
 

MELLENDICK, KEVAN M., Ph.D.  Diet Quality and Cardiovascular Disease Risks in 

Adolescents. (2016) 

Directed by Dr. Cheryl Lovelady. 147 pp. 

 

Obesity and cardiovascular disease (CVD) risk among adolescents have become 

major public health concerns. Obesity rate has reached 18.4% among 12-19 year olds, 

and 20.3% of this age group has at least one abnormal blood lipid level. Among obese 

adolescents, dyslipidemia rate is troubling, at 42.9%. Diet quality may play a key role in 

the development of obesity and other CVD risks among this age group. Consistently poor 

diet quality has been observed among adolescents, and research indicates dietary patterns 

from this age persist into adulthood. Moreover, minimal research has explored 

connections between diet quality and CVD risk in adolescents. Therefore, the primary 

aims of this dissertation were: 1) to determine differences in diet quality between obese 

and non-obese, hypertensive and normotensive, and dyslipidemic and non-dyslipidemic 

16 year-olds; 2) to examine relationships between diet quality and CVD risks; 3) to 

identify relationships between dietary components and CVD risk; and 4) to examine 

interactions between diet quality and adiposity on CVD risks.  

The first study identified greater sweetened beverage intake among obese 

adolescents. Additionally, fruit and fiber intake were negatively related to body mass 

index (BMI). Fruit and protein intake were also negatively related to waist circumference 

(WC). The second study found positive relationships between blood pressure (BP) and 

BMI and WC. Greater consumption of vegetable, fruit, whole fruit, greens and beans   



 

fiber, and magnesium, and lower consumption of energy from fat were related to 

decreases in BP. 

The second study also showed greater intake of sweetened beverages, and lower 

intake of omega 3 fatty acids and fiber among participants with elevated total cholesterol 

(TC). Diet quality, omega 3 fatty acids, fiber, vegetable, and greens and beans were 

positively related to TC. Lastly, low density lipoprotein was negatively related to 

vegetable and greens and beans intake. Significant moderation effects by diet quality 

were observed on the relationships between BMI and systolic BP, and BMI and 

triglycerides.  

These findings implicate elevated BMI, WC, and sweetened beverage intake with 

greater CVD risk. By contrast, these findings suggest cardio-protective effects for greater 

vegetable, fruit, and fiber consumption.  
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CHAPTER I 

INTRODUCTION 

As obesity rates in the United States peak among children and adolescents, diet 

quality continues to be poor. While 18.4% of U.S. adolescents, aged 12-19 years, are now 

considered obese (1), diet quality measurements consistently reveal well below optimal 

scores (2–5). Additionally, longitudinal research indicates dietary patterns from 

adolescence may persist into adulthood (6). Even within this young age group, 

dyslipidemia is emerging, with approximately 20.3% of US 12-19 year olds having at 

least one abnormal lipid level (7). Dyslipidemia is even more pronounced among obese 

adolescents, as 42.9% of that group has at least one abnormal lipid value.  Taken 

altogether, these numbers reflect an increasing concern for the development of chronic 

diseases, such as cardiovascular disease (CVD), at a young age. With prior work 

identifying signs of CVD in teenagers (8), the adolescent age group seems to be an ideal 

target population for prevention efforts and identifying key CVD risks.  

As early as 1952, autopsy studies of deceased youth have shown significant 

development of early cardiovascular disease at very young age. In particular, 

atherosclerotic lesions, fatty streaks, and fibrous plaques in the coronary arteries are 

present well before the age of 20, with some present prior to age 10 (8–11). In fact, 

Berenson et al. found fibrous plaques present in coronary arteries of in approximately 

35% of the 204 16-20 year old cadavers examined (8). Based on these studies,
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cardiovascular disease should be considered progressive, and originating in adolescence 

or even earlier. 

With increasing prevalence of overweight and obesity among the adolescent 

population (1), identifying risk for chronic disease among younger age groups has 

become a priority in preventive medicine and public health efforts. Considering tissue 

dissection and plaque evaluation is not a viable screening tool for cardiovascular disease 

intervention, factors related to development and progression of cardiovascular diseases 

will be examined to identify risk for CVD. Of particular interest are measures of 

adiposity, blood pressure (BP), and blood lipids. 

