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Abstract 

In the United States, approximately 1 in 3 children are overweight, and 1 in 5 obese, conditions associated with 

increased risk of metabolic disorders including type 2 diabetes. Treatment of type 2 diabetes is costly and not 

always effective, thus, prevention offers the best course of “treatment.” However, few diabetes prevention 

programs are accessible to at-risk children, or involve their caregivers. The E.P.I.C. Kids study is a family-

focused community-based diabetes prevention program developed in partnership with the YMCA of Southern 

Arizona, targeting 9-12-yr-olds at risk of diabetes, and led by YMCA lifestyle coaches. In this 12-week pilot 

study, we assessed the metabolic risk of participants and investigated changes in metabolic biomarkers 

following the intervention.  
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Chapter 1: Background and Significance 

1.1 Obesity as a Diabetes Risk Factor  

Over the last few decades, child and adult obesity has risen at an alarming rate. Recent prevalence 

estimates, based on 2011-14 data from the National Health and Nutrition Examination Survey (NHANES), 

suggest that 17% of children and 36% of adults are obese1 while an additional 32% of children2 and 70%3 of 

adults fit the criteria for overweight based on the NHANES 2009-2010 survey. Obesity is a risk factor for the 

development of other diseases and conditions, such as cardiovascular disease, type 2 diabetes mellitus (T2DM) 

and metabolic syndrome (MetS). Other consequences of obesity include diminished psychosocial health, which 

may manifest as disordered eating and emotional impairment, including depression4. Obesity is defined using 

body mass index (BMI) cut points established by the Centers for Disease Control and Prevention: a BMI of 18.5-

24.9 kg/m2 is considered normal weight, 25-29.9 kg/m2 overweight, and a BMI of ≥30 kg/m2 obese. In adults, 

obesity is further categorized as one of three grades indicating severity: BMI 30-34.9 (grade 1), 35-39.9 kg/m2 

(grade 2), and ≥40 kg/m2 (grade 3) 5. In children and adolescents, weight status is determined using sex- and age-

specific growth where BMI is plotted to determine BMI percentile compared to the reference population 

established using 6growth data from the National Health Examination Survey (NHES) cycles II and III, as well 

as NHANES III 7. A child who is ≥85th and <95th percentiles for their age- and sex-specific BMI is considered 

overweight, while a child at or above the 95th percentile is considered obese8. Guo, Wu et al. 2002 demonstrated 

that being overweight or obese during childhood and adolescence increased the probability of being obese in 

adulthood, with chances of being overweight at age 35 for participants with a BMI in the 50th percentile or higher 

at age 18 increasing to a 69% and 56% for males and females, respectively 7. A child’s genetic susceptibility and 

external environment are influenced by their parents or caregivers, thus obese parents may confer increased risk 

for obesity upon their children in multiple ways. A retrospective cohort study conducted by Whitaker et al. 1997 

showed that having obese parents increased the chances of both obese and non-obese children developing obesity 

as adults. An example from their findings showed that 1-2-year-olds who had at least one obese parent increased 

the child’s chances of being obese later in life by 28% compared to 10% for a child with non-obese parents; 
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however, the authors were unable to distinguish whether genetics or external environment was the primary risk 

factor8.  Socioeconomic factors associated with the development of obesity in childhood include the interrelated 

issues of low parental education and family income combined with a high-risk family environment (e.g. child 

abuse, neglect, dysfunctional home environment) and unsafe neighborhoods 9.  

 

1.2 Metabolic Syndrome  

Metabolic syndrome (MetS) is characterized by the presence of a constellation of factors that together, 

suggest increased risk of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD). Generally, MetS is 

considered present when 3 or more of the following metabolic risk factors are present: central obesity, elevated 

triglycerides, total cholesterol, blood pressure and fasting blood glucose, and elevated levels of high density 

lipoproteins10. There is no universal definition for MetS; definitions have been developed by the World Health 

Organization (WHO), The International Diabetes Federation (IDF), and the National Cholesterol Education 

Program Adult Treatment Panel III (NCEP ATP-III). Table 1. However, in adults it appears that regardless of the 

definition of MetS used, MetS is a strong predictor of future T2DM risk. In a meta-analysis conducted by Ford et 

al. 2008, the association of T2DM with MetS was observed from 16 pooled cohort studies collectively enrolling 

men and women from diverse study samples. Forty different definitions of MetS were used to determine relative 

risk of MetS, and differences in cut point definitions for fasting glucose and HDL-c as well as different  methods 

to determine insulin resistance were observed. However, across these studies, the evidence suggested that MetS, 

regardless of the way it was defined, remained a significant predictor of T2DM, with a relative risk ranging from 

