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Abstract 

TRIGLYCERIDE/HIGH DENSITY LIPOPROTEIN CHOLESTEROL RATIO, 

AS A SCREENING TOOL FOR INSULIN RESISTANCE 

IN U.S. ADOLESCENTS, 12-19 YEARS OF AGE 

 

Constance E Cephus, PhD 

 

The University of Texas at Arlington, 2014 

 

Supervising Professor: Supervising Professor Jennifer R. Gray 

Background: Insulin resistance appears to be a metabolic process that occurs 

prior to the onset of cardiovascular disease and type 2 diabetes.  A screening tool for 

insulin resistance may help clinicians determine which adolescents need intensive 

lifestyle modification to decrease risk of cardiovascular disease and diabetes. 

Purpose: The purpose of this study is to evaluate the performance characteristics 

of the TG/HDL ratio when used to assess risk of insulin resistance in U.S. adolescents. 

Methods: A secondary analysis of 2011-2012 data for adolescents (12-19 years 

of age) from the National Health and Nutrition Examination Survey (NHANES) was 

conducted to evaluate the performance characteristics of the TG/HDL ratio.  

Results: The performance characteristics of the TG/HDL: sensitivity14.8%, 

specificity 93.8%, positive predictive value 10.4%, negative predictive value 95.8%, 

overall accuracy 90.2%. 

Conclusions: These findings indicate that the TG/HDL ratio would be useful to 

indicate low likelihood of insulin resistance. 
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Chapter 1  

Triglyceride/High Density Lipoprotein Cholesterol Ratio as a Screening Tool for Insulin 

Resistance in U.S. Adolescents 

Primordial (prior to development of risk factors) and primary (modifying existing 

risk factors) prevention of cardiovascular disease and type II diabetes in adolescents is 

hindered by the lack of reliable, readily available screening methods (Weintraub et al., 

2011).  The increases in obesity and emergence of type 2 diabetes in children and 

adolescents have garnered the attention of public and private sectors (Narasimhan & 

Weinstock, 2014).  Development of insulin resistance occurs prior to development of 

cardiovascular disease and type 2 diabetes (Lee, Herman, Okumura, Gurney, & Davis, 

2006; Shah, Dolan, Gao, Kimball, & Urbina, 2011; Tobisch, Blatniczky, & Barkai, 2013), 

but is often missed.  A screening tool for insulin resistance may help clinicians determine 

which adolescents need more intensive testing and therapy to prevent cardiovascular 

disease and type 2 diabetes.   

Screening tests are judged by the following criteria: safety, simplicity, speed of 

completion, expense and acceptability to the public and medical community (Friis & 

Sellers, 2009).  The test should be easy to learn and perform.  The direct and indirect 

costs of the test should be balanced by the benefit (Cochrane & Holland, 1971).  Ideally, 

the test results should be sensitive and specific and carry minimal potential harm to the 

individual or public at large.  The test results should be readily available.  Health care 

providers and the public must be willing to participate in the testing (Friis & Sellers, 2009; 

Wilson & Jungner, 1968).  

In the context of screening, there are four performance characteristics that must 

be assessed: sensitivity, specificity, positive predictive value and negative predictive 

value (Friis & Seller, 2009; Lang & Secic, 2006).  The performance characteristics reflect 
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the accuracy and reliability of a test and are the basis of the safety profile (Lang & Secic, 

2006).  The purpose of this study was to evaluate the performance characteristics of the 

triglyceride/HDL cholesterol ratio when used to determine increased risk of insulin 

resistance in the U.S. adolescent population.  A secondary analysis of 2011-2012 data 

for adolescents (12-19 years of age) from the National Health and Nutrition Examination 

Survey (NHANES) was conducted to evaluate the performance characteristics of this 

screening test.  

Chronic, non-communicable disease is the foremost cause of poor health and 

disability in the U.S. (Bauer, Briss, Goodman, & Bowman, 2014).  Insulin resistance is a 

common, early element of several chronic adult diseases, now found in the adolescent 

population.  In this chapter, discussion encompasses the urgent need for health 

promotion and disease prevention as related to diabetes and cardiovascular disease in 

the pediatric population.  The performance characteristics of the triglyceride/high density 

lipoprotein cholesterol ratio (TG/HDL ratio), as a screening tool for insulin resistance 

among U.S. adolescents were assessed. 

Background and Significance 

In 2009, cardiovascular disease accounted for significant morbidity and mortality 

and was the leading cause of death in the U.S. (Bambs & Reis, 2011; Go et al., 2013).  

Since recognition, atherosclerosis has been the most significant determinant of coronary 

artery related heart disease (Strong & McGill, 1962).  In 2013, one of every six 

cardiovascular deaths was related to coronary artery disease (Go et al., 2013).  Vascular 

disease (cardiac and cerebral) is the major cause of morbidity and mortality in adults with 

type 2 diabetes (Narasimhan & Weinstock, 2014).  For every minute during 2013, two 

people experienced a coronary related-event from which one of them died (Go et al., 

2013).  Stroke occurred approximately every 40 seconds and a person died as the result 
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of stroke every four minutes (Go et al., 2013).  The direct and indirect costs of 

cardiovascular disease totaled over $300 billion (Roehrig & Rousseau, 2010).  

Pathologic evidence demonstrates that cardiovascular disease begins in 

childhood (Berenson, Srinivasan, Bao, Newman, et al., 1998; Strong, Malcom, Oalmann 

&Wissler, 1997). In a landmark report, Enos, Holmes, and Beyer (1953) described 

evidence of coronary artery disease in 77% of the autopsied hearts (n = 300) of soldiers 

killed during the Korean War.  The average age of the soldiers was 22 years (Enos, 

Holmes, & Beyer, 1953).  Strong and McGill (1969) reported that the first evidence of 

coronary atherosclerosis occurred in children 10-20 years of age.  By 1980, risk factors 

for coronary artery disease in children were identified and included hypertension, 

abnormal lipid levels, increased skinfold thickness, and family history (Khoury, P. et al., 

1980; Webber, Voors, Srinivasan, Frerichs, & Berenson, 1979).  During the 1990s, 

hyperinsulinemia, a known adult cardiovascular risk factor, was added as a risk factor for 

cardiovascular disease in children (Bao, Srinivasan, & Berenson, 1996). 

Clustering of risk factors is associated with early cardiovascular disease (DHHS, 

2012).  Data from two prospective epidemiologic studies, Bogalusa Heart Study and the 

Pathobiological Determinants of Atherosclerosis in Youth (PDAY), confirmed a positive 

correlation between atherosclerotic changes and risk factors in children as young as 5 

years old (Berenson, Srinivasan, & Bao, 1997; Malcom, Oalmann, & Strong, 1997).  In 

the PDAY study, 15-19 year olds with hyperglycemia and dyslipidemia had significantly 

more coronary artery atherosclerotic lesions than their study peers (Malcom, Oalmann, & 

Strong, 1997).  Smoak and colleagues (1987) found that obese participants (aged 5-24 

years) were 3.1 times more likely to have abnormal lipid indices and elevated insulin 

levels than age-matched lean peers.  
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Modifiable risk factors for cardiovascular disease include hypertension, 

hyperinsulinemia, elevated body mass index (BMI), dyslipidemia, and visceral adiposity 

(Hayman et al., 2007).  Jaquith, Harris, and Penprase (2013) found that more than 20% 

of adolescents present for well child visits with two modifiable risk factors.  Despite this 

information, only two-thirds of primary care providers, who answered an electronic survey 

(n=364/547), performed screening for risk factors in children and adolescents (Dixon, 

Steffen, Kornblum & Steinberger, 2013).  One reason for scarcity of screening in the 

pediatric population may be the lack of a quick, easy, reliable screening tool.  

Increased adiposity is the most important risk factor associated with development 

of type 2 diabetes in adolescents (Narasimhan & Weinstock, 2014).  Acquired 

dyslipidemia is often associated with obesity, but may be secondary to drug therapy, 

renal disease, hepatic disease, or an endocrine or metabolic disorder (U.S. Department 

of Health and Human Services [DHHS], 2012).  Obesity and acquired dyslipidemia are 

associated with insulin resistance (Bacha, Gungor, Saad, & Arslanian, 2006).  The 

linkages among acquired dyslipidemia, insulin resistance, and obesity are important to 

understand, because the number of overweight/obese children and adolescents has 

increased over the past 40 years.  More than one-third of U.S. adolescents are 

overweight or obese (Data Resource Center for Child and Adolescent Health [DRC], 

2013).  Hurt and colleagues (2014) examined pediatric obesity rates during the Healthy 

Kids study, which evaluated data from over 10,000 children aged 2-19 years.  The 

prevalence of obesity increased with age, from more than 16% in 2-5 year olds to greater 

than 25% in 12-19 year olds (Hurt, De Pinto, Watson, Grant, & Gielner, 2014).  Logically, 

more adolescents will be at risk for insulin resistance as they age, and thus, type 2 

diabetes and cardiovascular disease.   
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Diabetes is a major cause of poor health and disability.  During the period from 

1980 through 2011, the number of Americans diagnosed with diabetes nearly quadrupled 

(5.6 million, 20.9 million, respectively) (Centers for Disease Control and Prevention, 

2014).  In 2009, approximately 23,500 persons under 20 years had diabetes (CDC, 

2014).  In 2012, that figure rose to 208,000, with type 2 diabetes diagnosed in one-third 

of persons aged 10-19 years (CDC, 2014).  The estimated costs of diabetes in 2012 were 

$176 billion (direct costs) and $69 billion (indirect costs) (CDC, 2014).  

Findings from the Treatment Options for Type 2 Diabetes in Adolescents and 

Youth (TODAY) study support intervention prior to the development of type 2 diabetes.  

Adolescents with type 2 diabetes have more difficulty maintaining glycemic control than 

adults with type 2 diabetes (Narasimhan & Weinstock, 2014).  There are few treatment 

options and treatment is not effective for many adolescents (Narasimhan & Weinstock, 

2014).  In this study of nearly 700 adolescents with type 2 diabetes, nearly half of the 

group developed poor glycemic control within 1 year (Narasimhan & Weinstock, 2014).  

By year 4 of the study, 1/3 of participants developed hypertension and dyslipidemia, and 

experienced a decline in beta cell function (Narasimhan & Weinstock, 2014).  Sixteen 

percent experienced a decline in kidney function (Narasimhan & Weinstock, 2014).  The 

atherogenic profile (lipid levels and inflammatory markers [C - reactive protein]) of 

adolescents with type 2 diabetes was concerning for risk of premature cardiovascular 

disease (Narasimhan & Weinstock, 2014).  

By 2030, more than 40% of the US population is projected to have some form of 

cardiovascular disease (Go et al., 2013).  Key national organizations and institutions, the 

American Heart Association (AHA), National Heart, Lung and Blood Institute (NHLBI), 

and the American Academy of Pediatrics (AAP), responded to this projection with 

endorsements of healthcare guidelines aimed at achievement of improved cardiovascular 
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health through primary and secondary prevention for children and adolescents (DHHS, 

2012).  One of these healthcare guidelines is a recommendation for universal lipid 

screening of all children with elevated BMI, which would accomplish two goals: 

identification of children with genetic abnormalities of lipid metabolism and detection of 

children with acquired dyslipidemia (DHHS, 2012).  Both groups are at risk for early 

cardiovascular events.  

In conclusion, insulin resistance appears to be the common metabolic process 

underlying cardiovascular disease, type 2 diabetes, hypertension, and non-alcoholic fatty 

liver disease (Boden, 2011; Samuel, Petersen, & Shulman, 2010).  In order to detect risk 

of future cardiovascular events, screening for insulin resistance seems prudent.  

However, in current pediatric practice, screening for insulin resistance is uncommon 

because the gold standard test, the glucose clamp test, is expensive and involves 

intravenous infusion of glucose and insulin.  Screening for risk of insulin resistance with 

the Homeostasis Model (HOMA-IR) closely approximates findings from glucose clamp 

studies, but use in clinical practice is hampered by patient safety issues.  Another 

potential screening test, the triglyceride/ high-density lipid cholesterol ratio (TG/HDL 

ratio), can be calculated from routine serum laboratory results.  What is not known is 

whether the TG/HDL ratio predicts insulin resistance with sufficient sensitivity and 

specificity. 

Theoretical Framework 

Insulin, a major anabolic hormone, is essential for growth and development and 

the regulation of carbohydrate and fat metabolism (Sesti, 2006).  Insulin resistance is the 

state in which target organs demonstrate decreased responsiveness to normal circulating 

levels of insulin, and insulin stimulation of many metabolic pathways is diminished 

(Boden, 2011; Sesti, 2006).  Higher than normal levels of insulin are required to achieve 
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normal biological effects (Mercurio, Carlomagno, Fazio & Fazio, 2012).  Insulin resistance 

plays a crucial role (Figure1.1) in the pathogenesis of type 2 diabetes mellitus, non-

alcoholic fatty liver disease, atherogenic dyslipidemia that leads to cardiovascular 

disease, hypertension, and hematologic abnormalities related to coagulation and 

fibrinolysis (Boden, 2011; Samuel, Petersen, & Shulman, 2010).  In addition, insulin 

resistance appears to be the pathological process linking obesity (increased adiposity) to 

dyslipidemia (Kahn, Hull, & Utzschneider, 2006).  The metabolic processes related to 

insulin resistance are not well understood.  In Figure 1.1, insulin resistance is depicted as 

playing a central role in the development of atherosclerotic heart disease and diabetes.  

Increased adiposity (obesity) is closely linked to altered lipid metabolism and subsequent 

insulin resistance.  The feedback mechanism between increased adiposity and insulin 

resistance is poorly understood.  The TG/HDL ratio may indicate when intensive 

intervention is necessary. 

 

Figure 1.1 Altered metabolism of insulin resistance, link to obesity, ASHD and T2D 

The Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk 

Reduction in children and adolescents recommends dyslipidemia screening for children, 
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2-21 years with elevated BMI (DHHS, 2012).  Analysis of the fasting blood sample yields 

quantification of total cholesterol, high-density lipoprotein cholesterol (HDL-cholesterol), 

low-density lipoprotein cholesterol (LDL-cholesterol), and triglyceride levels.  Elevated 

total cholesterol and LDL-cholesterol levels indicate increased risk for cardiovascular 

disease.  Additional information may be gleaned from the analysis of this blood sample, 

at no additional cost. 

TG/HDL ratio =   triglycerides (mg/dL)  
   HDL cholesterol (mg/dL) 

In the normal metabolic state, the normal ratio of triglyceride to HDL cholesterol 

in adolescents varies between 1:1 and 2:1 (NHLBI, 2012).  During dysregulation of lipid 

metabolism, the ratio of triglyceride to HDL cholesterol may reach 20:1.  Elevated 

triglyceride and low HDL-cholesterol levels are related to insulin resistance.  The 

proposition examined in this study was that a TG/HDL-cholesterol ratio greater than a 

determined level would indicate increased risk for insulin resistance. 

The study concepts are defined in the table below (Table 1.1). 

Table 1.1 Study concepts 

Study concept Conceptual definitions 
Obesity Increased adiposity 
Dyslipidemia Abnormal lipoprotein (lipid) metabolism associated with 

elevated triglyceride and low HDL cholesterol levels 
(DHHS, 2012) 

Insulin resistance Physiological state in which target organs have decreased 
responsiveness to normal levels of insulin, normoglycemia 
is maintained with increased circulating insulin (Sesti, 2006) 

Cardiovascular disease 
also known as 
atherosclerotic heart 
disease 

Heart disease caused by atherosclerotic dyslipidemia 
(abnormal lipoprotein [lipid] metabolism associated with 
elevated total cholesterol and low density lipoprotein levels) 
(DHHS, 2012) 

Type 2 diabetes State of insulin resistance in which the body is no longer 
able to maintain normoglycemia, hyperglycemia exists 
despite the presence of insulin (Lieberman, 2013) 
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Conceptual Map 

Insulin resistance occurs decades before evidence of type II diabetes and 

cardiovascular disease is clear.  The mechanisms involved in development of insulin 

resistance are not well understood.  There appears to be a relationship between fat 

storage, often manifested as overweight or obese status, and a form of dyslipidemia that 

is characteristic of insulin resistance (Kahn, Hull, & Utzschneider, 2006).  Altered 

regulation of lipid metabolism results in elevated triglyceride levels and diminished HDL 

cholesterol levels (dyslipidemia).  Hence, screening for elevated TG/HDL ratio might 

predict risk of insulin resistance and allow for intervention prior to development of 

diabetes and cardiovascular disease (Figure 1.2). 

