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ABSTRACT 

ELIZABETH SOLIS DE SANCHEZ 

RELATIONSHIP OF LEPTIN CONCENTRATIONS WITH INSULIN, GLUCOSE, 
LIPOPROTEINS, CHOLESTEROL, TRIGLYCERIDES, AND BODY MASS INDEX 

IN OBESE CHILDREN IN MONTERREY, MEXICO 

DECEMBER 2004 

Obesity in children is one of the most prevalent chronic diseases. There is a 

growing awareness of the long term complications. Leptin is a hormone secreted by the 

fat cell. The purpose of this study was to determine the relationship between leptin 

concentrations and insulin, glucose, high density lipoproteins (HDL-C), low density 

lipoproteins (LDL-C), total cholesterol, triglycerides, and body mass index (BMI) in 

Mexican obese children from Monterrey, Nuevo Leon, Mexico. One hundred children 

from 6 to 12 years were studied. This included 24 children with obesity who participated 

in a summer camp for weight reduction and in a multidisciplinary treatment for 6 months, 

41 obese children without intervention, and 35 non obese children and no intervention. 

Anthropometric and biochemical determinations were at baseline and after 6 months. To 

measure obesity, body mass index was determined using the parameters of the United 

States of America growth charts (CDC, USA, 2000). Serum leptin, glucose, insulin, . 

HDL-C, LDL-C, total cholesterol, and triglycerides were all measured. The serum leptin 

levels were significantly higher in obese children than in non obese children [baseline 
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15.85 ng/mL vs 5.43 ng/mL( z = -5.201, p < .001); 6 months 17.54 ng/mL vs 7.10 ng/mL 

(z = -5 .2 15, p < .001)]. Plasma leptin levels decreased in obese children with intervention 

(-4.44 ng/mL less leptin, p <.05). Baseline leptin concentration was significantly 

correlated with insulin for all three groups; obese with intervention (r = .670), obese no 

intervention (r = .748), and non obese (r = .670). Baseline BMI was significantly 

correlated with baseline leptin for the obese children who received the intervention (r = 

.569 ) and those who did not (r = .453). This study shows the concentration levels of 

leptin in Mexican obese and non obese children, as well the importance of leptin 

relationships with insulin and body mass index. Further research is necessary to establish 

the role of leptin with clinical and biochemical parameters in Mexican obese children. 
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CHAPTER 1 

INTRODUCTION 

The prevalence of childhood obesity is on the rise in the USA and around the 

world. Between the 1960s and 1988-1994, the prevalence among 6 through 11 year old 

children increased from 4% to 11 %. In 1999-2000, more than 15% of 6 through 19 year 

olds were overweight and more than 10% of 2 through 5 year olds were overweight. The 

increase is particularly evident among non-Hispanic black and Mexican-American 

adolescents (Ogden, Flegal, Carroll, & Johnson, 2002). 

Obesity is one of the most prevalent chronic disorders in childhood. There is a 

growing awareness of the long term complications. Although obesity prevalence in 

developing countries has not reached the level of United States of America, there are data 

that show an alarming upward trend in obesity rates (Caballero, 2001 ). 

In Mexico, a nutritional survey from 1999 showed an obesity prevalence of 5 .3% 

in a population under 5 years old. By region, the higher prevalence (7.3%) is in the North 

region. Nuevo Leon is a state located in this area. The prevalence of overweight and 

obesity in children under five years increased between 1988 and 1999 in all regions from 

Mexico. The increase in the prevalence was 0.7% in 10 years. This confirms the necessity 

to provide continuous surveillance of overweight and obesity in this pediatric population. 

(INSP, 2000). 



A study from the Autonomous University of Nuevo Leon and its Public Health 

and Nutrition School, demonstrated that Nuevo Leon has an overweight prevalence of 

19% in children less than five years (UANL, FaSPyN, SSNL, DIF, Caritas de Monterrey, 

2001 ). This prevalence is above the national index. Because pediatric obesity is a 

growing problem in Mexico, clinical studies in children with obesity are important to 

prevent obesity during adulthood. 

After the discovery of leptin (Zhang et al., 1994), efforts have been made to 

identify the role of this peptide in human obesity. Leptin levels and its relationship with 

some clinical parameters, such as insulin, glucose, low density lipoprotein cholesterol 

(LDL-C), high density lipoprotein cholesterol (HDL-C), total cholesterol, and body mass 

index (BMI), represent an approach to analyze the role of this hormone during childhood 

obesity. 

Leptin, the product of the OB gene, is a hormone secreted by adipocytes. This 

protein seems to play an important role in the body weight regulation of obese children. 

Despite a clear bodystat function in obese children, the physiological role of leptin is not 

yet fully understood. Some studies (Byrnes, Baur, Bermingham, Brock, & Steinbeck, 

1999; Chu, Wang, Shieh, & Rimm, 2000; Falorni et -al., 1997; Holub et al., 1999; 

Johnson , Huang , Figueroa-Colon, Dwyer, & Goran, 2001; Zadik et al., 2000) show the 

role of leptin to predict weight gain in obese children and its interrelationship with other 

parameters, such as insulin, lipoproteins, exercise, and growth hormone. However, 

further studies are necessary to clarify this relationship. 
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The implications of leptin as a lipostatic factor and central satiety agent are 

known. However, considerable evidence for the systemic effects of leptin on specific 

tissues and metabolic pathways indicates that leptin operates both directly and indirectly 

to initiate complex pathophysiological processes. Studying the biochemical and 

molecular mechanisms of leptin in obese children is one of the major challenges ahead. 

Knowledge of leptin concentrations in obese children is lacking in Mexico. In fact, this 

will be the first study on leptin in the University Hospital Dr. Jose Eleuterio Gonzalez, 

Monterrey, Mexico. In order to know the levels of leptin in Mexican obese children, it is 

necessary to design a study for which we have a control group. Several studies show that 

BMI can affect the leptin levels. From this perspective, it would be important to identify 

the leptin concentrations in obese children after weight reduction. 

To attempt the prevention of childhood obesity, it would be clinically useful to 

have a predictive parameter or set of parameters with which to define "at risk" state of 

obesity (Byrnes et al., 1999). Studying the relationship of leptin concentrations with 

biochemical and anthropometric measurements would have important implications for 

our approach to the treatment and prevention of childhood obesity. There is a lack of 

studies in obese children. Differences in race, age, sex, and follow-up time between 

studies mean that generalizations and comparisons are difficult. The variable weight gain 

differs widely among studies, from changes in body weight and body mass index to the 

percentage of fat and total fat mass. Currently there is no clear position of the effect of 

leptin on weight gain in humans. 
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The purpose of this study was to determine the relationship of leptin 

concentrations with insulin, glucose, lipoproteins (HDL-C and LDL-C), cholesterol, 

triglycerides, and BMI in Mexican obese children from Monterrey, Nuevo Leon, Mexico. 

Specific objectives were: 

1. To compare serum leptin levels of obese and non obese children. 

2. To determine if a difference in serum leptin levels exists between 

the basal sample and after six months under a multidisciplinary 

treatment for weight loss. 

3. To determine if a relationship exists between leptin and insulin; 

leptin and glucose; leptin and cholesterol; leptin and triglycerides; 

leptin and HDL-C, leptin and LDL-C lipoproteins; leptin and BMI. 

The null hypotheses are: 

1. There will be no difference in serum leptin levels between 

Mexican obese children and Mexican children without obesity. 

2. As a result of weight reduction, there will be no difference in 

serum leptin levels between obese children who participate in a 

treatment program of weight los_s and obese children who do not 

participate. 

