role for this manuscript. Lastly, the authors would like to thank Tracy Bonilla, the Pediatric Medical
Records Supervisor at University of Kentucky Healthcare, and her staff for their assistance.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/nu14071500/s1
https://www.mdpi.com/article/10.3390/nu14071500/s1


Nutrients 2022, 14, 1500 9 of 11

References
1. Fryar, C.D.; Carroll, M.D.; Afful, J. Prevalence of Overweight, Obesity and Severe Obesity among Children and Adolescents Aged

2–19 Years: United States, 1963–1965 through 2017–2018. NCHS Health E-Stats. 2020. Available online: https://www.cdc.gov/
nchs/data/hestat/obesity-child-17-18/obesity-child.htm#Suggested%20citation (accessed on 11 March 2022).

2. Lange, S.J.; Kompaniyets, L.; Freedman, D.S.; Kraus, E.M.; Porter, R.; Blanck, H.M.; Goodman, A.B. Longitudinal Trends in Body
Mass Index Before and During the COVID-19 Pandemic Among Persons Aged 2–19 Years—United States, 2018–2020. Morb.
Mortal. Wkly. Rep. 2021, 70, 1278–1283. [CrossRef] [PubMed]

3. Kumar, S.; Kelly, A.S. Review of Childhood Obesity: From Epidemiology, Etiology, and Comorbidities to Clinical Assessment and
Treatment. Mayo Clin. Proc. 2017, 92, 251–265. [CrossRef] [PubMed]

4. Styne, D.M.; Arslanian, S.A.; Connor, E.L.; Farooqi, I.S.; Murad, M.H.; Silverstein, J.H.; Yanovski, J.A. Pediatric Obesity-
Assessment, Treatment, and Prevention: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. Metab. 2017, 102,
709–757. [CrossRef] [PubMed]

5. Radulescu, A.; Dugan, A.J.; Killian, M.; Attia, S.L.; Mouzaki, M.; Fuchs, G.J.; Kohli, R.; Bada, H.; Kern, P.A.; Softic, S. Stratification
by obesity class, rather than age, can identify a higher percent of children at risk for non-alcoholic fatty liver disease and metabolic
dysfunction. Pediatr. Obes. 2021, 17, e12862. [CrossRef] [PubMed]

6. Lee, J.H.; Duster, M.; Roberts, T.; Devinsky, O. United States Dietary Trends Since 1800: Lack of Association Between Saturated
Fatty Acid Consumption and Non-communicable Diseases. Front. Nutr. 2021, 8, 748847. [CrossRef] [PubMed]

7. Attia, S.L.; Softic, S.; Mouzaki, M. Evolving Role for Pharmacotherapy in NAFLD/NASH. Clin. Transl. Sci. 2021, 14, 11–19.
[CrossRef]

8. Softic, S.; Kohli, R. Pediatric NASH therapies: A speedbump on the road to success. Hepatology 2022, in press. [CrossRef]
9. Barlow, S.E.; Expert, C. Expert committee recommendations regarding the prevention, assessment, and treatment of child and

adolescent overweight and obesity: Summary report. Pediatrics 2007, 120 (Suppl. 4), S164–S192. [CrossRef]
10. Spear, B.A.; Barlow, S.E.; Ervin, C.; Ludwig, D.S.; Saelens, B.E.; Schetzina, K.E.; Taveras, E.M. Recommendations for treatment of

child and adolescent overweight and obesity. Pediatrics 2007, 120 (Suppl. 4), S254–S288. [CrossRef]
11. Rajjo, T.; Mohammed, K.; Alsawas, M.; Ahmed, A.T.; Farah, W.; Asi, N.; Almasri, J.; Prokop, L.J.; Murad, M.H. Treatment of

Pediatric Obesity: An Umbrella Systematic Review. J. Clin. Endocrinol. Metab. 2017, 102, 763–775. [CrossRef]
12. Kirk, S.; Scott, B.J.; Daniels, S.R. Pediatric obesity epidemic: Treatment options. J. Am. Diet Assoc. 2005, 105, S44–S51. [CrossRef]

[PubMed]
13. Epstein, L.H.; Squires, S. The Stoplight Diet for Children; Little, Brown & Company: Toronto, ON, Canada, 1988.
14. Dietary Guidelines for Americans 2005, US Department of Health and Human Services, US Department of Agriculture. 2005.