 

Figure 1.2 TG/HDL ratio as predictor in insulin resistance (IR) 

Study Purpose 

The purpose of this study was to evaluate the performance characteristics 

(sensitivity, specificity, positive predictive value and negative predictive value) of the 

 

obesity dyslipidemia 

Insulin  
resistance 

Cardiovascular disease 

Type 2 diabetes 

TG/HDL ratio as predictor 

©Cephus 2014 
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triglyceride/HDL cholesterol ratio when used as a screening tool to detect increased risk 

of insulin resistance in the U.S. adolescent population. The study questions were: 

1. What was the cut-off value that indicates increased risk of insulin resistance by 

TG/HDL ratio in U.S. adolescents? 

2. Did the cut-off value vary by race/ethnicity, gender, BMI percentile category, 

early (12-15 yrs.) vs. late (16-19 yrs.) adolescence? 

3.  What were the performance characteristics (measures of validity) of the TG/HDL 

ratio as a predictor of risk of insulin resistance? 

4. How did performance characteristics of the TG/HDL ratio compare to the 

performance characteristics of the HOMA-IR model? 

5. Did the TG/HDL ratio appear to be an appropriate tool for screening U.S. 

adolescents for insulin resistance? 

Assumptions 

The assumptions related to this study were:  

1. Data, available from National Health and Nutrition Examination Survey 

(NHANES) 2011-2012, were correct and accurately reflected individual-level 

data.    

2. The appropriate cut-off value to discriminate between low and high risk for insulin 

resistance in the adolescent population could be determined. 

Summary 

Insulin resistance is associated with comorbid conditions, including 

cardiovascular disease and type 2 diabetes.  Obesity appears to increase the risk of 

developing insulin resistance.  Some overweight/obese adolescents are not more insulin 

resistant than their normal weight peers are.  Therefore, increased risk of insulin 

resistance cannot be presumed based on physical size. 
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Development of insulin resistance occurs years before diagnosis of type 2 

diabetes or cardiovascular disease.  Early intervention (lifestyle modification) to decrease 

insulin resistance may delay or decrease the incidence of type 2 diabetes and 

cardiovascular disease.  Determination of which adolescents are at risk for insulin 

resistance would assist primary care providers in planning appropriate care.  Currently, a 

screening test for insulin resistance is not in use in pediatric practice.  The TG/HDL ratio 

can be calculated from routine serum laboratory results.  What was not known was 

whether the TG/HDL ratio predicted insulin resistance with sufficient sensitivity and 

specificity to be useful in the clinical setting.  
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Chapter 2  

Review of Relevant Literature 

Primordial and primary prevention of cardiovascular disease and type II diabetes 

in adolescents is hindered by the lack of reliable, readily available screening methods.  

Development of insulin resistance occurs prior to development of cardiovascular disease 

and type 2 diabetes (Lee, Herman, Okumura, Gurney, & Davis, 2006; Shah, Dolan, Gao, 

Kimball, & Urbina, 2011; Tobisch, Blatniczky, & Barkai, 2013).  A screening tool for 

insulin resistance may help clinicians determine which adolescents need therapy that is 

more intensive in order to decrease risk of cardiovascular disease and type 2 diabetes.  

The focus of this chapter was to review screening tool characteristics, current 

understanding of pathophysiology of insulin resistance, and measurement of insulin 

resistance.  Research studies related to insulin resistance in adults and children are 

discussed.  Two screening methods, used in the pediatric research, are compared to the 

TG/HDL ratio. 

Prevention 

Cardiovascular disease and diabetes are leading causes of morbidity and 

mortality in the U.S. (Weintraub et al., 2011).  Primordial prevention of cardiovascular 

disease in children, as a goal, was introduced by Strausser in 1978 at the World Health 

Organization in Geneva.  He advocated for a strategy to prevent epidemics of the onset 

of risk factors in whole societies (Strausser, 1980).  Under his guidance, the WHO Expert 

Committee made the following recommendations: reduce salt intake, increase physical 

activity, avoid obesity, and eliminate smoking (WHO Expert Committee, 1990).  Over the 

years, the American Heart Association, the American Academy of Pediatrics and the 

National Heart, Lung and Blood Institute have supported primordial and primary 

prevention of cardiovascular risk factors in children and adolescents (Labarthe, Dai, Day, 
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Fulton, & Grunbaum, 2009).  In the 2012 guidelines, the Expert Committee 

recommended universal screening of all 9- and 10- year old children for elevated lipid 

levels (DHHS, 2012).  In addition, they recommended screening of all children with 

elevated BMI for elevated lipid levels (DHHS, 2012).   

A lipid panel includes measurement of triglycerides (TG), HDL (high-density 

lipoprotein) cholesterol, LDL (low-density lipoprotein) cholesterol, and total cholesterol.  

Additional indices vary with institutional choice.  Elevation of the TG/HDL ratio has been 

proposed as a marker for increased risk of insulin resistance (Quijada, et al., 2008; 

Weiss, et al., 2011).  The Expert Committee’s recommendations represent a unique 

opportunity to screen for insulin resistance, as well as hypercholesterolemia and 

dyslipidemia.  

General Screening Tool Criteria 

A screening tool should meet certain criteria: a) address an important health 

problem, b) address a condition for which the natural history is adequately understood, c) 

address a condition for which a pre-symptomatic period exists, and d) address a 

condition for which effective intervention for primary prevention is available (Cochrane & 

Holland, 1971; Friis & Sellers, 2009; Somerville, Kumaran & Anderson, 2012).  Research 

has supported developing a means of early detection of type 2 diabetes (Harris & 

Eastman, 2000).  Insulin resistance appears to be a condition that develops prior to type 

2 diabetes, which is a major cause of morbidity and mortality in the U.S.  People with 

diabetes are at increased risk for cardiovascular events (Kashyap & Defronzo, 2007; 

Srikanth & Deedwania, 2011).  The lifetime risk of cardiovascular disease is 4-6-fold 

higher in people with preventable risk factors (Berry et al., 2012).  Prevention of type 2 

diabetes, through intervention at the point of recognition of insulin resistance, has the 

potential to reduce future cardiovascular events (Srikanth & Deedwania, 2011). 
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Screening 

The purpose of screening is to identify apparently healthy members of the 

population who may be at increased risk or actually have a clinical condition or disease 

(Somerville, Kumaran & Anderson, 2012).  Ideally, the screening test should be very 

sensitive, so that persons who have the condition will be discovered.  In addition, the 

screening test should be very specific, so that only persons with the condition will test 

positive.  However, in reality, this is rarely the case.  (Gordis, 2009; Somerville, Kumaran 

& Anderson, 2012).  The distribution of test results between healthy and diseased people 

will overlap, as in figure 2.1. 

 

Figure 2.1 Distribution of test results (Adapted with permission.  Kulasingam & 

Diamandis, 2008) 

When testing for a condition that has a continuous variable as the result, like 

TD/HDL ratio, the distribution of results between healthy people and individuals with a 

specified condition overlap (Gordis, 2009).  For any given test threshold, some people 

who have disease will test positive (true positives) and some people will test negative 

(false negatives) (Metz, 1978).  Some people without the disease will test positive (false 

positives) and the remainder will test negative (true negatives) (Metz, 1978).   

Sensitivity is defined as the ability to identify individuals with disease using a 

specific test (Friis & Sellers, 2009).  The test should be sensitive enough to detect most 

individuals with disease (Table 2.1).  The sensitivity of the test should be high when the 
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burden of disease is high, for example, cancer.  Hofvind and colleagues (2012) reported 

that mammography has a sensitivity of ~92%.  Specificity is defined as the ability to 

identify individuals without disease using the same test (Friis &Sellers, 2009).   

The performance characteristics of a test (sensitivity, specificity, positive and 

negative predictive values) must be balanced to give the best result for the clinical 

condition or disease (Friis & Sellers, 2009; Somerville, Kumaran & Anderson, 2012).  The 

positive predictive value of a test is the proportion of true positives among all positive 

tests in a study population (Somerville, Kumaran & Anderson, 2012).  The negative 

predictive value of a test is the proportion of true negatives among all negative tests 

(Somerville, Kumaran & Anderson).   

The predictive value depends on the prevalence of disease/condition in the 

population being tested (Grimes & Schulz, 2002).  When the prevalence of a condition is 

low, the negative predictive value is high and the positive predictive value is low (Metz, 

1978).  In other words, an individual with a negative result is highly likely to be disease-

free.  An individual with a positive result may or may not have disease.   

Table 2.1 Meaning of test characteristic 

Test characteristic Meaning of result  
Sensitivity Ability of the test to identify persons who actually have the 

condition of interest (Lang & Secic, 2006) 
Specificity  Ability of the test to correctly identify persons who do not have 

the condition of interest (Lang & Secic, 2006) 
Positive predictive 
value 

Indicates if a person has a positive test, the probability of 
actually having the condition of interest (Friis & Sellers, 2009) 

Negative predictive 
value 

Indicates if a person has a negative test, the probability of not 
having the condition of interest (Friis & Sellers, 2009) 

Accuracy The degree of agreement between the screening test and the 
gold standard (Friis & Sellers, 2009) 

 

For the individual clinician, knowledge of the prevalence of condition in the 

population served will assist in appropriate interpretation of test results (Table 2.1) 
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(Grimes & Schulz, 2002; Leeflang, et al., 2013).  In a study of rapid antigen screening for 

streptococcal pharyngeal infections, the positive predictive value was 90.3% for children 

(0-9 years of age) and 70.4% for adults (Gurol et al., 2010).  The positive predictive value 

is poor when the prevalence of the condition in the population is low.  Even a test with 

high specificity will have more false positive results than true positive results when the 

prevalence of disease is less than 10 % (Grimes & Schulz, 2002).  

Glucose and Lipid Metabolism 

Energy homeostasis is a coordinated system of processes that is necessary for 

survival: a) fuel intake and storage, and b) fuel mobilization and expenditure (Wang & 

Fotsch, 2006).  These metabolic processes depend on the coordinated control of 

hormones (Lieberman, Marks & Peet, 2013; Wang & Fotsch, 2006).  Insulin is involved in 

glucose and fatty acid metabolism.  In general, when insulin connects with cellular insulin 

receptors, glucose, amino acids and free fatty acids are taken into the cell (Saltiel & 

Kahn, 2001).  Insulin promotes synthesis of lipids, proteins and glycogen (Saltiel & Kahn, 

2001).  

In the fed state, skeletal muscles metabolize glucose for immediate use as fuel, 

or for storage as glycogen (Saltiel & Kahn, 2001; Sesti, 2006).  The Randle cycle theory 

postulates that in the presence of insulin, muscle glycogen synthesis is a major pathway 

for glucose metabolism (Randle, Garland, Hales, & Newsholme, 1963; Shulman, 2000).  

Plasma glucose enters the cell via glucose transporters and is phosphorylated by 

hexokinase II to form glucose-6-phospate (Beck-Nielsen, 2012; Shulman, 2000).  

Glucose-6-phosphate interacts with uridine diphosphate and glycogen synthase to form 

glycogen (Shulman, 2000).  During exercise, muscle cells quickly deplete local glycogen 

stores and rely on fatty acids from the blood (Lieberman et al., 2013).  In the fasting state, 

lipolysis provides skeletal muscle, the liver and other organs with fatty acids for fuel (Hue 



17 

& Taegtmeyer, 2009).  Glucose is reserved for the brain, which is completely dependent 

upon glucose for cellular respiration (Hue & Taegtmeyer, 2009).  

Fatty acid oxidation is a major source of energy for skeletal muscles (Lieberman 

et al., 2013).  Triacylglycerols (triglycerides) and cholesterol, the major dietary lipids, are 

digested in the intestinal lumen, packaged in chylomicrons, and secreted into the blood 

stream via the lymph system (Klop, Elte, & Cabezas, 2013; Lieberman et al., 2013).  The 

liver synthesizes glycogen and triglycerides from glucose (Lieberman et al., 2013).  In an 

environment that is insulin-rich, the hepatocyte, through a series of phosphorylations, 

converts glucose to pyruvate (Saltiel & Kahn, 2001).  Pyruvate enters the mitochondria 

and is converted to acetyl coenzyme A (acetyl-CoA) and oxaloacetate (Lieberman et al., 

2013).  In order to exit the mitochondria, acetyl-CoA molecules merge with oxaloacetate 

to form citrate (Lieberman et al., 2013).  In the cytosol, acetyl-CoA is separated from 

oxaloacetate and used for fatty acid and cholesterol synthesis through pathways 

activated by insulin (Lieberman et al., 2013).  Newly formed fatty acids are converted to 

triglycerols (triglycerides), which are packaged inside very low-density lipoproteins 

(VLDL) and secreted into the blood stream (Franssen, Monajemi, Lieberman et al., 2013; 

Stroes & Kastelein, 2011).  Chylomicrons and VLDL transport free fatty acids to skeletal 

muscle, heart and adipose tissue (Klop et al., 2013).  Insulin up-regulates the action of 

lipoprotein lipase, an endothelial cell enzyme, which results in release of triglycerides and 

breakdown to fatty acids (Klop et al., 2013).  Free fatty acids are available as an energy 

source, or are taken up by adipose tissue, where they are stored as triglycerides (Hue & 

Taegtmeyer, 2009; Lieberman et al., 2013). 

Insulin stimulates the transport of glucose into adipose tissue where adipocytes 

utilize glucose for energy and as a source of the glycerol component necessary for 

triglyceride formation (Lieberman et al., 2013).  In addition, insulin stimulates production 
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and secretion of lipoprotein lipase in adipocytes, to enhance metabolism of triglycerides 

to fatty acids (Klop et al., 2013; Lieberman et al., 2013).  Insulin is the most important 

regulator of fatty acid mobilization from adipose tissue in the fasting state (Klop et al., 

2013).  In a normal metabolic state, insulin mediates utilization and storage of glucose 

and lipids.  

Insulin resistance has a major impact on metabolism of free fatty acids, 

chylomicrons, VLDL, and glucose (Hue & Taegtmeyer, 2009; Klop et al., 2013).  In 

skeletal muscles, insulin resistance correlates with decreased insulin-stimulated glucose 

uptake (Capurso & Capurso, 2012).  In the presence of insulin resistance, hepatocyte 

glucose production is dysregulated, and insulin-mediated adipocyte lipolysis is diminished 

(Capurso & Capurso, 2012).  The pathogenesis of insulin resistance is complex and not 

well understood. 

Theoretical Mechanisms of Insulin Resistance 

Insulin resistance can be defined as a state in which target organs display 

reduced responsiveness to normal levels of circulating insulin (Lieberman et al., 2013).  

Traditionally, insulin resistance is defined as an insulin-glucose interaction, a glucocentric 

paradigm (Savage, Petersen & Shulman, 2005).  Over the past 15 years, the role of 

insulin-fatty acid interaction in development of insulin resistance, a lipocentric process, 

has been recognized (Samuel, Petersen, &Shulman, 2010).  Experimental research 

supports both mechanisms, but neither completely explains the pathogenesis of insulin 

resistance. 

The Glucocentric Paradigm 

Fructose and Insulin Resistance 

High fructose corn syrup (HFCS) and sucrose have been the predominant 

sweeteners in most drinks and foods in the U.S. since the 1970s (Johnson & Murray, 
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2010).  Prior to the development of the sugar industry, human consumption of fructose 

was limited (Johnson & Murray, 2010).  In 1850, the average American consumed twenty 

pounds of sugar per year (Bray, 2012).  By 2001, the average American consumed more 

than 160 pounds of sugar per year (Bray, 2012).  Consumption of fructose, in the form of 

HFCS and sucrose, has been associated with altered lipid metabolism as demonstrated 

by increased hepatic lipid synthesis, reduced lipid clearance, and increased volume of 

intraabdominal fat depots (Stanhope, Griffen et al., 2008).  Biomarkers of increased risk 

of cardiovascular disease (apolipoprotein B, LDL cholesterol, and small, dense LDL 

cholesterol) were also increased (Stanhope, Griffen et al., 2008). 