3. There is no significant relationship between leptin-and insulin; 

leptin and glucose; leptin and cholesterol; leptin and triglycerides; 

leptin and HDL-C, leptin and LDL-C lipoproteins; leptin and BMI 

in Mexican children. 
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Limitations of the Study 

Limitations of this study should be mentioned. First, obese children were not 

randomly assigned to intervention or no intervention groups. Second, at the beginning of 

the study the obese children with no intervention had significantly less body mass 

indexes (M = 24.07) than obese children with intervention (M = 27.05) [F(2, 82) = 65.16, 

p< .001]. 
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Obesity in Children 

CHAPTER2 

LITERATURE REVIEW 

Data from the 1999-2000 National Health and Nutrition Examination Survey 

(NHANES) indicate that the overweight prevalence in US children and adolescents has 

continued to increase through the 1990s. Overweight prevalence for persons between the 

ages of 2 and 19 years was 10% in 1988-1994 and this increased the risk of morbidity 

from coronary heart disease, hypertension and diabetes mellitus. Also children who are 

overweight are more likely to become overweight adults (Jolliffe, 2004). 

Overweight is due to an imbalance between dietary intake and energy 

expenditure, however the exact reason for the imbalance for children is not clear (Ogden 

et al., 2002). Recent studies of the physiology and molecular genetics of obesity in 

humans have provided evidence that body weight is regulated. Some of the genes 

encoding the molecular components of this regulatory system have been isolated from 

rodents. The increasing prevalence of obesity in the T)nited States apparently represents 

the interactions of these genes with an environment that encourages a sedentary lifestyle 

and consumption of calories (Rosenbaum & Leibel, 1998). 

Several disorders have been linked to overweight in childhood. Many of the 

cardiovascular consequences that characterize adult-onset obesity are preceded by 

abnormalities that begin in childhood. Hyperlipidemia, hypertension, and abnormal 
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glucose tolerance occur with increased frequency in obese children and adolescents 

(Dietz, 1998). 

The Body Mass Index (BMI) expressed as body weight in kilograms divided by 

the square of height in meters (kg/m2
) meets the criteria to assessment of obesity in 

children. BMI is the standard obesity assessment in adults, and its use in children has 

provided a consistent measure across age groups. The Centers for Disease Control and 

Prevention (CDC) Growth Charts, released in May 2000, consists of revised version of 

the growth charts developed by the National Center for Health Statistics (NCHS) in 1977 

and the addition of the new BMI for age charts. CDC recommends that the BMI for age 

charts be used for all individual between 2-20 years of age in place of the weight for 

stature charts developed in 1977 (CDC, 2000). 

Plasma Leptin Concentrations in Obese Children 

Leptin is the name given to the protein product of the defective gene discovered in 

the ob/ob mouse (Zhang et al., 1994). As leptin is synthesized in fat cells and secreted by 

these cells, the circulating concentration of leptin is proportional to the adipose mass. 

Obesity in children is accompanied by increased circulating leptin concentrations. 

Different studies show that blood leptin level is consistent with the level of growth and 

adiposity tissue and the degree of adiposity rebound. 

Mechanisms of Leptin Action 

Leptin is secreted by adipose cells, and the long-term regulation of serum l~ptin 

concentration is primarily determined by the adipose mass (Friedman, 2002; Leibel, 

2002). Because females have higher percentages of body fat than males, leptin levels are 
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higher in females. Leptin levels are reduced in starvation and are increased by eating. A 

variety of short-term regulation exists including insulin and cortisol, but the physiological 

importance of short term regulation is less clear. 

Leptin binds to a cell-surface receptor of the Janus kinase/signal transducer and 

activator of transcription (ST AT) type, and induces a series of serine phosphorylations 

that results in nuclear translocation of the ST AT protein (Sweeney, 2002). This 

activation, in turn, is inhibited by suppressors of cytokine signaling. This system acts 

through one or more leptin receptors isoforms in the hypothalamus. A short form of the 

leptin receptor is responsible for the transport of leptin into the central nervous system. 

Whether peripheral leptin receptors act in response to physiological or to 

pharmacological doses of leptin is unclear (Gorden & Gavrilova, 2003). Satiety is 

probably induced by the leptin receptor system in the central nervous system. 

Leptin and Weight Gain 

Studies of diverse populations, such as adult Mauritius post obese women (Nagy, 

1998) have failed to find any associations between initial leptin concentrations and 

subsequent weight gain over differing periods ( 4 to 8 years). However, a positive 

re lationship was found in a cohort of middle-aged Swedish women (Lissner et al. , 1999). 

Di Stefano et al. , (2000) performed an extensive analysis in a large group of obese 

children and adolescents in order to establish in greater detail whether baseline leptin 

serum values were predictive of a subsequent response to an educational - based weight 

excess reduction program (WERP). They recruited 426 (241 males and 185 females) 

obese subjects, aged 9 - 15 years. The obese subjects were subdivided into responsive 
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and non-responsive, according to reduction or no reduction of their body mass index 

(BMI) Z-scores during the WERP. Leptin concentrations were assayed at baseline and 

were included together with other independent variables in statistical multiple regression 

analysis. Their results showed a significant positive correlation between leptin values and 

BMI Z-score reduction at the second, third and fourth semester of follow-up. These 

findings support a significant role for serum leptin concentration in predicting BMI 

changes as a response to an educational excess weight reduction program. In addition, the 

study demonstrated a significant influence of puberty as well as of age. However, they 

recognize that the role of leptin is influenced by mechanisms restricted to adipose tissue 

and the modulation of leptin expression. The importance of studying these aspects is 

evident in this research. 

Another study from the University of Southern California (Johnson et al. , 2001) 

was conducted to determine whether initial basal levels or temporal changes in fasting 

leptin are associated with longitudinal changes in body fat mass in children. The study 

group consisted of 85 children ( 42 White and 43 African American) with a mean initial 

age of 8.1 years. The children had between three and six annual visits for repeated 

measurements of body composition by Dual-Energy X ray-Absorptiometry (DEXA) and 

fasting leptin level. The major finding of this study was that high baseline leptin 

concentration was predictive of an increased rate of subsequent fat gain in boys and girls 

and in African Americans and whites, independent of the initial levels of fat mass. In 

contrast, the temporal changes in leptin and fat mass during this period of growth were 

significantly related in African Americans but not whites. The researchers concluded that 
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high initial levels of leptin were predictive of increased fat gain in all children, regardless 

of race, sex, or degree of sexual maturation. They suggested that children maybe resistant 

to the effect of leptin during early puberal growth. 

A similar study (in normal weight children) was conducted in Australia to identify 

specifically which biochemical indices predict excessive weight gain over time in a 

cohort of pre-pubertal children (Byrnes et al., 1999). Fifty-nine healthy pre-pubertal 

children (age 6.3 - 9.8 years) were studied. The pre-pubertal state was defined by 

maternal report and self-report by comparison with diagrammatic Tanner puberty stages. 

BMI was calculated for each subject and was expressed as a BMI Z-score and percentile · 

using NCHS reference values. Body composition was determined using bioelectrical 

impedance analysis (BIA). Glucose, total cholesterol, high density lipoprotein (HDL) 

cholesterol, and triglycerides were measured. No weight management intervention was 

provided to any family. 

Weight change after six months demonstrated no correlation with fasting plasma 

levels of leptin, insulin, insulin: glucose (IG) ratio, cholesterol, triglycerides or high 

density lipoprotein (HDL) cholesterol. However, after 12 months there was a significant 

negative correlation between BMI Z - score change a~d initial plasma leptin and this 

relationship strengthened when adjusted for body fat. No relationship was observed 

between weight change after 12 months and plasma levels of insulin, IG ratio, HDL 

cholesterol or triglyceride. In this study, plasma leptin and total cholesterol were found to 

be predictive of weight gain over 12 months in a cohort of pre-pubertal children. These 

two variables are potential predictors and can be readily measured in clinical practice. 
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A study with 2.5 years of follow up in obese children demonstrated the 

importance of plasma leptin in predicting future weight gain in girls. This was a biracial 

cohort of 68 obese children (33 male and 35 female; 46 Caucasians and 22 African

Americans, age range 7-18 years). The conclusion showed that high leptin levels are 

associated with excessive future weight gain only in girls (Savoye et al., 2002). 