Available online: https://health.gov/sites/default/files/2020-01/DGA2005.pdf (accessed on 9 March 2022).
15. Kavey, R.E.; Daniels, S.R.; Lauer, R.M.; Atkins, D.L.; Hayman, L.L.; Taubert, K. American Heart, A: American Heart Association

guidelines for primary prevention of atherosclerotic cardiovascular disease beginning in childhood. Circulation 2003, 107,
1562–1566. [CrossRef] [PubMed]

16. U.S. Department of Health and Human Services; U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for Americans.
2015, 8th ed. Available online: https://health.gov/our-work/food-nutrition/previous-dietary-guidelines/2015 (accessed on 11
March 2022).

17. Malik, V.S.; Hu, F.B. The role of sugar-sweetened beverages in the global epidemics of obesity and chronic diseases. Nat. Rev.
Endocrinol. 2022, 18, 205–218. [CrossRef] [PubMed]

18. Bray, G.A.; Nielsen, S.J.; Popkin, B.M. Consumption of high-fructose corn syrup in beverages may play a role in the epidemic of
obesity. Am. J. Clin. Nutr. 2004, 7s9, 537–543. [CrossRef] [PubMed]

19. Softic, S.; Stanhope, K.L.; Boucher, J.; Divanovic, S.; Lanaspa, M.A.; Johnson, R.J.; Kahn, C.R. Fructose and hepatic insulin
resistance. Crit. Rev. Clin. Lab. Sci. 2020, 57, 305–322. [CrossRef] [PubMed]

20. Elliott, S.S.; Keim, N.L.; Stern, J.S.; Teff, K.; Havel, P.J. Fructose, weight gain, and the insulin resistance syndrome. Am. J. Clin.
Nutr. 2002, 76, 911–922. [CrossRef]

21. Le, K.A.; Ith, M.; Kreis, R.; Faeh, D.; Bortolotti, M.; Tran, C.; Boesch, C.; Tappy, L. Fructose overconsumption causes dyslipidemia
and ectopic lipid deposition in healthy subjects with and without a family history of type 2 diabetes. Am. J. Clin. Nutr. 2009, 89,
1760–1765. [CrossRef]

22. Taskinen, M.R.; Soderlund, S.; Bogl, L.H.; Hakkarainen, A.; Matikainen, N.; Pietilainen, K.H.; Rasanen, S.; Lundbom, N.; Bjornson,
E.; Eliasson, B.; et al. Adverse effects of fructose on cardiometabolic risk factors and hepatic lipid metabolism in subjects with
abdominal obesity. J. Intern. Med. 2017, 282, 187–201. [CrossRef]

23. Yilmaz, Y. Review article: Fructose in non-alcoholic fatty liver disease. Aliment. Pharmacol. Ther. 2012, 35, 1135–1144. [CrossRef]
24. Jensen, T.; Abdelmalek, M.F.; Sullivan, S.; Nadeau, K.J.; Green, M.; Roncal, C.; Nakagawa, T.; Kuwabara, M.; Sato, Y.; Kang, D.H.;

et al. Fructose and sugar: A major mediator of non-alcoholic fatty liver disease. J. Hepatol. 2018, 68, 1063–1075. [CrossRef]
25. Basciano, H.; Federico, L.; Adeli, K. Fructose, insulin resistance, and metabolic dyslipidemia. Nutr. Metab. 2005, 2, 5. [CrossRef]

[PubMed]
26. Helsley, R.N.; Moreau, F.; Gupta, M.K.; Radulescu, A.; DeBosch, B.; Softic, S. Tissue-Specific Fructose Metabolism in Obesity and