Epidemiological studies have demonstrated a relationship between total fructose 

intake and higher rates of obesity, hypertension, kidney disease, metabolic syndrome 

and cardiovascular disease in adults (Bray, 2012; Elliott, Keim, Stern, Teff & Havel, 2002; 

Johnson, Segal et al., 2007).  Consumption of sugar-sweetened drinks was associated 

with increased insulin resistance by the Homeostasis Assessment Model – Insulin 

Resistance (HOMA-IR) in participants in the Framingham Offspring Cohort study 

(Yoshida et al., 2007).  Clinical studies have demonstrated that fructose dietary 

supplementation results in dyslipidemia, hypertension, and insulin resistance in adults 

(Stanhope, Schwarz et al., 2009).  In a prospective, observational study of school age 

children, Ludwig and colleagues (2001) found the odds of normal-weight children 

becoming obese increased 1.6 times for each sugar-sweetened drink (can/glass) 

consumed per day. 

The metabolism of fructose is different from other sugars.  Fructose is 

phosphorylated rapidly, causing depletion of hepatic cellular adenosine triphosphate 

(ATP) (Johnson & Murray, 2010).  In contrast to glucose metabolism, hepatic metabolism 

of fructose continues despite the absence of ATP, resulting in increased lipogenesis and 
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elevated triglyceride levels (Stanhope, Schwarz et al., 2009).  Additional sequelae include 

decreased hepatic insulin sensitivity, increased hepatic glucose production, and 

increased insulin secretion (Stanhope, Schwarz et al., 2009).  Laboratory data 

demonstrate characteristics of insulin resistance: impaired glucose tolerance, increased 

fasting glucose and increased fasting insulin (Stanhope, Schwarz et al., 2009).  Fructose 

consumption appears to have a role in the development of obesity and insulin resistance. 

Adiposity and Insulin Resistance 

Obesity is associated with insulin resistance, impaired glucose metabolism, 

atherogenic dyslipidemia and other pathophysiological conditions (Capurso & Capurso, 

2012, Kashyap & DeFronzo, 2012).  For decades, insulin resistance in skeletal muscle 

and liver has been recognized as a physiologic feature of type 2 diabetes, obesity, 

atherogenic dyslipidemia and other diseases associated with increased cardiovascular 

risk (Boden, 2011).  In the past, insulin resistance was defined within a glucocentric 

paradigm, where elevated circulating insulin was needed for euglycemia (Eckel, Grundy, 

& Zimmet, 2005).  However, insulin resistance in adipose tissue appears to be the most 

important consequence of increased adiposity (Capurso & Capurso, 2012).  The role of 

adipose tissue was elucidated only recently, but the cellular mechanisms are not well 

understood (Har, Carey, & Hawkins, 2013; Tateya, Kim, & Tamori, 2013). 

The Glucose-Fatty Acid Cycle 

In 1963, Randle and colleagues proposed an explanation of fatty-acid role in 

glucose metabolism – the glucose fatty-acid cycle.  They theorized that fatty acid and 

ketone bodies are necessary for conservation of blood glucose and muscle glycogen 

during periods of starvation or dietary restriction of carbohydrates (Randle et al., 1963).  

They proposed that high rates of breakdown of glycerides in adipose tissue and muscle 

result in elevated plasma non-esterified fatty acids and accumulation of intracellular 
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glucose (Randle et al., 1963, Roden et al., 1996).  The availability of fatty acids as a fuel 

source impairs glucose utilization through inhibition of glucose metabolism at specific 

enzymatic checkpoints (Randle et al., 1963; Samuel et al., 2010). 

The Lipocentric Paradigm 

The Inflammation Hypothesis 

Adipose tissue is an organ that secretes biologically active substances that 

regulate insulin sensitivity in insulin-sensitive organs including the liver and skeletal 

muscles (Tateya et al., 2013).  Coletta and Mandarino (2011) report sources of 

inflammation that result in insulin resistance in myocytes.  Adipose tissue is a major 

source of cytokines that stimulate the inflammatory process in skeletal muscle (Coletta & 

Mandarino, 2011).  Proinflammatory cytokines activate toll-like receptors in the myocytes 

cell wall that induce expression of proinflammatory genes (Coletta & Mandarino, 2011).  

In addition, elevated circulating free fatty acids increase inflammatory cytokines and 

activate proinflammatory signaling in myocytes (Coletta & Mandarino, 2011; Pan et al., 

1997).  Coletta and Mandarino (2011) propose a theoretical model that delineates the 

relationship between inflammation and insulin resistance in skeletal muscle: 

inflammation, mitochondrial changes, lipid accumulation, insulin-signaling defects, and 

finally insulin resistance.  

Accumulation of subcutaneous fat is a normal physiologic activity that occurs 

when energy intake exceeds energy output (Goldenberg & Bathina, 2013).  Once 

subcutaneous fat depots are full, fat is stored in visceral adipocytes (Goldenberg & 

Bathina, 2013).  Extreme adipose hypertrophy and visceral fat storage result in adipocyte 

dysfunction (Capurso &Capurso, 2012; Goldenberg & Bathina, 2013).  Hypertrophied 

adipocytes release pro-inflammatory cytokines, various interleukins, and tumor necrosis 

factor alpha (TNF-α) (Capurso & Capurso, 2012).  TNF-α stimulates the release of 
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monocyte chemotactic protein-1 (MCP-1) from endothelial cells and pre-adipocytes 

located in adipose tissue.  MCP-1 attracts macrophages to the site of hypertrophied 

adipocytes (Capurso & Capurso, 2012).  Macrophages induce release of inflammatory 

cytokines, TNF-α, interleukin-6 (IL-6), and interleukin-1 beta (IL-1β), which activate serine 

kinases (Har et al., 2013).  Serine kinases promote serine phosphorylation of insulin 

receptor substrate -1 (IRS-1) instead of tyrosine kinase phosphorylation (Arner, 2003).  

The result is inability of the insulin receptor to bind with insulin and signaling defects that 

result in insulin resistance (Coletta & Mandarino, 2011).  Chronic inflammation at the 

level of the adipocyte leads to insulin resistance (Goldenberg & Bathina, 2013; Xu et al., 

2003).  Interestingly, obese people express more than twice the TNF-α messenger 

ribonucleic acid (mRNA) and protein in adipose tissue than lean people express 

(Kashyap & DeFronzo, 2007; Schipper, Prakken, Kalkhoven, & Boes, 2012). 

The Adipose Tissue Expandability Hypothesis 

On a population level, there is a strong correlation between obesity and diabetes 

(Virtue & Vidal-Puig, 2008).  Insulin resistance occurs about 10–20 years prior to the 

development of diabetes (D’Adamo & Caprio, 2011).  Although obesity and insulin 

resistance are associated positively on a population level, on the individual level, the 

relationship remains uncertain (Kim et al., 2007; Virtue & Vidal-Puig, 2008).   

Kim and colleagues (2007) noted that insulin resistance was a characteristic of 

lipodystrophic and lipoatrophic mouse models.  The common feature of the mouse 

models, absence of functional adipocytes, resulted in deposition of triglycerides in 

skeletal muscle and the liver, dyslipidemia, hyperglycemia and hyperinsulinemia (Kim et 

al., 2007).  Experimental findings mirrored the insulin resistance phenomenon observed 

in humans.  Kim and colleagues (2007) postulated that insulin resistance could be 

avoided if excessive lipids did not accumulate in the liver or skeletal muscle.  They 
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engineered a mouse model (transgenic ob/ob) that allowed for uninhibited adipose tissue 

growth (Kim et al., 2007).  Transgenic ob/ob mice grew to nearly twice the size of their 

ob/ob littermates but had lower metabolic indices (Kim et al., 2007).  Laboratory findings 

of transgenic ob/ob mice demonstrated improvement of inflammatory indices, and normal 

fasting glucose, insulin, triglycerides (TG) and free fatty acids (Kim et al., 2007).  These 

findings supported the hypothesis that insulin resistance occurs because of lipid-induced 

toxicity after deposition of triglycerides and fatty acids in depots other than adipose tissue 

(Virtue & Vidal-Puig, 2008).  

Uninhibited adipose tissue growth may be one key to avoiding metabolic 

changes associated with insulin resistance (Kim et al., 2007; Virtue & Vidal-Puig, 2008). 

On a clinical level, one-third of patients with severe obesity do not have metabolic 

derangements associated with insulin resistance (Bays et al., 2013).  Cali and Caprio 

(2009) found that obese adolescents had a more favorable metabolic profile when they 

retained subcutaneous fat.  Experimental human studies have shown significant 

interindividual variability in fat deposition during overfeeding (Alligier et al., 2013; Cali, 

Zern et al., 2007).  The mechanism that controls location of fat deposition is not 

understood. 

Insulin Resistance and Adolescence 

Insulin resistance during puberty has been documented in cross-sectional 

studies.  Amiel and colleagues (1986) were the first to demonstrate the association 

between puberty and insulin resistance in adolescents with insulin-dependent diabetes.  

Later studies have shown that insulin sensitivity decreases, in non-diabetic children, 

during puberty (Amiel, et al., 1991; Bloch, Clemmons, & Sperling, 1987; Caprio et al., 

1989).  Attempts to determine associations between sexual maturation (Tanner stage, 

see Table 2.2) and degree of insulin resistance have resulted in conflicting conclusions. 
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One study suggested that the puberty-related increase in insulin resistance 

occurs between Tanner stages I and II (Table 2.2) (Cook, Hoffman, Stene, & Hansen, 

1993).  In contrast, Travers, Jeffers, Bloch, Hill, and Eckel (1995) found vast variability 

between Tanner stage and insulin resistance.  Instead, they suggested that body fatness, 

assessed as body mass index (BMI), correlates best with degree of insulin resistance 

(Travers et al., 1995). 

Table 2.2 Tanner stages (Marshall & Tanner, 1969; 1970) 

Tanner stage Physical  
I Prepubertal  
II Enlargement of scrotum and testes, changes in skin texture 

Breast bud stage with enlargement of areola 
Sparse growth of hair at the base of the penis or along labia 

III Enlargement of the penis in length 
Further enlargement of breast and areola 
Darker, coarser, more curled hair covering pubis 

IV Increased penile size with development of glans, scrotal skin darkens, 
testes and scrotum larger 
Areola and papilla form secondary mound above the level of the breast 
Adult-type pubic hair, but covering smaller area than adult 

V Adult genitalia 
Recession of areola 
Full distribution of pubic hair 

 

Moran and colleagues (1999) performed euglycemic clamp studies on 357 

children, aged 10-14 years, to investigate the effect of BMI, gender, Tanner stage and 

ethnicity on insulin resistance.  They found a curvilinear relationship between insulin 

resistance and Tanner stage.  The highest level of insulin resistance was documented in 

children at Tanner stage III, regardless of gender (Moran et al., 1999).  Insulin resistance 

was more than 25% higher in children who were in Tanner stage II, when compared to 

children in stage I (Moran et al., 1999).  There was a strong correlation between BMI and 

insulin resistance at all Tanner stages (Moran et al., 1999).  
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Longitudinal studies confirmed a curvilinear relationship between insulin 

resistance and Tanner stages, and a significant change in insulin resistance between 

Tanner stage I and stage II (Ball et al., 2005; Goran & Gower, 2001).  An increase in 

insulin secretion results in maintenance of glucose homeostasis (Ball et al., 2005).  

Hannon and colleagues (2006) found that there was a 125% increase in the ratio of fatty 

acid to glucose oxidation, supporting the Randle cycle theory.  The findings of the above-

mentioned studies are difficult to generalize secondary to small sample sizes, lack of 

diversity in the participants, and few attempts to reproduce findings.  In addition, physical 

changes associated with puberty are the result of hypothalamic-pituitary interaction, 

which occurs before physical signs of puberty appear (Ganong, 2005).  Determining the 

onset of puberty by Tanner staging may introduce an erroneous assumption. 

Jeffery and colleagues (2012) conducted a prospective, longitudinal cohort study, 

which included 307 age-matched healthy children from random schools and varied 

socioeconomic backgrounds.  Using luteinizing hormone (LH) as an indicator of 

metabolic onset of puberty, they found evidence of insulin resistance 2-3 years before the 

onset of puberty (Jeffery et al., 2012).  Adiposity accounted for 25% and 30% of the 

variance in insulin resistance in boys and girls, respectively (Jeffery et al., 2012).  

Insulin resistance has been associated with elevated visceral and ectopic 

adiposity in prepubertal obese children and adolescents (Bennett, 2012; Cali & Caprio, 

2009).  Children and adolescents with the highest proportion of visceral fat were greater 

than 5 times more likely to have metabolic syndrome than their peers with lower visceral 

fat (Cali & Caprio, 2009).  In a retrospective cohort study involving 441 pre- and early 

pubertal children, intramyocellular lipid deposition was associated with markers of insulin 

resistance: elevated serum triglyceride level and triglyceride/high density lipoprotein-



26 

cholesterol ratio (Brumbaugh, Crume, Nadeau, Scherzinger, & Dabelea, 2012).  

Assessment of intramyocellular lipid deposition is not feasible in the clinical setting.  

In summary, insulin resistance results in dysregulated hepatic gluconeogenesis 

and adipocyte lipolysis, which increases circulating triglycerides and cholesterol.  Insulin 

resistance appears to be the link between obesity and dyslipidemia.  Other disease 

conditions such as non-alcoholic fatty liver disease, hypertension, type 2 diabetes 

mellitus, and cardiovascular disease appear to be outcomes of this interaction.  The 

pathways of development of insulin resistance remain unclear. 

Measurement of Insulin Resistance 

Detection of insulin resistance, a risk factor for development of cardiovascular 

disease and type 2 diabetes, appears pivotal for prevention of morbidity and mortality.  

The gold standard methods for determination of insulin sensitivity, the hyperinsulinemic-

euglycemic clamp technique (glucose clamp test) and the frequently sampled intravenous 

glucose tolerance test are impractical for use during routine pediatric visits (Giannini et 

al., 2011).  Researchers have worked to develop invasive and non-invasive methods for 

determination of insulin resistance. 

The Hypertriglyceridemic Waist 

Abdominal fat is thought to contribute to risk for cardiovascular disease (Janssen, 

Katzmarzyk, & Ross, 2004).  Abdominal fat may represent subcutaneous adiposity or 

visceral adiposity.  Visceral adipose tissue is believed to be metabolically active in the 

process of insulin resistance (Despres, 2006, Capurso & Capurso, 2012; Goldenberg & 

Bathina, 2013).  

Lemieux and colleagues (2000) proposed a screening method to identify men 

with increased risk for coronary artery disease secondary to the presence of 

characteristics associated with metabolic syndrome.  The model, named 
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Hypertriglyceridemic Waist, focused on increased waist circumference and elevated 

triglyceride levels (Lemieux, Pascot et al., 2000).  Their study findings suggested that 

obese men with elevated triglyceride levels and waist circumference > 90 cm were at 

increased risk for coronary artery disease (odds ratio, p<0.03) (Lemieux, Pascot et al., 

2000).  Over the next 10 years, several studies supported the use of the 

Hypertriglyceridemic Waist model to identify at-risk men and women (Blackburn et al., 

2012; Khan & Valdez, 2003; LaMonte et al., 2003; Lemieux, Poirier et al., 2007; Tanko et 

al., 2005).  None of the researchers, however, applied this model to children and 

adolescents. 

Development of percentile curves 

Fernandez, Redden, Pietrobelli and Allison (2004) investigated the distribution of 

waist circumference in children and adolescents.  They used the Third National Health 

and Nutrition Examination Survey (NHANES III) data to determine age-, gender-, and 

ethnicity-specific waist circumference percentiles (Fernandez et al., 2004).  Data from 

nearly 1000 children, aged 2-18 years were included in this study (Fernandez et al., 

2004).  Fernandez and colleagues (2004) recommended increased practitioner attention 

to children/adolescents with waist circumference greater than the 75th percentile for age.  

