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Abstract:

BACKGROUND: A low-glycemic index (Gl) diet has been documented to be beneficial for
improving insulin sensitivity. The effect of the low-Gl diet may modulate plasma adipokines
produced by adipocytes which link to insulin resistance and the metabolic syndrome.
METHODS: Obese children aged 9-16 y were randomly assigned either a low-GI diet or a low-
fat diet (control group) for 6 mo. Changes of BMI z-score, body composition measured by dual
energy X-ray absorptiometry, and HOMA-IR were compared between groups. Serum adipokines
namely: leptin, adiponectin, resistin, and visfatin were measured by ELISA technique. The
relationships between these clinical outcomes and adipokines were assessed using correlations
and multivariate analysis.

RESULTS: Fifty-two participants completed the study (mean age: 12.0 £ 2.0 y, 35 boys); both
groups showed significantly decreased BMI z-score, but subtle changes in fat and fat-free
mass. The intervention group had significant changes in fasting insulin and HOMA-IR, whereas
the control group did not. There were no significant differences in adipokines between the
groups in visit 1 and visit 6. However, there were relationships between baseline leptin and the
change of BMI z-score in both groups, as well as baseline resistin, baseline visfatin and the
change of BMI z-score in the control group. There were significant positive associations
between baseline leptin and the change of FMI in both groups. The intervention tended to
weaken the negative relationship between adiponectin and the change of FFMI.
CONCLUSION: Serum leptin was positively correlated with the change of BMI z-score and FMI
in both groups. These results indicate that circulating leptin levels may represent the change of
BMI and adipose tissue mass in obese children, and could therefore be a useful indicator to

predict the improvement in insulin resistance from an obesity intervention trial.

Keywords: obesity, adipokines, leptin, resistin, adiponectin, visfatin
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Executive summary

Introduction to Research

Prevalence of childhood and adolescent obesity is increasing both in developed and

developing countries. In Thailand, there is a trend towards a higher number of children with

overnutrition rather than undernutrition (1). These obese children have several health problems,

such as obstructive sleep apnea, deformity of bone and joints, and the metabolic syndrome

similar to that of obese adults. Therefore, childhood obesity and the metabolic syndrome is an

emerging health problem that needs early interventions with dietary control, increased physical

activity and behavior modification. The metabolic syndrome consists of insulin resistance,

hypertension, dyslipidemia (hypertriglyceridemia, low HDL-C) and central obesity (2). The

pathogenesis and pathophysiology of the metabolic syndrome remains controversial issues (3).

It is postulated that obese children have accumulated excess adipose tissue, especially those

with central adiposity, which may release free fatty acids and deposit it in muscles, the liver and

the pancreas. Recent knowledge shows that adipocytes play an important role as an endocrine

organ to regulate metabolism and energy homeostasis, leading to the discovery of several

adipokines, including leptin, visfatin, and resistin, and pro-inflammatory cytokines that cause

chronic low-grade inflammatory state. On the other hand, adiponectin, which is one of the



adipokines and has an anti-inflammatory effect as well as increases insulin sensitivity, is

suppressed. All these changes may disturb the insulin signaling and eventually cause insulin

resistance (4).There is some recent evidence regarding the roles of adipokines in the

pathogenesis of the metabolic syndrome in obese children and the association of these

adipokines and body fat (in particular, visceral fat).

Literature review

Leptin is a hormone secreted by adipocytes. It acts through the hypothalamus,

suppressing appetite and increasing energy expenditure. Most studies (5-7) in Caucasians and

Asians alike, found that overweight and obese children have higher plasma leptin levels than do

normal-weight children, especially obese children who have the metabolic syndrome. On the

contrary, a few small studies showed that lifestyle intervention in obese children reduced leptin

and increased soluble leptin receptor (8, 9). Adiponectin is an insulin-sensitizing hormone

produced and released by adipocytes. It has been shown to decrease circulating glucose levels

by suppressing gluconeogenesis in the liver and enhancing insulin signaling in the skeletal

muscle (10). A previous study showed that serum adiponectin is inversely associated with

obesity (11). In addition, increased serum adiponectin levels may play a protective role in

metabolic syndrome. The body fat distribution influences adiponectin levels, with abdominal



obesity associated with lower concentrations (12, 13). The association between central adiposity

and reduced adiponectin was seen with visceral fat accumulation in children (14). Resistin is a

cytokine expressed in adipose tissue. Despite showing a strong linkage with obesity and insulin

resistance in animal models, its role in obesity and insulin sensitivity in human is still

controversial. One interventional study from Germany found no relationship between resistin,

insulin resistance index, and weight status in childhood (15), while Elloumi et al. demonstrated

an intriguing increase in resistin in boys after a 2-month weight loss program (16). Furthermore,

visfatin is a newly discovered adipokine that mimics the action of insulin via a distinct binding

site on the insulin receptor and, therefore, an increased risk for insulin resistance (14). It is

produced mainly from visceral adipose tissue in animal models. Araki et al. (17) reported a

good correlation between visceral adipose tissue and plasma visfatin from a cross-sectional

study in 56 obese Japanese children. The researchers also demonstrated a significant

difference between plasma visfatin between normal and obese children with and without

metabolic syndrome. The same findings were also found in obese Caucasian children (18, 19).

However, the data were conflicting whether visfatin has any association with insulin resistance

and other components of the metabolic syndrome. So far, there is only one intervention study in



Europe reporting the effect of weight reduction program on visfatin level in obese adolescents

(20).

However, the longitudinal and interventional study of the change in these adipokines

after lifestyle interventions with the aim of body fat reduction is still scarce. This information

could enlighten the pathophysiologic changes that occur in childhood obesity and the metabolic

syndrome as well as proven causal relationship between these biomarkers and body fat. In our

previous study on the effects of low-Gl diet on insulin resistance, we found that the low-Gl diet

may improve insulin sensitivity in obese children with high baseline insulin (21).

Objectives

1. To compare plasma adipokine concentrations before and after a 6-month instruction of low-

Gl diet versus conventional management in obese Thai children.

2. To study a relationship between plasma adipokines and body composition as well as the

metabolic syndrome risks during the 6-month studied period.

Research methodology

Study design

The protocol was approved by the Institutional Review Board of the Faculty of Medicine,

Chulalongkorn University, Thailand. This study was a single-center prospective, randomized,



controlled trial. The methods were already published in the previous journal article (21). In brief,

eligible participants for this study with a BMI higher than the International Obesity Task Force

cut-off, corresponding to a BMI of thirty in adulthood (22), were enrolled and randomized to

obesity clinic instruction or an intervention of a low-GI diet. For the intervention group, individual

goals for weight management were set and instruction about low-Gl foods was provided. A

dietitian emphasized the selection of low-Gl carbohydrates, which were adapted from the table

by Foster-Powell et al. (23). The control group received conventional management instructions

at the Nutrition Clinic about energy restriction, low-fat and high-fiber diet. Moreover, the

participants in both groups received the same instruction about increasing physical activity. Both

groups needed to maintain the monthly visits for six months. The adherence to the nutritional

education and physical activity recommendation was evaluated by using three-day dietary

records and a physical activity questionnaire at each visit. One blood sample was taken in the

morning after 12 h of fasting. The main outcomes were adipokines that the participants were

examined for at the first and sixth visits, and which included serum leptin, adiponectin, resistin,

and visfatin levels. These adipokines were measured by ELISA KIT (R&D System Inc.,

Minneapolis, USA for leptin, adiponectin, and resistin, and Adipogen Life Sciences, Liestal,

Switzerland) and analyzed by using software: Revelation Quicklink version 4.25. The secondary



outcomes were the correlations between the adipokines and BMI z-score that was calculated

based on World Health Organization (WHO) 2007 growth reference using the WHO AnthroPlus

program (24), and body composition that was evaluated by using DXA (Hologic QDR Discovery

A) on the first and sixth visits.