3.5-5.211. This same conclusion cannot be said with regard to MetS in children and adolescents, as there are 

conflicting reports of MetS prevalence in youth populations, ranging from 3.6% to 4.2% in larger population 

studies12 and from 29% to 40% in smaller studies focusing on overweight populations12. In part, the lack of 

consensus regarding the definition of MetS for children may be related to the cut points for MetS diagnostic 

criteria, which are not as clearly defined for children as they are for adults as they must account for physiological 

changes occurring as a result of growth and maturation13.  
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1.3 Type II Diabetes Prevalence and Risk Factors 

Type 2 diabetes mellitus (T2DM) is one of the potential consequences of obesity and MetS. According to 

the Centers for Disease Control and Prevention, approximately 29 million individuals in the U.S. had diabetes in 

2012, with an additional 8.1 million estimated who were undiagnosed.14 Uncontrolled diabetes may lead to further 

complications and co-morbidities such as hypo- or hyperglycemia, diabetic ketoacidosis, hypertension, high LDL 

cholesterol, coronary artery disease, stroke, kidney disease and limb amputations 14. In 2012, the total costs for 

treatment and management of diabetes were approximately $176 billion for direct costs such as medical expenses, 

and approximately $69 billion in indirect costs, including disability and loss of work 14. Risk factors for T2DM 

include non-modifiable factors such as family history, ethnic minority, older age, and modifiable risk factors 

including obesity, poor diet and physical inactivity15. Once believed to only afflict older adults, it is well 

established that the related conditions of obesity, insulin resistance and T2DM also impact much younger 

populations 16. Several population-based studies have investigated the association of obesity and MetS with 

T2DM in children. In a cross sectional study conducted by Romualdo et al. 2014, over 200 patients (ages 5 to 14) 

from an outpatient obesity clinic were assessed for insulin resistance. Approximately thirty-three percent of this 

sample were insulin resistant using the homeostasis model assessment for insulin resistance (HOMA-IR) index17. 

In this same study, changes in other metabolic markers including total cholesterol, triglycerides, HDL cholesterol, 

fasting glucose, fasting insulin, were analyzed along with degrees of obesity and sexual maturity, and were found 

to be associated insulin resistance. These findings suggest that obesity in children is associated with adverse 

metabolic changes, which could herald increased risk of T2DM 18. T2DM risk has been further characterized in 

youth and adolescent T2DM populations by defining and characterizing the prevalence of MetS. Weinstock et al. 

found 75.8% of 679 children, ages 10 to 17, who were recently diagnosed with T2DM fit the NCEP ATP III 

definition of MetS19, while investigators in the SEARCH for Diabetes in Youth Study determined that 92% of 

youth who were diagnosed with type 2 diabetes met an age-modified version of the NCEP ATP III MetS definition 

20. This reinforces the notion that MetS may be a significant predictor of T2DM, and since obesity and MetS are 

modifiable risk factors, prevention of these conditions could decrease T2DM risk. With the number of adolescents 
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with T2DM increasing 21, some research groups have investigated possible treatment of T2DM in youth. 

However, success has been limited22, suggesting prevention is the best treatment.   

 

1.4 Diabetes Prevention Program (DPP)  

Experts agree that losing weight is one of the best methods of preventing T2DM. However, the best way(s) 

to promote weight loss and prevent diabetes remain controversial. The Diabetes Prevention Program Research 

Group conducted a randomized clinical trial comparing the effectiveness of life style intervention to treatment of 

metformin as methods to prevent or delay the onset of T2DM23. Those that participated in this study were 

primarily obese individuals with an average BMI of 34 kg/m2, two thirds of whom were female, with an average 

fasting glucose concentration of 106 mg/dL. Subjects were randomized into one of three different treatment 

groups; lifestyle recommendations that consisted of general health counseling plus an 850 mg metformin dose 

twice a day, intensive lifestyle modification program, and lifestyle recommendations plus a placebo dose twice a 

day. The intensive lifestyle intervention curriculum used in this study consisted of 16 sessions that met over a 

period of 24 weeks. Key aspects of the program included (1) a goal based intervention system, (2) lifestyle coaches 

to deliver the intervention, (3) frequent contact with participants, (4) strategies in improve adherence to the 

program, (5) materials and strategies to address needs related to ethnic diversity within the program, and (6) 

creating an extensive local and national network to provide training, feedback, and clinical support. Lifestyle 