Limitations of this study include the use of data that may have had limited clinical 

relevancy.  NHANES III was conducted from 1988-1994 (Center for Disease Control and 

Prevention (CDC), 2013).  The prevalence of obesity was 10% during the NHANES III 

data collection period (Ogden & Carroll, 2010).  By 2004, the prevalence of obesity was 

17.1% (Ogden & Carroll, 2010).  The inclusion of only three ethnic groups (Hispanic, non-

Hispanic White, non-Hispanic Black) represents another limitation, as many clinical 

practices serve clients that are of Middle-Eastern, Asian, American Indian, or Pacific 

descent.  
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Cole and colleagues (2000) constructed international centile curves for body 

mass index (BMI) using data from six countries.  The centile curves were linked to adult 

reference points: 25 kg/m2 (overweight) and 30 kg/m2 (obese) (Cole, Bellizzi, Flegal & 

Dietz, 2000).  In an attempt to make BMI centile curves more useful to predict health risk 

in children, Katzmarzyk and colleagues (2004) used data from the Bogalusa Heart study 

to construct waist circumference and BMI cutoff values for children 5-18 years of age.  

Katzmarzyk centile curves appeared to be more sensitive, but less specific than 

Fernandez and Cole curves, when used to evaluate cardiovascular health in children 

(Katzmarzyk et al., 2004).  

More recently, Cook, Auinger and Huang (2009) developed percentile curves for 

waist circumference and lipid indices after combining data from major U.S. childhood 

studies and surveys.  Researchers found that BMI and waist circumference were closely 

correlated, suggesting that measuring waist circumference in the clinical setting is more 

confirmatory than diagnostic for insulin resistance (Cook, Auinger, & Huang, 2009, 

Khoury, M. et al., 2012).  Of note, percentile curves for lipid indices did not differ 

significantly from those developed with NHANES III, supporting continued use of 

NHANES III standards (Cook, Auinger, & Huang, 2009). 

Use of waist circumference in studies 

The utility of waist circumference percentiles in clinical practice is unclear.  Data 

from 1647 adolescents (12-18 years) from the NHANES 1999-2002 study were analyzed 

for the purpose of using waist circumference to predict insulin resistance (Lee, Davis, 

Woolford, & Gurney, 2009).  When used to identify adolescents with insulin resistance, 

Fernandez waist percentiles discriminated at the 75th and 90th percentiles (Lee et al., 

2009).  Importantly, study results suggested that no difference existed between 
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ethnicities.  Therefore, different waist circumference cutoffs, based on ethnicity, were 

unnecessary.  

Spolidoro and colleagues (2013) investigated the importance of waist 

circumference in monitoring children for metabolic syndrome.  Metabolic syndrome was 

defined by de Ferranti criteria: 1) triglycerides > 100 mg/dL, 2) HDL cholesterol <50 

mg/dL (female), <45 mg/dL (male), 3) fasting serum glucose > 110mg/dL, 4) waist 

circumference > 75th percentile for age and gender, and 5) systolic blood pressure > 

90th percentile for age, gender and height (de Ferranti et al., 2004, Spolidoro, 2013).  

Waist circumference cutoff points were defined by Katzmarzyk curves.  In study 

participants who were diagnosed with metabolic syndrome (n=14/159), waist 

circumference correlated with diagnosis more than BMI correlated (Spolidoro et al., 

2013).  The relationship between waist circumference and individual criteria for metabolic 

syndrome was not reported. 

Waist circumference percentiles may be useful for epidemiological studies, but 

the value of waist circumference measurement in day-to-day clinical practice may be 

limited.  Visceral adiposity appears to be associated with insulin resistance (Weiss, 

Dufour et al., 2003).  Waist circumference measurement does not discriminate between 

subcutaneous and visceral adiposity. 

Hypertriglyceridemic Waist in children 

M. da Conceicao-Machado and colleagues (2013) investigated the prevalence of 

The Hypertriglyceridemic Waist phenotype in Brazilian children.  Approximately 7% of 

participants (77/1076) had data that were characteristic of The Hypertriglyceridemic 

Waist phenotype (da Conceicao et al., 2013).  Participants with The Hypertriglyceridemic 

Waist phenotype were more likely to have low HDL cholesterol levels (OR = 2.7, 95% CI: 

1.5-4.8) (da Conceicao et al., 2013).  
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In a study conducted by Hobkirk and colleagues (2013), the triglyceride level, but 

not The Hypertriglyceridemic Waist, was an independent predictor of favorable change in 

risk for insulin resistance after weight loss.  Cali, Zern, and colleagues (2007) found 

support for triglyceride level as a predictor of fatty liver disease in a study of insulin 

resistant adolescents.  No known pediatric studies have supported the use of The 

Hypertriglyceridemic Waist to predict insulin resistance in children and adolescents. 

Invasive techniques 

Glucose Clamp Technique 

The glucose clamp technique, developed by DeFronzo, Tobin and Andres, is the 

gold standard for determining insulin resistance in humans (Muniyappa, Lee, Chen & 

Quon, 2007).  The glucose clamp technique is a direct measurement of beta-cell 

sensitivity to glucose (DeFronzo, Tobin, & Andres, 1979).  In brief, the glucose clamp 

technique involves an intravenous infusion of glucose to maintain steady-state serum 

glucose (DeFronzo, Tobin & Andres, 1979).  Serum insulin is acutely raised and 

maintained by continuous intravenous infusion, so that a state of euglycemia occurs 

(DeFronzo, Tobin & Andres, 1979).   

When hepatic glucose production is suppressed, then the glucose infusion rate is 

equal to total body glucose disposal (DeFronzo, et al., 1979).  An insulin sensitivity index 

is determined from the following equation: SIclamp = M/(G X I), where glucose disposal 

(M) (normalized for body weight or fat-free mass) is divided by steady state glucose 

concentration (G) multiplied by the change in insulin concentration (I) (fasting and steady 

state) (Muniyappa et al., 2007).  Multiple serum samples are necessary to complete this 

direct measure of insulin sensitivity (DeFronzo, Tobin & Andres, 1979).  Insulin resistant 

persons require higher insulin infusion rates than persons with normal insulin sensitivity 

(Muniyappa et al., 2007). 
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The glucose clamp technique is not practical for clinical use.  It is expensive 

because of the requirement for intravenous lines, fluids, blood samples and laboratory 

analyses.  It is time, labor, and knowledge intensive, as an experienced technician would 

be required to ensure patient safety and accurate test performance (Muniyappa et al., 

2007).  In addition, the patient would be subjected to risk and pain associated with 

multiple venipunctures, arterial line placement, or large-bore venous line placement.  

Nonetheless, the glucose clamp technique remains the standard by which other 

assessments of insulin resistance are judged.  

Homeostasis Assessment Model (HOMA) 

Hosker and colleagues (1985) developed a computer-derived model of 

insulin/glucose interaction during continuous infusion of glucose (CIGMA).  They used 

this model to predict mean glucose and insulin levels for different degrees of insulin 

resistance and beta cell function (Hosker et al., 1985).  The model estimation of insulin 

resistance correlated with glucose clamp estimates in normal subjects (Rs = 0.75, 

p<0.02), diabetic participants (Rs = 0.82, p<0.005) and both groups (Rs = 0.78, 

p<0.0001) (Hosker et al., 1985).   

CIGMA required a one-hour infusion of glucose (Hosker et al., 1985).  Serum 

glucose and insulin levels were measured three times during the last 15 minutes of the 

glucose infusion (Hosker et al., 1985).  Mean insulin and glucose levels were compared 

with a standardized chart of values that could be expected in varying degrees of insulin 

resistance (Hosker et al., 1985).  Although test results were comparable to the glucose 

clamp technique, CIGMA was time intensive and expensive.  

Matthews and colleagues (1985) sought to determine if participant fasting plasma 

glucose and insulin levels predicted insulin resistance using the CIGMA generated chart 

– homeostasis model assessment (HOMA).  Insulin resistance was calculated as the 
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result of the following equation: fasting serum insulin (µU/ml) X fasting plasma glucose 

(mmol/L) divided by a constant 22.5 (Matthews et al., 1985).  The constant 22.5 is the 

product of normal fasting glucose and insulin in a healthy individual (4.5mmol/L X 5 

µU/ml) (Muniyappa et al., 2007).  Hence, an individual with normal insulin sensitivity 

would be expected to have a HOMA-IR = 1 (Matthews, et al., 1985).  HOMA estimate of 

insulin resistance (HOMA-IR) correlated with the glucose clamp technique in normal and 

diabetic participants (Rs = 0.88, p<0.0001) (Matthews et al., 1985).   

HOMA-IR is a simple and inexpensive alternative to glucose clamp technique, 

but it was developed with a small sample size.  Bonora and colleagues (2000) 

investigated the utility of HOMA-IR in large-scale studies.  There was a strong correlation 

between glucose clamp technique designation of insulin resistance and HOMA-IR scores 

of insulin resistance in adult participants (Bonora et al., 2000).  They concluded that 

HOMA-IR could be reliably used in large-scale studies, but the study sample size was 

115 adults (Bonora et al., 2000).  Abbasi and Reaven (2011) confirmed the findings in a 

study of nearly 500 adults: HOMA-IR was a surrogate for insulin action.  

Haffner, Miettinen and Stern (1997) suggested that HOMA-IR scores should be 

considered relative rather than absolute.  In a group of middle-aged, obese, non-Hispanic 

whites and Mexican Americans, they found the normal HOMA-IR to be 2.1 and 2.7, 

respectively (Haffner, Miettinen, & Stern, 1997).  Further, Muniyappa and colleagues 

(2007) suggested that in the presence of poor or absent β-cell function, or other insulin 

related conditions, HOMA-IR might not give appropriate results. 

HOMA-IR in pediatrics 

Investigations of insulin resistance in pediatric studies are scarce.  Gungor, 

Saad, Janosky and Arslanian (2004) compared insulin sensitivity in 156 bi-racial children 

(age 10 – 19 years) using glucose clamp and simple estimates.  HOMA insulin sensitivity 
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(HOMA-IS), the reciprocal of HOMA-IR, was highly correlated with glucose clamp studies 

(r2 = 0.82, p<0.001).  Conwell, Brown, Trost and Batch (2004) and Schwartz and 

colleagues (2008) obtained similar findings with sample sizes of 18 and 323 early 

adolescents, respectively. 

In contrast, Uwaifo and colleagues (2002) reported moderate correlation (r = -51, 

p<0.05) between HOMA-IR score and clamp studies completed in 31 bi-racial children 

(age 6-11 years).  Brandou, Brun and Mercier (2005) concluded that HOMA-IR might 

have limited value for screening in youth with predisposition for diabetes.  Yeckel and 

colleagues (2004) found that HOMA-IR was well correlated with clamp studies, (r = -0.57, 

p = <0.005) in an obese group of normal and impaired glucose tolerant youths (age 8-18 

years).  

Nguyen and colleagues (2010) investigated the utility of HOMA-IR for prediction 

of pre-diabetes and diabetes in the community-based study known as the Bogalusa Heart 

Study.  Over 1100 bi-racial participants were included in this retrospective study of five 

cross-sectional surveys from 1981-2000 (Nguyen et al., 2010).  Fasting glucose, insulin 

and HOMA-IR were examined to determine persistence in the highest level of the 

distribution over the 17-year period (Nguyen et al., 2010).  Participants were divided 

into10 groups, according to blood levels.  Children who remained in the top 10% through 

the 17-year period were 5.8 times more likely to develop diabetes than peers with lower 

blood levels of glucose and insulin (p < 0.0001) (Nguyen et al., 2010).  Children in the top 

10% who did not develop diabetes were 2.5 times more likely to develop pre-diabetes 

than peers in the lower percentiles (p<0.05) (Nguyen et al., 2010).  Morrison and 

colleagues (2009) found elevated HOMA-IR at 9-10 years of age persisted at 18-19 years 

of age.  These study findings support screening for insulin resistance in children. 
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Triglyceride/High-Density Lipoprotein Cholesterol Ratio 

Yip, Facchini and Reaven (1998) identified insulin resistance as a predictor of 

cardiovascular disease in one of five healthy, non-obese adults.  The National 

Cholesterol Education Program (NCEP) (2001) designated clinical criteria for the 

diagnosis of metabolic syndrome (insulin resistance syndrome) which were linked to 

cardiovascular disease in adults.  NCEP’s Adult Treatment Panel III (ATP III) included 

three or more of the following conditions: waist circumference >102 cm in men and 

>88cm in women, blood pressure > 130/85 or controlled hypertension, fasting glucose 

>110mg/dL, fasting triglyceride level > 150mg/dL, fasting high density lipoprotein-

cholesterol <40mg/dL in men and <50 in women (Expert Panel on Detection, Evaluation, 

and Treatment of High Blood Cholesterol In Adults, 2001).  McLaughlin and colleagues 

(2003) identified the triglyceride/high density lipoprotein-cholesterol ratio (TG/HDL ratio) 

as a metabolic marker for insulin resistance in adults.  

Overweight participants with a TG/HDL ratio > 3 were two times more likely to be 

insulin resistant than their overweight peers with TG/HDL ratio <3 (McLaughlin et al., 

2003).  TG/HDL ratio was the best surrogate of insulin resistance in a retrospective 

cohort study of more than three thousand adult participants (Kannel et al., 2008).  

TG/HDL ratio and the log (TG/HDL ratio) have been correlated with increased coronary 

risk (Hermans, Ahn & Rousseau, 2012; Marotta, Russo, & Ferrara, 2010).   

Ethnicity and TG/HDL ratio 

Standard criteria for determination of insulin resistance using the TG/HDL ratio 

remain controversial.  In a group of mostly overweight (98/125) African American adults, 

TG/HDL ratio was a poor discriminator of insulin resistance (Sumner, Finley, Genovese, 

Criqui, & Boston, 2005).  Fasting insulin was a better predictor of insulin resistance than 

ATP III or TG/HDL ratio (Sumner, Finley, et al., 2005).  Kim-Dorner and colleagues 
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(2010) suggested that lipid criteria appeared inadequate for use in predicting insulin 

resistance in African Americans.  Analyses from the Jackson Heart Study suggested that 

the TG/HDL ratio should not be used to screen African American women for insulin 

resistance because of poor sensitivity and specificity (Sumner, Harman et al., 2010).  

In the Northern Manhattan Study, the TG/HDL ratio was considerably higher in 

Hispanics (3.9) than non-Hispanic Whites (3.3) and Blacks (2.6) (Willey et al., 2011).  

Hadaegh and colleagues (2009) found that the prevalence of insulin resistance in Iranian 

men was 63% if the TG/HDL ratio >6.9 and 15% if the TG/HDL <4.4.  Chiang, Lai, 

Chang, and Koo (2011) were unable to determine an appropriate TG/HDL ratio cut-off 

value for insulin resistance during their study of 800 Taiwanese adults.  Gasevic, 

Frohlich, Mancini and Lear (2012) found that the TG/HDL ratio cut-off values were lower 

for Aboriginals (0.9), Chinese (1.1) and European (1.1) participants than reported for 

other ethnicities (2 or 3).  They suggested that use of TG/HDL ratio for indication of 

insulin resistance in South Asians should be avoided (Gasevic et al., 2012). 

TG/HDL ratio in pediatric studies 

McLaughlin and colleagues (2003) determined the optimal TG/HDL ratio cut-

point of 3 was a predictor of insulin resistance in adults.  Results from early studies, 

conducted in adolescents, confirmed that overweight or obese children were more likely 

to have TG/HDL ratio >3 (Hannon, Bacha, Lee, Janosky, & Arslanian, 2006; Quijada et 

al., 2008).  Further, a TG/HDL ratio approximating 2.5, measured in late adolescence, 

predicted an atherogenic lipid profile more than 10 years later (Weiss, Otvos, Sinnreich, 

Miserez, & Kark, 2011).  Despite these findings, universal criteria for TG/HDL ratio have 

not been established. 

In a study of over 900 Argentinian adolescents (age 11-14 years), 

overweight/obese participants had TG/HDL ratios that were significantly higher than non-
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obese/overweight participants (Musso et al., 2011).  Those adolescents with insulin 

resistance had TG/HDL ratios that were higher than insulin sensitive adolescents 

regardless of weight (Musso, et al., 2011).  Researchers were unable to establish a cut-

point for TG/HDL ratio (Musso, et al., 2011).  