Statistical analysis

Descriptive statistics were used to summarize all quantitative data. Qualitative data were

summarized using percentages. Continuous variables were reported as mean + standard

deviation (SD) and compared between the control and intervention groups by an independent

sample t-test. Paired t-test for dependent samples was used to evaluate the changes within the

groups before and after the six-month period. We evaluated the correlations between BMI z-

score, waist circumference, body composition, insulin resistance, adipokines, and lipid profiles in

each group and in all participants and present as table and forest plots. Statistical significance

was defined as a P-value < 0.05. Analyses were completed using SPSS 23.0 (SPSS Inc.,

Chicago, IL).



Result

Seventy participants (47 boys, 23 girls) were enrolled and randomized into two groups:

35 in each control and intervention group as shown in the flow diagram in our previous study

(21). There were 52 out of 70 participants who completed all six visits (27 in the control and 25

in the intervention groups). Mean age in the control group was 12.0 £ 2.1 yand 11.9+ 19y in

the intervention group. The other baseline characteristics were shown in the previous study

(21). All analyses followed the intention-to-treat principle. The intervention group had

significantly increased daily consumption of the low-Gl food and decreased total energy intake

compared to the control group. Moreover, brisk walking was the common feature of exercise in

both groups and around half of the participants in both groups were physically active.

There were significant differences in plasma insulin levels and HOMA-IR; however, no

significant differences in adipokines between the two groups in visit 1 and visit 6 were observed

(Table 1).
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Table 1 Comparison of BMI z-score, waist circumference, body composition measured by DXA,

fasting insulin, HOMA-IR, adipokines, and lipid profiles between the control and intervention

groups (n = 52)

Parameters Control (n = 27) Intervention (n = 25) P-value®
Visit 1
BMI z-score” 3.6+1.6° 3.7+£0.9 0.88
Waist circumference (cm) 103.1+14.9 105.8+7.7 0.40
% Fat® 41.1+£6.0 42.1+4.8 0.56
FMI (kg/mz)’ 14.0£4.5 14.7+3.8 0.56
FFMI (kg/m®) 18.8+£2.9 19.1£2.6 0.66
Laboratory test
Fasting insulin (mU/L) 158 22+14 0.035
HOMA-IR 3.1+1.7 48+3.3 0.035
Leptin (ng/mL) 27.7+15.6 28.8+12.9 0.80
Adiponectin (ng/mL) 2,203.1+1,934.8 2,077.3 £ 1,499.8 0.81
Resistin (ng/mL) 13.1+6.6 126+59 0.79
Visfatin (ng/mL) 11.1+£12.5 17.9+15.9 0.13
Serum total cholesterol (mmol/L) 45+0.8 47+0.8 0.26
Serum triglyceride (mmol/L) 1.1+0.5 1.2+04 0.41
Serum HDL (C) (mmol/L) 1.2+0.2 1.2+04 0.45
Serum LDL (C) (mmol/L) 27+0.7 3.1+£0.6 0.029
Visit 6
BMI z-core 34+13 34+09 0.87
Waist circumference (cm) 104.2+15.8 106.349.5 0.55
% Fat 40.2+8.7 43.1+6.1 0.55
FMI (kg/m?) 144 +45 15.2+4.4 0.59
FFMI (kg/m®) 18.8+3.4 18.8+2.6 0.84
Laboratory test
Fasting insulin (mU/L) 14+ 10 14 + 11 0.88
HOMA-IR 32126 29+23 0.69
Leptin (ng/ml) 30.1+£18.2 26.2+155 0.41
Adiponectin (ng/ml) 2,424.1 +2,427.6 2,461.8 £1,703.3 0.94
Resistin (ng/ml) 13.2+7.0 13.6+9.8 0.89
Visfatin (ng/ml) 14.6+12.5 145+ 14 0.75
Serum total cholesterol (mmol/L) 44+0.9 47+0.7 0.39
Serum triglyceride (mmol/L) 1.11£0.6 1.1+£04 0.81
Serum HDL (C) (mmol/L) 0.1+£0.2 1.320.3 0.68
Serum LDL (C) (mmol/L) 27+0.9 3+0.7 0.26

C, cholesterol; DXA, dual-energy X-ray absorptiometry; FMI, fat mass index = fat mass (kg)/height (mz);
FFMI, fat-free mass index = fat-free mass (kg)/height (mz); HOMA-IR, homeostatic model of assessment-

insulin resistance = (FI x FPG)/22.5; Fl, fasting insulin concentration (mU/l); FPG, fasting plasma glucose

(mmol/l). *These data showed means + SDs and independent sample t-test was used to evaluate continuous

variables. "BMI z-score were calculated from WHO growth reference 2007 (24). CPercentage of fat was
calculated from fat mass (kg)/body weight (kg) x 100. “There were data from 26 participants in the control
group due to missing laboratory results from 1 participant. Bold text shows that intervention group was

different from control group, P < 0.05.
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Despite decreased BMI z-score between the first and the sixth visits in the intervention

group (P < 0.0001), leptin and visfatin decreased while adiponectin increased, but these were

not significantly different between the first and the last visit (Table 2).

Table 2 Comparison of body composition measured by DXA, fasting insulin, HOMA-IR,

adipokines, and lipids profiles between the first and last visits during the 6-mo period (n = 52)

Group Parameters Visit 1 Visit 6 P-value®
Control BMI z-score 3.6+1.6° 3.4£1.3 0.007
(n=27) Waist circumference (cm) 103.1+14.9 104.2+15.8 0.32
% Fat 36.6+8.2 35.7+5.8 0.50
FMI (kg/m?) 12.4+5.2 12.3+4.0 0.84
FFMI (kg/m®) 20.8+3.4 21.5+3.6 0.14
Fasting plasma insulin, mU/L 1548 14+10 0.70
HOMA-IR 3.1+1.7 3.2+2.6 0.91
Leptin (ng/ml) 27.7+£15.6 30.1+18.2 0.34
Adiponectin (ng/ml) 2,203.1 +1,934.8 2,424.1 +2,427.6 0.33
Resistin (ng/ml) 13.1+6.6 13.2+7.0 0.91
Visfatin (ng/ml) 1111125 146 +12.5 0.37
Serum total cholesterol, mmol/L 4.5+0.8 4.4+0.9 0.51
Serum triglyceride, mmol/L 1.1£0.5 1.1£0.6 0.67
Serum HDL (C), mmol/L 1.2+0.2 0.1+0.2 0.35
Serum LDL (C), mmol/L 2.7+0.7 2.7+0.9 0.89
Intervention BMI z-score 3.7£0.9 3.411.0 <0.0001
(n=25) Waist circumference (cm) 105.8+7.7 106.3+9.5 0.53
% Fat 42.1+4.8 43.1+6.1 0.06
FMI (kg/m?) 14.7+3.8 15.2+4.4 0.07
FFMI (kg/m®) 19.1+2.6 18.8+2.6 0.12
Fasting plasma insulin, mU/L 22114 14+11 0.004
HOMA-IR 4.8+3.3 2.9+2.3 0.007
Leptin (ng/ml) 28.8+12.9 26.2+ 155 0.35
Adiponectin (ng/ml) 2,077.3 £ 1,499.8 2,461.8 +1,703.3 0.14
Resistin (ng/ml) 126 +£5.9 13.6£9.8 0.57
Visfatin (ng/ml) 179+ 15.9 145+ 14 0.37
Serum total cholesterol, mmol/L 4.7+0.8 4.7+0.7 0.60
Serum ftriglyceride, mmol/L 1.2+0.4 1.1£0.4 0.24
Serum HDL (C), mmol/L 1.310.4 1.3£0.3 1.00
Serum LDL (C), mmol/L 3.2+0.6 3.0+0.7 0.25