coaches were primarily registered dietitians typically with a Master’s degree in health education, behavioral 

psychology, or exercise physiology. Along with these qualifications, lifestyle coaches had to attend a 2-day 

national training sessions. The DPP intervention promoted dietary and physical activity behavior changes to reach 

and maintain a target weight loss of approximately 7% along with approximately 700 kcals/week in energy 

expenditure through physical activity23. The authors found that incidence of diabetes was reduced by 58% in the 

lifestyle intervention compared to 31% for the metformin plus lifestyle recommendations group throughout the 

four year follow up period, and concluded that intensive lifestyle intervention was a more effective treatment for 

delaying or preventing the development of T2DM23.  
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1.5 YMCA Diabetes Prevention Program (YDPP) 

While the DPP was successful, it was not optimized for replication and scaling to other venues. It was 

also expensive to conduct, making it difficult to implement on a larger scale. One proposed solution to these 

issues was the YMCA Diabetes Prevention Program (YDPP). Ackerman and Marrero (2007) suggested that the 

implementation of the DPP through a third party community partner like the YMCA would improve the 

sustainability and cost effectiveness of the program while allowing easier accessibility for those in low income 

communities 24. Adapting the DPP into the YDPP required the curriculum to be delivered by YMCA staff rather 

than the health professionals who worked for the DPP, necessitating specialized education and training for Y 

staff.  The primary focus of the YDPP remained true to the DPP’s lifestyle modification program by promoting 

incremental changes in diet and physical activity to foster weight loss and management. Partnering with YMCA 

locations throughout the United States increased the availability of diabetes prevention resources to low income 

communities whose residents are less likely to attend structured programs due to transportation, financial, or time 

constraints 24.  The YMCA also has a policy to provide financial assistance for those who may need it, which 

helped to make this program accessible to low-income communities and individuals24. The initial large-scale trial 

was a matched-pair, group-randomized, pilot trial delivered through the community YMCA using two different 

locations in the greater Indianapolis area. Ninety-two subjects participated in the study with 46 in each treatment 

group at the beginning with 39 reaching follow up from the intervention group at the 4-6 month time point, and 

38 from the control group. Average age of the participants was 56.5 and 60.1 years in the intervention and control 

groups, respectively. Approximately three quarters of the participants were male across both groups, and average 

BMI was in the obese classification for both groups (> 30 kg/m2)25. Treatments were separated by YMCA 

location, so the intervention group was not at the same location as the control group. In the intervention group 

subjects participated in a modified version of the DPP program that consisted of sessions lasting 60 to 90 minutes 

each and containing 8 to 12 individuals. The DPP curriculum was delivered through YMCA staff that had been 

trained prior to the program. The goal of the program was to achieve 5% to 7% weight reduction along with 150 

minutes of moderate physical activity per week25. The control group received standard counseling and were 

encouraged to use the programs at the YMCA, however they did not have the intensive lifestyle intervention 
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available to them. At the 6-month time point, the intervention group had a statistically significant reduction in 

body weight (-6%) compared to the control group (-2%), along with a greater statistically significant reduction in 

BMI (-5.8% versus the control group, -2.3%)25. These findings suggested that the DPP curriculum was able to be 

successfully delivered through a community partner like the YMCA25. Since the initial 2008 trial of the YDPP, 

the United Health Group and Y of the USA in collaboration with the CDC scaled up dissemination of the program 

across the United States.  By 2012, the YDPP program was offered in 46 communities across 23 states and 

enrolling more than 8,000 participants 26. However, a similar YDPP model was not available for children and 

adolescents, who represent an increasing proportion of new type 2 diabetes cases, and those at risk. Thus, a 

prevention program targeting youth is needed for T2DM prevention, and given that parents or caregivers greatly 

influence the home environment (e.g. food selection, physical activity habits, sleep habits), a prevention program 

involving youth plus parents together may be more effective than children alone. This assertion provides the 

rationale for the EPIC Kids Study, described in the following sections.  