Giannini and colleagues (2011) suggested that cut-points should be determined 

by ethnicity.  When they divided study participants’ data by ethnicity, the top tertile by 

TG/HDL ratio in each group had the most pro-insulin resistant profiles (Giannini et al., 

2011).  Although there was a clear association between the TG/HDL ratio and insulin 

resistance, statistical significance was reached in the White males and females only 

(Giannini et al., 2011).  Of note, in this study, the TG/HDL ratio was more highly 

correlated with glucose clamp studies (gold standard) than HOMA-IR (Giannini, et al., 

2011).  The TG/HDL ratio has been correlated with HOMA-IR, BMI, increased 

atherogenic particles, arterial wall stiffness, changes in right ventricle wall thickness and 

left ventricular mass in children (Di Bonito et al., 2012; Olson, Hendricks & Murdock, 

2012; Urbina et al., 2013).   

Despite the apparent usefulness of this index, no universal criteria for TG/HDL 

ratio have been established in pediatrics.  Small sample size and lack of heterogeneity in 

BMI, as well as ethnicity, have limited generalization to the general pediatric population.  

Further research is needed to establish the usefulness of the TG/HDL ratio as a clinical 

tool in a busy pediatric practice. 

Advantages of TG/HDL ratio for screening 

The TG/HDL ratio has many advantages when compared to other methods used 

for risk assessment in insulin resistance (Table 2.2.).  The TG/HDL ratio is a simple 

calculation.  In the U.S., laboratory measurement of triglycerides and HDL cholesterol is 

standardized to the same reference system (Warnick, Kimberly, Waymack, Leary, & 
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Myers, 2008).  Both indices are reported in milligrams/deciliter, which allows for use of 

the numerical information without concern for units of measurement.  In contrast, the 

HOMA-IR involves different units of measurement and thus requires complex 

calculations.  

The product of basal plasma insulin (microunits per liter) and basal plasma 

glucose (millimoles per liter) divided by a constant (22.5) is the basis of the computer 

generated basal homoeostasis assessment model (HOMA) (Matthews et al., 1985).  

Researchers have demonstrated confusion about the units of measurement for insulin.  

Several research groups calculated HOMA-IR by multiplying insulin (microunits per 

milliliter) and glucose (millimoles per liter) and dividing by 22.5 (Geloneze et al., 2009; 

Lee et al., 2006; Tresaco et al., 2005; Yeckel et al., 2004).  Di Bonito and colleagues 

(2012) divided the product of fasting insulin (units per liter) and glucose (millimoles per 

liter) by 22.5.  Neither group used the original unit of measure for insulin.  

In the U.S., the common unit of measurement for glucose is milligrams per 

deciliter.  In order to use the HOMA-IR model, conversion of the constant from molar 

units to mass units is necessary and results in a revised constant of 405.  At the clinical 

practice level, variation in units of measurement may result in inaccurate calculations and 

inappropriate therapy, which compromises patient safety.  

Screening for dyslipidemia in children is recommended by NHLBI, AHA, and AAP 

(DHHS, 2012).  Assessment of individual lipid values, genetic forms of hyperlipidemia, 

and risk for insulin resistance can be accomplished with one test, a lipid panel.  In 

contrast, fasting glucose, fasting insulin and HOMA-IR assess risk for insulin resistance 

only.  The Hypertriglyceridemic (HTG) Waist requires a waist measurement, in addition to 

a triglyceride level (Hobkirk et al., 2013).  Each of the above-mentioned screening tests 

involves patient discomfort from venipuncture (Table 2.3).  What is not known is how 
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waist measurement affects adolescents’ self-esteem during a life period when concern 

for body image is typical.  

Table 2.3 TG/HDL ratio adds no additional cost or testing 

 HOMA-IR TG/HDL ratio HTG waist 
Cost Serum glucose 

Serum insulin  
Lipid panel  Disposable tape 

measure 
Lipid panel 

Information 
gleaned 

Risk for insulin 
resistance 

Risk for insulin 
resistance,  
genetic forms of 
hyperlipidemia, risk 
for atherosclerotic 
heart disease 

Waist 
measurement 
Risk for insulin 
resistance 

Potential for error Complex 
calculation  

Simple calculation  Simple calculation 

Client comfort Discomfort related 
to blood draw 

Discomfort related 
to blood draw 

Discomfort related 
to blood draw and  
body image  

 

The serum analysis for lipid values is necessary for the TG/HDL ratio and the 

HTG Waist.  The cost of the lipid panel is incurred.  The cost of a disposable measuring 

tape is added to complete the calculation for insulin resistance in the HTG Waist model.  

HOMA-IR involves 2 separate tests and an increased cost.  In summary, the TG/HDL 

ratio has many characteristics of a good screening tool: safety, simplicity, speed of 

completion, expense and acceptability to the public and medical community (Friis & 

Sellers, 2009).  What is not known is whether the TG/HDL ratio predicts insulin resistance 

with sufficient sensitivity and specificity to be useful in the pediatric clinical setting. 
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Chapter 3  

Methods 

Cardiovascular disease is associated with the highest mortality and morbidity in 

the United States (CDC, 2013).  Insulin resistance is thought to be the underlying link 

between dyslipidemia, type 2 diabetes, hypertension and cardiovascular disease 

(Capurso & Capurso, 2012).  Obesity is associated with insulin resistance, impaired 

glucose metabolism, and atherogenic dyslipidemia (Capurso & Capurso, 2012).  

However, all obese persons are not insulin resistant, nor are all persons with insulin 

resistance obese (d’Annunzio et al., 2009).  A screening tool that is minimally invasive, 

inexpensive, and useful in determining which patients are at increased risk for insulin 

resistance would be helpful to outpatient providers.  

Purpose 

The purpose of this study was to evaluate the performance characteristics of the 

triglyceride/high density lipoprotein cholesterol ratio (TG/HDL) when used as a screening 

tool to detect increased risk of insulin resistance in the U.S. adolescent population.  

Performance characteristics of a screening test include sensitivity, specificity, positive 

predictive value, negative predictive value, and accuracy of the screening test (Lang & 

Secic, 2006).  Positive and negative predictive values are affected by the prevalence of 

disease (Friis & Sellers, 2009). Table 2.1includes the meaning of these terms. 

The TG/HDL ratio as a screening test was known to be minimally invasive and 

inexpensive.  The usefulness of this measure, however, for indicating increased risk of 

insulin resistance was unknown.  In addition, whether results from TG/HDL ratio were 

comparable to other measures of insulin resistance, when used in this population, was 

unknown.   
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The glucose (euglycemic) clamp technique is the gold standard for determining 

degree of insulin resistance (Muniyappa et al., 2007).  Intravenous fluids, multiple blood 

samples and analyses are required during the performance of the glucose clamp study 

(Muniyappa et al., 2007).  Despite its usefulness in research protocols, this test is not 

practical for clinical use. 

The homeostasis assessment model for insulin resistance (HOMA-IR) is often 

used instead of the glucose clamp method.  In the HOMA-IR model, the product of fasting 

serum glucose and fasting serum insulin is divided by a constant to approximate the 

degree of insulin resistance (Matthews et al., 1985).  The HOMA-IR model correlated well 

with the glucose clamp method (r = 0.88) (Matthews et al., 1985).  Another possible 

indicator of insulin resistance is the TG/HDL ratio, which is the result of dividing the 

fasting triglyceride level by the HDL cholesterol level.  In this study, performance 

characteristics of the TG/HDL ratio and HOMA-IR were compared to approximate how 

the TG/HDL ratio might compare to the gold standard, glucose clamp model. 

Study Design 

This descriptive study used a cross-sectional, secondary data analysis design to 

examine the performance characteristics of the TG/HDL ratio in screening for risk of 

insulin resistance.  Publically accessible files from the 2011-2012 National Health and 

Nutrition Examination Survey (NHANES) were used for this study.  Demographic, 

anthropometric and laboratory data were analyzed to examine performance 

characteristics of TG/HDL ratio in a nationally representative sample of non-

institutionalized U.S. adolescents. 

Sample 

The National Center for Health Statistics (NCHS), under the guidance of the 

Center for Disease Control (CDC), conducts the NHANES program of studies.  The 
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NHANES involves continuous data collection that is designed to provide ongoing 

assessment of the health and nutritional status of the U.S. population (CDC, 2014).  A 

complex, multistage probability sampling strategy is used to obtain a representative 

survey group of non-institutionalized, civilian, U.S. residents (Johnson, Paulose-Ram, et 

al., 2013).  During the 2011-2012 survey, Hispanic persons, non-Hispanic Black persons, 

non-Hispanic Asian persons, non-Hispanic White, and Other persons living at or below 

130% federal poverty level, were oversampled (Johnson, Paulose-Ram, et al., 2013; 

Mirel et al., 2013).  Complete details on the NHANES interview are available on the 

website: http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/questexam09_10.htm.  This 

study examined the weighted subpopulation of adolescents (12-19 years of age) who 

participated in the interview, physical examination and laboratory sections of the 

NHANES 2011-2012 survey.  

Inclusion/Exclusion Criteria 

Adolescents (greater than or equal to 12 to less than 20 years of age) who 

participated in the interview, physical examination, and laboratory sections of the 

NHANES 2011-2012 survey were eligible for inclusion in this study.  Availability of the 

following laboratory data was necessary for inclusion in the study: HDL-cholesterol, 

triglycerides, glucose, insulin and oral glucose tolerance test results.  In addition, certain 

demographic and anthropometric data were required: age, gender, race/ethnicity, and 

body mass index (BMI). 

Variables and Operational Definitions 

Demographic Variables 

Demographic data were gathered during the NHANES interview.  Table 3.1 is a 

list of operational information for this study.  Age, gender, and race/ethnicity were used in 

this study to identify subsets within the data set used in this study.  Gender and 
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race/ethnicity were self-reported.  The relationship between race/ethnicity and insulin 

resistance in adolescents was not well understood.  When Giannini and colleagues 

(2011) studied nearly 1500 multi-ethnic obese youths, they were unable to determine an 

optimal cutoff value for TG/HDL ratio for all youths.  Specifically, an optimal cutoff value 

could not be determined for Hispanic and African American adolescents (Giannini et al., 

2011).  The impact of gender on risk of insulin resistance had not been established. 

Table 3.1 Demographic and anthropometric variables 

Variable Conceptual 
Definition 

Operational 
Definition 

Code 

Age Years since birth Age at exam 
(years) 

RIDEXAGY 12-19 

Ethnicity/Race Race - ancestry or 
group that 
participant culturally 
and socially 
identifies with  
Ethnicity – Hispanic 
(H)or non-Hispanic 
(nonH) 

Self-reported 
race/ethnicity 

RIDRETH3 
1=Mexican American 
2=other Hispanic 
3=nonH White 
4=nonH Black 
6= nonH Asian 
7=other including 
multi-racial 

Gender Sexual biological or 
physiological 
characteristics  

Self-reported 
male/female 

RIAGENDR 
1=M, 2=F 

Height Standing 
measurement from 
top of head to 
bottom of feet 

Standing length in 
centimeters/meters 
from top of head to 
floor 

BMXHT 
centimeters 

Weight Heaviness of a 
person or relative 
mass resulting in a 
downward force 

Number obtained 
when participant 
stands on a scale 
used for weighing 

BMXWT 
Weight (kilograms) 

Body mass index Indicator of body fat 
based on height, 
weight, age and 
gender 

Calculated number 
based on height, 
weight, age, and 
gender 

BMXBMI 
Kg/m**2 

Body mass index 
percentile category 

Relative position of 
a participant’s BMI 
among children of 
the same age and 
sex 

BMI category 
based on BMI for 
age and sex charts 

BMDBMIC 
1=Underweight (<5th ) 
2= Healthy weight  
(5th- 84th) 
3= Overweight 
(=>85th  -94th ) 
4 = Obese ( >95th ) 
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Age was calculated based on date of birth and the age at the time of screening in 

whole years (Table 3.1).  Study findings suggest that insulin sensitivity decreases, in non-

diabetic children, during puberty (Amiel et al., 1991; Bloch, Clemmons, & Sperling, 1987; 

Caprio et al., 1989).  Controversy exists about the relationship between Tanner stage and 

insulin resistance.  Tanner staging was not performed on the participants in the 2011-

2012 NHANES survey.  Hence, the Tanner stage of participants was unknown.  The 

study cohort was divided into two groups, early adolescence (12-15 years) and late 

adolescence (16-19 years), to examine the relationship between TG/HDL ratio and 

adolescence. 

Anthropometric Variables 

Height is a measurement of maximal vertical size.  During the NHANES medical 

examination, standing height was measured using a stadiometer with a fixed vertical 

backboard and an adjustable headpiece (CDC, 2009a).  The stadiometer was calibrated 

with an 80-centimeter metal rod.  The participant was asked to stand with heels together, 

and toes apart.  In addition, the participant was asked to make contact with the 

backboard at the level of the head, shoulder blades, buttocks and heels.  The head was 

aligned so that a horizontal line between the ear canal and the lower border of the eye 

orbit was parallel to the floor and perpendicular to the backboard of the stadiometer.  The 

headpiece was firmly rested on the participant’s head.  He/she was asked to take a deep 

breath and hold the position while the measurement was taken.  Height was recorded in 

centimeters (CDC, 2009a)  

Weight was measured in kilograms using a digital weight scale or portable 

scales.  The digital scale was installed in the floor of the medical examination unit.  The 

scales were calibrated with 10kg calibration weights daily.  Participants were asked to 

wear a standard examination outfit: disposable shirt, pants and slippers.  Each participant 
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was asked to stand in the center of the digital scale with hands hanging at his/her sides 

and look straight ahead.  The weight was recorded.  If the participant’s weight was 

greater than 440 pounds, two portable scales were used to obtain the weight.  The 

participant was asked to stand with one foot on each scale.  The displayed weights were 

added to obtain the participant’s weight (CDC, 2009a).  

Body mass index (BMI) was used to categorize participants.  BMI values were 

calculated using participant’s height in meters and weight in kilograms. 

BMI = weight (kg) 
             height (m2) 

Weight categories for adults, using BMI criteria established by the National 

Institutes of Health (1998) include: underweight (<18.5), normal/desirable weight (18.5-

24.9), overweight (25.0-29.9), obese-Class I (30-34.9), obese-Class II (35.0-39.9), 

extremely obese (>40).  These categories cannot be used for children because the 

amount of body fat changes with age and the amount of body fat differs for boys and 

girls.  In order to determine a child’s BMI, the calculated BMI must be plotted on a BMI-

for-age chart for boys or girls, as appropriate for age (DHHS, 2002).  The BMI-for-age 

was reported as a BMI percentile, and referred to the relative position of a child’s BMI 

when compared to other boys or girls of the same age.  Four BMI percentile categories 

were used to describe the sample: underweight (less than 5th percentile), healthy weight 

(5th percentile to less than the 85th percentile), overweight (85th percentile to less than 

the 95th percentile), obese (greater than or equal to the 95th percentile) (DHHS, 2002a). 

Adiposity, as measured by BMI, was included in the study because the study of 

insulin resistance in pediatric populations was limited.  Evidence suggesed that a positive 

correlation exists between adiposity and insulin resistance.  Adiposity accounted for more 

than 25% of the variance in insulin resistance in boys and girls, (5-14 years) who 

participated in a prospective, longitudinal cohort study (Jeffery et al., 2012).  Murdock and 



45 

colleagues (2006) found insulin resistance present in nearly half of the obese children 

who had a mean age of 7.5 years.  However, the caveat was that the universal criteria for 

insulin resistance in children and adolescents have not been established. 

Laboratory Variables 

NHANES laboratory files contain results of blood tests performed during the 

course of the study.  The NHANES laboratory manual details the procedural 

requirements for testing, processing, and analyzing blood samples.  Specific information 

related to the study variables is discussed in the following section (Table 3.2). 