Plasma Leptin Concentrations in Relation to Insulin 

The possible effect of insulin on leptin production is still a matter of debate. 

Although acute effects have been considered unlikely, a prolonged exposure to insulin 

might influence leptin. Insulin and leptin concentrations seem to be associated, but 

plasma insulin does not acutely regulate leptin production. A putative clinical relevance 

of this leptin-insulin relationship could be in accordance with the suggestion by Zimmet 

( 1996) and colleagues that hyperleptinemia could be the missing link in the metabolic 

syndrome. A study was done to evaluate the association of plasma leptin concentration 

with obesity and the components of insulin resistance syndrome (IRS) among school 

children in Taiwan. They randomly selected 1,264 children aged 12-16 years. Obesity 

measurements included body mass index (BMI) and waist-to-hip circumference ratio 

(WHR). Also, they calculated an IRS summary score for each individual by adding the 

quartile ranks from the distribution of systolic blood pressure (BP), serum triglycerides 

(TG), HDL-cholesterol (inverse), and insul~n levels. 

The results showed that boys had higher BMI and WHR, BP and IRS score and 

lower leptin, insulin, TG, and HDL-C levels than girls. BMI, WHR and plasma leptin 

levels were significantly associated with the IRS summary score and each of its 
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components in both genders. Children with higher leptin levels (> 7 5th percentiles) have 

significantly higher BP, TG, insulin levels and IRS scores than children with low leptin 

levels. The associations between plasma leptin level and the IRS components and score 

were still significant after adjusting for BMI in boys, but less so in girls. In both genders, 

after adjusting for WHR, plasma leptin levels were still significantly associated with the 

IRS components and summary score. The final model that included the standard 

covariates, BMI and leptin, but not WHR, was the most predictive of the IRS summary 

score among school children. They concluded that insulin resistance syndrome in 

childhood, characterized by high blood pressure, dyslipidemia, and hyperinsulinemia may 

be an early marker of cardiovascular risk. For the present, at least in this study, BMI and 

leptin in combination are the most predictive markers of IRS among school children in 

Taiwan (Chu et al., 2000). 

Sudi et al. , (2000) studied whether insulin contributes to leptin in obese children, 

independent of confounding parameters, such as total adiposity, fasting insulin resistance 

index, and fat free mass. In 100 obese boys and 103 obese girls, blood levels of leptin, 

insulin, glucose, and triglycerides were determined. Leptin and glucose were higher in 

girls, and all estimates of adiposity were significantly associated with leptin. In this study, 

the findings indicate that in the state of childhood and adolescent obesity, total adiposity 

but not insulin or insulin resistance index is the main determinant for leptin. In contrast to 

obese girls, the fat free mass and triglycerides contribute significantly to · the variation in 

leptin in obese boys. 
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On the other hand, the interrelationship between insulin, leptin and growth 

hormone (GH) in growth hormone -treated children has been studied. Zadik et al., (2000) 

examined insulin homeostasis during growth hormone therapy and investigated the effect 

of GH treatment on insulin and leptin concentration in obese children. In these patients 

( obese children with Prader-Willi Syndrome treated with growth hormone; non-obese 

short children treated with growth hormone) increased insulin dosage did not induce an 

increase in leptin concentration as had been hypothesized. 

Relationship among systolic blood pressure, serum insulin and leptin, and visceral 

fat accumulation in obese children was studied by Nishina et al., (2003). This study 

examined 109 obese children with a family history of hypertension, and 83 obese 

children without such history. All subjects were simply obese, without diabetic states. 

The results showed that systolic blood pressure was associated with hyperinsulinemia, 

hyperleptinemia, and visceral accumulation regardless of a family history of hypertension 

in obese children. 

Leptin and Lipoproteins 

A study about the role of leptin and lipoproteins during weight reduction in 

overweight children was conducted in Vienna (Holub et al., 1999). Researchers studied 

the possible association of leptin with plasma lipoproteins. They measured leptin, 

lipoprotein cholesterol and apolipoproteins (apo) A-I and Bin 34 obese children (age 

12.5 years and relative BMI 28) before and after three weeks of weight reduction in a 

dietary camp. Lipoprotein binding of endogenous and exogenously radiolabelled leptin 

was studied by preparative ultracentrifugation. The conclusions in this study were that 
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plasma leptin decreases in overweight children undergoing short term weight reduction. 

In obese children, plasma apo A-I and HDL cholesterol are independent predictors of 

leptin concentrations during weight loss, respectively. In addition, HDL cholesterol 

transport a variable portion of leptin in the circulation; therefore it is important to 

consider this interaction for leptin physiology. 

Leptin Levels, Glucose, Lipids 

Laskowska-Klita, Ambroszkiewicz, Weker, Szymborska, and Klemarczyc 

(2002) determined the serum leptin levels, glucose concentration, lipids (total cholesterol, 

HDL-cholesterol, LDL-cholesterol, triglycerides) and thyroid hormones level in a group 

of prepubertal children with simple obesity. The results indicated that in children with 

simple obesity there was no dyslipidemia connected with leptin and thyroid hormone 

levels. However, higher triglyceride and lower HDL-C concentrations suggest a necessity 

of monitoring BMI and lipid profile in these patients. Another study that failed to find 

association between leptin levels and total cholesterol was from Pilcova and colleagues 

(2003). They showed that leptin had a strong relationship to fat distribution in obese 

children but no significant correlation between leptin concentrations and total cholesterol. 

In order to summarize the literature review of leptin concentration in children is 

presented a table in Appendix A. 
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CHAPTER3 

MATERIALS AND METHODS 

Participants and Study Design 

One hundred children (44 males, 56 females) ages 6 to 12 years were included in 

this study. Eight females and seven females did not return for the follow-up six month 

session. Therefore, the final sample included 85 children (3 7 males, 48 females). 

The children were divided into one of three groups; children with obesity and 

intervention, children with obesity and no intervention, and children without obesity and 

no intervention. Group one ( obesity and intervention) included 24 Mexican obese 

children (10 males, 14 females) with body mass indexes (BMI) from 85th to 95 th 

percentile or over 95th percentile (CDC, 2000). These children participated in a 

multidisciplinary ( endocrinologist, pediatrician, dietitian, nurse, sport physician, and 

psychologist) weight loss treatment program, which consisted of a week long summer 

camp and a monthly follow-up for six months. Group two ( obesity with no intervention) 

included 41 Mexican obese children (17 males, 24 females) with body mass indexes 

(BMI) from 85 th to 95 th percentile or over 95 th percent~le (CDC, 2000). These children did 

not participate in the summer camp or multidisciplinary program. Group three (without 

obesity and no intervention) included 35 M~xican non obese children (17 males, 18. 

females) with BMis between 25 th to 84th percentile from the reference of CDC (USA, 

15 



2000) and judged healthy by history and physical examination. Each parameter was 

measured at baseline and at the six month follow up for all participants. 

Exclusion Criteria 

Children younger than 5 years and over 12 years of age were excluded from the 

study. Children with any disease other than obesity were also excluded. 