*Paired t-test was used to compare data between the first and sixth visits. "Means + SDs (all such values).
Bold text showed that visit 6 was significantly different from visit 1, P < 0.01. C, cholesterol; HOMAIR,
homeostatic model of assessment-insulin resistance = (FI x FPG)/22.5; FI, fasting insulin concentration

(mU/); FPG, fasting plasma glucose (mmol/l).
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Table 3 shows no significant differences in the changes of body composition,

adipokines, and lipid profiles, even though fasting insulin and HOMA-IR significantly decreased

from baseline to visit 6 in the intervention group (22.2 + 14.3 vs. 13.7 £ 10.9 mU/I; P = 0.004

and 4.8 + 3.3 vs. 2.9 + 2.3; P = 0.007, respectively).

Table 3 Comparison of changes in anthropometry, body composition measured by DXA and

laboratory tests between the control and intervention groups during the 6-month period (n = 52)

Control Intervention

Changes in outcomes® (n = 27) (n = 25) P-value®
BMI z-score -0.3+0.5° -0.3+£0.2 0.99
Waist circumference, cm 1.1+£56 0.5+4.1 0.66
FMI, kg/m* 0.3+1.6 0.8+35 0.45
FFMI, kg/m? 02+0.8 0.8+3.9 0.44
% Fat" 0.1%28 0.1£3.0 0.35
Fasting plasma insulin, mU/L -0.8+11.3 -8.5+13.5 0.032
HOMA-IR 0.1+2.8 -1.9+3.2 0.019
Leptin, ng/ml 25+12.7 -26+129 0.18
Adiponectin, ng/ml 221 +1,120 384.5+1,164.9 0.63
Resistin, ng/ml 0.1+£5.1 0975 0.66
Visfatin, ng/ml 3.4+18.9 -29+16.3 0.23
Serum total cholesterol, mmol/L -0.1+0.6 -0.1+£0.7 0.98
Serum triglyceride, mmol/L 0+£04 -0.1+£04 0.26
Serum HDL (C), mmol/L 0+0.2 0+£0.3 0.55
Serum LDL (C), mmol/L 0+£0.5 -0.1+£0.5 0.38

aChanges in outcomes were the average of the difference between visit 6 and visit 1. bIndependent sample t-
test was used to compare the data between the two groups. ‘Means + SDs (all such values). dPercentage of
fat = fat mass (kg) x 100/body weight (kg). Bold text showed that intervention group was different from control
group, P < 0.05. C, cholesterol; DXA, dual-energy X-ray absorptiometry; FFMI, fat-free mass index = fatfree
mass (kg)/height (m2); FMI, fat mass index = fat mass (kg)/height (mz); HOMA-IR, homeostatic model of
assessment-insulin resistance = (FI x FPG)/22.5; Fl, fasting insulin concentration (mU/l); FPG, fasting plasma

glucose (mmol/l).

The correlations between adipokines and the other parameters show in Table 4 and

Figure 1-4. There were significant relationships between baseline leptin and the change of BMI

13



z-score in the control and intervention groups (95% CI 0.16, 0.74, p < 0.001 and 95% CI 0.09,

0.75, p < 0.001, respectively) as well as baseline resistin, baseline visfatin and the change of

BMI z-score (95% CI 0.12, 0.74, p = 0.013 and 95% CI 0.10, 0.72, p = 0.015, respectively) in

the control group. There were significant associations between baseline leptin and the change

of FMI in the control and intervention groups (95% CI 0.48, 0.87, p = < 0.001 and 95% CI 0.19,

0.79, p < 0.001, respectively). The intervention tended to weaken the negative relationship

between adiponectin and the change of FFMI. There were no significant correlations between

baseline adipokines and the changes of insulin and HOMA-IR in either group.

14



Table 4 Correlations between change of adipocytokines and change of anthropometry, body

composition, and lipid profiles in the control group, intervention group, and all of the participants

Change of Control (n = 27) Intervention (n = 25)
outcomes Leptin  Adiponectin  Resistin  Visfatin  Leptin  Adiponectin  Resistin  Visfatin
BMI

0.55** -0.16 0.51* 0.48* 0.51** -0.04 0.18 -0.01
z-score
% Fat 0.53** -0.17 0.10 0.23 0.35 0.13 -0.06 -0.45*
FMI, kg/m2 0.73* -0.23 0.25 0.29 0.54** -0.09 0.17 -0.48*
FFMI, kg/m2 0.36 -0.41 0.13 0.23 0.23 -0.31 0.41 0.07
Insulin, mU/L 0.34 0.19 0.08 -0.04 0.19 -0.37 0.25 -0.14
HOMA-IR 0.24 0.09 -0.05 0.00 0.20 -0.33 0.24 -0.12
Leptin, ng/mL 1 0.14 0.25 0.14 1 0.07 0.25 -0.52**
Adiponectin, ng/mL  0.14 1 -0.07 -0.42* 0.07 1 -0.59** -0.01
Resistin, ng/mL 0.25 -0.07 1 0.53* 0.25 -0.59** 1 -0.02
Visfatin, ng/mL 0.14 -0.42* 0.53** 1 -0.52** -0.01 -0.02 1
TC, mmol/L 0.12 0.16 0.20 0.16 0.07 0.21 -0.29 -0.15
TG, mmol/L 0.21 0.29 0.15 0.03 0.39 0.25 0.09 -0.17
HDL (C), mmol/L -0.32 0.02 -0.08 0.19 0.02 0.42 -0.15 -0.06
LDL (C), mmol/L 0.37 0.05 0.28 0.22 0.44** 0.1 -0.30 -0.42

*Correlation is significant at the 0.05 level.

**Correlation is significant at the 0.01 level.

C, cholesterol; FFMI, fat-free mass index = fat-free mass (kg)/height (m2); FMI, fat mass index = fat

mass (kg)/height (m2); HOMA-IR, homeostatic model of assessment-insulin resistance = (FI x

FPG)/22.5; Fl, fasting insulin concentration (mU/l); FPG, fasting plasma glucose (mmol/l); TC: Serum

total cholesterol; TG: Serum triglyceride
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Figure 1 Forest plots of the correlations between baseline leptin and the changes of BMI z-

score, FMI, FFMI, insulin, and HOMA-IR in control and intervention groups
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Figure 2 Forest plots of the correlations between baseline adiponectin and the changes of BMI

z-score, FMI, FFMI, insulin, and HOMA-IR in control and intervention groups
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Figure 3 Forest plots of the correlations between baseline resistin and the changes of BMI z-

score, FMI, FFMI, insulin, and HOMA-IR in control and intervention groups

Resistin
H Control
@ Treatment .
delta BMI
i @ |
|
delta FMI
e @
|
delta FFMI
R o
|
delta_Insulin
et O 1
|
delta HOMA IR
oo . |
o5 A as

18



Figure 4 Forest plots of the correlations between baseline visfatin and the changes of BMI z-

score, FMI, FFMI, insulin, and HOMA-IR in control and intervention groups
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Conclusion and Discussion

To our knowledge, this is the first study to investigate the levels of adipokines -- leptin,

adiponectin, resistin, and visfatin -- in obese children and adolescents, and their correlations

with anthropometric indices, body composition, and metabolic parameters after receiving low-Gl

diet instruction compared to those receiving conventional instruction.