Table 3.2 Laboratory variables 

Variable Conceptual Definition Operational Definition Code 
Triglycerides Hepatic product of stored 

fatty acids and glucose 
Serum triglyceride 
level after nine-hour 
or longer period of 
fasting  

LBXTR (mg/dL) 
 

HDL 
cholesterol 

High density lipoprotein 
that functions in the 
transfer of cholesterol from 
peripheral tissues to the 
liver 

Serum HDL 
cholesterol level after 
nine-hour or longer 
period of fasting 

LBDHDD 
(mg/dL) 
 

Insulin Major anabolic hormone 
that regulates fuel 
mobilization and storage to 
ensure that cells have a 
constant source of 
glucose, fatty acids, and 
amino acids for ATP 
generation and cellular 
activity 

Serum insulin level 
after nine-hour or 
longer period of 
fasting 

LBXIN (µU/mL) 
 

Glucose Monosaccharide that is the 
predominant sugar in 
human blood; major 
biosynthetic precursor in 
the body; major fuel source 

Serum glucose after 
nine-hour or longer 
period of fasting 

LBXGLU (mg/dL) 
 

Oral glucose 
tolerance test 
(OGTT) –Two 
hour glucose 

Test to detect impaired 
glucose tolerance, a risk 
factor for development of 
diabetes.  >50% of 
persons with prediabetes 
are detected with this test 
only  

Serum glucose 2 
hours after ingestion 
of 75-grams of Trutol 
(OGTT solution) 

LBXGLT (mg/dL)  
Positive = 2-hr 
serum glucose > 
140mg/dL 
Negative = 2-hr 
serum glucose 
<140mg/dL 
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Insulin resistance in muscle decreases cellular uptake of glucose (Ganong, 

2005).  In contrast, insulin resistance in the liver results in failure to suppress 

gluconeogenesis (Singh & Saxena, 2010).  Both mechanisms of insulin resistance result 

in a clinical picture that includes elevated insulin level, impaired glucose tolerance, 

dyslipidemia (hypertriglyceridemia and decreased HDL cholesterol) (Singh & Saxena, 

2010).  Impaired glucose tolerance was evaluated by the NHANES researchers by 

conducting an oral glucose tolerance test (OGTT).  A positive OGTT predicted an 

intermediate state of hyperglycemia that was characterized by higher than normal blood 

glucose level two hours after a 75-gram oral glucose load.  The blood glucose was less 

than the diagnostic cut-off for diabetes, but indicated increased risk for diabetes (Ganong, 

2005).  

OGTT was included on the NHANES to allow estimation of the prevalence of 

impaired glucose tolerance in the U.S. population (CDC, 2009b).  In this study, OGTT 

was used to determine the number and percentage of U.S. adolescents with impaired 

glucose tolerance, a clinical characteristic of insulin resistance.  Participants with a 

positive OGTT were considered at increased risk for insulin resistance.  Participants with 

a negative OGTT were considered at normal risk for insulin resistance.  Serum glucose 

and insulin levels were used to calculate risk for insulin resistance by HOMA-IR method.  

HOMA-IR was calculated for each weighted participant using the following formula: 

 
HOMA-IR = Glucose (mg/dL) x Insulin (µU/ml) 
                      405 

Serum triglyceride and HDL cholesterol levels were used to calculate risk of 

insulin resistance by the TG/HDL ratio.  The TG/HDL ratio was calculated for each 

weighted participant using the following formula: 
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TG/HDL ratio =      triglycerides (mg/dL)  
      HDL cholesterol (mg/dL) 

Dependent Variable 

Risk of insulin resistance was the dependent variable.  The main outcome 

measure was determination of performance characteristics of TG/HDL ratio as a 

screening test to indicate increased risk of insulin resistance in this population. 

Procedure 

Upon arrival to the NHANES study site for morning sessions, participants were 

asked to verify fasting status.  Participants who fasted for nine hours were immediately 

eligible for glucose tolerance testing.  In addition, participants who would complete the 

nine-hour fast with one hour and forty minutes left in the medical examination session 

were eligible (CDC, 2009b). 

Immediately after initial phlebotomy, participants were instructed to drink a 

calibrated dose of the glucose solution (Trutol) (CDC, 2009c).  The dose was determined 

by body weight (Table 3.3).  The participant drank the entire dose within a 10-minute 

period.  

Fasting state was maintained during the period before the second phlebotomy 

session.  Anthropometric measurements and/or medical interviews were conducted 

during this time period.  The second blood draw occurred 100 – 135 minutes after 

consumption of the glucose solution (CDC, 2009b). 

Initial venipuncture resulted in enough blood for determination of triglyceride, 

HDL-cholesterol, glucose and insulin levels.  Blood specimens were handled and stored 

according to standardized laboratory methods.  Blood specimens were transported, 

processed and analyzed by NHANES Diabetes Laboratory, Fairview – University Medical 

Center, Minneapolis, MN (CDC, 2009b). 
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Table 3.3 Trutol calibrated dosage chart 

Body weight 75 gram concentration 
Pounds Kilograms Ounces Milliliters  
94+ 42.7+ 10 295 
90-93 40.9 9.5 283 
85-89 38.6 9.0 267 
80-84 36.4 8.5 251 
75-79 34.1 8.0 235 
70-74 31.8 7.4 220 
65-69 29.5 6.9 204 
60-64 27.3 6.4 188 

 

Analyses to Describe the Sample 

The demographic variables were described using frequencies, percentages, 

means, and standard deviations, as appropriate for each variable.  Anthropometric and 

laboratory data were also analyzed using descriptive statistics as appropriate for the type 

of data. 

Analysis to Address Research Questions 

Statistical software packages, Statistical Analysis Systems (SAS) 9.3 and IBM 

SPSS 21, were used to conduct all analyses.  The NHANES had a complex, multistage, 

probability cluster design.  The code needed to specify sample design parameters in SAS 

included the SAS survey procedure, proc survey, the stratum statement, sdmvstra, and 

the cluster statement, sdmvpsu.  The stratum statement was used to specify the strata, 

and account for the effects of stratification.  The cluster statement was used to specify 

the primary sampling unit and account for the design effects of clustering (Delwiche & 

Slaughter, 2008).  The oral glucose tolerance test two-year medical examination 

component subsample survey weight, WTSOG2YR-OGTT, was used during analysis 

(Johnson & et al., 2013).  This weight was associated with the smallest subpopulation 

that included the variables of interest. 
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The ROC Curve 

For any test, a point at which the test is considered positive must be determined 

(threshold or criterion value).  Sensitivity and specificity are inversely related (Cochrane & 

Holland, 1971).  If the test is highly sensitive, detection of true positives will be high.  

However, false positives will increase also.  If the test is highly specific, detection of true 

negatives will be high.  However, some people with disease (false negatives) will go 

undetected.  The test threshold is set at a point where the fewest number of tolerable 

false positives and false negatives occur (Cochrane & Holland, 1971).   

When using a quantitative test, it is possible to vary sensitivity and specificity by 

changing the level at which the test result is considered positive (Cochrane & Holland, 

1971).  The receiver operating characteristic (ROC) curve is a graph of all sensitivity and 

specificity points of a test (Hajian-Tilaki, 2013; Zweig & Campbell, 1993).  The ROC curve 

is used to evaluate the ability to discriminant between positive (diseased) and negative 

(healthy) individuals when using a particular test (Hajian-Tilaki, 2013; Zweig & Campbell, 

1993).  

Initially used for radar operators, ROC analysis was applied to diagnostic 

radiology in 1960 by Lusted who analyzed data on detection of tuberculosis (Metz, 1978).  

Today, ROC analysis is used to assess the accuracy of many diagnostic tests (Hajian-

Tilaki, 2013).  To construct an ROC curve, a population containing healthy individuals 

and individuals known to have the disease of interest must be available.  All individuals 

must have had the standard/gold standard test to establish positive or negative status 

(Metz. 1978).  

The receiver operating characteristics curve is a graph of the sensitivity and 

specificity of a test.  In determining the cut point for insulin resistance, a balance between 

the degree of sensitivity and specificity must be accepted.  The best cut-off value is the 
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point on the curve closest to the upper left hand corner (Hajian-Tilaki, 2013; Lang & 

Secic, 2006).  The best screening test is the one with the greatest area under the curve.  

ROC graphs can be constructed using parametric, nonparametric or semi-parametric 

methods (Colak, et al., 2012).  The nonparametric method is preferred for continuous 

laboratory data because no data are discarded, no parametric assumptions are required 

and the plot goes through all points (Zweig & Campbell, 1993).  All possible 

sensitivity/specificity pairs are graphed, providing a comprehensive picture of decision 

thresholds (Zweig & Campbell, 1993).   

Determining the threshold point from results of the ROC analysis is common 

(Greiner, Sohr, & Gobel, 1995).  To illustrate this point, consider the following.  Timing of 

patient presentation for evaluation complicates the use of amylase and lipase levels to 

diagnose pancreatitis.  Keim and colleagues (1998) conducted a study to determine the 

usefulness of lipase and amylase levels in patients presenting with acute abdominal pain.  

They found that lipase levels greater than twice normal on day 0-1 were diagnostic for 

pancreatitis.  The sensitivity was 94%, and the specificity was 95%.  The overall accuracy 

of the test was 95% (Keim, et al., 1998).  In other words, 95 times out of 100, the patient 

had pancreatitis.  

ROC analysis was performed to determine a threshold for the TG/HDL ratio in 

this study.  All data for the TG/HDL ratio and the oral glucose tolerance test (OGTT) were 

entered in SPSS.  OGTT results were used as the designation of whether the adolescent 

was positive or negative for disease.  A table with sensitivity and specificity for each 

possible data point was produced.  A visual of the relationship between sensitivity and 

specificity (ROC curve) across the data points was produced (Figure 4.1).   

Question 1: What was the cut-off value that indicates increased risk of insulin 

resistance by the TG/HDL ratio in U.S. adolescents? 
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SPSS was used to perform receiver operating characteristic curve (ROC) 

analysis, a procedure designed to determine an appropriate cut-off value for risk of 

insulin resistance using the TG/HDL ratio.  The oral glucose tolerance test result for each 

participant was evaluated to determine presence or absence of insulin resistance (poor 

glucose tolerance).  OGTT result greater than or equal to 140 mg/dL was consistent with 

impaired glucose tolerance (Gavin, Alberti, Davidson, DeFronzo et al., 1997).The OGTT 

level was changed to a dichotomous variable, with absence indicated by the number 1 

and presence indicated by the number 2.  The TG/HDL ratio was calculated for each 

study participant.  

The prevalence of impaired glucose tolerance (indicator of insulin resistance) in 

the study population was calculated.  Point prevalence was determined by the following 

equation: 

Number of person with IGT at a point in time 
Total number in the group at the same point in time (Friis & Sellers, 2009).   

ROC analysis was conducted using as OGTT as criterion for insulin resistance. 

The cut-off value was selected from the table of sensitivities and specificities generated 

from ROC analysis. 

Question 2: Did the cut-off value vary by race/ethnicity, gender, BMI percentile 

category, early (12-15 years) vs. late (16-19 years) adolescence? 

ROC analysis was performed to determine if the cutoff value for TG/HDL ratio 

varied by race/ethnicity, gender, BMI percentile category, BMI, early vs late adolescence.  

Question 3: What were the performance characteristics (measures of validity) of 

the TG/HDL ratio as a predictor of risk of insulin resistance?  

Using SAS, a 2X2 table (Table 3.4) of sensitivity, specificity, positive predictive 

value and negative predictive values was constructed for the TG/HDL ratio.  
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Table 3.4 Determination of performance characteristics 

           Condition according to gold standard 
 
 
 
Test  
Result 

 Present Absent Total  
Positive A= true 

positives 
B= false 
positives 

A+B Positive 
predictive 
value  
a/(a+b) 

Negative C=false 
negatives 

D= true 
negatives 

C+D Negative 
predictive 
value  
d/(c+d) 

Total A+C B+D Grand 
Total 

 

  Sensitivity  
a/(a+c) 

Specificity  
d/(b+d) 

 

 

Question 4: How did performance characteristics of the TG/HDL ratio compare to 

the performance characteristics of the HOMA-IR model? 

Using SAS, a 2X2 table (Table 3.4) of sensitivity, specificity, positive predictive 

value and negative predictive values was constructed for the HOMA-IR model.  Accuracy 

of the screening test (percentage of agreement between the screening test and the gold 

standard test) was determined by the following equation, (a+d)/(a+b+c+d).  (Friis & 

Sellers, 2009). 

Question 5: Did the TG/HDL ratio appear to be an appropriate tool for screening 

for increased risk of insulin resistance in U.S. adolescents? 

The performance characteristics are used to determine the safety of the TG/HDL 

ratio. The qualities of the TG/HDL ratio were compared to the qualities of a good 

screening test.   

Summary 

Screening tests are performed on outwardly healthy, asymptomatic persons to 

identify risk, justify further testing, and initiate preventive measures (Lang & Secic, 2006).  

The purpose of this study was to evaluate the performance characteristics of the TG/HDL 
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ratio when used as a screening tool to detect increased risk for insulin resistance.  Insulin 

resistance is a condition in which people appear healthy until the disease state 

progresses to the moderate to severe stage.  Insulin resistance is a clinical feature of 

type 2 diabetes and is associated with cardiovascular disease.  Early detection of 

increased risk of insulin resistance has the potential to decrease progression to severe 

disease.  

Screening tests are validated using a prevalence of 50%, but the prevalence of a 

condition is rarely 50% (Haynes, 1981).  In free-living environments, prevalence of a 

condition differs in primary care settings when compared to tertiary care settings 

(Haynes, 1981).  These data were collected from individuals who could be seen in a 

primary care setting.  Hence, calculating the predictive value of screening tests for this 

group, when prevalence of risk of insulin resistance was known, provided information 

about the usefulness of the TG/HDL ratio as a screening tool for insulin resistance in the 

primary care setting. 
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Chapter 4  

Results 

Introduction 

The purpose of this chapter is to present the findings of a study conducted to 

assess the performance characteristics of the triglyceride/HDL cholesterol ratio when 

used to indicate the presence of increased risk of insulin resistance in U.S. adolescents, 

aged 12-19 years.  This chapter contains the demographic, anthropometric, and 

metabolic characteristics of the study participants.  Performance characteristics of the 

TG/HDL ratio are presented and compared to the Homeostatic Model Assessment of 

insulin resistance (HOMA-IR) performance characteristics. 

Description of Sample 

Participant data were obtained from the publically available, de-identified, 2011-

2012 National Health and Nutrition Examination Survey (NHANES) data set.  Survey 

sample weights accounted for the complex survey design, oversampling, and survey 

nonresponse. The total screened, unweighted sample of adolescents (age 12-19 years) 

for the NHANES 2011-2012 survey consisted of 1,617 persons.  Of 1,273 interviewed 

sample participants (Figure 4.1), 41 study participants completed the interview portion 

only.  The remainder, (N=1232), completed the interview and medical examination 

portions of the NHANES 2011-2012 survey.  A subset of randomly assigned sample 

participants (N = 452) underwent two-hour oral glucose tolerance testing (OGTT).  

Calculation of performance characteristics of TG/HDL ratio and HOMA-IR were based on 

data from this subset. 



Figure 

 Data from adolescents, aged 12 

glucose tolerance testing (OGTT), were analyzed

million U.S. adolescents.   

The mean age at the time of data collection was 15.42 years (

15.63).  More 14 year-olds participated i

year-olds participated in the study than other age groups

Age at exam Frequency

12 
13 
14 
15 
16 
17 
18 
19 

Total 
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Figure 4.1 Study participant screening process 

Data from adolescents, aged 12 – 19 years (n = 452), who underwent oral 

glucose tolerance testing (OGTT), were analyzed.  These data represent over 33

The mean age at the time of data collection was 15.42 years (95% CI 15.21

olds participated in the study than other ages (Table 4.1). 

olds participated in the study than other age groups. 

Table 4.1 Age at exam 

Frequency Weighted Frequency Percent of weighted 
frequency 

48 3,919,767 11.7348
65 3,677,192 11.0086
68 5,237,667 15.6802
53 4,591,900 13.7470
61 4,951,029 14.8221
59 4,297,708 12.8662
40 3,048,818 9.1274
58 3,678,929 11.0138

452 33,403,011 100.0000

 

s (n = 452), who underwent oral 

These data represent over 33.4 

CI 15.21-

n the study than other ages (Table 4.1).  Less 18 

Percent of weighted 

11.7348 
11.0086 
15.6802 
13.7470 
14.8221 
12.8662 
9.1274 

11.0138 
100.0000 



Early adolescence, defined as 12

than half of the U.S. adolescents

represented 50.8% of participants

Figure 4.2 Subset relationship to U.S. adolescent population

Six ethnicity/race categories were defined

American, other Hispanic, non

and other including Multi-Racial.  

