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Article

Searching for Evidence of an Anti-Inflammatory
Diet in Children: A Systematic Review of
Randomized Controlled Trials for Pediatric
Obesity Interventions With a Focus on
Leptin, Ghrelin, and Adiponectin

Kimberly A. Lewis, MSN, RN1,2, and Sharon A. Brown, PhD, RN, FAAN1

Abstract
Problem: To address the complex phenomenon of pediatric obesity, one must understand the physiological mechanisms
regulating energy intake and inflammation. The peptide hormones leptin, ghrelin, and adiponectin are involved in both, but
their functions are dysregulated in obesity. The purpose of this systematic review is (1) to characterize studies of nutrition
interventions for weight management in children who measure these peptides as outcomes, (2) to assess risk of bias in the studies,
and (3) to determine the relationships between these peptides and body mass index (BMI). Eligibility Criteria: Peer-reviewed
articles written in English, published in 2001–2016, and describing randomized controlled trials of pediatric interventions involving
a nutrition component with the outcome measures leptin, ghrelin, and/or adiponectin were included. Articles were excluded if the
intervention involved pharmaceuticals, supplements, infant formula, breastfeeding, or surgery. Sample: The 25 international
studies represented 2,153 obese children. Results: Ten diets were identified. Successful interventions included both structured
exercise and hypocaloric dietary components, with or without counseling, resistance training, or medical components. Direct
measures of adiposity were used in 69% of studies. Comparison group designs were disparate. Leptin levels decreased as BMI
decreased. Evidence regarding the relationships of ghrelin and adiponectin with BMI was inconclusive. Conclusions: Despite
known effects of maturation on hormones, studies did not consistently differentiate findings by maturational stage. Common anti-
inflammatory and disease risk modification diets were missing or underrepresented. Studies that include children with comorbidities
are needed. BMI and leptin levels have a positive relationship, but evidence on ghrelin and adiponectin was inconclusive.

Keywords
pediatric obesity, dietary interventions, leptin, ghrelin, adiponectin, inflammation

Pediatric obesity is a complex health problem with great costs

for both the individual and the society. According to the World

Health Organization (WHO, 2012), 65% of the world’s popu-

lation lives in a country where overweight and obesity cause

more deaths than underweight, and over 170 million children

under age 18 are overweight. Pediatric obesity is most common

in middle- to high-income countries, but it is increasing in low-

income countries as well.

The consequences of obesity, such as chronic disease and

increased mortality, are well-documented (Calder, Albers, &

Antoine, 2009; Expert Panel on Integrated Guidelines, 2011).

Obesity is related to chronic inflammation in the body, which is

a key pathophysiological process in the development of dis-

eases such as heart disease and diabetes (Mraz & Haluzik,

2014; Vieira, Sadie-Van Gijsen, & Ferris, 2016). Both inflam-

mation and excess weight can exacerbate existing chronic con-

ditions such as cardiovascular disease and juvenile arthritis

(Coulson, Ng, Goff, & Foster, 2013). During childhood and

adolescence, the critical developmental period of identity for-

mation, obesity can also affect quality of life and complicate

peer relationships (Tsiros et al., 2009).

To address the complex phenomenon of pediatric obesity

adequately, one must acquire an understanding of the physio-

logical mechanisms that regulate energy intake and inflamma-

tion in children. Three physiological components studied most

often with regard to obesity are leptin, ghrelin, and adiponectin,
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which belong to a larger group of appetite-regulating hormones

also referred to as gut peptides or obesity-related hormones

(Scarpellini, 2012).

Leptin, produced in the adipose tissue, signals the brain to

decrease food intake when fat stores are adequate (Iikuni,

Lam, Lu, Matarese, & La Cava, 2008). Yet this normal func-

tion of leptin seems to be ineffective in obesity, resulting in

elevated leptin levels, called leptin resistance, which contrib-

ute to the persistent low-grade inflammation implicated in

chronic disease.

Ghrelin opposes the actions of leptin. Produced in the sto-

mach, ghrelin signals the brain to increase food intake and

adiposity (Bataar, Patel, & Taub, 2011). But as is the case

with leptin, ghrelin’s mechanism of action is likewise

impaired in obese people, in whom ghrelin levels decrease

in response to prolonged elevation in leptin (Klok, Jakobsdot-

tir, & Drent, 2007). Ghrelin plays an attenuating role in

inflammatory disease states (e.g., in cardiovascular disease

and arthritis), and research has shown it to be related to the

alleviation of pain caused by inflammation (Baatar, Patel, &

Taub, 2011). It remains unclear how nutritional status and the

severity or progression of chronic diseases and accompanying

inflammation are related to serum or plasma ghrelin levels,

particularly in the pediatric population.