Diabetes. Curr. Diabetes Rep. 2020, 20, 64. [CrossRef] [PubMed]

https://www.cdc.gov/nchs/data/hestat/obesity-child-17-18/obesity-child.htm#Suggested%20citation
https://www.cdc.gov/nchs/data/hestat/obesity-child-17-18/obesity-child.htm#Suggested%20citation
http://doi.org/10.15585/mmwr.mm7037a3
http://www.ncbi.nlm.nih.gov/pubmed/34529635
http://doi.org/10.1016/j.mayocp.2016.09.017
http://www.ncbi.nlm.nih.gov/pubmed/28065514
http://doi.org/10.1210/jc.2016-2573
http://www.ncbi.nlm.nih.gov/pubmed/28359099
http://doi.org/10.1111/ijpo.12862
http://www.ncbi.nlm.nih.gov/pubmed/34662928
http://doi.org/10.3389/fnut.2021.748847
http://www.ncbi.nlm.nih.gov/pubmed/35118102
http://doi.org/10.1111/cts.12839
http://doi.org/10.1002/hep.32322
http://doi.org/10.1542/peds.2007-2329C
http://doi.org/10.1542/peds.2007-2329F
http://doi.org/10.1210/jc.2016-2574
http://doi.org/10.1016/j.jada.2005.02.013
http://www.ncbi.nlm.nih.gov/pubmed/15867895
https://health.gov/sites/default/files/2020-01/DGA2005.pdf
http://doi.org/10.1161/01.CIR.0000061521.15730.6E
http://www.ncbi.nlm.nih.gov/pubmed/12654618
https://health.gov/our-work/food-nutrition/previous-dietary-guidelines/2015
http://doi.org/10.1038/s41574-021-00627-6
http://www.ncbi.nlm.nih.gov/pubmed/35064240
http://doi.org/10.1093/ajcn/79.4.537
http://www.ncbi.nlm.nih.gov/pubmed/15051594
http://doi.org/10.1080/10408363.2019.1711360
http://www.ncbi.nlm.nih.gov/pubmed/31935149
http://doi.org/10.1093/ajcn/76.5.911
http://doi.org/10.3945/ajcn.2008.27336
http://doi.org/10.1111/joim.12632
http://doi.org/10.1111/j.1365-2036.2012.05080.x
http://doi.org/10.1016/j.jhep.2018.01.019
http://doi.org/10.1186/1743-7075-2-5
http://www.ncbi.nlm.nih.gov/pubmed/15723702
http://doi.org/10.1007/s11892-020-01342-8
http://www.ncbi.nlm.nih.gov/pubmed/33057854


Nutrients 2022, 14, 1500 10 of 11

27. Stanhope, K.L.; Schwarz, J.M.; Keim, N.L.; Griffen, S.C.; Bremer, A.A.; Graham, J.L.; Hatcher, B.; Cox, C.L.; Dyachenko, A.; Zhang,
W.; et al. Consuming fructose-sweetened, not glucose-sweetened, beverages increases visceral adiposity and lipids and decreases
insulin sensitivity in overweight/obese humans. J. Clin. Investig. 2009, 119, 1322–1334. [CrossRef] [PubMed]

28. Softic, S.; Gupta, M.K.; Wang, G.X.; Fujisaka, S.; O’Neill, B.T.; Rao, T.N.; Willoughby, J.; Harbison, C.; Fitzgerald, K.; Ilkayeva, O.;
et al. Divergent effects of glucose and fructose on hepatic lipogenesis and insulin signaling. J. Clin. Investig. 2017, 127, 4059–4074.
[CrossRef]

29. Softic, S.; Kirby, M.; Berger, N.G.; Shroyer, N.F.; Woods, S.C.; Kohli, R. Insulin concentration modulates hepatic lipid accumulation
in mice in part via transcriptional regulation of fatty acid transport proteins. PLoS ONE 2012, 7, e38952. [CrossRef]