  

1.6 EPIC Kids 

The EPIC (Encourage – Practice – Inspire – Change) Kids Study is a family-focused T2DM prevention 

program whose structure is modeled after the adult-focused YDPP program. The goal of EPIC Kids is to promote 

lifestyle changes that center on healthy diet and physical activity promotion as well as adoption of healthy lifestyle 

habits (e.g. better sleep quality, less screen time). Since parents and caregivers have a significant influence on 

their child’s environment, the program is designed to involve the whole family to participate together so that 

families can take what they learn in the sessions and translate to the home. Offering EPIC Kids through the YMCA 

increases program accessibility to those at highest risk, as is potentially more cost effective compared to clinic-

based prevention and education programs. Since MetS has been shown to be a predictor of future development of 

T2DM, it is important to insure that the intervention favors a reduction in the risk factors for MetS. The primary 

aim of this study is to describe changes in metabolic risk factors between baseline and follow-up in 9-12-years-

old participants in a 12-week T2DM prevention program (EPIC Kids). A secondary aim was to describe the 

prevalence of MetS risk factors in the same population. 
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Chapter 2: Methods 

2.1 Study Design, Study Setting, Recruitment  

Data are from a subsample of participants in the EPIC Kids Study (Encourage – Practice – Inspire – 

Change), a pilot diabetes prevention program developed by the University of Arizona in partnership with the 

YMCA of Southern Arizona. EPIC Kids is a randomized two-group trial designed to adapt an efficacious 

T2DM prevention program for adults (YDPP) for delivery to overweight and obese peripubertal youth (ages 

nine to 12) and their families. The intervention took place at two YMCA locations over a period of 12 weeks 

and was delivered by YDPP lifestyle coaches with group-based sessions meeting once a week for 

approximately 1.5 hours. 27 Program instructors were YMCA lifestyle coaches trained to deliver the EPIC Kids 

Program during a series of hands-on workshops led by university personnel. Total training time was 

approximately 16 hours, and consisted of didactic and hands-on activities designed to enhance coaches’ abilities 

to manage a group session, prepare food and conduct brief food demonstrations, provide physical activity 

instruction and role modeling, discuss the concept of energy balance, and lead parenting discussions focused on 

food, physical activity, screen time, and sleep. Study participants were recruited throughout the Tucson 

community (i.e. flyers, local community events) including the Southern Arizona YMCA membership program. 

Eligibility criteria were: 9- to 12-years-old, BMI at or above the 85th percentile for their age and gender, and at 

least one of the following T2DM risk factors: first or second degree relative with T2DM, ethnic minority, one or 

more metabolic risk factors (hypertension, elevated insulin, dyslipidemia). Children were also required to have 

a primary caregiver willing to attend the weekly sessions with them for 12 consecutive weeks, and all 

participants had to understand and speak fluent English. Exclusion criteria were a diagnosis of type 1 or type 2 

diabetes (child only), mental illness, conditions that may limit physical activity, or any medications that may 

impact appetite or weight. Eligibility was confirmed at study information sessions. Eligible and interested 

respondents provided written permission (caregivers) and verbal assent (children). The first cohort was recruited 

July-August 2015. A total of 128 individuals were screened, and of these, 45 were eligible, and 29 enrolled. 

Figure 1 illustrates the process of recruitment for the first cohort.  
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2.2 Measurements  

Measurements took place at two time points: baseline and 12 weeks (post-intervention). Height was 

measured by using a Shorr height board with measurements being taken to the nearest 0.1 centimeter; weight 

was measured with a calibrated Seca scale to the nearest 0.1 kilogram. Height and weight were measured twice 

and the two measurements were averaged. Waist circumference was measured across the umbilicus three times 

to the nearest 0.1 centimeter and the three measurements were averaged. Blood samples were collected at each 

time point to assess total cholesterol, triglycerides, HDL-c, LDL-c, LDL/HDL ratio, fasting glucose, and fasting 

insulin. Blood work was provided by J2 Laboratories in Tucson, and participants had to be fasting for at least 12 

hours before the blood draw. Insulin resistance was calculated using the HOMA method 17 (fasting insulin 

(μU/mL) x fasting glucose(mmol/L)/22.5). HOMA has been shown to be a good tool to estimate insulin 

resistance when compared to the glucose clamp test, and is more feasible to use in larger studies. 28 Tanner 

stage, a five-photograph tool used to assess self-reported male and female sexual development, has been shown 

to be an accurate tool for estimating sexual maturation in adolescents 29. Participants received $50 compensation 

for completing measurements at each time point.   

 

2.3 Metabolic Syndrome Definitions  

A variety of definitions of metabolic syndrome (MetS) have been used to characterize metabolic risk in 

adults and youth, resulting in a wide range of point estimates observed across study samples11. In a study 

conducted by Agudelo et al., the prevalence of MetS in 851 adolescents ages 10-18y ranged from 0.9% to 

11.4% depending on which of 5 definitions was applied30. In our study sample, we chose to apply three 

definitions of MetS adapted from adult definitions:  Cook et al. 2003 and de Ferranti et al. 2004, both of which 

have been cited in previous studies to determine MetS in youth 31, 32, and the IDF consensus definition for 

pediatrics ages 10 to 16 33 in order to provide international comparison. Definitions and their criteria can be 

seen in Table 2.  
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2.4 Statistical Analysis 

Descriptive statistics were used to characterize the study sample. Paired t-tests were used to assess differences 

between anthropometric and metabolic biomarkers from baseline to 12 weeks to determine the preliminary 

efficacy of the program. Statistical significance was set at α = 0.05. Box and whisker plots were developed to 

show difference in means of metabolic biomarkers from baseline to 12 weeks.  