Adiponectin, produced by the adipose tissue, is another gas-

trointestinal signaling hormone. It is both cardioprotective and

anti-inflammatory (Ouchi et al., 2001). Hotta et al. (2001)

found that a decline in circulating levels of adiponectin coin-

cides with the onset of diabetes in rhesus monkeys. Researchers

have also found low levels of adiponectin in adults and children

with obesity, diabetes, and cardiovascular disease (Pyrzak,

Ruminska, Popko, & Demkow, 2010).

Many types of interventions reduce inflammation in chil-

dren, including medications, exercise, and diet. Dietary inter-

ventions are a logical starting point because obesity hormones

regulate food intake and metabolism. Reducing obesity through

dietary interventions affects the levels of obesity hormone lev-

els, which subsequently reduces inflammation. Although scien-

tists have explored the physiological properties of leptin,

ghrelin, and adiponectin, there is more to learn about these

hormones in the context of weight management dietary inter-

ventions in children. So far, reviews have been limited in

scope, typically focusing on individual peptide hormones, and

have not looked at all three combined for a more comprehen-

sive view of their roles in the context of weight loss interven-

tions for children.

The present review is a contribution toward a broader

search for evidence of an anti-inflammatory diet in children.

Aguilar, Gonzalez-Jimenez, Antelo, and Perona (2012) con-

cluded in their study on inflammatory markers and insulin

resistance in adolescents that nurses should have an adequate

understanding of the inflammatory process in order to provide

adequate care. Further, the National Institute of Nursing

Research at the National Institutes of Health considers the

integration of biological research into nursing science to be

a priority for advancing the field (Rudy & Grady, 2005). The

research questions for the present review are as follows: What

are the characteristics of randomized controlled trials that

have implemented a nutrition-based intervention for weight

management and also measure the selected obesity hormones

in the pediatric population? And, what is the relationship

between each of the three hormones and body mass index

(BMI) in the context of pediatric weight management inter-

ventions? Accordingly, the purpose of this systematic review

is (1) to characterize studies of nutrition interventions for

weight management in children that measure leptin, ghrelin,

and/or adiponectin as outcomes; (2) to assess risk of bias in

the studies to aid in the analysis of findings; and (3) to deter-

mine the relationships between each of these three gut pep-

tides and BMI.

Method

We systematically searched six online databases (PubMed,

CINHAL, Web of Science, JSTOR, PsychINFO, and the

Cochrane Library) for articles published from 2000 through

February 2016, using combinations of the search terms leptin,

ghrelin, adiponectin, obesity, BMI, gastrointestinal peptides or

hormones, obesity hormones, appetite peptides or hormones,

nutrition intervention, dietary intervention, diet, weight man-

agement, and weight loss. We chose these search dates because

the WHO released a report in 2000 declaring obesity to be a

global epidemic (WHO, 2000). Peer reviewers critiqued the

systematic review protocol prior to our conduct of the search.

The authors mutually agreed on decisions about inclusion/

exclusion criteria and data extraction, or we consulted with a

third-party expert. Figure 1 provides an outline of the search

strategy. To identify missing information, we contacted study

authors when applicable.

Articles we included in this review were peer-reviewed pre-

sentations in English of randomized controlled trials of weight

management or weight loss interventions that included mea-

surement of BMI plus at least one of the three target peptides

(leptin, ghrelin, or adiponectin) as outcomes in children or

adolescents 2–18 years old. Because of the emerging nature

of this topic, we applied a broad age range to fully capture the

literature. The interventions had a nutrition or dietary compo-

nent with or without additional components such as exercise,

psychological counseling, and/or medical treatment. We

excluded studies if the intervention involved supplements,

pharmaceutical products, infant formulas, breastfeeding, or

weight loss surgery.

The measurement of obesity in children is complex. Obesity

is characterized by excess adiposity, which is approximated in

a variety of ways: skinfold thickness, bioelectrical impedance,

densitometry, dual-energy x-ray absorptiometry, or BMI (Cen-

ters for Disease Control [CDC], 2015; Whitlock, Williams,

Gold, Smith, & Shipman, 2005). BMI is a less direct measure

of adiposity than the others. However, the more direct measures

are inconsistently included in existing pediatric obesity

research. The CDC (2015) considers BMI to be an acceptable

alternative to direct measures of body fat. Although the CDC

512 Biological Research for Nursing 19(5)



recommends that researchers use BMI percentiles to compare

children based on age and sex, these measures are also incon-

sistently used in this population. As a result, we used BMI as

the outcome measure of choice for the purpose of this study

because it is the outcome that researchers most consistently

measure and the one most likely to be used in the clinical

setting. We will also discuss the findings related to other mea-

sures of adiposity used in the studies.