Leptin levels in obese individuals are typically elevated, which can lead to leptin

resistance (25). The results in our study show that serum leptin levels were strongly and linearly

related to BMI z-score, WC, and adiposity in both groups. In agreement with previous reported

findings, the expression and secretion of leptin was positively correlated with BMI, WC, and FM

(26-29). Leptin levels in obese children and adolescents significantly reduced after the weight

reduction program because leptin levels reflect the amount of adipose tissue (30), although

there was no evidence for a strong relation of serum leptin with measures of either

subcutaneous or visceral adiposity in our study, the same result found in an earlier study (31).

However, no significant differences in serum leptin between the first and the sixth visits and

between the two groups were observed. This might be because the BMI z-score was not

significantly different between the groups and the percentage of decreased BMI z-score from

the baseline in both groups was not enough to detect a change of leptin levels during the 6-
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month studied period. The results from the study suggest that in order to see the most

favorable effects on leptin, a >10% weight loss along with a >10% visceral fat loss is most likely

necessary (32). Additionally, no significant correlation between leptin and insulin resistance was

found in our study. More recently, a study in 4- to 17-year-old children showed that BMI

explained most of the variability in leptin and concluded that in obesity, total adiposity, but not

insulin, is the main determinant of leptin levels (33). Fasting insulin is an indirect measure of

insulin resistance. Moreover, the use of insulin to assess the relation between leptin and insulin

resistance may not be optimal because fasting insulin is highly related to adiposity (34).

However, some studies demonstrated an association between leptin levels and insulin as well

as HOMA-IR (35, 36). While the effect of Gl on insulin resistance has been evaluated

previously, reported results have been inconsistence. Several studies demonstrated a beneficial

effect of low-Gl diets on insulin resistance among children and adolescents, as did our previous

study (21, 37, 38). Low-Gl foods are absorbed and digested slowly and therefore provide a

prolonged full state in which free fatty acid release is suppressed. Thus, improvements

observed in glucose tolerance, insulin sensitivity, and leptin may be observed following a low-Gl

diet (39). This beneficial effect has also been observed following a hypocaloric high-Gl diet (40).

Based on those reported results, it is probable that the effect of caloric restriction is stronger
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than dietary Gl and the effect of low-Gl instruction from our study may not be strong enough to

lead to a significant change of serum leptin and make a difference between groups after

receiving the interventions.

Like leptin, adiponectin is a hormone secreted by adipocytes. Previous studies reported

that there was an inverse association between body weight and circulating adiponectin, and

adiponectin was decreased in overweight and obese children and adults (21, 41). Additionally,

the comparison between 2 meals with different Gl showed that serum adiponectin increased

following consumption of a low-GI meal (42). Other studies also demonstrated that lower

adiponectin was associated with higher dietary Gl and glycemic load (GL) (43, 44) and suggest

that dietary modifications may improve adiponectin. Based on the correlation of Gl and GL diet

with adiponectin, as mentioned above, and a tendency of dependence of adiponectin on the

absolute values of lean mass parameters, which may indicate that distribution of this adipokine

depends on localized soft lean mass, low Gl diet may be able to de-couple the association

between adiponectin and FFMI when the participants receive the low Gl instruction rather than

conventional instruction, as our research study shows. Adiponectin is believed to improve

insulin sensitivity through a number of different mechanisms. Moreover, adiponectin has potent

anti-apoptotic effects which are believed to prevent lipid-induced pancreatic beta cell apoptosis
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(45). Both of these actions would be expected to be protective against diabetes. Unlike those

studies, changes in serum adiponectin between the first and the last visits within groups were

not observed. In addition, change in serum adiponectin concentration were not significantly

different between the two studied groups, and association between adiponectin and insulin

sensitivity indices were not found. The results were similar to another randomized clinical trial

studied overweight and obese adolescents receiving a low-Gl diet instruction for 10 weeks (46).

The possible reason may be because adiponectin did not respond to this degree of BMI z-score

change and not enough FM was lost and/or FFM was increased over the course of the ftrial; the

literature also described the degree of weight loss related to serum adiponectin concentration

and suggests that a decrease of >10% in visceral fat may be necessary to increase adiponectin

level (32, 47, 48).

Resistin is one of the adipokines, a protein hormone that seems to be involved in the

process of blood glucose regulation and has been linked to obesity, type 2 diabetes,

inflammation, and atherosclerosis (49, 50). In our study, there was no significant difference in

resistin level within groups and between groups during the 6-month trial. However, resistin was

significantly correlated with the change BMI z-score in the control group. Furthermore, this

adipocytokine was inversely associated with adiponectin in the intervention group. These results
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probably indicate that resistin may represent a link between obesity and insulin resistance.

However, the results were a bit inconsistent in that adipose tissue does not appear to play a

role in the production of this protein and it is possible that adiposity and resistin generate

cardiovascular and metabolic syndrome risks via different pathways (51). The physiologic role of

resistin on obesity and insulin resistance is unclear and not conclusive. Therefore, the role of

resistin as an adipocytokine in children might need to be reevaluated.

Visfatin is the other adipocytokine which has been suggested as a marker of adipocity

and as a protein with possible insulin-like function (14). We found no significant differences in

visfatin within groups and between groups during the 6-month studied period, and no

relationship with either BMI z-score or FMI was found. The studies about visfatin in obese

children were controversial. Davutoglu et al. showed that log visfatin levels were significantly

positively correlated to weight, BMI (like the results in our study), and WC in the obese children

group (52). Additionally, another case-control study found that visfatin levels were significantly

associated with total abdominal fat, visceral fat, subcutaneous visceral fat, and HOMA-IR (53).

Nonetheless, the cross-sectional study in 175 overweight and obese children showed no

relationship between serum visfatin levels and BMI or a high WC (19). Visfatin was also not

associated with insulin and HOMA-IR in the study. It was inconsistent with another study of
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Mitra et al. (54). They found a correlation of visfatin with insulin resistance indices and

metabolic syndrome, and visfatin levels were higher in the obese children and adolescents, and

in obese children with metabolic syndrome, compared to obese subjects without metabolic

syndrome. In our study, the obese children with metabolic syndrome were not enrolled at the

baseline; therefore, the association of visfatin and insulin resistance indices might not be strong

enough to be detected at the end of the study. From the study, serum visfatin may not be a

specific marker for insulin metabolism compatible with another study (17).

In addition, lipid profiles were not correlated with any adipokines in the study. These

relationships were inconsistent in previous literature. This discrepancy may be attributable to

differences in the degrees of fatty acid saturation within the triglyceride molecule, as a

consequence of dietary differences between the different participants studied to date (55).