 

Chapter 3: Results 

3.1 Sample Characteristics 

Table 2 displays the characteristics of the study sample at baseline. Sample size was 28 with a mean age of 10.8 

±1.2 years, mean height of 149.7 ± 10.6 cm, and a mean weight of 63.0 ± 17.9 cm. Mean waist circumference 

was 93.5 ± 13.9 cm at baseline, while baseline BMI had a mean of 27.6 ± 4.4 kg/m2 with a mean BMI percentile 

of 96.7 ± 2.7. At baseline, 4 participants (14%) were classified as overweight (BMI percentile ≥ 85th to < 95th) 

and 24 (86%) were classified as obese (BMI percentile ≥ 95th). BMI percentiles were determined using the 2000 

CDC growth charts6. Within the sample there were 11 (39%) males along with 17 (61%) females. Two parents 

identified as black, 21 identified as White, 1 identified as American Indian or Alaskan Native, and 4 did not 

choose to identify. In regards to ethnic identity, 20 identified as Hispanic and 8 identified as non-Hispanic. Fifteen 

families had a combined household income of under $40,000, 6 had $40,000 to $79,999 and 7 had $80,000 or 

more. Six parents had an education level of high school or less, 15 had some college or a 2-year degree, and 7 

had a 4-year degree or more education. All 27 participants had blood work taken at baseline, with one sample 

being omitted due to complications in the procedure (Table 4). Among the 27 participants at baseline, mean 

cholesterol was 154.3 mg/dL ± 23.4 and baseline mean triglycerides were 100.3 ± 39.8 mg/dL. Baseline mean 

HDL-c was 41.7 ± 7.7 mg/dL, baseline mean LDL-c was 95.7 ± 24.1 mg/dL, and the baseline mean LDL:HDL 

ratio was 2.4 ± 0.8 mg/dL. Mean fasting glucose at baseline was 92.4 ± 7.8 mg/dL, and mean SDP and DBP at 

baseline were 114.9 ± 10.8 mmHg and 65.2 ± 6.7 mmHg, respectively.  
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3.2 Pre-Post Changes in Biomarkers  

Twenty-eight participants began the intervention, and 20 (71%) completed measurement at 12 weeks. Seventeen 

participants completed blood work measures at both baseline and 12-week time points. Changes in biomarkers 

are reported in Table 5. There was a statistically significant increase in mean HDL-c after 12 weeks (+3.8 mg/dL; 

p = 0.0002). Differences in mean values from baseline to 12 weeks were +1.0 mg/dL for total cholesterol, -3.5 

mg/dL for triglycerides, +8.0 mg/dL for LDL-c, 0 for HDL:LDL ratio, -0.8 mg/dL for fasting glucose, -0.7 mm 

Hg for SBP, -1.7 mm Hg for DBP, and -1.1 cm for waist circumference. Difference in mean values from baseline 

to 12 weeks are illustrated in Figure 2. 

 

3.3 Metabolic Syndrome Prevalence  

Three definitions of MetS were used to characterize prevalence of metabolic risk factors in the study sample. The 

definition developed by Cook et al. 2003 yielded 11 instances of MetS (40.7%), while the de Ferranti et al. 2004 

definition and the IDF consensus definition yielded 20 (74.1%) and 7 instances (25.9%), respectively. Figure 3, 

Figure 4, and Figure 5 illustrate the frequency of different risk factors using cut points established by Cook et 

al. 2003, de Ferranti et al. 2004, and IDF consensus definitions. Despite the differences in MetS prevalence, two 

risk factors were present across all three definitions. Application of the Cook et al. 2003 definition resulted in 15 

participants out of 28 exhibiting abnormally low HDL-c, compared to 23 participants out of 28 with the de Ferranti 

et al. 2004 definition, and all 7 cases using the IDF consensus definition. High waist circumference was another 

common risk factor across the three definitions; 18 participants out of 28 had high waist circumference when 

applying the Cook et al. 2003 definition, 24 out of 28 participants when applying the de Ferranti et al. 2004 

definition, and 18 out of 28 participants when applying the IDF consensus definition. Other metabolic risk factors 

were not consistently observed across the three definitions of MetS. In participants meeting the the IDF definition 

high fasting glucose was evident in 4 individuals out of 28, however, no cases of elevated fasting glucose was 

found using the cut points set by the Cook et al., 2003 and de Ferranti et al., 2004 definitions. High triglycerides 

was observed in 7 of the 28 participants as defined by Cook et al. 2003, while when using the de Ferranti et al. 