In our analysis, we grouped the interventions by target,

design, setting, duration, type of dietary intervention, type of

peptide hormone measured, and pubertal status. Dietary inter-

vention categories were based on authors’ definitions of their

interventions. We noted in our analysis whether or not the study

recruited samples and/or differentiated findings based on pub-

ertal status. The most common method of characterizing pub-

ertal status is the Tanner method, which defines physical

maturation in five stages (Tanner, Whitehouse, & Takaishi,

1966). As a result, we used the Tanner method terminology

in this analysis. We defined successful studies as those with a

statistically significant (p < .05) decrease in BMI between pre-

and postintervention measures or significant between-group

differences, depending on the purpose of the study. We eval-

uated studies to determine whether the hypothesis was to

achieve no difference between groups or a statistically signif-

icant difference between groups. We evaluated the studies’ risk

of bias based on reported attrition, sample size, recruitment

strategy, blinding, and the limitations stated by the authors of

each study.

Results

Table 1 summarizes the general characteristics of the included

studies, while Table 2 delves into the details of each study.

Table 3 presents the studies’ findings, including the interven-

tions’ effects on BMI. We numbered the articles in the tables

and, for brevity’s sake, used these numbers to cite individual

studies throughout the remainder of this review. The 26 articles

we found in our search represented 25 studies because 2 articles

reported on the same study. The articles were published from

2003 to 2015, with a majority (16/26, 61.5%) published

recently, from 2012 to 2015. A majority of the total sample

of participants was from Middle Eastern and Mediterranean

countries, followed by the United States, Mexico, and South

America. Other studies were conducted in Europe, East Asia,

and Australia.

Although prior research has shown that the appetite hor-

mones vary with maturational stage, investigators in a majority

of the studies did not measure, report, or differentiate their

findings in terms of participants’ developmental stages. The

seven studies in which researchers did not measure or report

pubertal stages account for the largest proportion of the total

sample (32%), followed by 30% of participants in studies with

mixed samples (multiple Tanner stages), 22% in studies includ-

ing only prepubertal subjects, and 16% in studies looking only

at postpubertal subjects.

The studies examined a total of 10 diets. The hypocaloric

diets were low carbohydrate, low fat, and balanced. The nor-

mocaloric diets were high-protein breakfast, low carbohydrate,

PubMed
385 Cita�ons

Web of Science, JSTOR, Medline
296 Cita�ons

CINAHL
10 Cita�ons

PsychINFO
54 Cita�ons

Hand Searches & Grey Literature
7 Cita�ons

640 Non-Duplicate 
Cita�ons Screened

Inclusion/Exclusion 
Criteria Applied

Inclusion/Exclusion 
Criteria Applied

109 Ar�cles Retrieved

26 Ar�cles Included

81 Ar�cles Excluded 
A�er Full Text Screen

2 Ar�cles Excluded 
During Data 
Extrac�on

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the literature search process.
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ketogenic, dietary approaches to stop hypertension (DASH)

diet, whole grains, lifestyle education/balanced, and the Insti-

tute of Medicine’s Dietary Reference Index for sedentary indi-

viduals by age-balanced diet. All of the studies involving

hypocaloric diets achieved significant reductions in BMI

(p < .05), while only 8 of the 14 studies with normocaloric

diets achieved significant reductions in BMI. We performed a

w2 test of independence to examine the relationship between

the category of diet (normocaloric vs. hypocaloric) and

change in BMI and found it to be significant, w2(1, N ¼
25) ¼ 6.203, p < .05. Interventions with hypocaloric diets

were more likely to result in a reduction in BMI than inter-

ventions with normocaloric diets. Notably, some studies

achieved significant improvement in the obesity hormone

levels in response to the normocaloric diets without a corre-

sponding reduction in BMI, which we detail below in the

discussion of individual hormone results.