Overweight and obesity among adolescents are related to alterations in lipid and 

glucose metabolism, and blood pressure regulation. In conjunction, these alterations 

represent a greatly increased risk for the metabolic syndrome, which is noted to 

correspond with chronic systemic inflammation. This inflammation, although considered 

stable, corresponds to atherosclerotic vascular changes, such as those discovered by 

Berenson et al (8). However, with appropriate medical and/or lifestyle intervention, these 

vascular changes are predominantly reversible at this stage of life (12,13). As such, 

elevated adiposity, hypertension, and chronic inflammation are important indicators of a 

potentially reversible atherosclerotic process in the adolescent age group. Additionally, 

obesity, with its known contributions to CVD development and progression, can be 

considered both a CVD risk and predictor of additional CVD risk.  
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Still, in order prevent development of these CVD risk indicators, the contributing 

antecedents must be better understood. The influence of poor lifestyle habits, particularly 

diet, has been studied thoroughly among the adult population. However, the impact of 

poor diet on CVD risk in adolescence is not well established. Moreover, very limited data 

exists connecting measures of whole diet to CVD risk among the younger population.  

Specific aspects of nutrition are considered contributors to CVD. Most research 

focuses on single nutrients (such as sodium and dietary fiber), clusters of nutrients (such 

as fats and simple sugars), and/or food groups/clusters of foods (such as fruits/vegetables 

or fast foods) (14–18). However, researchers have noted that use of a validated overall 

diet quality measure would be preferable in future research, as it can simultaneously 

encompass multiple aspects of diet quality that may confound or offset the impact of 

specific nutrients or food groups. The Healthy Eating Index-2010, is one of the validated 

measures of total diet quality, based on the current Dietary Guidelines for Americans 

(19).  

While most CVD risk research has focused on middle to older age, this study 

explored potential CVD risk factors in adolescence, a period in which early/initial stages 

of CVD may manifest. Due to relatively recent increases in known contributing factors to 

CVD initiation and proliferation, adolescence has emerged as a life stage carrying 

multiple CVD risk. Yet, the relationships among these CVD risks are to date, largely 

unexplored.  The goal of this study was to elucidate the influence of diet quality on 

cardiovascular disease risks at a young age.  This research utilized data from a long-term, 
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ongoing longitudinal study to investigate a heterogeneous sample of 16 year olds.  The 

specific aims of this study are listed below. 

Specific Aim #1: To identify differences in diet quality of adolescents between 

those who are obese versus non-obese, who have elevated blood pressure versus normal 

blood pressure, and who have dyslipidemia versus normal blood lipids. 

Hypothesis #1: Diet quality will be poorer in obese adolescents, adolescents with 

elevated blood pressure, and dyslipidemic adolescents.  

Specific Aim #2a: To determine the relationships in adolescents between all 

variables: gender, race, socio-economic status (SES), diet quality, body mass index, waist 

circumference, blood pressure, and blood lipids. 

Hypothesis #2a: Body mass index and waist circumference will be significantly 

positively correlated. SES will be significantly positively related to diet quality and HDL 

cholesterol, and negatively related to blood pressure, total cholesterol, LDL cholesterol, 

and triglycerides. Boys will have significantly poorer diet quality than girls. Non-white 

race participants will have significantly higher body mass index and blood pressure than 

white race participants.  

Specific Aim #2b: To specifically determine the relationships among diet quality 

with body mass index, waist circumference, blood pressure, and blood lipids in 

adolescents.  
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Hypothesis #2b: Diet quality will be negatively related to body mass index, waist 

circumference, blood pressure, total cholesterol, LDL cholesterol, and triglycerides, but 

positively related to HDL cholesterol. Moreover, body mass index and waist 

circumference will be positively related to blood pressure, total cholesterol, LDL 

cholesterol, and triglycerides, but negatively to HDL cholesterol.   

Specific Aim #3: To examine the interaction of adiposity and diet quality in their 

relationship with blood pressure, and blood lipids.  

Hypothesis #3: Diet quality will moderate the relationships between measures of 

adiposity and blood pressure, and blood lipids. 

Specific Aim #4: To examine the relationships between specific nutrients and 

classes of foods with CVD risk factors.  

Hypothesis #4: Total energy, total fat, saturated fat, refined grain, and empty 

calorie intake will be significantly positively related to body mass index and waist 

circumference. Fruit and vegetable, whole grain, and fiber intake will be significantly 

negatively related to body mass index and waist circumference. Blood pressure will be 

significantly positively correlated with sodium intake, and significantly negatively 

correlated with fruit, vegetable, fiber, potassium, magnesium, calcium, and omega-3 fatty 

acid intake. Total cholesterol, LDL cholesterol, and triglycerides will be significantly 

positively associated with added sugars, saturated fatty acids, and trans fatty acids, and 

negatively associated with monounsaturated fatty acids, omega-3 fatty acids, fiber, fruit, 
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and vegetable consumption. HDL cholesterol will be significantly negatively related to 

added sugars, saturated fatty acids and trans fatty acids.  