30. Softic, S.; Meyer, J.G.; Wang, G.X.; Gupta, M.K.; Batista, T.M.; Lauritzen, H.; Fujisaka, S.; Serra, D.; Herrero, L.; Willoughby, J.; et al.
Dietary Sugars Alter Hepatic Fatty Acid Oxidation via Transcriptional and Post-translational Modifications of Mitochondrial
Proteins. Cell Metab. 2019, 30, 735–753.e734. [CrossRef]

31. Park, S.H.; Helsley, R.N.; Noetzli, L.; Tu, H.C.; Wallenius, K.; O’Mahony, G.; Boucher, J.; Liu, J.; Softic, S. A luminescence-
based protocol for assessing fructose metabolism via quantification of ketohexokinase enzymatic activity in mouse or human
hepatocytes. STAR Protoc. 2021, 2, 100731. [CrossRef]

32. Softic, S.; Cohen, D.E.; Kahn, C.R. Role of Dietary Fructose and Hepatic De Novo Lipogenesis in Fatty Liver Disease. Dig. Dis. Sci.
2016, 61, 1282–1293. [CrossRef]

33. Cohen, C.C.; Li, K.W.; Alazraki, A.L.; Beysen, C.; Carrier, C.A.; Cleeton, R.L.; Dandan, M.; Figueroa, J.; Knight-Scott, J.; Knott, C.J.;
et al. Dietary sugar restriction reduces hepatic de novo lipogenesis in adolescent boys with fatty liver disease. J. Clin. Investig.
2021, 131, 131. [CrossRef]

34. Damen, M.; Stankiewicz, T.E.; Park, S.H.; Helsley, R.N.; Chan, C.C.; Moreno-Fernandez, M.E.; Doll, J.R.; Szabo, S.; Herbert, D.R.;
Softic, S.; et al. Non-hematopoietic IL-4Ralpha expression contributes to fructose-driven obesity and metabolic sequelae. Int. J.
Obes. 2021, 45, 2377–2387. [CrossRef]

35. Softic, S.; Boucher, J.; Solheim, M.H.; Fujisaka, S.; Haering, M.F.; Homan, E.P.; Winnay, J.; Perez-Atayde, A.R.; Kahn, C.R.
Lipodystrophy Due to Adipose Tissue-Specific Insulin Receptor Knockout Results in Progressive NAFLD. Diabetes 2016, 65,
2187–2200. [CrossRef] [PubMed]

36. Lee, A.H.; Scapa, E.F.; Cohen, D.E.; Glimcher, L.H. Regulation of hepatic lipogenesis by the transcription factor XBP1. Science
2008, 320, 1492–1496. [CrossRef] [PubMed]

37. Gugliucci, A. Formation of Fructose-Mediated Advanced Glycation End Products and Their Roles in Metabolic and Inflammatory
Diseases. Adv. Nutr. 2017, 8, 54–62. [CrossRef] [PubMed]

38. Erkin-Cakmak, A.; Bains, Y.; Caccavello, R.; Noworolski, S.M.; Schwarz, J.M.; Mulligan, K.; Lustig, R.H.; Gugliucci, A. Isocaloric
Fructose Restriction Reduces Serum d-Lactate Concentration in Children with Obesity and Metabolic Syndrome. J. Clin. Endocrinol.
Metab. 2019, 104, 3003–3011. [CrossRef]

39. Schwarz, J.M.; Noworolski, S.M.; Erkin-Cakmak, A.; Korn, N.J.; Wen, M.J.; Tai, V.W.; Jones, G.M.; Palii, S.P.; Velasco-Alin, M.; Pan,
K.; et al. Effects of Dietary Fructose Restriction on Liver Fat, De Novo Lipogenesis, and Insulin Kinetics in Children with Obesity.
Gastroenterology 2017, 153, 743–752. [CrossRef]