Experimental Comparison Groups

Among the 25 studies described in the 26 articles we reviewed,

designs of the intervention groups versus the comparison

groups varied. To strengthen the analysis, we categorized stud-

ies by comparison group. In seven studies, researchers com-

pared one type of nutrition intervention versus another, with or

without a nondiet intervention control group (Galhardo et al.,

2012; Hajihashemi, Azadbakht, Hashemipour, Kelishadi, &

Esmailzadeh 2014; Ibarra-Reynoso et al., 2015; Jensen et al.,

2014; Partsalaki, Karvela, & Spiliotis, 2012; Saneei, Hashemi-

pour, Kelishadi, & Esmaillzadeh 2014; Wang, Yang, Lu, & Mu

2015). These studies were less likely than the others to result in

significant intervention versus control group differences in

BMI (2/7 studies found group differences), indicating that the

control group’s dietary modification was similar to the inter-

vention group’s dietary modification (Jensen et al., 2014;

Wang et al., 2015). For example, the low-carbohydrate, low-

fat, and ketogenic diets were equally effective in yielding

significant pre-/postintervention reductions in BMI and leptin,

and results did not vary by dietary content (Ibarra-Reynoso

et al., 2015; Jensen et al., 2014; Partsalaki et al., 2012). The

normocaloric diets (whole grain, DASH, and high-protein

breakfast) did not result in a significant change in BMI from

baseline, though the whole-grain diet resulted in a significant

reduction in leptin after intervention (Hajihashemi et al., 2014;

Saneei et al., 2014; Wang et al., 2015).

In three studies, investigators compared a mixed interven-

tion with a nonintervention control group, such as a wait-list

control or measured-twice-without-intervention control

(Nunes et al., 2015; Park, Hong, Lee, & Kang 2007;

Rosenbaum et al., 2007). These studies achieved a significant

intervention effect on BMI, indicating that use of a noninter-

vention control group may have generated the greatest con-

trast in findings between groups. Adiponectin increased in the

intervention groups and decreased in the control groups,

although the changes were statistically significant in only one

of the three studies (Nunes et al., 2015). Notably, the inter-

ventions included an exercise component, and findings are

consistent with previous studies in which adiponectin

increased in response to an exercise intervention.

In six studies, researchers compared a mixed intervention

with usual care (defined as medical treatment only, in-clinic

referrals to a dietitian, or usual dietary advice typically pro-

vided in the clinic; Abd El-Kader, Al-Jiffri, & Ashmawy 2013;

Balagopal, George, Yarandi, Funanage, & Bayne, 2005; Bala-

gopal et al., 2010; Bocca, Corpeleijn, Stolk, Wolffenbuttel, &

Sauer, 2014; Chae et al., 2010; McFarlin et al., 2013; Nemet,

Oren, Pantanowitz, & Eliakim 2013). In two thirds of these

studies, the mixed intervention was significantly more effective

than usual care in reducing BMI (Abd El-Kader et al., 2013;

Balagopal et al., 2005; Balagopal et al., 2010; Chae et al., 2010;

McFarlin et al., 2013). However, only two of the six studies

found significant reductions in leptin in the mixed intervention

groups (Abd El-Kader et al., 2013; Balagopal et al., 2005;

Balagopal et al., 2010). The adiponectin levels increased

Table 1. General Characteristics of the Combined Sample Across All Reviewed Articles.

Characteristic Description

Participants, N Randomized ¼ 2,153, final sample ¼ 1,705 (20.8% attrition rate)
Sample size

Range 21–221 per study
Mean and median Mean ¼ 84, median ¼ 73

Intervention delivery settings Community, school, university, clinic, obesity center, hospital
Ages of participants, range (years) 3–19
Age-groups of samples (WHO, 2012), % of studies

Adolescents (10–19 years) 60
Children (2–9 years) 12
Mixed (2–19 years) 28

Duration of intervention, % of studies
<6 months 60
6 to <12 months 24
≥ 12 months 16

Note. N ¼ 26, representing 25 studies. WHO ¼World Health Organization.
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significantly in three of these six studies (Abd El-Kader et al.,

2013; Balagopal et al., 2005; Balagopal et al., 2010; Nemet

et al., 2013) but did not change significantly in the others.

Finally, seven of the studies were two- or three-group

designs comparing mixed interventions with varying compo-

nents (Ackel-D’Elia et al., 2014; Barbeau et al., 2003; Damaso

et al., 2014; De Piano et al., 2012; Elloumi et al., 2009; Hasson

et al., 2012; Shalitin et al., 2009). For example, researchers

might compare an exercise-only intervention group with both

an exercise/nutrition intervention group and an exercise/resis-

tance training/nutrition group. This group of studies was more

successful than the other groups at pre-/postintervention BMI

and within-group leptin decreases (five of the seven studies;

Ackel-D’Elia et al., 2014; Damaso et al., 2014; De Piano et al.,

2012; Elloumi et al., 2009; Shalitin et al., 2009) and was mod-

erately effective at achieving between-group differences in

changes in BMI (Ackel-D’Elia et al., 2014; Barbeau et al.,

2003; Shalitin et al., 2009), adiponectin (Damaso et al., 2014;