Ethnicity/Race (E/R)

Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Other/Multiracial
Total 
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Early adolescence, defined as 12-15 years of age, (n = 234) represented 

U.S. adolescents who participated in the study.  Males (n = 235) 

represented 50.8% of participants (Figure 4.2).   

Subset relationship to U.S. adolescent population 

Six ethnicity/race categories were defined and represented (Table 4.2): Mexican 

American, other Hispanic, non-Hispanic White, non-Hispanic Black, non-Hispanic Asian, 

Racial.   

Table 4.2 Sample by ethnicity/race 

Ethnicity/Race (E/R) Unweighted 
sample size 

Weighted sample 
size 

Mexican American 79 5,135,528 
Other Hispanic 40 2,174,294 

Hispanic White 111 18,433,562 
Hispanic Black 149 5,239,591 
Hispanic Asian 57 1,543,116 

Other/Multiracial 16 876,920 
452 33,403,011 

15 years of age, (n = 234) represented more 

.  Males (n = 235) 

 

: Mexican 

Hispanic Asian, 



As can be seen in Figure 4.3, the unweighted sample composition did not reflect 

the general U.S. adolescent population composition.  Non

Hispanic Asians were oversampled. 

Figure 4.3 Comparison of weighted and unweighted

The weight for study participants 

(SD) of 66.61kg (19.89 kg). 

(SD) 165.68cm (9.44 cm).  The BMI was calculated from the height and weight.  The 

mean (SD) BMI was 24.06 (6.06).

categories: underweight, healthy weight, overweight, and obese.

healthy weight (63.3%).  Many participants were overweight

were underweight.  Data were missing for 3 

Table 4.3 Percentage in BMI category by weighted frequency

BMI category 
Underweight 
Healthy weight 
Overweight  
Obese  
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As can be seen in Figure 4.3, the unweighted sample composition did not reflect 

adolescent population composition.  Non-Hispanic Blacks and Non

Hispanic Asians were oversampled.  

Comparison of weighted and unweighted sample sizes 

The weight for study participants ranged from 30.7 to 180.6 kg and had

).  The height ranged from 140.3 to 193.7 cm and had

The BMI was calculated from the height and weight.  The 

mean (SD) BMI was 24.06 (6.06).  Adolescents were classified by BMI into the following 

categories: underweight, healthy weight, overweight, and obese.  Most participan

Many participants were overweight\obese (33.9%), and 2.7% 

Data were missing for 3 participants. 

Percentage in BMI category by weighted frequency 

Frequency Weighted frequency Percentage
17 904,945 2.74

267 20,934,398 63.34
68 4,431,267 13.40
97 6,782,172 20.52

As can be seen in Figure 4.3, the unweighted sample composition did not reflect 

Hispanic Blacks and Non-

 

180.6 kg and had a mean 

cm and had a mean 

The BMI was calculated from the height and weight.  The 

were classified by BMI into the following 

Most participants were 

obese (33.9%), and 2.7% 

Percentage 
2.74 

63.34 
13.40 
20.52 



 

Statistical Analysis of Study Results

The purpose of this study was to evaluate the performance characteristics 

(sensitivity, specificity, positive predictive value and negative predictive value) of the 

triglyceride/high-density lipoprotein cholesterol ratio (TG/HDL ratio) when used as a 

screening tool to detect increased risk of insulin resistance in the U.S. adolescent 

population.  Data were analyzed using SAS and SPSS statistical software programs, as 

appropriate.  The sample size varied during analysis (Figure 4.4).

Figure 

 
Table 4.4 Descriptive statistics for laboratory variables

Variable 
Triglyceride 
HDL cholesterol 
Glucose 
Insulin 
Oral glucose tolerance 
test 

 
The statistics for laboratory variables analyzed for the study sample varied 

slightly from the statistics from the population data (weighted data) (Table 4.5).

minimum and maximum values were identical and were not repeated in the table. 
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Statistical Analysis of Study Results 

The purpose of this study was to evaluate the performance characteristics 

(sensitivity, specificity, positive predictive value and negative predictive value) of the 

density lipoprotein cholesterol ratio (TG/HDL ratio) when used as a 

screening tool to detect increased risk of insulin resistance in the U.S. adolescent 

population.  Data were analyzed using SAS and SPSS statistical software programs, as 

The sample size varied during analysis (Figure 4.4). 

 

Figure 4.4 Sample size for analysis 

Descriptive statistics for laboratory variables for study sample

N Mean SD Min Max
446 81.84 54.22 18 
447 51.57 10.82 24 
452 94.02 13.45 61 
424 14.78 11.11 2.8 

Oral glucose tolerance 452 99.51 30.91 44 

for laboratory variables analyzed for the study sample varied 

slightly from the statistics from the population data (weighted data) (Table 4.5). 

minimum and maximum values were identical and were not repeated in the table. 

The purpose of this study was to evaluate the performance characteristics 

(sensitivity, specificity, positive predictive value and negative predictive value) of the 

density lipoprotein cholesterol ratio (TG/HDL ratio) when used as a 

screening tool to detect increased risk of insulin resistance in the U.S. adolescent 

population.  Data were analyzed using SAS and SPSS statistical software programs, as 

 

for study sample 

Max 
406 
96 

331 
92 

501 

for laboratory variables analyzed for the study sample varied 

  The 

minimum and maximum values were identical and were not repeated in the table.  
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Table 4.5 Descriptive statistics for laboratory variables for U.S. adolescent population 

Variable N Mean SD 
Triglyceride 33,163,493 83.68 52.14 
HDL cholesterol 33,192,029 51.04 10.95 
Glucose 33,403,011 93.92 11.43 
Insulin 31,752,249 13.79 10.03 
Oral glucose 
tolerance test 

33,403,011 91.62 27.40 

 

Question 1: What was the cut-off value that indicates increased risk of insulin resistance 

by the TG/HDL ratio in U.S. adolescents? 

The first step: Dichotomous variable was created and prevalence calculated 

The oral glucose tolerance test (OGTT) results were evaluated to create a 

dichotomous variable for insulin resistance.  OGTT results, greater than 139 mg/dL, 

indicate impaired glucose tolerance (insulin resistance).  OGTT was used as the gold 

standard for insulin resistance and the criterion for ROC analysis.  In the unweighted 

sample, 25 participants were identified as insulin resistant based on OGTT results.  The 

weighted frequency was 1,533,713.  Due to missing data, one participant was excluded 

from further analysis (Figure 4.6).  The prevalence of impaired glucose tolerance (insulin 

resistance) within the study group was 4.7%.  The characteristics of the participants with 

insulin resistance were listed in Table 4.6 and Table 4.7. 

Table 4.6 Characteristics of unweighted sample with insulin resistance 

Variable Subcategory  Total  N=452 Insulin Resistant N=24 
Adolescent 
group 

Early  234 15 
Late 218 9 

BMI category Underweight 17 1 
Healthy weight 267 9 
Overweight 68 5 
Obese 97 9 

Gender Female  217 15 
Male 235 9 

 



Table 4.7 Ethnicity/race of unweighted sample with i

Ethnicity/Race   
Mexican American
Other Hispanic 
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Other/Multiracial

 

The second step: ROC analysis

Using SPSS, the TG/HDL ratio was calculated

analysis of the TG/HDL ratios, using OGTT as criterion, resulted in a table of sensitivity 

and specificity for each point on the curve.

The third step: TG/HDL cut-

The cut-point value was determined for the 

sensitivity and specificity table produced by ROC curve analysis and 2) prevalence of 

insulin resistance in the study group.  The cut

(Figure 4.5). 

Figure 4.5 ROC cu
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Ethnicity/race of unweighted sample with insulin resistance

 Total  N =452 Insulin Resistant  N=24 
Mexican American    79 6 

 40 3 
Hispanic White 111 3 
Hispanic Black 149 6 
Hispanic Asian 57 5 

Other/Multiracial 16 1 

: ROC analysis 

Using SPSS, the TG/HDL ratio was calculated for each participant.  ROC 

analysis of the TG/HDL ratios, using OGTT as criterion, resulted in a table of sensitivity 

and specificity for each point on the curve. 

-point  was determined 

point value was determined for the TG/HDL ratio by 1) review of the 

sensitivity and specificity table produced by ROC curve analysis and 2) prevalence of 

insulin resistance in the study group.  The cut-point for the TG/HDL ratio was set at 

 

ROC curve for TG/HDL ratio, AUC = .54, p = 0.6 

ce  

 
 
 
 
 
 

for each participant.  ROC 

analysis of the TG/HDL ratios, using OGTT as criterion, resulted in a table of sensitivity 

TG/HDL ratio by 1) review of the 

sensitivity and specificity table produced by ROC curve analysis and 2) prevalence of 

point for the TG/HDL ratio was set at >3.7 
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Question 2: Did the cut-off value vary by ethnicity/race, gender, BMI percentile category, 

or early (12-15 years) vs. late (16-19 years) adolescence? 

ROC analysis was performed to determine if the cut-off value varied by 

ethnicity/race, gender, BMI percentile category, or early vs late adolescence.  The 

TG/HDL ratio cut-off value was higher in the Non-Hispanic White and Non-Hispanic Asian 

participants than the cut-off value for the entire group of participants (Table 4.8).  The 

TG/HDL ratio cut-off value was lower for the Non-Hispanic Black participants.  The 

specificity was similar for all groups.  The sensitivity was low for all groups.  Two groups 

(other Hispanics and Other/Multiracial) had too few insulin resistant participants to 

perform analysis. 

Table 4.8 TG/HDL ratio cut-off value by ethnicity/race 

Ethnicity/Race TG/HDL ratio 
cut-off value 

Sensitivity Specificity 

Mexican American 3.7 40% 94.4% 
Non-Hispanic White 3.9 0% 93.5% 
Non-Hispanic Black 3.1 33% 93.6% 
Non-Hispanic Asian 4.2 0% 92% 
 

The TG/HDL ratio cut-off value was not different based on gender (Table 4.9). 

Table 4.9 TG/HDL ratio cut-off value by gender 

Gender TG/HDL ratio 
cut-off value 

Sensitivity Specificity 

Female 3.6 20% 94.9% 
Male 3.7 11% 93.7% 

 

Table 4.10 TG/HDL ratio cut-off by BMI percentile category 

BMI percentile category TG/HDL ratio 
cut-off value 

Sensitivity Specificity 

Healthy weight 3.7 0.0% 96.4% 
Overweight/Obese 4.3 23% 93.3% 
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The TG/HDL ratio cut-off value for overweight/obese adolescents was higher 

than the cut-off value for the healthy weight adolescents (Table 4.10).  Similarly, the 

TG/HDL ratio cut-off was slightly higher for late vs early adolescence (Table 4.11). 

Table 4.11 TG/HDL ratio cut-off by adolescence category 

Adolescence  
(years) 

TG/HDL ratio  
cut-off value 

Sensitivity Specificity 

Early (12-15 years) 3.26 13.3% 93.2% 
Late (16-19 years) 3.7 22% 93.6%  
 

Question 3: What were the performance characteristics of the TG/HDL ratio as a 

predictor of risk of insulin resistance?  

Using a TG/HDL ratio > 3.7, 6.6% of the study participants were identified as at 

risk for insulin resistance.  Performance characteristics were calculated using weighted 

data (Table 4.12).  The sensitivity of the TG/HDL ratio was 14.8%.  The specificity of the 

TG/HDL ratio was 93.8%.  The positive predictive value was 10.4%.  The negative 

predictive value was 95.8%. 

Table 4.12 Performance characteristics of TG/HDL ratio 

           Oral Glucose Tolerance Test Result 
 
 
 
TG/HDL 
Ratio  
Result 

 Present Absent Total  
Positive 226,342 1,949,271 2,175,613 Positive 

predictive 
value  
10.4% 

Negative 1,307,371 29,680,510 30,987,881 Negative 
predictive 
value  
95.8% 

Total 1,533,713 31,629,781 33,163,512  
  Sensitivity  

14.8% 
Specificity  
93.8% 

, 

 



63 

Question 4: How did performance characteristics of the TG/HDL ratio compare to the 

performance characteristics of the HOMA-IR model? 

The cut-point for insulin resistance by HOMA-IR was determined from pediatric 

studies (Lee et al., 2006; Quijada et al., 2008; Schwartz et al., 2008) and ROC analysis, 

which confirmed the cut-point from the literature.   

The performance characteristics of the TG/HDL ratio and HOMA-IR model are 

displayed in Table 4.13.  Neither test was particularly sensitive, but both had high 

specificity and negative predictive values.  That is, if the result was negative, risk for 

insulin resistance was low and client was likely to be disease-free. 

Table 4.13 Performance characteristics of the TG/HDL ratio and HOMA-IR model 

Performance Characteristics TG/HDL ratio HOMA-IR 
Sensitivity 14.8% 57.1% 
Specificity 93.8% 87.9% 
Positive Predictive Value 10.4% 19.4% 
Negative Predictive Value 95.8% 97.6% 

The observed agreement between the TG/HDL ratio and the HOMA-IR results 

was 85.1% (weighted data).  The Kappa statistic was 0.81, which indicates excellent 

agreement beyond chance (Gordis, 2009).  The accuracy of the TG/HDL ratio was higher 

than the HOMA-IR model, 90.2% vs. 86.4%, respectively. 

Question 5:Did the TG/HDL ratio appear to be an appropriate tool for screening U.S. 

adolescents for insulin resistance? 

Table 4.14 Evaluation of the TG/HDL ratio as a screening test 

Qualities for Judging Screening Tests  Good Screening Test  TG/HDL ratio 
Address major health problem  Yes Yes 
Expense of testing Low Low 
Simplicity Simple to perform Simple to perform 
Acceptability to the public and medical 
community 

Yes  Unknown 

Minimal potential harm/safety Yes  Yes 
High sensitivity Yes No 
High specificity Yes Yes 
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The TG/HDL ratio appears to have many of the qualities of a good screening 

tool.  Using a cut-off value (>3.7), the TG/HDL ratio had 90.2% accuracy.   

In summary, the ROC curve analyses showed that the best cut-off value for the 

TG/HDL ratio was >3.7.  The area under the ROC curve was 0.54.  This suggested that 

the ability to detect insulin resistance using >3.7 as the cut-off value for the TG/HDL ratio 

would be low.  However, the negative predictive value of the TG/HDL ratio when using 

>3.7 as the cut-off value was very high.  This suggested that the TG/HDL ratio was an 

effective tool for screening out insulin resistance.  

Summary 

In this chapter, the findings related to assessment of the performance 

characteristics of the TG/HDL ratio to indicate increased risk of insulin resistance in the 

U.S. adolescent population were presented.  The NHANES data set was used for 

analysis, and included demographic, anthropometric, and laboratory variables for 452 

adolescents who participated in the study.  Weighted (population) data were used for 

analysis when possible.  ROC analysis provided a means to determine the cut-off value 

that would indicate increased risk for insulin resistance in an adolescent.  The TG/HDL 

ratio performance characteristics were compared to a surrogate gold standard measure: 

the HOMA-IR model.  Finally, an assessment of the TG/HDL ratio as a screening tool for 

insulin resistance in U.S. adolescents was completed. 
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Chapter 5  

Discussion 

Quantifying insulin resistance in adolescents is of great importance because 

insulin resistance appears to be the underlying mechanism and predictor of 

cardiovascular disease, diabetes and other conditions (Singh & Saxena, 2010).  

Furthermore, insulin resistance occurs years before the development of cardiovascular 

disease and diabetes.  In this study, a screening tool for insulin resistance, the TG/HDL 

ratio, was investigated.  It is important to remember that screening tests are not 

diagnostic, instead, screening tests indicate which individuals are more likely to have a 

condition (Lang & Secic, 2006). 

Question 1: What was the cut-off value that indicates increased risk of insulin resistance 

by the TG/HDL ratio in U.S. adolescents? 