Despite the RCT study, the low-Gl diet intervention, the same time of anthropometric and

adipocytokine examining, and the outcomes we evaluated, the limitations of this study are from

the dietary intake data: the actual energy intake from both groups was higher than that were

instructed, even with the significant changes in the amount of low-Gl foods consumed in the

intervention group. Therefore, this might result in subtle changes in body composition and

adipokines. Moreover, the effect size of BMI z-score difference of 0.78 may be too large for this
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kind of intervention, which might bring about less change in body composition and adipokines.

Although we wanted to study the effects of realistically achievable low-Gl diet on all of the

outcomes in the participants’ daily lives, this intention-to-treat approach may underestimate the

efficacy of the low-GlI diet on adipokines.

In conclusion, serum leptin levels were strongly correlated with the change of BMI z-

score, WC, and FMI in both groups. These results indicate that circulating leptin levels may

represent the change of BMI and adipose tissue mass in obese children, and could therefore be

a useful indicator to predict the developing or improving of insulin resistance and/or metabolic

syndrome. There seems to be insufficient evidence to consider other adipokines as a marker of

adiposity and metabolic syndrome in obese children and adolescents. Identification of the

receptor system for leptin and resistin, relevant signaling pathways, and their sensitivity state

are needed for a complete evaluation of the role of adipokines in obese children. Other

inflammatory markers may be considered to use for evaluating the effect of obesity intervention

trial on inflammation among this population.
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ABSTRACT

BACKGROUND: A low-glycemic index (Gl) diet has been documented to be beneficial for improving
insulin sensitivity. The effect of the low-GI diet may modulate plasma adipokines produced by
adipocytes which link to insulin resistance and the metabolic syndrome.

METHODS: Obese children aged 9-16 y were randomly assigned either a low-Gl diet or a low-fat diet
(control group) for 6 mo. Changes of BMI z-score, body composition measured by dual energy X-ray
absorptiometry, and HOMA-IR were compared between groups. Serum adipokines namely: leptin,
adiponectin, resistin, and visfatin were measured by ELISA technique.The relationships between
these clinical outcomes and adipokines were assessed using correlations and multivariate analysis.
RESULTS: Fifty-two participants completed the study (mean age: 12.0 £ 2.0 y, 35 boys); both groups
showed significantly decreased BMI z-score, but subtle changes in fat and fat-free mass. The
intervention group had significant changes in fasting insulin and HOMA-IR, whereas the control group
did not. There were no significant differences in adipokines between the groups in visit 1 and visit 6.
However, there were relationships between baseline leptin and the change of BMI z-score in both
groups, as well as baseline resistin, baseline visfatin and the change of BMI z-score in the control
group. There were significant positive associations between baseline leptin and the change of FMI in
both groups. The intervention tended to weaken the negative relationship between adiponectin and
the change of FFMI.

CONCLUSION: Serum leptin levels were positively correlated with the change of BMI z-score and
FMI in both groups. These results indicate that circulating leptin levels may represent the change of
BMI and adipose tissue mass in obese children, and could therefore be a useful indicator to predict

the improvement of insulin in an obesity intervention trial.

(word count 286)
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INTRODUCTION

Prevalence of childhood and adolescent obesity is increasing both in developed and
developing countries. In Thailand, there is a trend towards a higher number of children with
overnutrition rather than undernutrition (1). These obese children have several health problems, such
as obstructive sleep apnea, deformity of bone and joints, and the metabolic syndrome similar to that of
obese adults. Therefore, childhood obesity and the metabolic syndrome is an emerging health
problem that needs early interventions with dietary control, increased physical activity and behavior
modification. The metabolic syndrome consists of insulin resistance, hypertension, dyslipidemia
(hypertriglyceridemia, low HDL-C) and central obesity (2). The pathogenesis and pathophysiology of
the metabolic syndrome remains controversial issues (3). It is postulated that obese children have
accumulated excess adipose tissue, especially those with central adiposity, which may release free
fatty acids and deposit it in muscles, the liver and the pancreas. Recent knowledge shows that
adipocytes play an important role as an endocrine organ to regulate metabolism and energy
homeostasis, leading to the discovery of several adipokines, including leptin, visfatin, and resistin, and
pro-inflammatory cytokines that cause chronic low-grade inflammatory state. On the other hand,
adiponectin, which is one of the adipokines and has an anti-inflammatory effect as well as increases
insulin sensitivity, is suppressed. All these changes may disturb the insulin signaling and eventually
cause insulin resistance (4).There is some recent evidence regarding the roles of adipokines in the
pathogenesis of the metabolic syndrome in obese children and the association of these adipokines
and body fat (in particular, visceral fat).

Leptin is a hormone secreted by adipocytes. It acts through the hypothalamus, suppressing
appetite and increasing energy expenditure. Most studies (5-7) in Caucasians and Asians alike, found
that overweight and obese children have higher plasma leptin levels than do normal-weight children,
especially obese children who have the metabolic syndrome. On the contrary, a few small studies
showed that lifestyle intervention in obese children reduced leptin and increased soluble leptin
receptor (8, 9). Adiponectin is an insulin-sensitizing hormone produced and released by adipocytes. It
has been shown to decrease circulating glucose levels by suppressing gluconeogenesis in the liver
and enhancing insulin signaling in the skeletal muscle (10). A previous study showed that serum
adiponectin is inversely associated with obesity (11). In addition, increased serum adiponectin levels

may play a protective role in metabolic syndrome. The body fat distribution influences adiponectin
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levels, with abdominal obesity associated with lower concentrations (12, 13). The association between
central adiposity and reduced adiponectin was seen with visceral fat accumulation in children (14).
Resistin is a cytokine expressed in adipose tissue. Despite showing a strong linkage with obesity and
insulin resistance in animal models, its role in obesity and insulin sensitivity in human is still
controversial. One interventional study from Germany found no relationship between resistin, insulin
resistance index, and weight status in childhood (15), while Elloumi et al. demonstrated an intriguing
increase in resistin in boys after a 2-month weight loss program (16). Furthermore, visfatin is a newly
discovered adipokine that mimics the action of insulin via a distinct binding site on the insulin receptor
and, therefore, an increased risk for insulin resistance (14). It is produced mainly from visceral adipose
tissue in animal models. Araki et al. (17) reported a good correlation between visceral adipose tissue
and plasma visfatin from a cross-sectional study in 56 obese Japanese children. The researchers also
demonstrated a significant difference between plasma visfatin between normal and obese children
with and without metabolic syndrome. The same findings were also found in obese Caucasian
children (18, 19). However, the data were conflicting whether visfatin has any association with insulin
resistance and other components of the metabolic syndrome. So far, there is only one intervention
study in Europe reporting the effect of weight reduction program on visfatin level in obese adolescents
(20).

However, the longitudinal and interventional study of the change in these adipokines after
lifestyle interventions with the aim of body fat reduction is still scarce. This information could enlighten
the pathophysiologic changes that occur in childhood obesity and the metabolic syndrome as well as
proven causal relationship between these biomarkers and body fat. In our previous study on the
effects of low-GlI diet on insulin resistance, we found that the low-GI diet may improve insulin
sensitivity in obese children with high baseline insulin (21). Therefore, the objective of the present
study was to compare plasma adipokine concentrations before and after a 6-month instruction of low-
Gl diet versus conventional management in obese Thai children. Additionally, we aimed to study a
relationship between plasma adipokines and body composition as well as the metabolic syndrome

risks during the 6-month studied period.