De Piano et al., 2012; Shalitin et al., 2009), and leptin

(Ackel-D’Elia et al., 2014; Damaso et al., 2014; De Piano

et al., 2012; Shalitin et al., 2009). The successful studies were

those with mixed interventions containing hypocaloric diets

of any macronutrient composition and a structured exercise

component—with or without resistance training, counseling,

or medical treatment. Two studies were unique: one com-

pared an exercise-only intervention with a nutrition-only

intervention (Kelishadi, Hashemipour, Mohammadifard, Ali-

khassy, & Adeli, 2008) and one compared a group-based

mixed intervention with an individual mixed intervention

(Pedrosa et al., 2011).

Specific Outcomes

Leptin. Leptin was measured in 18 of the 25 studies listed in the

tables. Researchers found a significant pre-/postintervention

decrease in leptin in 11 of the studies listed in the tables (Abd

El-Kader et al., 2013; Ackel-D’Elia et al., 2014; Balagopal

et al., 2005; Balagopal et al., 2010; Damaso et al., 2014; De

Piano et al., 2012; Elloumi et al., 2009; Hajihashemi et al.,

2014; Ibarra-Reynoso et al., 2015; Kelishadi et al., 2008; Park

et al., 2007; Shalitin et al., 2009). In one study (Hajihashemi

et al., 2014), leptin in the not-whole-grain control group

increased significantly from baseline. Researchers found a sig-

nificant difference in the change in leptin between the inter-

vention and the control groups in eight studies (Abd El-Kader

et al., 2013; Ackel-D’Elia et al., 2014; Balagopal et al., 2005;

Balagopal et al., 2010; Damaso et al., 2014; De Piano et al.,

2012; Hajihashemi et al., 2014; Jensen et al., 2014; Shalitin

et al., 2009). A significant decrease in leptin most often par-

alleled a significant decrease in BMI, except in four studies

in which BMI decreased but leptin did not change signifi-

cantly (De Piano et al., 2012; McFarlin et al., 2013; Nemet

et al., 2013; Pedrosa et al., 2011) and in three studies in

which BMI did not change significantly but leptin decreased

(Elloumi et al., 2009; Hajihashemi et al., 2014; Shalitin et al.,

2009). One study, conducted in the United States,

differentiated between ethnicities: leptin responded in differ-

ent directions in African American groups (leptin increased

over time) and Latino American groups (leptin decreased

over time), though the changes were not statistically signif-

icant (Hasson et al., 2012).

Ghrelin. Researchers measured ghrelin in only 6 of the 25 stud-

ies, and the findings were contradictory across studies. Of the

three studies that measured ghrelin at two or more time points,

researchers in one found significantly increased ghrelin at 6

months but decreased ghrelin at 12 months in both the diet and

the exercise groups (Kelishadi et al., 2008); researchers in

another found significantly increased ghrelin at two time points

(12 weeks and 12 months) in both the exercise-only and the

mixed-intervention groups plus significantly increased ghrelin

at 12 months only in the hypocaloric diet group (Shalitin et al.,

2009); and in the third, researchers found significantly

decreased ghrelin at both time points (6 months and 12 months)

in only the individual-based mixed-intervention group (Ped-

rosa et al., 2011). Of the three studies that measured ghrelin

at only one time point, researchers in two found nonsignificant

decreases in both the groups (Balagopal et al., 2005; Balagopal

et al., 2010; Jensen et al., 2014; Wang et al., 2015) and

researchers in the third found nonsignificant increases in all

groups (Kelishadi et al., 2008). In a unique study, a Mand-

ometer group achieved significantly lower ghrelin levels, while

a lifestyle-education-only group had a nonsignificant increase

(Galhardo et al., 2012).

Adiponectin. Of the 25 studies reviewed, 19 measured adiponec-

tin (Abd El-Kader et al., 2013; Balagopal et al., 2005; Balago-

pal et al., 2010; Bocca et al., 2014; Chae et al., 2010; Damaso

et al., 2014; De Piano et al., 2012; Elloumi et al., 2009; Hasson

et al., 2012; Ibarra-Reynoso et al., 2015; Jensen et al., 2014;

McFarlin et al., 2013; Nemet et al., 2013; Nunes et al., 2015;

Park et al., 2007; Partsalaki et al., 2012; Pedrosa et al., 2011;