The 2011-2012 NHANES data set used in this study included an oversampled 

non-Hispanic Asian population and non-Hispanic Black population.  Thus, the unweighted 

sample contained a larger percentage of non-Hispanic Asian and non-Hispanic Black 

adolescents than in the U.S. population.  ROC analysis could only be performed on the 

unweighted data set, as there is no known software for personal computing that is 

capable of performing this task on complex survey data.  The TG/HDL ratio cut-off value 

was set at >3.7.  When ROC analysis was performed on data from individual ethnic 

groups: Non-Hispanic Blacks had the lowest TG/HDL ratio cut-off value: 3.1.  Non-

Hispanic Asians had the highest TG/HDL ratio cut-off value: 4.2.  The area under the 

curve for ROC analysis conducted on the study sample was 0.54, which suggested that 

the TG/HDL ratio was not better than ‘flipping a coin’ to indicate insulin resistance 

(Hajian-Tilaki, 2012).  
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In most studies of adult biracial populations (non-Hispanic White and non-

Hispanic Black), a TG/HDL ratio > 3 has been associated with insulin resistance and 

increased risk for cardiovascular disease (da Luz, Favarato, Faria-Neto, Lemons, & 

Chagas, 2008; Kannel et al., 2008).  Gasevic and colleagues (2012) found that the 

TG/HDL ratio > 4 correlated with insulin resistance in individuals of Chinese, Aboriginal, 

and South Asian origin.  The composition of the data set may have affected the results of 

this analysis. 

Question 2: Did the cut-off value vary by race/ethnicity, gender, BMI percentile category, 

early (12-15 years) vs. late (16-19 years) adolescence? 

Research from Giannini and colleagues (2011) supported varying the cut-off 

value by ethnicity.  In this study, the cut-off value for the TG/HDL ratio ranged from 3.1-

4.2.  ROC analysis produced the lowest TG/HDL ratio cut-off value in Non-Hispanic 

Blacks (3.1) and the highest TG/HDL ratio cut-off value in non-Hispanic Asians (4.2).  

The cut-off values for Mexican American and non-Hispanic Whites were similar, 3.7, 3.9, 

respectively.  The negative predictive value was similar for all groups (92%-94.4%).  The 

sample sizes for the Other Hispanic and Other/Multiracial groups were too small for 

analysis. 

The TG/HDL ratio cut-off value was slightly lower for females than males (3.6, 

3.7, respectively).  This finding was in contrast to research that suggested that females 

have higher levels of insulin resistance because of higher body fatness (Travers et al, 

1995).  However, adolescents in the overweight/obese category had a higher TG/HDL 

ratio cut-off value (4.3) than their healthy weight peers (3.7), which supported Travers’ 

research.   

Several research groups have documented a change in insulin sensitivity during 

sexual maturation in human and animal studies (Amiel et al, 1991; Bloch, Clemmons, & 
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Sperling, 1987, Caprio et al, 1989; Virtue & Vidal-Puig, 2008).  In this study, adolescents 

with insulin resistance based on results from the OGTT were more likely to be 

overweight/obese, early adolescent females.  More adolescents in the early adolescence 

group were identified as insulin resistance by OGTT than adolescents in the late 

adolescence group (62.5% vs 37.5%).  The early adolescence group had a lower 

TG/HDL ratio (3.26) than the late adolescence group (3.7).  This finding would suggest 

that in order to identify insulin resistance in the early adolescence population, the 

TG/HDL cut-off value may need to be set lower than 3.7.   

Question 3: What were the performance characteristics (measures of validity) of the 

TG/HDL ratio as a predictor of risk of insulin resistance? 

The TG/HDL ratio cut-off value was set at >3.7, and the performance 

characteristics were calculated using the weighted data set.  The TG/HDL ratio cut-off 

>3.7 resulted in a sensitivity of 16.7% and specificity of 94.3%.  The sensitivity indicated 

that if a person was insulin resistant, there was a 16.7% chance that the TG/HDL ratio 

would be positive.  The specificity indicated that if the individual was negative for insulin 

resistance, there was a 94.3% chance that the test would be negative.  Even though, 

sensitivity and specificity are not mathematically dependent on disease prevalence, the 

accuracy of the test (area under the curve) can vary with prevalence (Leeflang, Bossuyt 

& Irwig, 2009; Leeflang, Rutjes, Reitsma, Hooft & Bossuyt, 2013).  Since the prevalence 

of insulin resistance in the sample was low, the false positives were contained by setting 

a high threshold (Metz, 1978). 

The prevalence of insulin resistance in the study population was 4.7%.   

Predictive values of a screening test are affected by prevalence of condition (Friis & 

Sellers, 2009).  When the prevalence of a condition is low in the population, then the 

positive predictive value will be low, indicating low probability of having a condition when 
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the test is positive (Friis & Sellers, 2009, Haynes, 1981).  The positive predictive value of 

the TG/HDL ratio was 10.4% in this study population.  Thus, an individual with a positive 

test result had a 10.4% probability of having insulin resistance.  A high negative 

predictive value is helpful when the prevalence of disease is low.  The negative predictive 

value of the TG/HDL ratio was 95.8%.  Thus, a person who tested negative had a 95.8% 

probability of freedom from disease. 

Question 4: How did performance characteristics of the TG/HDL ratio compare to the 

performance characteristics of the HOMA-IR model? 

The goal standard to determine insulin resistance is the hyperinsulinemic-

euglycemic clamp test (glucose clamp test) (Eyzaguirre & Mericq, 2009).  This test is 

impractical for use in clinical settings (Giannini et al., 2011).  One well-correlated 

surrogate for the glucose clamp test is the homeostasis model assessment of insulin 

resistance (HOMA-IR), r = .81 (George et al, 2011; Nguyen et al, 2010; Schwartz et al., 

2008).  Giannini and colleagues (2011) demonstrated a higher correlation between the 

TG/HDL ratio and the glucose clamp than between the HOMA-IR and the glucose clamp 

in obese youths.  In this study, a medium correlation was found between the TG/HDL 

ratio and HOMA-IR, r = .27, p<.01.  In contrast, Quijada (2008) found no significant 

correlation between TG/HDL ratio and HOMA-IR in a study of obese children.  

The TG/HDL ratio was more accurate than HOMA-IR when used to indicate 

insulin resistance in this study group, 90.2% vs. 86.4% respectively.  Importantly, the 

negative predictive value was similar, 95.8% and 97.6%.  Both tests could be used to 

screen out insulin resistance. 
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Question 5:Did the TG/HDL ratio appear to be an appropriate tool for screening U.S. 

adolescents for insulin resistance? 

The TG/HDL ratio appeared to be an appropriate tool for initial screening of 

adolescents when there was concern for insulin resistance.  The TG/HDL ratio had many 

qualities of a good screening test: 1) addresses two major health care diseases, 2) 

simple to perform, 3) no additional initial expense to client or payor, and 4) the 

performance characteristics are within an expected range.  The most recent guidelines 

for pediatric cardiovascular care support cholesterol screening.  Use of the TG/HDL ratio 

is limited by the inability to determine an absolute cut-off value to indicate increased risk 

of insulin resistance.  However, an elevated TG/HDL ratio should promote a discussion of 

lifestyle modification. 

Limitations/Bias 

Two important factors limited the generalization of the findings from this study: 1) 

composition of the unweighted sample and 2) inability to perform ROC analysis on 

weighted data set.  The 2011-2012 HANES is the first half of the 4-year study of nutrition 

and health in the U.S.  For this 2-year study group, Asians were oversampled, which 

resulted in a decreased sample size in the Hispanic groups and non-Hispanic White 

group (Johnson, Dohrmann, Burt, & Mohadjer, 2014).  In addition, the targeted number of 

Asian families was not achieved, resulting in an overall decreased screening rate 

(Johnson et al., 2014).  In addition, non-Hispanic Blacks were oversampled.  Hence, a 

better representation of insulin resistance in the U.S. adolescent population may be 

accomplished by conducting research on the entire 4-year study group.  

Parametric and nonparametric methods have been developed to perform ROC 

analysis for simple random sampling, but not complex sampling designs (Yao, 2013).  

Sample weights were utilized for all measurements of interest during the 2011-2012 
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NHANES data collection.  The sample weights estimate the number of people in the 

population that participants represent.  Ignoring the sample weight could lead to 

inaccurate representation of the data.  In this study, the composition of the sample, in 

terms of proportions of race/ethnicity, changed significantly between the weighted and 

unweighted sample (Figures 4.3).   

One of the benefits of using a weighted sample is that the findings are 

generalizable to the entire population.  In the study, 4.7% of the sample population 

(25/452) was insulin resistant by OGTT.  The TG/HDL ratio cut-off value was based on 

analyses from this small sample.  Hence, the findings of this study are not generalizable 

to the U.S. adolescent population.  The absolute number for the TG/HDL ratio cut-off is 

not known.  

Yao (2013) demonstrated that area under the curve (test accuracy) varied slightly 

with the use of weighted data.  This variance altered the findings in his study (Yao, 2013).  

No known software has been developed to perform ROC analysis on complex survey 

data, therefore during this study ROC analysis was performed on unweighted data.  The 

composition of the unweighted sample population did not mirror the composition of the 

U.S. adolescent population. 

The TG/HDL ratio is not as sensitive a method to determine insulin resistance as 

glucose clamp or other surrogates (Matthews et al., 1985).  The TG/HDL ratio is 

measured in the fasting state and the glucose clamp studies evaluate insulin resistance 

in the insulin-stimulated state (DeFronzo, Tobin, & Andres, 1979).  However, the TG/HDL 

ratio has advantages and can be added to the clinician’s tool chest for assessing risk of 

insulin resistance.  Given that 1/3 of adolescents in the U.S. are overweight or obese, 

and that type 2 diabetes is diagnosed at an increasing rate in adolescents, it is prudent to 

develop methods of risk assessment for clinical use. 
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Implications of Study Findings 

Implications for clinical practice 

A screening test should meet certain criteria: a) address an important health 

problem, b) address a condition for which the natural history is adequately understood, c) 

address a condition for which a pre-symptomatic period exists, and d) address a 

condition for which effective intervention for primary prevention is available (Friis & 

Sellers, 2009; Somerville, Kumaran & Anderson, 2012).  In this study, the TG/HDL ratio 

was used as a screening test for insulin resistance.  Research has supported developing 

a means of early detection of type 2 diabetes (Harris & Eastman, 2000).  Insulin 

resistance appears to be a condition that develops prior to type 2 diabetes, which is a 

major cause of morbidity and mortality in the U.S.  People with diabetes are at increased 

risk for cardiovascular events (Kashyap & Defronzo, 2007; Srikanth & Deedwania, 2011).  

The lifetime risk of cardiovascular disease is 4-6-fold higher in people with preventable 

risk factors (Berry et al., 2012).  Prevention of type 2 diabetes, through intervention at the 

point of recognition of insulin resistance, has the potential to reduce future cardiovascular 

events (Srikanth & Deedwania, 2011).   

The advantages of the TG/HDL ratio as a screening tool include: a) no additional 

expense for testing, b) simple calculation, c) no additional client discomfort, and d) 

minimal training if performed by person other than the provider.  The purpose of this 

study was to evaluate the performance characteristics of the TG/HDL ratio when used as 

a screening tool to detect increased risk of insulin resistance in the U.S. adolescent 

population.  A potential screening scheme is depicted in Figure 5.1. 



Figure 

The usefulness of the TG/ HDL ratio for detection of insulin resistance is 

dependent on test sensitivity, specificity and positive and negative predictive values

this study, the sensitivity of the TG/HDL

to detect insulin resistance was low.  The specificity and negative predictive value were 

high (93.8%, 95.8% respectively) which suggested that the TG/HDL ratio may be useful 

for determining that individua
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predictive value was low (10.4%), indicating that an individual with a positive test result is 

unlikely to be truly positive.  However, a clinician must be mindful that insulin resistance 

in children has a clinical spectrum that includes hormo

inflammatory markers, and destruction of beta cells (Eyzaguirre & Mericq, 2009; Weiss, 

72 

Figure 5.1 Screening for insulin resistance 

The usefulness of the TG/ HDL ratio for detection of insulin resistance is 

dependent on test sensitivity, specificity and positive and negative predictive values

this study, the sensitivity of the TG/HDL ratio was 14.8%, which indicated that the ability 

to detect insulin resistance was low.  The specificity and negative predictive value were 

high (93.8%, 95.8% respectively) which suggested that the TG/HDL ratio may be useful 

for determining that individuals are unlikely to have insulin resistance (Florkowski, 2008).  

tests positive should receive additional evaluation.  The positive 

predictive value was low (10.4%), indicating that an individual with a positive test result is 

unlikely to be truly positive.  However, a clinician must be mindful that insulin resistance 

in children has a clinical spectrum that includes hormonal imbalance, elevation in 

inflammatory markers, and destruction of beta cells (Eyzaguirre & Mericq, 2009; Weiss, 
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2007).  During the period prior to diagnosis, risk of micro and microvascular 

complications usually associated with diabetes is high (Harris & Eastman, 2000; Nichols, 

Arondekar, & Herman, 2008).  Urbina and colleagues (2013) found that the TG/HDL ratio 

was an independent predictor of arterial stiffness in adolescents and young adults.  This 

supports the work of Di Bonito and colleagues (2012) who found increased blood 

pressure in children with elevated TG/HDL ratios.  Hence, further investigation, after 

positive results, is likely warranted (Figure 5.1). 

The TG/HDL cholesterol has many advantages for use in clinical practice.  It 

addresses two major health problems in the time-period prior to the onset of symptoms.  

Therefore, it is useful for primordial and primary prevention of diabetes and 

cardiovascular disease.  The performance characteristics of the TG/HDL ratio suggested 

that a negative test, in the absence of other risk factors, would support usual healthy 

lifestyle recommendations.  A positive test, in the presence of other risk factors, would 

support intensive therapy to improve lifestyle, further diagnostic testing, and possible 

medical therapy.  Full use of the TG/HDL ratio is hampered by inability to determine a 

universal cut-off value to indicate increase risk of insulin resistance in all populations.  In 

addition, the lack of a universal definition of insulin resistance in adolescents and children 

continues to impede momentum in addressing this problem.  

Implications for nursing education and practice 

Prevention of disease and promotion of health are pillars of nursing practice.  

Interventions to prevent cardiovascular disease and diabetes should begin with healthy 

lifestyle education.  Cholesterol education should be incorporated into the 

pathophysiology and nutrition curricula for nursing students.  Education of bedside 

nursing providers could promote discussion of healthy lifestyle behaviors with patients 

and families.   
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Most of the population, including health care providers, are unaware of the 

implications of lipid results, particularly the HDL cholesterol and triglyceride levels.  

Universal screening for lipid disorders should result in lipid tests for many adolescents.  

The TG/HDL ratio would be an excellent tool to add to the every nurse’s toolkit.  

Discussion of the TG/HDL ratio result would be an excellent place for the nurse provider 

to educate patients and families about cholesterol, and the importance of healthy lifestyle 

habits throughout the lifespan.   

Implications for research 

In this study, the TG/HDL ratio was shown to be useful for ruling out increased 

risk of insulin resistance in U.S. adolescents.  However, the absolute cut-off value for the 

TG/HDL ratio remains uncertain because of the inability to use ROC analysis on 

weighted data.  Efforts should be made to develop these statistical/computer capabilities 

to maximize the usefulness of weighted national samples such as the NHANES.  Future 

studies should focus on discovering the absolute cut-off value for the TG/HDL ratio to 

detect increased risk of insulin resistance.  With an established cut-off value for the 

TG/HDL ratio, researchers could conduct longitudinal studies with large samples to 

validate the effectiveness of the screening tool. 

Summary 

Insulin resistance develops years before the diagnosis of type 2 diabetes or 

cardiovascular disease becomes evident.  Early intervention, in the form of primordial and 

primary prevention, is needed to decrease insulin resistance.  Data from the NHANES 

survey were used to determine the performance characteristics of the TG/HDL ratio as an 

early indicator of risk for insulin resistance among adolescents seen in pediatric 

practices.  The performance characteristics of the TG/HDL ratio compared favorably with 
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a surrogate goal standard test.  The TG/HDL ratio had a strong negative predictive value 

with sufficient sensitivity and specificity to be useful in the clinical setting. 
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