Recruitment and Confidentiality 

The study was conducted in Monterrey, Nuevo Leon, Mexico at the Department 

of Endocrinology, University Hospital Dr. Jose Eleuterio Gonzalez. Participants for the 

study were from the protocol, "The effects of a Mexican children's summer camp 

program on weight loss and leptin with six months of follow-up", which was approved on 

May 8, 2002 with extension until May 8, 2005 by the Texas Woman's University 

Institutional Review Board (IRB). Also, this study had the approval from the University 

Hospital on January 2003 and was approved to use the data (See Appendix B). The 

recruitment of obese children with intervention was through invitation. Children without 

intervention and without obesity were recruited from an elementary school after 

authorization of the Secretary of Health and Secretary of Education in Nuevo Leon, 

Mexico. 

Before the study, an individual conference was held with each parent. The parents 

and children received oral and written information as to the nature of the study, and the 

risks involved with venipuncture. Adequate time for questions and answers were allowed. 

Written consent was obtained from the parent or legal guardian, and the child. Data were 

coded to protect confidentiality and stored in a locked file in a separate area from the key 
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to the coded information. Procedures were in accordance with the ethical standards and 

guidelines by the IRB at Texas Woman's University, Denton, TX. 

Body Mass Index 

The height and weight of children were measured to calculate BMI (baseline and 

follow-up at six months). Height was measured to the nearest 0.1 cm. on a statiometer 

(Seca, London UK). Weight was measured to the nearest 0.1 kg with a beam balance 

(Seca, London UK) scale without shoes and in lightweight clothing. The body mass index 

(kg/m2
) was calculated and compared to the reference values of CDC, (2000). CDC 

defines risk of obesity if the children have a body mass index from 85 to 95 percentile; 

and obesity if the children have equal or more than 95 percentile (CDC, USA, 2000). 

Biochemical Determinations 

Fasting venous blood was collected at the beginning of the study and at 6 months 

fo llowing standardized techniques. Venipuncture was performed, with the child in a 

sitting position, by a trained professional at the laboratories from the Children Hospital of 

Monten ey and University Hospital, Mexico, to collect 10 mL of blood. This blood 

sample was separated into four tubes: 1 mL with EDT A and the rest into 3 tubes (3 mL 

each one) for coagulated sample. Immediately, the tube with EDTA (1 mL) was 

centrifuged to separate the plasma and to determine glucose. The tubes with coagulated 

blood were centrifuged and stored at -29.5 ° C to determine leptin, insulin, lipoproteins 

(HDL and LDL), cholesterol, and triglycerides. 

Plasma glucose, insulin, and leptin were measured in the Endocrinology 

Laboratory. Plasma glucose was done on a Beckman, Glucose Analyzer 2 using the 
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method of glucose oxidase. Insulin (microparticle enzyme immunoassay) and leptin 

(radioimmunoassay) were done on a RIASTAR Gamma Counter with multi-channel 

analyzer using a commercial kit from Diagnostic Products Corporation and Linco 

Research, Inc, respectively (See Appendix C for details). 

The determinations of total cholesterol, triglycerides and lipoproteins (HDL and 

LDL) were assayed by enzymatic colorimetric methods using a multi-channel analyzer 

(Synchron LX 20) in the General Laboratory of the University Hospital. It is an 

automated chemistry analyzer from Beckman, Instruments, which can perform 91 

different biochemical parameters. 

Statistical Analyses 

One-way Analyses of Variance (ANOVAs) were conducted to determine 

differences between groups on the variables of leptin, insulin, glucose, cholesterol, 

triglycerides, lipoproteins (HDL and LDL), and body mass index. Tukey's Post Hoc 

Tests were used to determine where significant differences occurred. For data not 

normally distributed, nonparametric Mann Whitney U, and Spearman' s rho tests were 

employed. Significance was set at less than .05 and SPSS (Statistical Package for Social 

Sciences) 12.0 was used. 
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CHAPTER4 

RESULTS 

Demographics of Study Participants 

One-way analyses of variance on baseline leptin, insulin, glucose, cholesterol, 

triglycerides, lipoproteins (HDL and LDL), as well as age, height, weight and body mass 

index were conducted to determine if differences occurred between the children who 

dropped out and those who completed both sessions. As shown in Table 1, participants 

who completed both sessions of the study did not differ on any of the baseline values. Chi 

square tests showed that those children who did not finish were not more likely to be 

males or females (p = .822) nor were they more likely to have been in one of the three 

groups; children with obesity and intervention, children with obesity and no intervention, 

and children without obesity and no intervention (p = .219). Since the two groups were 

statistically shown to be the same, children who did not participate in both the initial and 

six month follow up session were not included in further analyses because the proposed 

analyses focused on differences from baseline to six months, although the children were 

statistically shown to be the same. 

There were slightly more females (N = 48) than males (N = 3 7) in the present 

sample. The average age of all the participants was 8.84 years at the start of the study. 

The average height of the children was 1.35 meters and the average weight was 42.76 Kg 
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at baseline and 1 .40 meters and 43.82 Kg at the six month follow up. The average BMI 

of the children was 22.46 at baseline and 22.27 at the follow up. 

Table 2 shows the descriptive statistics for the children who completed both 

sessions, as well as by each of the three research groups. One-way analyses of variance 

showed that the three groups did not significantly differ at baseline or follow up on age or 

height (all Fs, ns). Nonparametric Kruskal-Wallis test showed that while it was expected 

for the healthy group to have lower weight and BMI scores at baseline and follow up than 

the two obese groups (all ps < .05), it was not expected that the obese children with no 

intervention would have significantly less body mass indexes (M = 24.07) than obese 

children with intervention (M = 27.05) (p < .001). Therefore analyses of covariance 

(ANCOV A) were used to statistically control for this baseline BMI difference where 

necessary. 

Paired-samples t test for all participants also showed that, as expected, age, height, 

and weight all significantly increased over the six month period (all ts, p < .05), however 

BMI did not significantly change (t = .901, ns). Nonparametric Kruskal-Wallis tests were 

conducted to determine if the three groups were significantly different on their change in 

weight and BMI over the six month period. As shown in Table 3, the obese children who 

completed the intervention had a significant decrease i~ weight (M = -1.65), while obese 

children who did not complete the intervention (M = + 2.15) and non obese children (M = 

+ 1.66) had an increase in weight (p <.05). 
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Table 1 

Average Baseline Age, Weight, Height, Body Mass Index, Leptin, Insulin, Glucose, 

Cholesterol, Triglycerides, Lipoproteins (HDL and LDL) Scores between Children Who 

Completed Both Sessions (N = 85) and Those Who Did Not Finish (N = 15) 

F p Mean SD 
Age-years .05 .824 

Finished 8.84 1.77 
Not Finished 9.47 2.07 

Weight-Ki lo grams 1.54 .218 
Finished 42.76 15.64 
Not Finished 39.87 17.57 

Height-Meters .20 .642 
Finished 1.36 .13 
Not Finished 1.35 .10 

BMI -Kg/m2 1.29 .260 
Finished 22.46 5.28 
Not Finished 20.76 5.82 

Leptin-ng/mL .76 .386 
Finished 12.54 10.49 
Not Finished 10.10 6.06 

lnsulin-µ/mL 1.65 .202 
Finished 8.25 5.09 
Not Finished 6.39 5.53 

Glucose-mg/dL .23 .631 

Finished 80.65 9.25 
Not Finished 81.93 11.04 

Cholesterol-mg/dL .08 .774 

Finished 162.89 26.86 

Not Finished 165.13 32.89 

Tri glycerides-mg/dL .55 .459 

Finished 96.28 59.28 

Not Finished 84.27 46.97 

HDL-C-mg/dL .04 .840 

Finished 47.78 9.55 

Not Finished 48.33 11.14 

LDL-C-mg/dL .37 .545 

Finished 95.76 21.78 

Not Finished 99.53 24.24 
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Table 2 