2004 definition 17 individuals total had high triglycerides, and two individuals had high triglycerides when using 
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the IDF consensus definition. High blood pressure was observed in 15 individuals using the Cook et al. 2003 

definition, when applying the de Ferranti et al. 2004 definition high blood pressure was observed in 15 individuals, 

and the IDF consensus definition yielded 4 cases. When looking at MetS cases that included 4 risk factors the 

Cook definition had 3 cases, the de Ferranti definition had 10, and the IDF definition had 1. 

 

Chapter 4: Discussion 

4.1 Pre-Post Changes in Biomarkers: Discussion 

In this study we examined the changes in metabolic biomarkers in children after a 12-week family focused 

diabetes intervention. Twenty participants (71%) completed follow up measurements. This adherence is similar 

to adherence numbers that have been observed with the adult YDPP (73% in 2012)26. This suggests that the same 

level of involvement currently seen with the YDPP, which has already shown to be a feasible and cost-effective 

model, may be able to be achieved using this adapted, family focused approach. Previous literature has shown 

that parent involvement is important when addressing factors to improve diet and physical activity34, and direct 

parent involvement is lacking in school based programs35. A study done by Siwik et al. 2013 examined the 

effectiveness of a group intervention setting that involved children interacting with other children, along with 

parents being present and being involved in the intervention. The intervention used in this study took place over 

a time period of 12 weeks and involved their parents or caregivers to attend sessions at a family medicine clinic. 

Thirty-two overweight children with an average age of 9 to 10 years participated in this study, and in their findings 

the authors found that the intervention was able to decrease BMI as well as increase physical activity in the 

participants. However, this intervention was delivered in a medical clinic and not as easily accessible to the 

community. However, another study did look at the use of an intervention program using a YMCA community 

based model, where half of the intervention was delivered in person. In this program the authors observed a slight 

decrease in percent overweight, as well as BMI z-scores, however their results were not as robust as previous 

intensive family based interventions36. Nonetheless, this model showed that weight reduction is possible with a 

community based program. The data presented from this pilot study show that a community based family focused 
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intervention may be able to be implemented effectively using a model similar to the YDPP, which has already 

shown to be an effective model in adults26. Other intervention studies have investigated changes in dietary and 

physical activity habits associated with intervention participation, few have examined changes in metabolic risk 

factors associated with T2DM in a community-based program37. In a 2-year school-based intervention conducted 

with 431 children (grades 4-6) and focused on improved nutrition and increased physical activity, changes in 

metabolic biomarkers included statistically significant  (and undesirable) decreases in HDL-c (-3.12 mg/dL, p < 

0.001)38. Another study known as the HEALTHY study also looked at the effectiveness of using a school based 

intervention on metabolic risk factors along with observing the reduction of overweight and obese children. This 

study was a large cluster design trial that followed children from their 6th grade through their 8th grade years, and 

in their findings the authors found no significant difference in weight reduction or improvement in metabolic risk 

factors between the school-based intervention group and the control group that was used39. The results seen in 

these studies took place over a time period that lasted multiple years, yet the data provided in this study shows 

that improvements in metabolic biomarkers may be seen in a shorter time window.   

 

4.2 Metabolic Syndrome Prevalence: Discussion  

This study showed with the definitions used to characterize MetS prevalence result in 25.9% to 74.1% prevalence 

depending on which definition is applied. The three definitions used in this study all used waist circumference as 

one the 5 criteria, and previous studies have showed that waist circumference is a good indicator of abdominal 

obesity when compared to BMI40, however, despite this, other MetS definitions have chosen to use BMI rather 

than waist circumference for central obesity30, which may lead to different prevalence numbers. Of the three 

definitions, de Ferranti et al. 2004’s definition appeared to be the most inclusive by having the lowest cut point 

values for waist circumference and triglycerides, along with having the highest value cut point for HDL-c. 

Meanwhile the IDF consensus definition was the most conservative definition - the cut points for triglycerides 

and blood pressure were the most stringent, and similar to those found in the NCEP ATP III adult definition10, 33. 