40. Gugliucci, A.; Lustig, R.H.; Caccavello, R.; Erkin-Cakmak, A.; Noworolski, S.M.; Tai, V.W.; Wen, M.J.; Mulligan, K.; Schwarz, J.M.
Short-term isocaloric fructose restriction lowers apoC-III levels and yields less atherogenic lipoprotein profiles in children with
obesity and metabolic syndrome. Atherosclerosis 2016, 253, 171–177. [CrossRef]

41. Lustig, R.H.; Mulligan, K.; Noworolski, S.M.; Tai, V.W.; Wen, M.J.; Erkin-Cakmak, A.; Gugliucci, A.; Schwarz, J.M. Isocaloric
fructose restriction and metabolic improvement in children with obesity and metabolic syndrome. Obesity 2016, 24, 453–460.
[CrossRef]

42. Nishida, C.; Uauy, R.; Kumanyika, S.; Shetty, P. The joint WHO/FAO expert consultation on diet, nutrition and the prevention of
chronic diseases: Process, product and policy implications. Public Health Nutr. 2004, 7, 245–250. [CrossRef]

43. Johnson, R.K.; Appel, L.J.; Brands, M.; Howard, B.V.; Lefevre, M.; Lustig, R.H.; Sacks, F.; Steffen, L.M.; Wylie-Rosett, J. American
Heart Association Nutrition Committee of the Council on Nutrition PA, Metabolism, the Council on E, Prevention: Dietary sugars
intake and cardiovascular health: A scientific statement from the American Heart Association. Circulation 2009, 120, 1011–1020.
[CrossRef]

44. Canadian Diabetes Association Clinical Practice Guidelines Expert, C.; Dworatzek, P.D.; Arcudi, K.; Gougeon, R.; Husein, N.;
Sievenpiper, J.L.; Williams, S.L. Nutrition therapy. Can. J. Diabetes 2013, 37 (Suppl. 1), S45–S55. [CrossRef]

45. European Association for the Study of The Liver; European Association for the Study of Diabetes. EASL-EASD-EASO Clinical
Practice Guidelines for the Management of Non-Alcoholic Fatty Liver Disease. Obes. Facts. 2016, 9, 65–90. [CrossRef] [PubMed]

46. Van Horn, L.; Obarzanek, E.; Friedman, L.A.; Gernhofer, N.; Barton, B. Children’s adaptations to a fat-reduced diet: The Dietary
Intervention Study in Children (DISC). Pediatrics 2005, 115, 1723–1733. [CrossRef] [PubMed]

47. Bahreynian, M.; Qorbani, M.; Khaniabadi, B.M.; Motlagh, M.E.; Safari, O.; Asayesh, H.; Kelishadi, R. Association between Obesity
and Parental Weight Status in Children and Adolescents. J. Clin. Res. Pediatr. Endocrinol. 2017, 9, 111–117. [CrossRef] [PubMed]

48. Fuemmeler, B.F.; Lovelady, C.A.; Zucker, N.L.; Ostbye, T. Parental obesity moderates the relationship between childhood
appetitive traits and weight. Obesity 2013, 21, 815–823. [CrossRef]

49. Whitaker, R.C.; Wright, J.A.; Pepe, M.S.; Seidel, K.D.; Dietz, W.H. Predicting obesity in young adulthood from childhood and
parental obesity. N. Engl. J. Med. 1997, 337, 869–873. [CrossRef]