The current study examined the relationships between diet quality and CVD risks, 

and identified potential differences in these relationships among at-risk and low risk 

(non-obese, normotensive, normal blood lipids) 16 year olds (hereafter referred to in a 

general term as adolescents). Additionally, this research has identified and explored 

potential interactions between diet quality and adiposity in predicting multiple CVD 

risks.  This research treated our measures of adiposity as both CVD risks, potentially 

predicted by diet quality (specific aim #2), and as a predictor of other CVD risk, along 

with diet quality (specific aim #3). In addition, this research assessed the interaction of 

diet quality and adiposity in their relationship to other CVD risks. Recent literature 

suggests increased CVD risk in metabolically unhealthful lean adults, and low risk for 

metabolically healthful obese individuals (20–22). As such, examining the interaction of 

measures of adiposity and diet quality in predicting other CVD risks may provide unique 

insight into the presence (and development) of metabolically healthful obesity and/or 

metabolically unhealthful leanness.  

Further research may link atherosclerotic processes with diet quality, including 

the combined influences of diet quality with adiposity on the development of 

cardiovascular disease.  
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CHAPTER II 

REVIEW OF LITERATURE 

Cardiovascular Disease Risk in Adolescents 

Obesity, associated with excessive adipose tissue, is highly related to the 

development of cardiovascular disease (23,24). The accumulation of excessive adipose 

tissue leads to altered blood lipid metabolism, increased blood pressure, and constant 

low-level inflammation. These changes associated with excess adiposity can lead to 

atherosclerosis and blood vessel endothelial dysfunction (25–27). As such, obesity is an 

independent risk factor for cardiovascular disease development and progression.  

The prevalence of obesity among adolescents, while not as high as adults, is still a 

public health concern. Ogden et al reported 33.6% of US adolescents are overweight, 

with 18.4% obese (1). These results are based on data from the National Health and 

Nutrition Examination Survey (NHANES), covering 2009-2010, with overweight and 

obesity based on body mass index for age (≥85
th

 percentile overweight; ≥95
th

 percentile 

obese). While NHANES data are unique to the USA and adolescents living here, a recent 

review examined abdominal obesity specifically across many nations, using waist 

circumference (WC), as the indicator (28). This review found a wide range in abdominal 

obesity rates, from 3.8% to 51.7% among 10-19 year olds. Among developed nations, a 

narrower range was reported, 8.7% to 33.2%. The cutoff point for abdominal obesity 
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diagnosis using WC had no consensus in this review, and 14 different cutoff points were 

utilized across 1977-2007, with the most common cutoffs being ≥90
th

 percentile of the 

sample (as proposed by Cook et al (29)), ≥95
th

percentile of the sample, ≥90
th

 percentile 

of the country, or ≥70
th

 percentile of the country. 

Research links BMI directly to atherosclerosis, including a study by Berenson et 

al, who found significant, strong correlation between the presence of fibrous plaques in 

the coronary arteries and BMI of adolescents (8). Correlations to plaque presence were 

strong with BMI (r=0.48). A similar effect was found relating carotid intima-media 

thickness in adulthood (25-37 years) to BMI (OR, 1.25; 95% CI, 1.01-1.54) and systolic 

blood pressure (OR, 1.36; 95% CI, 1.08-1.72) measured in childhood (4-17 years) (30). 

In this study, BMI and blood pressure were measured in childhood, and compared to 

carotid intima-media thickness, a validated surrogate for coronary artery disease risk, of 

the same population at 20-year follow-up, ages 25-37. Both BMI (and systolic blood 

pressure in childhood (4-17 years old) were significant predictors of being in the top 

versus other three quartiles of carotid intima-media thickness in adulthood (25-37 years 

old). Another cross-sectional study found carotid intima-media thickness related strongly 

to BMI z-score (r=0.514) among 61 obese and 25 normal-weight 12-18 year olds in 

northern Pennsylvania (31). Additional research examined 21 obese adolescents, mean 

age 17.7 years and mean BMI 41.9, and 12 healthy adolescents, mean age 15.1 and mean 

BMI 20.1. Results from a single session of cardiac resonance imaging showed a strong 

correlation between BMI and left ventricular extracellular volume fraction (r=0.58), a 

measure of subclinical alteration in heart tissue (23). 
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Research also identifies correlations between adiposity measures and other 

cardiovascular risk factors, such as BP. For example, data from NHANES 2003-2004 

also show BMI relates significantly to both total cholesterol and systolic BP in 727 

adolescents (age 15-17 years) (32). Additionally, study of 1950 Brazilian children and 

adolescents showed strong correlations of WC to systolic BP (r=0.449) and diastolic BP 

(r=0.374) (33). Further research in Brazil found trends relating both BMI and WC to 

systolic and diastolic BP among 564 children and adolescents 8-17 years of age (34). 