METHODS

Study design

39



The protocol was approved by the Institutional Review Board of the Faculty of Medicine,
Chulalongkorn University, Thailand. This study was a single-center prospective, randomized,
controlled trial. The methods were already published in the previous journal article (21). In brief,
eligible participants for this study with a BMI higher than the International Obesity Task Force cut-off,
corresponding to a BMI of thirty in adulthood (22), were enrolled and randomized to obesity clinic
instruction or an intervention of a low-Gl diet. For the intervention group, individual goals for weight
management were set and instruction about low-GI foods was provided. A dietitian emphasized the
selection of low-Gl carbohydrates, which were adapted from the table by Foster-Powell et al. (23). The
control group received conventional management instructions at the Nutrition Clinic about energy
restriction, low-fat and high-fiber diet. Moreover, the participants in both groups received the same
instruction about increasing physical activity. Both groups needed to maintain the monthly visits for six
months. The adherence to the nutritional education and physical activity recommendation was
evaluated by using three-day dietary records and a physical activity questionnaire at each visit. One
blood sample was taken in the morning after 12 h of fasting.

The main outcomes were adipokines that the participants were examined for at the first and
sixth visits, and which included serum leptin, adiponectin, resistin, and visfatin levels. These
adipokines were measured by ELISA KIT (R&D System Inc., Minneapolis, USA for leptin, adiponectin,
and resistin, and Adipogen Life Sciences, Liestal, Switzerland) and analyzed by using software:
Revelation Quicklink version 4.25. The secondary outcomes were the correlations between the
adipokines and BMI z-score that was calculated based on World Health Organization (WHO) 2007
growth reference using the WHO AnthroPlus program (24), and body composition that was evaluated
by using DXA (Hologic QDR Discovery A) on the first and sixth visits.

Statistical analysis

Descriptive statistics were used to summarize all quantitative data. Qualitative data were
summarized using percentages. Continuous variables were reported as mean + standard deviation
(SD) and compared between the control and intervention groups by an independent sample t-test.
Paired t-test for dependent samples was used to evaluate the changes within the groups before and
after the six-month period. We evaluated the correlations between BMI z-score, waist circumference,

body composition, insulin resistance, adipokines, and lipid profiles in each group and in all participants
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and present as forest plots. Statistical significance was defined as a P-value < 0.05. Analyses were

completed using SPSS 23.0 (SPSS Inc., Chicago, IL).

RESULTS

Seventy participants (47 boys, 23 girls) were enrolled and randomized into two groups: 35 in
each control and intervention group as shown in the flow diagram in our previous study (21). There
were 52 out of 70 participants who completed all six visits (27 in the control and 25 in the intervention
groups). Mean age in the control group was 12.0 £ 2.1 y and 11.9 £ 1.9 y in the intervention group.
The other baseline characteristics were shown in the previous study (21). All analyses followed the
intention-to-treat principle. The intervention group had significantly increased daily consumption of the
low-Gl food and decreased total energy intake compared to the control group. Moreover, brisk walking
was the common feature of exercise in both groups and around half of the participants in both groups
were physically active (21).

There were significant differences in plasma insulin levels and HOMA-IR; however, no
significant differences in adipokines between the two groups in visit 1 and visit 6 were observed (Table
1).

Despite decreased BMI z-score between the first and the sixth visits in the intervention group
(P < 0.0001), leptin and visfatin decreased while adiponectin increased, but these were not
significantly different between the first and the last visit. Table 2 shows no significant differences in the
changes of body composition, adipokines, and lipid profiles, even though fasting insulin and HOMA-IR
significantly decreased from baseline to visit 6 in the intervention group (22.2+14.3 vs. 13.7+10.9
mU/l; P = 0.004 and 4.8 + 3.3 vs. 2.9+ 2.3; P = 0.007, respectively). The correlations between
adipokines and the other parameters show in Figure 1. There were significant relationships between
baseline leptin and the change of BMI z-score in the control and intervention groups (95% CI 0.16,
0.74, p < 0.001 and 95% CI1 0.09, 0.75, p < 0.001, respectively) as well as baseline resistin, baseline
visfatin and the change of BMI z-score (95% CI 0.12, 0.74, p = 0.013 and 95% CI 0.10, 0.72, p =
0.015, respectively) in the control group. There were significant associations between baseline leptin
and the change of FMI in the control and intervention groups (95% CI 0.48, 0.87, p = < 0.001 and 95%
C10.19, 0.79, p < 0.001, respectively). The intervention tended to weaken the negative relationship
between adiponectin and the change of FFMI. There were no correlations between baseline

adipokines and the changes of insulin and HOMA-IR in either group.
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DISCUSSION

To our knowledge, this is the first study to investigate the levels of adipokines -- leptin,
adiponectin, resistin, and visfatin -- in obese children and adolescents, and their correlations with
anthropometric indices, body composition, and metabolic parameters after receiving low-Gl diet
instruction compared to those receiving conventional instruction.

Leptin levels in obese individuals are typically elevated, which can lead to leptin resistance
(25). The results in our study show that serum leptin levels were strongly and linearly related to BMI z-
score, WC, and adiposity in both groups. In agreement with previous reported findings, the expression
and secretion of leptin was positively correlated with BMI, WC, and FM (26-28). Leptin levels in obese
children and adolescents significantly reduced after the weight reduction program because leptin
levels reflect the amount of adipose tissue (29), although there was no evidence for a strong relation
of serum leptin with measures of either subcutaneous or visceral adiposity in our study, the same
result found in an earlier study (30). However, no significant differences in serum leptin between the
first and the sixth visits and between the two groups were observed. This might be because the BMI z-
score was not significantly different between the groups and the percentage of decreased BMI z-score
from the baseline in both groups was not enough to detect a change of leptin levels during the 6-
month studied period. The results from the study suggest that in order to see the most favorable
effects on leptin, a >10% weight loss along with a >10% visceral fat loss is most likely necessary (31).
Additionally, no significant correlation between leptin and insulin resistance was found in our study.
More recently, a study in 4- to 17-year-old children showed that BMI explained most of the variability
in leptin and concluded that in obesity, total adiposity, but not insulin, is the main determinant of leptin
levels (32). Fasting insulin is an indirect measure of insulin resistance. Moreover, the use of insulin to
assess the relation between leptin and insulin resistance may not be optimal because fasting insulin is
highly related to adiposity (33). However, some studies demonstrated an association between leptin
levels and insulin as well as HOMA-IR (34, 35). While the effect of Gl on insulin resistance has been
evaluated previously, reported results have been inconsistence. Several studies demonstrated a
beneficial effect of low-Gl diets on insulin resistance among children and adolescents, as did our
previous study (21, 36). Low-Gl foods are absorbed and digested slowly and therefore provide a
prolonged full state in which free fatty acid release is suppressed. Thus, improvements observed in

glucose tolerance, insulin sensitivity, and leptin may be observed following a low-Gl diet (37). This

42



beneficial effect has also been observed following a hypocaloric high-Gl diet (38). Based on those
reported results, it is probable that the effect of caloric restriction is stronger than dietary Gl and the
effect of low-Gl instruction from our study may not be strong enough to lead to a significant change of
serum leptin and make a difference between groups after receiving the interventions.