Rosenbaum et al., 2007; Saneei et al., 2014; Shalitin et al.,

2009), but only one measured high-molecular-weight adipo-

nectin (Partsalaki et al., 2012). All the others measured total

adiponectin, which is unusual because high-molecular-weight

adiponectin is considered to be a more accurate measure in

pediatrics. In 10 study groups, researchers found significant

changes in pre-/postintervention adiponectin levels, but the

direction of the change differed across studies. Levels signif-

icantly increased in six study groups (Abd El-Kader et al.,

2013; Balagopal et al., 2005; Balagopal et al., 2010; Chae

et al., 2010; Elloumi et al., 2009; Partsalaki et al., 2012;

Shalitin et al., 2009). Levels significantly decreased in four

study groups: a usual dietary advice control group (Chae

et al., 2010), two mixed-intervention control groups (Damaso

et al., 2014; Nunes et al., 2015), and an exercise-only group at

52 weeks (Shalitin et al., 2009).

Investigators found significant between-group changes in

seven of the studies, with six of seven intervention groups

achieving significantly increased adiponectin levels in compar-

ison to control groups over the duration of the study (Abd El-

Lewis and Brown 523



Kader et al., 2013; Balagopal et al., 2005; Balagopal et al.,

2010; De Piano et al., 2012; Jensen et al., 2014; Nemet et al.,

2013; Nunes et al., 2015; Shalitin et al., 2009). Two of the

studies appear to have been conducted at the same research

site and had the same design but different samples (Damaso

et al., 2014; De Piano et al., 2012). In the one that included

participants with or without nonalcoholic fatty liver disease

(NAFLD), the mixed-intervention group that participated in

resistance training showed significantly decreased adiponectin

in comparison to the control group of mixed interventions

without resistance training (De Piano et al., 2012). These find-

ings are the opposite of the other study’s, which were that

adiponectin increased significantly in the mixed-intervention

group that included resistance training (Damaso et al., 2014).

Risk of Bias

Table 4 presents the studies’ risks of bias, including the

study authors’ stated limitations. Common limitations

included compliance in adolescents, varying levels of gut

peptides throughout the day and among individuals, length

of intervention, differences between groups at baseline, or

near-normal levels of inflammation at baseline despite pres-

ence of the metabolic syndrome. The 20.8% overall attrition

rate was reasonable for the type of studies in this review. Of

the total, nine studies had no attrition, partly because some

samples were subsets of larger studies. The attrition rate was

unrelated to duration of the interventions, most likely because

follow-up periods also varied in length.

Only four studies had final samples of 100 participants or

more, which increases the potential margin of error. Of the

total, 4 studies were clearly identified as multisite, and partici-

pants in 13 of the studies were recruited from a single site. The

remaining studies had population-based recruitment strategies

that precluded a defined number of sites. Neither blinding of

the people who delivered the intervention nor blinding of the

data collectors was common in this sample of studies. Thus,

although the studies’ designs were rigorous, their findings are

difficult to generalize, owing to the risk of bias.

Discussion

The results of this systematic review suggest that hypocaloric

diets are more effective than less structured lifestyle/behavioral

interventions for short-term BMI reductions in overweight or

obese children and/or adolescents. In the reviewed studies, the

usual dietary advice and lifestyle-education interventions

designed without structure and monitoring failed to achieve

any significant BMI changes. Thus, it seems logical to recom-

mend that health-care providers should prescribe specific hypo-

caloric diets followed by regular monitoring and follow-up as

opposed to providing general self-help dietary guidelines.

However, this recommendation should be considered in the

context of the maturation and growth that occurs in children.

Adequate caloric intake is required for growth, and therefore, it

is essential to consider how much caloric restriction, if any, is

safe and appropriate for children.

The appetite hormones that were the focus of this systematic

review can vary with maturational stage, a factor that can con-

found study results (Baatar et al., 2011; Hotta et al., 2001; Klok

et al., 2007; Pyrzak et al., 2010). In 7 of the 25 studies,

researchers did not measure or report findings based on the

pubertal status of their samples. As a result, we cannot know

how developmental stages might have influenced the results of

those studies. There was no difference in BMI reduction

between studies that did (Ackel-D’Elia et al., 2014; Balagopal

et al., 2005; Balagopal et al., 2010; Bocca et al., 2014; Damaso

et al., 2014; Galhardo et al., 2012; Hasson et al., 2012; Ibarra-

Reynoso et al., 2015; Jensen et al., 2014; Kelishadi et al., 2008;

Nemet et al., 2013; Nunes et al., 2015; Park et al., 2007; Part-

salaki et al., 2012; Pedrosa et al., 2011; Saneei et al., 2014;

Shalitin et al., 2009) and did not (Abd El-Kader et al., 2013;

Barbeau et al., 2003; Chae et al., 2010; Hajihashemi et al.,

2014; McFarlin et al., 2013; Rosenbaum et al., 2007; Wang

et al., 2015) differentiate findings according to pubertal status,

w2(1, N =25) ¼ 0, p > .05. To confirm the findings of this

review, researchers in future studies should measure pubertal

status, separate samples by maturational stage, and report find-

ings for pubertal groups.