Descriptive Statistics of Baseline and Follow-up Scores for Children who Completed 

Both Sessions (N = 85), as well as by the Three Groups; Children with Obesity and 

Intervention (N = 21), Children with Obesity and No Intervention (N = 34), and Children 

without Obesity and No Intervention (N = 27) 

Baseline Six Months 
Mean SD Mean SD 

All Participants 
Age 8.84 1.77 9.16 1.80 
Weight 42.76 15.64 43.82 15.44 
Height 1.35 .13 1.40 .13 
BMI 22.46 5.28 22.27 5.09 

Intervention 
Age 8.673 1.98 8.95 3 1.94 
Weight 53.03 3 13.92 51.38 3 13.74 
Height 1.373 .13 1.403 .14 

BMI 27.05 3 3.45 26.23 3 3.46 

No Intervention 
Age 9.003 1.63 9.43 3 1.63 

Weight 46.693 14.19 48.843 14.70 

Height 1.373 .12 1.41 a .12 

BMI 24.07b 4.00 23.64b 4.47 

Non Obese 
Age 8.743 1.83 8.963 1.93 

b 31.05b Weight 29.40 . 8.35 8.61 

Height 1.323 .13. 1.403 .13 

BMI 16.69c 1.87 · 17.33c 2.47 

Note: Corresponding column means with different superscripts differed significantly by 
nonparametric Kruskal Wallis test (p < .05). 
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Table 3 

Average Weight and BM! at Baseline and at Six Month Follow Up and Average Change 

in the Two for Obese with Intervention, Obese without Intervention, and Non Obese 

Children 

Baseline 6 Months Change 
N Mean SD Mean SD Mean 

Weight 
Intervention 21 53.03 13.92 51.38 13.74 -1.65 8 

No Intervention 34 46.69 14.19 48.84 14.70 +2.15b 
Non Obese 27 29.40 8.35 16.23 13.29 + 1.66b 

BMI 
Intervention 21 27.05 3.45 26.23 3.46 -.828 

No Intervention 34 24.07 4.00 23 .64 4.47 -.44a 

Non Obese 27 16.69 1.87 17.33 2.47 +.64b 

Note: Column means for weight and BMI with different superscripts differed 
significantly by non parametric, Kruskal-Wallis test, (p < .05). 

SD 

.77 
2.97 
1.02 

.67 
2.39 
1.69 

The Kruskal-Wallis test also showed that the obese children who completed the 

intervention (M = -.82) and those who did not (M = -.44) had a decrease in BMI, while 

non obese children had an increase in BMI (M = .64) (p < .05). 

Gender 

One-way ANOV AS showed that mal~s and females did not significantly differ on 

age, weight, height, BMI, insulin, glucose, cholesterol, triglycerides, high density 

lipoprotein cholesterol, or low density lipoproteins cholesterol (See Table 4). 
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Table 4 

Average Baseline Age, Weight, Height, Body Mass Index, Insulin, Glucose, Cholesterol, 

Triglycerides, Lipoproteins (HDL and LDL) Scores between Males (N = 36) and Females 

(N = 48) 

F p Mean SD 

Age .53 .469 
Males 8.68 1.83 
Females 8.96 1.74 

Weight .01 .907 
Males 42.54 14.62 
Females 42.94 16.53 

Height .04 .838 
Males 1.36 .13 
Females 1.37 .13 

BMI .51 .478 
Males 22.93 5.44 
Females 22.10 5.19 

Insulin 1.54 .218 
Males 7.47 4.24 

Females 8.85 5.64 

Glucose .05 .832 
Males 80.89 8.24 

Females 80.46 10.04 

Cholesterol 1.16 .285 

Males 166.46 29 .11 

Females 160.15 24 .95 

Triglycerides .02 .885 

Males 97.35 62.34 

Females 95.45 57.46 

HDL 1.99 .162 

Males 49.43 10.49 

Females 46.50 8.66 

LDL .37 .545 

Males 97.41 · 23.65 

Females 94.50 20.38 
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As shown in Table 5, males and females also did not differ on their baseline leptin 

concentrations (F = 4.10, ns), however, males and females significantly differed on their 

follow up leptin concentrations (F = 3.80, p < .05) and their change in leptin over the six 

months (F = 4.14, p < .05). Males (M = 11.25) had significantly less leptin than females 

(M = 16.23) at the six month follow up. Females also significantly increased leptin 

concentrations over the six months (M = +3.35), while males decreased (M = -1.36). 

Table 5 

Average Leptin Scores at Baseline and at Six Month Follow Up and Average Change in 

Leptin For Males and Females 

Baseline 6 Months Change 
N Mean SD Mean SD Mean SD 

Males 36 12.293 10.43 11.253 8.29 -1.363 7.43 

Females 48 12.733 10.64 16.23b 13.29 +3.35b 12.10 

Note: Column means with different superscripts differed significantly by Tukey's Post 
Hoc test, (p < .05). · 

Leptin Levels in Males and Females by Group 

Due to the relatively low cell sizes, nonparametric Mann Whitney U tests were 

conducted to determine if males and females differed on leptin at baseline and follow up, 
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as well as the change in leptin concentrations between obese children who received the 

intervention, obese children who did not receive the intervention, and non obese children. 

As shown in Table 6, males and females did not significantly differ on baseline leptin, 

follow up leptin, or the change in leptin between the three groups (all zs , ns) , however to 

confirm these results, additional participants in each group should be collected. 

Table 6 

Average Leptin Scores at Baseline and at Six Month Follow Up and Average Change in 

Leptin by Males and females for Obese with Intervention, Obese without Intervention, 

and Non Obese Children 

Baseline 6 Months Change 
N Mean SD Mean SD Mean SD 

Value Value Value 
Obese Intervention 

Males 11 23.34 9.01 15.61 6.41 -7.73 5.26 
Females 10 25.57 11.21 24.11 15.08 -1.45 16.85 

Obese No Intervention 
Males 20 9.08 6.99 13.10 9.69 +3.67 4.39 
Females 14 12.34 7.21 17.98 11.69 +5.32 10.29 

Non Obese 
Males 16 6.90 8.66 4.92 2.61 -1.97 7.81 
Females 11 4.42 2.63 8.61 10.26 +4.19 10.15 

Mann Whitney U, p < . 05 
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Leptin Levels in Obese and Non Obese 

As expected, nonparametric Mann Whitney U tests showed that average plasma 

leptin concentration was significantly higher in obese children than non obese children at 

baseline (z = -5.201 , p < .001) and the six month follow up (z = -5.215 , p < .001). As 

shown in Table 7, there were no statistical differences in the amount of change in leptin 

concentration over the six months between obese and non obese children (z = -.173 , ns), 

however this result most likely occurred because some obese children completed the 

intervention, while others did not. 

Table 7 

Average Leptin Scores at Baseline and at Six Month Follow Up and Average Change in 

Lep tin For Obese and Non Obese Children 

Obese 

Non Obese 

N 

58 

27 

Baseline 
Mean SD 

15.85a 10.55 

5.43b 5.36 

6 Months Change 
Mean SD Mean SD 

17.54a 11.59 + 1.17 11.10 

7.10b 8.17 + 1.68 9.61 

Note: Column Means with different superscripts differed significantly by nonparametric 
Mann Whitney U test, (p < .05). 
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Leptin Levels in the Three Groups 

Table 8 shows the average leptin scores at baseline and six months, as well as the 

change between them for each of the three groups. One-way ANOV As of baseline, 

follow up, and the change in leptin between the three groups showed a significant 

difference between the groups on baseline leptin (F = 38.38, p < .001), follow up leptin 

concentrations (F = 9.85, p < .01 ), as well as the change in the two (F = 5.32 , p < .01). 