Like leptin, adiponectin is a hormone secreted by adipocytes. Previous studies reported that
there was an inverse association between body weight and circulating adiponectin, and adiponectin
was decreased in overweight and obese children and adults (39). Additionally, the comparison
between 2 meals with different Gl showed that serum adiponectin increased following consumption of
a low-Gl meal (40). Other studies also demonstrated that lower adiponectin was associated with
higher dietary Gl and glycemic load (GL) (41) and suggest that dietary modifications may improve
adiponectin. Based on the correlation of Gl and GL diet with adiponectin, as mentioned above, and a
tendency of dependence of adiponectin on the absolute values of lean mass parameters, which may
indicate that distribution of this adipokine depends on localized soft lean mass, low Gl diet may be
able to de-couple the association between adiponectin and FFMI when the participants receive the
low Gl instruction rather than conventional instruction, as our research study shows. Adiponectin is
believed to improve insulin sensitivity through a number of different mechanisms. Moreover,
adiponectin has potent anti-apoptotic effects which are believed to prevent lipid-induced pancreatic
beta cell apoptosis (42). Both of these actions would be expected to be protective against diabetes.
Unlike those studies, changes in serum adiponectin between the first and the last visits within groups
were not observed. In addition, change in serum adiponectin concentration were not significantly
different between the two studied groups, and association between adiponectin and insulin sensitivity
indices were not found. The results were similar to another randomized clinical trial studied overweight
and obese adolescents receiving a low-Gl diet instruction for 10 weeks (43). The possible reason may
be because adiponectin did not respond to this degree of BMI z-score change and not enough FM
was lost and/or FFM was increased over the course of the trial; the literature also described the
degree of weight loss related to serum adiponectin concentration and suggests that a decrease of
>10% in visceral fat may be necessary to increase adiponectin level (31, 44).

Resistin is one of the adipokines, a protein hormone that seems to be involved in the process
of blood glucose regulation and has been linked to obesity, type 2 diabetes, inflammation, and

atherosclerosis (45). In our study, there was no significant difference in resistin level within groups and
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between groups during the 6-month trial. However, resistin was significantly correlated with the
change BMI z-score in the control group. Furthermore, this adipocytokine was inversely associated
with adiponectin in the intervention group. These results probably indicate that resistin may represent
a link between obesity and insulin resistance. However, the results were a bit inconsistent in that
adipose tissue does not appear to play a role in the production of this protein and it is possible that
adiposity and resistin generate cardiovascular and metabolic syndrome risks via different pathways
(46). The physiologic role of resistin on obesity and insulin resistance is unclear and not conclusive.
Therefore, the role of resistin as an adipocytokine in children might need to be reevaluated.

Visfatin is the other adipocytokine which has been suggested as a marker of adipocity and as
a protein with possible insulin-like function (14). We found no significant differences in visfatin within
groups and between groups during the 6-month studied period, and no relationship with either BMI z-
score or FMI was found. The studies about visfatin in obese children were controversial. Davutoglu et
al. showed that log visfatin levels were significantly positively correlated to weight, BMI (like the results
in our study), and WC in the obese children group (47). Additionally, another case-control study found
that visfatin levels were significantly associated with total abdominal fat, visceral fat, subcutaneous
visceral fat, and HOMA-IR (48). Nonetheless, the cross-sectional study in 175 overweight and obese
children showed no relationship between serum visfatin levels and BMI or a high WC (19). Visfatin
was also not associated with insulin and HOMA-IR in the study. It was inconsistent with another study
of Mitra et al. (49). They found a correlation of visfatin with insulin resistance indices and metabolic
syndrome, and visfatin levels were higher in the obese children and adolescents, and in obese
children with metabolic syndrome, compared to obese subjects without metabolic syndrome. In our
study, the obese children with metabolic syndrome were not enrolled at the baseline; therefore, the
association of visfatin and insulin resistance indices might not be strong enough to be detected at the
end of the study. From the study, serum visfatin may not be a specific marker for insulin metabolism
compatible with another study (17). In addition, lipid profiles were not correlated with any adipokines in
the study. These relationships were inconsistent in previous literature. This discrepancy may be
attributable to differences in the degrees of fatty acid saturation within the triglyceride molecule, as a
consequence of dietary differences between the different participants studied to date (50).

Despite the RCT study, the low-Gl diet intervention, the same time of anthropometric and

adipocytokine examining, and the outcomes we evaluated, the limitations of this study are from the
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dietary intake data: the actual energy intake from both groups was higher than that were instructed,
even with the significant changes in the amount of low-GI foods consumed in the intervention group.
Therefore, this might result in subtle changes in body composition and adipokines. Moreover, the
effect size of BMI z-score difference of 0.78 may be too large for this kind of intervention, which might
bring about less change in body composition and adipokines. Although we wanted to study the effects
of realistically achievable low-Gl diet on all of the outcomes in the participants’ daily lives, this
intention-to-treat approach may underestimate the efficacy of the low-Gl diet on adipokines.

In conclusion, serum leptin levels were strongly correlated with the change of BMI z-score,
WC, and FMI in both groups. These results indicate that circulating leptin levels may represent the
change of BMI and adipose tissue mass in obese children, and could therefore be a useful indicator to
predict the developing or improving of insulin resistance and/or metabolic syndrome. There seems to
be insufficient evidence to consider other adipokines as a marker of adiposity and metabolic syndrome
in obese children and adolescents. Identification of the receptor system for leptin and resistin, relevant
signaling pathways, and their sensitivity state are needed for a complete evaluation of the role of
adipokines in obese children. Other inflammatory markers may be considered to use for evaluating the

effect of obesity intervention trial on inflammation among this population.
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Table 1 Comparison of BMI z-score, waist circumference, body composition measured by DXA,

fasting insulin, HOMA-IR, and adipokines between the control and intervention groups (n = 52)

Parameters Control (n = 27) Intervention (n = 25) P-value®
Visit 1
BMI z-score” 3.6+1.6° 3.7+0.9 0.88
Waist circumference (cm) 103.1+14.9 105.8+7.7 0.40
% Fat® 41.1+6.0 42.1+4.8 0.56
FMI (kg/m?) 14.0+4.5 14.7+3.8 0.56
FFMI (kg/m®) 18.8+2.9 19.1+2.6 0.66
Laboratory test
Fasting insulin (mU/L) 1518 22+14 0.035
HOMA-IR 3117 48+3.3 0.035
Leptin (ng/mL) 27.7+15.6 28.8+12.9 0.80
Adiponectin (ng/mL) 2,203.1 £1,934.8 2,077.3 £ 1,499.8 0.81
Resistin (ng/mL) 13.1+6.6 126 5.9 0.79
Visfatin (ng/mL) 11.1+125 17.9 £ 15.9 0.13
Visit 6
BMI z-core 34+13 34109 0.87
Waist circumference (cm) 104.2+15.8 106.319.5 0.55
% Fat 40.2+8.7 43.1+6.1 0.55
FMI (kg/mz)’ 144 +45 15.2+4 .4 0.59
FFMI (kg/m®) 18.8+3.4 18.8+2.6 0.84
Laboratory test"
Fasting insulin (mU/L) 14+ 10 14 + 11 0.88
HOMA-IR 32126 29+23 0.69
Leptin (ng/ml) 30.1+18.2 26.2+ 155 0.41
Adiponectin (ng/ml) 2,424.1£2,427.6 2,461.8 £1,703.3 0.94
Resistin (ng/ml) 13.2+7.0 13.6+9.8 0.89
Visfatin (ng/ml) 14.6 +£12.5 145+ 14 0.75

DXA, dual-energy X-ray absorptiometry; FMI, fat mass index = fat mass (kg)/height (m2); FFMI, fat-free mass index = fat-free
mass (kg)/height (m2); HOMA-IR, homeostatic model of assessment-insulin resistance = (FI x FPG)/22.5; FI, fasting insulin
concentration (mU/l); FPG, fasting plasma glucose (mmol/l). *These data showed means + SDs and independent sample t-test
was used to evaluate continuous variables. "BMI z-score were calculated from WHO growth reference 2007(24). “Percentage of
fat was calculated from fat mass (kg)/body weight (kg) x 100. “There were data from 26 participants in the control group due to
missing laboratory results from 1 participant. Bold text shows that intervention group was different from control group, P < 0.05.