Our findings suggest it may be more beneficial to use a definition with lower cut points in order to increase the 

likelihood of identifying all children at risk. However more data related to these metabolic biomarkers in youth 
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needs to be collected in order to provide more guidance on age-specific cut points for children. Previous studies 

have also observed differences in MetS point prevalence in youth depending on which definition is applied. In a 

cross sectional study by Agudelo et al. 2014, the prevalence of MetS in a sample of 851 overweight adolescents, 

ages 10 to 18, was determined using 5 different definitions of MetS that have been modified for youth, with MetS 

prevalence ranging from 0.9% to 11.4%30. In a literature review of MetS prevalence by Friend et al. 2013, the 

authors looked at the prevalence of MetS in children and adolescents using different diagnostic criteria for MetS 

definitions, finding MetS prevalence to be 11.9 % on average, with a range from 2.8 to 29.3 percent in overweight 

children41 . Given these findings, it is important to understand which risk factors are most prevalent, regardless 

of definition used. Previous findings from Agudelo et al. 2014 have found similar patterns in these individual risk 

factors when multiple definitions have been applied to the same population30. In our study, low HDL-c and high 

triglycerides were observed across the study sample.  

 

4.3 Limitations  

Our study had several limitations. First this sample size is small and therefore statistically not powerful, which 

may explain why there were few significant findings. With regard to the changes in metabolic biomarkers, it may 

be possible that the intervention “dose” was not strong enough to result in the magnitude of change we expected. 

Nonetheless, the preliminary data provided from this pilot study show promising results that metabolic risk factors 

may improve using a family focused community intervention program may be a feasible way to address T2DM 

risk factors. This study will enroll 20 more families to participate in the intervention and their data will be pooled 

with the results presented in this paper for analysis in the summer of 2016.  
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Table 1. Criteria for Metabolic Syndrome (MetS) in Adults according to WHO, NCEP ATP III, and IDF10.  

 

 WHO* NCEP ATP III IDF 

Obesity criteria BMI > 30 kg/m2 

 or Waist to hip ratio: 
> 0.85 (females) 
> 0.90 (males) 

Waist circumference: 
> 88 cm (females) 
> 102 cm (males) 

Defined by race- and 
ethnicity-specific waist 

circumference cut points 
(REF) 

Triglycerides (mg/dL) 
≥ 150 ≥ 150 ≥ 150 

HDL-C (mg/dL) < 39 
< 35 

< 50 (females) 
< 40 (males) 

< 50 (females) 
< 40 (males) 

Blood Pressure (mmHG) 
≥ 140/90 ≥ 130/85 ≥ 130/85 

Fasting Glucose (mg/dL) - ≥ 110 ≥ 100 
*The WHO defines MetS as a diagnosis of T2DM, insulin resistance, impaired fasting glucose, or impaired glucose 
tolerance along with two or more risk factors 
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Table 2. Sample Characteristics at Baseline, n = 28  
 
 Characteristics  Overall 

Age (years) 10.8 (1.2) 

Weight of Child (kg) 63.0 (17.9) 

Height (cm) 149.7 (10.6) 

Waist Circumference (cm) 93.5 (13.9) 

BMI Status (n)  

     >85th - <95th Percentile  4 

     ≥ 95th Percentile  24 

Family Member with T2DM  19 

Gender (n)  

     Male 11 

     Female 17 

Parent Race (n)  

      Black 2 

      White 21 

     American Indian/Alaskan Native 1 

     Rather Not Say 4 

Parent Ethnicity (n)  

     Hispanic 20 

     Non-Hispanic 8 

Combined Household Income (n)  

     Under $40,000 15 

     $40,000 to $79,999 6 

     $80,000 and Over 7 

Parent Education Level (n)  

     High School or Less 6 

     Some College or 2-Year Degree 15 

     4-Year Degree or More 7 

 

 
Table 3. Metabolic Syndrome Definitions for Pediatric Populations 
 

DEFINITION 

 Cook et al. 2003 de Ferranti et al. 2004* IDF 2007 Consensus Definition 
CRITERIA    

WAIST CIRCUMFERENCE ≥90th percentile >75th percentile >90th percentile 
FASTING TRIGLYCERIDES ≥110 mg/dL ≥97 mg/dL > 150 mg/dL 
FASTING GLUCOSE ≥110 mg/dL ≥110 mg/dL > 100 mg/dL 
HDL-C ≤40 mg/dL <50 mg/dL < 40 mg/dL 
BLOOD PRESSURE ≥90th percentile >90th percentile >130mm Hg SBP or >85 mmHg DBP 