Tukey ' s Post Hoc test showed that the obese children who completed the intervention 

had the largest baseline leptin concentrations (M = 24.51), then obese children who did 

not complete an intervention (M = 11.33), and non obese children had the lowest leptin 

concentrations (M = 5.43) (p < .05). At the six month follow up the leptin concentrations 

between the obese children who completed the intervention (M = 20.07) and the obese 

children who did not complete the intervention (M = 15 .97) did not significantly differ, 

however both obese groups had significantly greater follow up leptin concentrations than 

non obese children (M = 7.10) (p < .05). As shown in Table 8, this results is due to the 

significant increase in leptin concentrations for obese children who did not complete the 

intervention (M = 4.64) and the significant decrease in the leptin concentration for obese 

children who completed the intervention (M = -4.44). 
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Table 8 

Average Leptin Scores at Baseline and at Six Month Follow Up and Average Change in 

Leptin For Obese with Intervention (N = 21), Obese without Intervention (N = 34), and 

Non Obese (N = 27) Children 

Baseline 6 Months Change 
N Mean SD Mean SD Mean SD 

Intervention 21 24.51 a 10.03 20.07 3 12.29 -4.44 a 12.84 

No Intervention 34 11.33b 7.32 15.973 11 .03 +4.64b 8.32 

Non Obese 27 5.43c 5.36 7.10b 8.17 + 1.683 9.61 

Note: Column Means with different superscripts differed significantly by Tukey ' s Post 
Hoc test, (p < .05). 

Pearson' s Product Moment Correlations showed that leptin concentrations at 

baseline and six months were significantly positively related (r = .551) for all 

participants. Therefore, is a child 's leptin concentration was high at baseline, it was also 

high at the six month follow up. As shown in Table 9, leptin concentrations at baseline 

and six months were significantly related for the obese children who did not complete 

the intervention (r = .656), however while there were also positive relationships for obese 

children who completed the intervention (r = .353), the relationship was not significant. 

The relationship between baseline and six month leptin concentrations was near zero for 

non obese children (r = .091). 
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Table 9 

Pearson 's Product Moment Correlations between Baseline and Six Month Leptin 

Concentrations All Children and by Obese with Intervention (N = 21), Obese without 

Intervention (N = 34), and Non Obese (N = 27) Children 

Intervention 

No Intervention 

Non Obese 

Note:** p < .Ol 

N 

21 

34 

27 

Relationships with Leptin 

r 

.353 

.656** 

.091 

As shown in Table 10, Pearson's Product Moment Correlations showed a 

significant positive relationship between baseline leptin with insulin (r = .493), 

cholesterol (r = .266), triglycerides (r = .322), LDL (r = .255), and BMI (r = .674) for all 

children. As the children's baseline leptin increased so did their insulin, cholesterol , 

triglycerides, LDL-C, and BMI. A significant negative relationship was found with 

baseline leptin and HDL-C (r = -.201). As paiiicipants ' baseline leptin increased, their 

HDL decreased. These significant relationships also existed for follow up leptin, except 

for the relationship with insulin, which was not significant with the six month leptin 

values (r = .127). Also shown in Table 10, there was a significant positive relationship 
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for the change from baseline to six months between leptin and insulin (r = .326), leptin 

and triglycerides (r = .191 ), as well as leptin and BMI (r = .202). As the change in leptin 

increased, so did the change in the children's insulin, triglycerides, and BMI. 

Table 10 

Pearson's Product Moment Correlations of Baseline, Six Month, and the Change 

between the Two for All Children between Leptin and Insulin, Glucose, Cholesterol, 

Triglycerides, Low Density Lipoprotein Cholesterol, High Density Lipoprotein 

Choelsterol, and Body Mass Index (N = 85) 

Baseline 6 Month Change 

Insulin .493** .400** .326** 
Glucose -.020 .357** .046 
Cholesterol .266* .127 .004 
Triglycerides .322** .340** .191 * 
LDL .255* .140 -.099 
HDL -.201* -.265* -.163 
BMI .674** .541 ** .202* 

Note: * p < .05, ** p < .01 

Table 11 shows the same Pearson's Product Moment Correlations for each of the 

three groups separately. Baseline leptin was significantly positively correlated with 

insulin for all three groups; obese with intervention (r = .670), obese without intervention 

(r = .748), and non obese (r = .542). As the change in leptin increased, so did the charige 
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in the children's insulin for each of the three groups. Baseline BMI was significantly 

correlated with baseline leptin for the obese children who received the intervention (r = 

.569) and those who did not (r = .491), but was not significant for non obese children (r = 

.174). Baseline cholesterol, however, was only positively correlated with baseline leptin 

for non obese children (r = .453). Follow up insulin was also positively related to leptin, 

but only for the obese children [Intervention (r = .476); No Intervention (r = .385)]. 

Follow up glucose and leptin also had a positive relationship, however only for those 

children who did not complete the intervention [Obese (r = .400); Non Obese (r = .463)]. 

Follow up leptin was also significantly related to follow up triglycerides (r = .3 63) and 

BMI (r = .557) for the obese with no intervention children. The only significant change 

relationship between the three groups occurred with leptin and insulin for the obese with 

intervention children (r = .597) (See Table 11 ). 
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Table 11 

Pearson's Product Moment Correlations of Baseline, Six Month, and the Change 

betvveen the Two between Leptin and Insulin, Glucose, Cholesterol, Triglycerides, Low 

Density Lipoprotein Cholesterol, High Density Lipoprotein Cholesterol, and Body Mass 

Index for Obese with Intervention (N = 21), Obese without Intervention (N = 34), and 

Non Obese (N = 27) Children 

Baseline 6 Month Change 
Intervention 

Insulin .670** .476* .597** 
Glucose -.255 -.101 -.033 
Cholesterol .159 .070 -.233 
Triglycerides .190 .1 20 .018 
LDL .220 .147 -.293 
HDL -.274 -.224 -.310 
BMI .569** .198 .228 

No Intervention 
Insulin .748** .385* .147 
Glucose .146 .400* .165 
Cholesterol .049 .212 .156 
Triglycerides .266 .363* .264 
LDL-C .007 .108 -.044 
HDL-C -.236 -.072 .016 
BMI .491 ** .557** .300 

Non Obese 
Insulin .542** .310 .298 
Glucose .156 .463* .333 
Cholesterol .453* -.133 . .005 
Triglycerides .080 .188 .213 
LDL-C .379 -.270 .064 
HDL-C .211 -.031 -.220 
BMI .174 .018 .081 

Note: * p < .05, ** p < .01 
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CHAPTER 5 

DISCUSSION 

The current study has presented the leptin concentrations in Mexican obese 

children from Monterrey, Nuevo Leon during 6 months of follow-up , and its relationship 

with clinical and biochemical parameters such as, insulin, glucose, lipoproteins, 

cholesterol, triglycerides, and BMI. 

The first null hypothesis was that there would be no difference in serum leptin 

levels between Mexican obese children and Mexican children without obesity. This 

hypothesis was rejected. The leptin concentrations were higher in obese children than in 

non obese children at baseline (15.85 ng/mL vs 5.43 ng/mL) and at 6 months (17.54 

ng/mL vs 7.10 ng/mL) and is consistent with results from similar studies. Valle et al. , 

(2003) found serum leptin levels significantly higher in 41 obese children than in 41 non 

obese children from 6 to 9 years old (15.47 ng/ mL vs 4.73 ng/mL). Yang et al. , (2003) 

also found statistical differences in serum level of leptin between obese and normal 

weight children. Hyperleptinemia, as reported in several studies in obese adults (Chessler 

et al. , 1998) is present in Mexican obese children. Resistance to leptin, however, still 

remains to be established (Jenkins & Campbell, 2003). 