Table 2 Comparison of changes in anthropometry, body composition measured by DXA and

laboratory tests between the control and intervention groups during the 6-month period (n = 52)

Control Intervention

Changes in outcomes® (n = 27) (n = 25) P-value®
BMI z-score -0.3+0.5° -0.3+£0.2 0.99
Waist circumference, cm 1.1+£56 0.5+4.1 0.66
FMI, kg/m* 0.3+1.6 0.8+35 0.45
FFMI, kg/m? 02+0.8 0.8+3.9 0.44
% Fat" 0128 0.1£3.0 0.35
Fasting plasma insulin, mU/L -0.8+11.3 -8.5+13.5 0.032
HOMA-IR 0.1+2.8 -1.9+3.2 0.019
Leptin, ng/ml 25+12.7 -26+129 0.18
Adiponectin, ng/ml 221 +1,120 384.5+1,164.9 0.63
Resistin, ng/ml 0.1+£5.1 0975 0.66
Visfatin, ng/ml 3.4+18.9 -2.9+16.3 0.23

®Changes in outcomes were the average of the difference between visit 6 and visit 1. "Independent sample t-test was used to
compare the data between the two groups. “Means + SDs (all such values). “Percentage of fat = fat mass (kg) x 100/body
weight (kg). Bold text showed that intervention group was different from control group, P < 0.05. DXA, dual-energy X-ray
absorptiometry; FFMI, fat-free mass index = fatfree mass (kg)/height (m2); FMI, fat mass index = fat mass (kg)/height (m2);
HOMA-IR, homeostatic model of assessment-insulin resistance = (FI x FPG)/22.5; Fl, fasting insulin concentration (mU/l); FPG,
fasting plasma glucose (mmol/l).
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Figure 1 Forest plots of the correlations between baseline adipokines and the changes of BMI z-

score, FMI, FFMI, insulin, and HOMA-IR in control and intervention groups
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Output

1. International Journal Publication

The manuscript is in the process of submitting to Pediatric Research Journal (Impact factor

2.761)

2. Research Utilization and Application

The research results demonstrate new insight into the adipokines especially leptin changes in
an obesity intervention trial. Serum leptin was positively correlated with the change of BMI z-
score and FMI during the 6-month intervention period, indicating that circulating leptin levels
may represent the change in adipose tissue mass in obese children. Therefore, it could be a
useful indicator to predict the improvement in fat mass and insulin resistance after the
intervention. For example, an obese individual who had high baseline leptin may not response
to lifestyle intervention as well as the one who had lower baseline leptin. This finding is
potentially useful in clinical care setting for general pediatrician who takes care of obese

children and could be used for further obesity research.

3. Others

Poster presentations

3.1 Visuthranukul C, Lohawijarn N, Sirimongkol P, Prachansuwan A, Chomtho S. Effects of a
low-glycemic index diet on body composition, insulin resistance, and plasma adiponectin in
obese Thai children: a randomized controlled trial. Poster presentation of International Poster
Showcase at the Clinical Nutrition Week of A.S.P.E.N., Savannah, GA, USA, January 18th-21st,
2014.

3.2 Chomtho, S, Sirimongkol, P, Prachansuwan, A, Visuthranukul, C, Poovorawan, Y. Plasma
adipokines before and after lifestyle intervention in obese Thai children. Poster presentation at
the TRF 14th New scholar meeting, Ambassador City, Jomtien, Chonburi, October 23th-25th,
2014.
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T’/" Plasma Leptin, Resistin, and Visfatin aftera
// Low Glycemic Index Diet in Dbese Thai Children
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* Corresmoting sethar- st AR, exth

Chomtho, 5.". Sirmomghol PZ Prachansuwan A, Vissthranukul C2 Peovarawan, ',
e poriment of Padinkries, Fosulty of Nediohe, Chulalosglorn University, Bangbok, Thaoilond
Division of Mutrition, Departmant of Pediswics, King Chulalongkern Memerial Hospital, Bangkok Thailand
e partment of Dintatics and Diet Therapy, King Chulalongknen Mamarisl Hoepital, Banglok, Thailand

Backgroumd-Recent avidence suppesting the roles of
adipokines in the pathogenesisof the metaboic
syndrome in ohese children: however, the longitudinal
study of the change in these adipokines after lilestyle
intarventions iz etill scarce.

[fyzctives:\. Tastudy the change in plasma
ndipakines (leptin, visfatin, resistin) efter a B-manth
lifestyla intervention with law glycemic index dietin
obese Thai childran

2. Tn study the ralationship batwaan the changa in these
adipokines and body composition as well as the
metaholic syndrame

Metfizds: Obese children aged 3-8 years from King
Chulalengkarn Mamaorial Hospital were randomized ta
receive instruction either for a low-Gl diet or a low-
anargy, low-fat diet {contrd group) to axplora the
effectivenessof a low-6l diet for weight management
program. Both groups were followed-up every month
for six manths. Plasma adipokines were analyzed by
ELISA 1echrique (Duentiking, RED system, Inc for
leptin and resistin: Adipogen far visfatia)

Releremes
[FAdern E. Sntorn M. Caprin S Endocrine] Matab Clin Morth An 2008:38:563-53.
foshinaga. Sameshima K. lambkaY ot ol Gire J 200872467485,

Tha ressarchwas supportedby the pinTRF sed IHEC | /7 o - Nbasa children who followed the low-GI diet

Aekmowdeolgerment:

furecl ogfior te rew s cholar (Grent MRESSE0204). The suthors sincersythank
Professor Yong Poovorawen for (mvalusbl s mentorship snd Teerassk
Norepucsunton far the snalysts of plasmaleptin, resisin and sfatin

Nesufts: A total of 70 obese children participatedin the
atudy with 26% drop-out Daily consemption of thalow-Gl
foods increased significantly in the low Gl groep (S1£1.1
(range 3-8) va. .5£0.8 (0-3) itema/day) whereas no change
was observed in the contral group.
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Kosults: The reductionin BMI z-score were significantly
correlaied with the alteration in plasma leptin (r=0.47, p
0.001), resistin (r=0.22, p 0.032), and visfatin (~=0.31,p
[.03). However, the dacling in fasting insulin and HOMA-IR

ere weakly associated with the change in plasmaleptin (r
=030, p 004 and r =076, p .07, respectively).

program have shawn some improvemen in insulin

sensitivity, reflecting through the change in plasma leptin.
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