http://doi.org/10.1172/JCI37385
http://www.ncbi.nlm.nih.gov/pubmed/19381015
http://doi.org/10.1172/JCI94585
http://doi.org/10.1371/journal.pone.0038952
http://doi.org/10.1016/j.cmet.2019.09.003
http://doi.org/10.1016/j.xpro.2021.100731
http://doi.org/10.1007/s10620-016-4054-0
http://doi.org/10.1172/JCI150996
http://doi.org/10.1038/s41366-021-00902-6
http://doi.org/10.2337/db16-0213
http://www.ncbi.nlm.nih.gov/pubmed/27207510
http://doi.org/10.1126/science.1158042
http://www.ncbi.nlm.nih.gov/pubmed/18556558
http://doi.org/10.3945/an.116.013912
http://www.ncbi.nlm.nih.gov/pubmed/28096127
http://doi.org/10.1210/jc.2018-02772
http://doi.org/10.1053/j.gastro.2017.05.043
http://doi.org/10.1016/j.atherosclerosis.2016.06.048
http://doi.org/10.1002/oby.21371
http://doi.org/10.1079/PHN2003592
http://doi.org/10.1161/CIRCULATIONAHA.109.192627
http://doi.org/10.1016/j.jcjd.2013.01.019
http://doi.org/10.1159/000443344
http://www.ncbi.nlm.nih.gov/pubmed/27055256
http://doi.org/10.1542/peds.2004-2392
http://www.ncbi.nlm.nih.gov/pubmed/15930237
http://doi.org/10.4274/jcrpe.3790
http://www.ncbi.nlm.nih.gov/pubmed/28008863
http://doi.org/10.1002/oby.20144
http://doi.org/10.1056/NEJM199709253371301


Nutrients 2022, 14, 1500 11 of 11

50. Linabery, A.M.; Nahhas, R.W.; Johnson, W.; Choh, A.C.; Towne, B.; Odegaard, A.O.; Czerwinski, S.A.; Demerath, E.W. Stronger
influence of maternal than paternal obesity on infant and early childhood body mass index: The Fels Longitudinal Study. Pediatr.
Obes. 2013, 8, 159–169. [CrossRef]

51. Whitaker, K.L.; Jarvis, M.J.; Beeken, R.J.; Boniface, D.; Wardle, J. Comparing maternal and paternal intergenerational transmission
of obesity risk in a large population-based sample. Am. J. Clin. Nutr. 2010, 91, 1560–1567. [CrossRef]

52. Ruager-Martin, R.; Hyde, M.J.; Modi, N. Maternal obesity and infant outcomes. Early Hum. Dev. 2010, 86, 715–722. [CrossRef]
53. Whitaker, R.C. Predicting preschooler obesity at birth: The role of maternal obesity in early pregnancy. Pediatrics 2004, 114,

e29–e36. [CrossRef]
54. Andela, S.; Burrows, T.L.; Baur, L.A.; Coyle, D.H.; Collins, C.E.; Gow, M.L. Efficacy of very low-energy diet programs for weight

loss: A systematic review with meta-analysis of intervention studies in children and adolescents with obesity. Obes. Rev. 2019, 20,
871–882. [CrossRef]

55. Maier, I.B.; Stricker, L.; Ozel, Y.; Wagnerberger, S.; Bischoff, S.C.; Bergheim, I. A low fructose diet in the treatment of pediatric
obesity: A pilot study. Pediatr. Int. 2011, 53, 303–308. [CrossRef] [PubMed]

56. Softic, S.; Kahn, C.R. Fatty liver disease: Is it nonalcoholic fatty liver disease or obesity-associated fatty liver disease? Eur. J.
Gastroenterol. Hepatol. 2019, 31, 143. [CrossRef] [PubMed]

http://doi.org/10.1111/j.2047-6310.2012.00100.x
http://doi.org/10.3945/ajcn.2009.28838
http://doi.org/10.1016/j.earlhumdev.2010.08.007
http://doi.org/10.1542/peds.114.1.e29
http://doi.org/10.1111/obr.12830
http://doi.org/10.1111/j.1442-200X.2010.03248.x
http://www.ncbi.nlm.nih.gov/pubmed/20831653
http://doi.org/10.1097/MEG.0000000000001279
http://www.ncbi.nlm.nih.gov/pubmed/30507644

	Introduction 
	Methods 
	Results 
	The Effect of Dietary Counseling on BMI 
	Dietary Changes Implemented by BMI Responders and Non-Responders 
	Metabolic Profile of BMI Responders versus Non-Responders 

	Discussion 
	References