On the other hand, it has been demonstrated that leptin concentrations in children 

are associated with adipose tissue mass and is induced by variations in age· and metabolic 

factors. Also, studies report how leptin responds to changes in nutritional status (Byrnes 
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et al. , 1999; Di Steffano et al., 2000; Savoye et al., 2002). Because the correlation 

between initial leptin values and 6 month leptin values was present in this study, the 

difference in leptin values was analyzed at 6 months considering intervention to control 

obesity in children. The initial levels of leptin were higher in obese children with 

intervention than in obese children without intervention (24.51 ng/mL vs 11.33 ng/mL), 

Leptin levels at the end of six months were not significantly different. Furthermore, when 

analyzed by group, the results from this study show that obese children with intervention 

showed a decrease in their leptin concentrations (-4. 44 ng/mL) while obese children 

without intervention (+4.64 ng/mL) or healthy children(+ 1.68 ng/mL) showed an 

increase in their leptin concentrations. When considering that hyperleptinemia is 

associated with risk factors for the development of diabetes and cardiovascular diseases 

(Sudi et al., 2000), the results of this study suggest the importance to implement 

multidisciplinary programs for obese children to reduce their leptin concentrations. 

The effect of gender on the leptin concentrations has been reported in several 

studies (Byrnes, et al. , 1999; Savoye et al. , 2002). From this perspective, in the present 

study, the difference of leptin concentrations between all boys and girls was analyzed at 

initial and 6 months. The results showed no statistical difference between initial leptin 

concentrations, however there was a difference in 6 month leptin concentrations for boys 

and girls. Although these results were not in agreement with the above references, more 

studies in a larger pediatric population and under a gender perspective are needed to 

determine the differences of leptin concentrations between Mexican obese girls and boys. 
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The second null hypothesis was that as a result of weight reduction, there would 

be no relationship in serum leptin levels between obese children who participate in a 

treatment program for weight loss and obese children who did not participate. This 

hypothesis was rejected. The relationship of leptin with the body mass index is well 

established in children. In this study there was a significant relationship between the 

initial leptin level concentrations with the BMI in all chidren (r=.674), as well as a 

positive correlation between these two parameters at 6 months (r=.541 ). The correlation 

between the changes of leptin concentrations with the changes of BMI in 6 months was 

also positive (r=.202). These data suggest that leptin levels in obese children correlated 

with BMI and they are in agreement with the study of Pilcova et al. , (2003). The 

differences of weight at initial and 6 months are significantly related with the levels of 

leptin as showed by Reiterer et al. , (2003) who found a significantly reduced level of 

leptin after weight reduction in obese children and adolescents. 

The third null hypothesis was that there was no significant relationship between 

leptin and insulin; leptin and glucose; leptin and cholesterol; leptin and triglycerides; 

leptin and lipoproteins; as well as leptin and BMI. This hypothesis was also rejected. The 

relationship of leptin with insulin has been studied by Sudi et al (2000). The present study 

provided evidence of the positive correlation between the level of leptin and insulin, not 

only at initial time but at 6 months in the obese groups. As shown by Valle et al. , (2003), 

this strong correlation may be another component of metabolic syndrome and the high 

leptin resistance can modulate the action of insulin. In the current study, the leptin levels 

of non obese children were positively correlated with insulin only at baseline. These are 
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interesting data because they are not in agreement with the study by Valle et al. , (2003) 

who found correlation between the leptin levels and insulin levels of non-obese children, 

assuming the dependence of leptin concentrations with BMI and insulin levels. Several 

studies have investigated the physiological regulation of leptin in vivo and in vitro and 

current knowledge suggests that insulin and glucocorticoids increase ob gene expression. 

This seems to be time dependent regarding the effect of insulin on leptin, suggesting that 

chronic elevation of insulin is necessary to increase circulating leptin (Sudi et al. , 2000). 

To elucidate the metabolic and biological consequences of these relationships, a greater 

number of longitudinal studies in a larger number of Mexican healthy and obese children 

1s necessary. 

The findings of this study about the positive relationship between leptin 

concentrations and lipids, such as cholesterol and triglycerides in the obese group who 

had the higher level of leptin compared with the other groups, show the importance of 

measuring leptin in obese children. 
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CHAPTER6 

SUMMARY 

The purpose of this study was to determine the relationship of leptin 

concentrations with insulin, glucose, lipoproteins (HDL-C and LDL-C) cholesterol, 

triglycerides, and body mass index (BMI) in Mexican obese children during 6 months of 

follow-up. 

The first null hypothesis was that there is no difference in serum leptin levels 

between Mexican obese children and Mexican children without obesity. Results of this 

study show that Mexican obese children had significantly higher serum leptin 

concentrations than children without obesity at baseline and after 6 months. Therefore, 

the first null hypothesis was rejected and the alternative hypothesis was accepted. 

The second null hypothesis was that as result of weight reduction, there was no 

difference in serum leptin levels between obese children who participate in a treatment 

program of weight loss and obese children who do not participate. There were significant 

differences in the leptin concentrations between children who participate in a treatment 

program of a summer camp and 6 months of follow-up and children without 

participation. In children with intervention, the change in weight loss and body mass 

index (BMI) was significant. The intervention worked to maintain or decrease weight and 

BMI in obese children while in obese children without intervention or healthy children 

there was an increased value of weight and BMI. The obese with intervention group lost 
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more weight and BMI than the obese no intervention group or non obese children. In fact, 

non obese children and obese children without intervention increased weight and plasma 

leptin concentrations. As a result, the second null hypothesis was rejected and the 

alternative hypothesis was accepted. 

The third null hypothesis was that there would be no significant relationship 

between leptin and insulin; leptin and glucose; leptin and cholesterol; leptin and 

triglycerides; leptin and lipoproteins; leptin and BMI. The observed correlations between 

leptin and each one of these parameters were significant only for insulin and weight. 

There was a strong correlation between leptin and insulin in obese children, but not for 

non obese children. Therefore, this third null hypothesis was rejected and the alternative 

hypothesis was accepted. 

In conclusion, leptin level concentrations are higher in obese children than in non 

obese children. As a result of weight reduction, leptin levels decrease in obese children 

who participate in a weight loss treatment program. The significant relationship of leptin 

and insulin in obese children could be an important predictor of metabolic syndrome in 

childhood. The reference data would be useful to identify appropriate strategies in the 

surveillance of chronic dj seases related to obesity and its clinical importance for 

prevention and treatment. Further investigations will help to identify the clinical and 

biochemical implications of plasma leptin levels in Mexican obese and non obese 

children. The present study is a good reference.for future research. 
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Summary on reported leptin concentrations in children 

Authors Title of Study Year Sam ple 
Leptin concentrations 

Comments 

Changes in serum leptin 55 obese Japanese children (34 boys Obese Boys 16.28± 1.41 ng/mL 
In each individual, the 

concentration during and 21 girls, mean 9.64 years) Obese Girls 20.33 ± 2.0 ng/mL 
changes in leptin 

Nakane et al 
behavioral therapy in obese 

1999 
42 non obese children (27 boys and Non obese boys 2.93 ± 0.21 ng/mL 

concentration were roughly 

children 15 girls) Non obese girls 4.35 ± 0.46 ng/mL 
parallel to those in percent 
overweight. 