*Conversions from mmol to mg/dL provided by Ferranti et al. 2004 
SBP: systolic blood pressure 
DBP: diastolic blood pressure 
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Table 4. Baseline Values of Metabolic Biomarkers, n=28 

 

Biomarker Mean SD 

Cholesterol (mg/dL)* 154.3 23.4 

Triglycerides (mg/dL)* 100.3 39.8 

HDL (mg/dL)* 41.7 7.7 

LDL (mg/dL)* 95.7 24.1 

LDL:HDL Ratio* 2.4 0.8 

Fasting Glucose (mg/dL)* 92.4 7.8 

SBP (mm Hg) 114.9 10.8 

DBP (mm Hg) 65.2 6.7 

*n= 27 due to loss of one sample during collection 
SBP: Systolic Blood Pressure 
DBP: Diastolic Blood Pressure 

 
 

Table 5.  Baseline to 12-week comparison of metabolic biomarkers and waist circumference across 
participants that completed the intervention 

 Baseline 12-Week  

 N Mean SD  N Mean SD  p-value*  

Cholesterol (mg/dL) 17 155.4 17.4 17 156.4 26.3 0.8514 

Triglycerides (mg/dL) 17 99.1 31.9 17 95.6 29.0 0.6648 

HDL (mg/dL) 17 41.6 7.0 17 45.4 6.7 0.0002** 

LDL (mg/dL) 17 98.1 21.0 17 106.1 27.2 0.0601 

LDL:HDL Ratio 17 2.4 0.7 17 2.4 0.7 0.5648 

Fasting Glucose (mg/dL) 17 91.9 8.4 17 91.1 5.5 0.5664 

SBP (mm Hg) 20 114.9 10.4 20 114.2 5.7 0.55 

DBP (mm Hg) 20 65.1 7.0 20 63.4 8.5 0.34 

Waist Circumference (cm) 20 92.9 14.2 20 91.8 14.9 0.1074 

SBP: Systolic Blood Pressure 
DBP: Diastolic Blood Pressure 
Glucose: Fasting Glucose 
*Paired t-test to compare baseline and 12 week values 
**Level of statistical significance: p < 0.05 
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Figure 1. Participant Screening, Recruitment, and Enrollment, EPIC Kids Cohort 1 
 

 
 
Screened: Are individuals that answered a series of screening questions to see if they met inclusion criteria. (see Appendix I for screening form 
questions 
Met Initial Criteria: Are individuals that answered a series of screening questions and met initial inclusion criteria.  
Ineligible: Are individuals that answered a series of screening questions and did NOT meet initial inclusion criteria (see Appendix I for answers to 
questions that determined ineligible status)  
Enrolled:  Are individuals who met the inclusion criteria, provided informed consent, and participated in some or all of the study procedures.  
No Shows:  Are individuals who met initial criteria for participation in the study but did not show up to informational session to provide informed consent 
nor did individuals participate in study procedures.  
Ineligible: Are individuals that answered a series of screening questions and did NOT meet initial inclusion criteria at informational session  ( < 85th 
percentile for weight, diagnosed with T2DM, unable to attend 12 sessions) 
Withdrew:  Are individuals who met the inclusion criteria and provided informed consent and withdrew from study. 
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Figure 2. Changes in Metabolic Biomarkers, Before and After 12 Week Intervention (n = 27) 

 
 

CHO: Total Cholesterol  HDL:LDL: HDL and LDL Ratio 
TG: Triglycerides   GLU: Fasting Glucose 
HDL: HDL Cholesterol  SBP: Systolic Blood Pressure 
LDL: LDL Cholesterol   DBP: Diastolic Blood Pressure 
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Figure 3. Frequency of metabolic risk factors in n=27, 9-12-yr-old youth, using Cook et al 2003 MetS Definition 
Cut Points 
 

 
WC: waist circumference 
TG: triglycerides 
BP: blood pressure 
Glucose: fasting glucose 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 29 

Figure 4. Frequency of metabolic risk factors in n=27, 9-12-yr-old youth, using de Ferranti 2004 MetS Definition 
Cut Points 
 

 
WC: waist circumference 
TG: triglycerides 
BP: blood pressure 
Glucose: fasting glucose 
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Figure 5. Frequency of metabolic risk factors in n=27, 9-12-yr-old youth, using IDF Consensus MetS Definition 
Cut Points 

 
WC: waist circumference 
TG: triglycerides 
BP: blood pressure 
Glucose: fasting glucose 

 