The current literature provides insufficient evidence regard-

ing other types of diets used in pediatric populations, so we

cannot draw any conclusions about their effectiveness. Of par-

ticular interest were the few studies that achieved significant

improvement in obesity hormone levels without a change in

BMI. This finding could indicate a trend worthy of exploring

due to the challenges that obese children experience related to

normalizing BMI percentile as they grow. Leptin, ghrelin, and

adiponectin levels contribute to chronic disease, but it is

unknown how these hormones might have influenced the

results in the 18 studies that included obese but otherwise

healthy children. Only two of the studies looked at the relation-

ship between weight loss interventions and peptide hormones

in children with a diagnosed comorbidity (asthma and NAFLD;

Abd El-Kader et al., 2013; De Piano et al., 2012). An additional

study included all obese girls without excluding comorbidity

(Partsalaki et al., 2012). Further exploration of the role of

comorbidity in hormonal changes after obesity interventions

is warranted for two reasons. First, there is a lack of literature

available on this topic, and second, there is a potential for the

identification of novel biomarkers in obese children with

comorbidities. Additionally, future literature reviews and

high-quality studies that compare the gut peptides with inflam-

matory markers might yield insights.

One study involved the use of a device to retrain eating

behavior called the Mandometer, a unique approach to life-

style/behavioral interventions (Hajihashemi et al., 2014). The

Mandometer, a scale placed under the plate while a participant

is eating, communicates wirelessly to a smartphone and pro-

vides instant feedback on the rate of eating, cuing the eater to

slow the rate as needed. Since this study was the only one of its

kind included in our review, we cannot draw definitive
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conclusions about the Mandometer’s use; however, this study

does provide a glimpse of the possibilities that may be afforded

by future technology for obesity management.

Studies have shown that, most often, with a significant

decrease in BMI, there is an associated decrease in leptin and

increase in adiponectin. Reinehr, Kratzsch, Kiess, and Andler

(2005) noted that the normalization of leptin with time after a

weight loss intervention indicates that the fluctuating levels are

a result of weight loss as opposed to a cause of obesity. Our

results support this conclusion. However, the role of abnormal

obesity hormone levels in the development of disease cannot be

ignored. Ghrelin levels appear to be unrelated to BMI. The

studies in this review reported findings from fasting ghrelin

only, and a greater understanding might be gained from explor-

ing the nuanced findings of postprandial ghrelin levels com-

pared to fasting ghrelin over time.

In one study, adiponectin levels dropped initially in

response to the intervention and then rebounded over time.

More studies are needed to confirm this pattern and to deter-

mine whether it may have clinical implications. Authors have

suggested that, because of its role in the inflammatory process,

high-molecular-weight adiponectin is the most accurate mea-

sure of adiponectin for this population (Shalitin et al., 2009),

but findings remain inconclusive; only one of the reviewed

studies measured high-molecular-weight adiponectin in a

pediatric sample (Partsalaki et al., 2012).

The reviewed studies did have limitations. First, the com-

parison groups were disparate. A persistent challenge in such

studies is the decision about what is most appropriate as a

control condition because comparing one type of intervention

with another diminishes the effects of the experimental inter-

vention. In this review, we organized the analysis by compar-

ison groups, which gave a better indication of emerging trends

in each category of comparison group. Another limitation is

that three of the articles were from the same group in Sao Paolo

(Ackel-D’Elia et al., 2014; Damaso et al., 2014; De Piano et al.,

2012), and two others were published separately using data

from the same sample (Balagopal et al., 2005; Balagopal

et al., 2010). We considered these overlaps during the analysis

process, but it is possible that one group was overrepresented.

Also, some of the studies examined BMI, whereas others exam-

ined BMI z-scores. We considered this disparity during the

analysis, but a meta-analysis converting all values to BMI z-

scores would provide greater clarity. In addition, we could only

clearly identify four of the studies as multisite, so future studies

that compare larger, multisite samples are needed. Finally,

because sample size influences statistical significance, findings

related to change in outcome variables should be interpreted

with caution, particularly in smaller studies that were likely to

have insufficient power.