Sudi et al. Relationship between 
plasminogen activator 

23 boys, age 10.7 ± 3.3 year 
All children 27.45 ± 19.7 ng/mL 

P= .37 After log10 no inhibitor- I, leptin , and fat 2000 Boys 26.9 ± 23 .3 ng/mL 
mass in obese children and 

I 9 girls, age 11.9 ± 2.7 year 
Girls 28.1 ± 14.8 ng/mL 

statistical difference 

adolescents 
The findings indicate that in 
the sate of childhood and 
adolescent obesity, total 

Insulin and insulin resistance adisposity but not insulin or 
index are not independent 

Boys 14.7 ng/ mL[2 .6 - IOI] insulin resistance index the 
Sudi et al. determinants for the 2000 I 00 obese boys and I 03 obese girls 

Girls 20 ng/ mL [7 .2 - 71] main determinant for leptin . 
variation in leptin in obese In contrast to obese girls, the 
children and adolescents fat free mass and 

triglycerides contribute 
significantly to the variation 
in leptin in obese boys 

Boys 3.9 ± 4.0 ng/mL 
Plasma Leptin , Fatty Acids, Girls 9.8 ± 6.1 ng/mL 

Significantly higher in girls and Tumor Necrosis Factor 1,032 children (52 1 boys and 511 Boys normal weight 2.9 ± 2.4 
Chu et al. 

- Receptor and Insulin 
2003 

girls) ng/mL, overweight 9.8 ± 6.2 ng/mL 
and obese 

Resistance in Children Girls normal weight 8.6 ± 4.2 ng/mL 
Overweight 17 .5 ± 9.7 ng/mL 

Relationship between high 

Valle et al. 
plasma leptin concentrati ons 

2003 
41 obese children (aged 6-9 ), non- Obese children = 15.47 ng/mL Significantly higher in obese 

and metabolic syndrome in obese children (control group) Non Obese children= 4.73 ng/mL children 
obese pre-pubertal children . 

Literature Review. Dissertation TWU 2004. Solis Elizabeth. "Relationship of Leptin Concentrations with Insulin, 
Glucose, Lipoproteins, Cholesterol , Triglycerides, and Body Mass Index in Obese Children in Monterrey, Mexico" . 
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Summary on reported leptin concentrations in children 

Authors Title of Study Year Sample 
Leptin concentrations 

Comments 

Relationship between serum 
Obese 2.74 - 45 .12 micro g/L 

Significantly higher in obese levels of leptin and glucose, 
2003 42 obese and 42 normally-weighted normally weighted 0.53 - 10.18 

children Yang et al. 
lipids in simple obese 

micro g/L 
children 

Huang et al. Plasma leptin is associated 
with insulin resi stance 

402 non diabet ic subjects(] 62 boys 
Girls 17.45 ng/mL ± 10.3 ng/mL Significantly higher in girls independent of age, body 

2004 and 240 girls); age range 10 - 19 
Boys 8.81 ng/mL ± 6.71 ng/mL P< 0.001 mass index, fat mass, lipids, 

years 
and pubertal development on 
non diabetic adolescents 

Baseline leptin Obese children 15.60 
Relationship of Leptin 

± 10.2 ng/mL 
Concentrations with Insulin, 

100 Mexican obese children Baseline leptin Non obese 5.80 ± 
Significantly higher in obese Glucose, Lipoproteins, 

65 obese and 35 healthy 5.20 ng/mL 
children Solis E. Cholesterol, Triglycerides, 2004 

Baseline and 6 month measurements Six Month Leptin Obese children 
p < 0.05 and Body Mass Index in 

17.43 ± 11 .50 ng/mL 
Obese Children in Six Month Leptin Non obese 
Monterrey, Mexico. 

chi ldren 7.10 ± 8.20 ng/mL 

Literature Review. Dissertation TWU 2004. Solis Elizabeth. "Relationship of Leptin Concentrations with Insulin, 
Glucose, Lipoproteins, Cholesterol, Triglycerides, and Body Mass Index in Obese Children in Monterrey, Mexico". 
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Another rc-ri.cw by the IRB is required if your projtct changes in any way. If you have any Qttestions, 
feel free to call the TWU Iootjtutional Review Board. 

Sincerely, 
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Dr. Land.a ~uvin, '-"ua\\" · 

Jnstit11tiooal Review Board• D~ton 

cc. Dt:-Carolyn Bec.htM, Dcp~rtm~nt of Nutrition Rt. Fnon Sd,mce.c: 

Dr. B~ Alford, Department of Nutrition & FQ'od Sciences 
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P.O. 6oK A256 l 9, Dentoti, TX 76204-5619 
940-898·3375 F~ 9'10-898-3416 
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wtitutional Roview Board • Denton 
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Principle of procedure 

LEPTIN ASSAY PROCEDURE 

125 TUBE RIA KIT (Cat.# HL-81HK) 

(www.lincoresearch.com) 

In radio immunoassay, a fixed concentration of labeled tracer antigen is incubated 

with a constant dilution of antiserum such that the concentration of antigen binding sites 

on the antibody is limited, for example, only 50% of the total tracer concentration may be 

bound by antibody. If unlabeled antigen is added to this system, there is competition 

between labeled tracer and unlabeled antigen for the limited and constant number of 

binding sites on the antibody. Thus, the amount of tracer bound to antibody will decrease 

as the concentration of unlabeled antigen increases. This can be measured after 

separating antibody-bound from free tracer and counting one or the other, or both 

fractions. A calibration or standard curve is set up with increasing concentrations of 

standard unlabeled antigen and from this curve the amount of antigen in unknown 

samples can be calculated. Thus, the four basic necessities for a radioimmunoassay 

system are: a specific antiserum to the antigen to be measured, the availability of a 

radioactive labeled form of the antigen, a method whereby antibody-bound tracer can be 

separated from the unbound tracer, and finally , an instrument to count radioactivity. 
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A. Assay Set-Up, Day One 

1. Pipet 300 µl of assay buffer to the non-specific binding (NSB) tubes (3-4), 200 µ1 

to reference (Bo) tubes (5-6), and 100 up to tubes 7 through the end of the assay. 

2. Pi pet 100 µl of standards and quality controls in duplicate. 

3. Pipet 100 µl of each sample in duplicate. ( NOTE): Smaller volumes of sample 

may be used when Leptin concentrations are anticipated to be elevated or when 

samples size is limited. Additional Assay Buffer should be added to compensate 

for the difference so that the volume is equivalent to 100 µl , e.g. , when using 50 

µl of sample, add 50 µl of buffer). Refer to Section IX for calculation 

modification. 

4. Piper 100 µl of 125 I-Human Leptin to all tubes. 

Important: For preparation, see Section III, part C. 

5. Pipet 100 µl of Human Leptin antibody to all tubes except total count tubes (1-2) 

and NSB tubes (3-4). 

6. Vortex, cover and incubate overnight (20-24 hours) at 4° C. 

B. Day Two 

7. Add 1.0 ml of cold ( 4oC) precipitating reagent.to all tubes ( except total count 

tubes). 

8. Vortex and incubate 20 minutes at 4°C. 
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9. Centrifuge at 4o Call tubes [except total count tubes (1-2)] for 20 minutes at 

2,000-3,000 Xg. NOTE: if less than 2,000 Xg is used or if slipped pellets have 

been observed in previous runs, the time of centrifugation must be increased to 

obtain a firm pellet (e.g. , 40 minutes). Multiples centrifuge runs within an assay 

must be consistent. Conversion of rpm to Xg: 

Xg = (1 ,12 x 10-5)(r) (rpm)2 

r= radial distance in cm (from axis of rotation to the bottom of the tube) 

rpm= rotational velocity of the rotor 

10. Immediately decant the supernate of all tubes except total count tubes (1-2), drain 

tubes for at least 15-60 seconds (be consistent between racks) , and blot excess 

liquid from lip tubes. NOTE: Invert tubes only one time. Pellets are fragile and 

slipping may occur. 

11 . Count all tubes in a gamma counter for 1 minute. Calculate the ng/ml of Human 

Leptin in unknown samples using automated data reduction procedures. 
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