Gaps and Recommendations for Future Research

A notable gap in the literature on obesity interventions in chil-

dren is the measurement of adiposity. A majority of the studies

used at least one other direct measure of adiposity in addition to

BMI (n ¼ 18). Investigators reported body fat mass and/or

body fat percentage (n ¼ 16; Ackel-D’Elia et al., 2014; Bala-

gopal et al., 2005; Balagopal et al., 2010; Barbeau et al., 2003;

Chae et al., 2010; Damaso et al., 2014; De Piano et al., 2012;

Elloumi et al., 2009; Galhardo et al., 2012; Hasson et al., 2012;

Ibarra-Reynoso et al., 2015; Jensen et al., 2014; Kelishadi et al.,

2008; Park et al., 2007; Partsalaki et al., 2012; Rosenbaum

et al., 2007; Shalitin et al., 2009) and visceral or trunk fat mass

(n ¼ 6; Balagopal et al., 2005; Barbeau et al., 2003; Bocca

et al., 2014; Damaso et al., 2014; De Piano et al., 2012; Hasson

et al., 2012). Waist circumference was reported as a measure of

visceral adiposity in 12 studies (Bocca et al., 2014; Elloumi

et al., 2009; Hajihashemi et al., 2014; Ibarra-Reynoso et al.,

2015; Jensen et al., 2014; Kelishadi et al., 2008; Nemet et al.,

2013; Park et al., 2007; Partsalaki et al., 2012; Pedrosa et al.,

2011; Saneei et al., 2014; Shalitin et al., 2009). Investigators

measured adiposity using bioimpedance or ultrasound (n ¼ 9;

Bocca et al., 2014; Chae et al., 2010; Damaso et al., 2014; De

Piano et al., 2012; Jensen et al., 2014; Park et al., 2007; Part-

salaki et al., 2012; Rosenbaum et al., 2007; Shalitin et al.,

2009), skinfolds (n ¼ 3; Elloumi et al., 2009; Ibarra-Reynoso

et al., 2015; Kelishadi et al., 2008), x-ray absorptiometry (n ¼
3; Balagopal et al., 2005; Balagopal et al., 2010; Barbeau et al.,

2003; Hasson et al., 2012), plethysmography air displacement

method (n ¼ 3; Ackel-D’Elia et al., 2014; Damaso et al., 2014;

De Piano et al., 2012), and magnetic resonance imaging (n¼ 2;

Barbeau et al., 2003; Hasson et al., 2012).

Despite the known effects of maturation on hormone levels,

only 69% of studies differentiated their samples based on

maturational stage. This confounding variable makes it diffi-

cult to isolate the effect of the intervention on the hormones.

Another surprising gap in the literature relates to the diets

tested as interventions. For example, we found no studies that

investigated vegetarian, vegan, gluten-free (allergen-free), or

Mediterranean diets, all of which might have some link to

modification of the risk for inflammation or chronic disease.

Finally, since comorbidity is increasingly common with obe-

sity, studies should also investigate the effects of diets in chil-

dren with obesity plus related chronic conditions as did two of

the studies included in this review (Abd El-Kader et al., 2013;

De Piano et al., 2012).

The correlation between physiological changes and subjec-

tive self-report measures is beyond the scope of this review;

however, future research could examine such relationships to

determine the relevance of physiological changes to subjective

experience, particularly in research on eating disorders. Gender

differences in peptide hormone levels and the response to obe-

sity interventions could be other important topics for future

examination.

Implications

The findings of this systematic review have implications for

both clinical practice and research. Gut peptides have the

potential to become biomarkers for future diagnosis and dis-

ease management in obese children with one or more chronic

Lewis and Brown 527



conditions. Consistent with previous research (Ho et al., 2012;

Ling, Robbins, & Wen, 2016; Waters et al., 2011), the evidence

in our review suggests that passive distribution of educational

information to obese children and their families is an ineffec-

tive intervention for weight loss and improvements in gut pep-

tide levels. Instead, caregivers should prescribe a specific

hypocaloric diet and build monitoring and follow-up into any

clinical program. Based on this evidence, we further recom-

mend continued integration of mixed, multidisciplinary inter-

ventions in both clinical care and research because they are

more successful than those relying on individual components.

Conclusion

To summarize, a variety of diets can affect BMI and leptin,

ghrelin, and adiponectin levels in children. Use of specific

diet prescriptions with monitoring is more effective than life-

style education alone. Our findings in this review for leptin

are consistent with previous research in that leptin levels

decrease after obesity interventions, and those decreases cor-

respond with decreases in BMI (Ho et al., 2012); however, we

found that the evidence regarding the relationships between

ghrelin and adiponectin and BMI in the context of weight

management interventions is inconclusive, and these ques-

tions warrant additional research.
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