Both BMI and WC showed reasonably strong correlation to systolic BP (r=0.415 and 

0.461, respectively), with slightly weaker correlations to diastolic BP (r=0.376 and 0.433, 

respectively), and slightly stronger correlations of WC to BP generally.  

Blood Lipids and Cardiovascular Disease Risk in Adolescents 

A preponderance of evidence supports abnormally high TC, LDL cholesterol, and 

TG in the blood, or abnormally low HDL cholesterol in the blood as significant 

independent risks for heart disease (24,25,35–37). To that effect, annual testing for these 

blood lipids within the adult population has become rote care to monitor the progression 

of cardiovascular disease in the primary care setting. The American Heart Association 

(AHA) highlights specific cut-off values for each of these measures (35,37). Considered 

abnormally high, and therefore at greater risk for heart disease, are TC ≥200 mg/dL, LDL 

cholesterol ≥130 mg/dL, and TG ≥150 mg/dL. Considered abnormally low and therefore 

at greater risk for heart disease is HDL ≤40 mg/dL. However, it should be noted that LDL 

cholesterol <100 mg/dL and HDL cholesterol ≥60 mg/dL are considered optimal. 
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Among adolescents, less evidence directly supports the impact of elevated blood 

lipids on atherosclerosis and cardiovascular disease progression. However, the AHA does 

supply recommendations for optimal and suboptimal blood lipid values among the 

childhood and adolescent population.  

Unfortunately, prevalence of abnormal lipid levels is relatively high within this 

young age group, especially among those with overweight or obese BMI (by BMI for age 

standards). May et al examined the NHANES data from 199-2008, and discovered that 

among 3383 adolescents (12-19 years old) included, 22% had borderline high (110-129 

mg/dL) or high (≥130 mg/dL) LDL cholesterol (38). Additionally, 6% of this sample had 

low (<35 mg/dL) HDL cholesterol. Another study of 3125 NHANES participants, this 

from 1999-2006, found at least one abnormal lipid level in 20.3% in these 12-19 year 

olds (7). Separating by BMI for age category, 14.2% of the normal BMI group, 22.3% of 

the overweight group, and 42.9% of the obese group had at least one abnormal lipid level.   

A good deal of research connects adiposity measures with abnormal blood lipid 

values in adolescent populations. For example, a study of 948 Saudis aged 10-17 years 

found significant positive correlations between BMI and TG, TC, LDL cholesterol, and a 

significant negative correlation between BMI and HDL cholesterol (39). A study of 

Brazilian children found similar results when examining 113 girls ages 14-19 years. 

Pereira et al found a significant positive correlation between BMI and LDL cholesterol, 

along with significant positive correlations between WC and LDL cholesterol, TG, and a 

significant negative correlation between WC and HDL cholesterol (40). Another  study 
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from Nellore, India recruited 62 obese (by BMI for age standards) adolescents and 24 

aged-matched normal weight controls, finding significant differences among the two 

groups (41). TC, LDL cholesterol, and TG were all higher in the obese group, while HDL 

cholesterol was lower in the obese group. A recent small study from Lehigh Valley 

Hospital in Pennsylvania found very similar results after comparing 61 obese (by BMI 

for age standards) non-diabetic 12-18 year olds and 25 normal weight, aged-matched 

controls (31). The obese group had significantly higher SBP, CRP, TC, LDL cholesterol, 

and TG, with significantly lower HDL cholesterol. An Arizona based study of 123 

nondiabetic Latinos (mean age 16.3 years) participating in the Arizona Insulin Resistance 

Registry found those with normal BMI for age had significantly lower TG and oxidized 

LDL cholesterol, as well as higher HDL cholesterol (42). Moreover, in multiple linear 

regression analysis, WC was a significant predictor of oxidized LDL cholesterol. 

Posadas-Sanchez et al examined a larger group of Mexican public school students 

(n=1846), aged 12-16 years, finding similar results (43). The researchers found that obese 

(by BMI for age standards) adolescents had the highest prevalence of four different 

abnormal blood lipid value cutoffs- LDL cholesterol ≥130 mg/dL, TG ≥150 mg/dL, TC 

≥200 mg/dL, and HDL cholesterol ≤35 mg/dL. In addition, the researchers found WC 

was negatively associated with HDL cholesterol, but positively associated with LDL 

cholesterol and TG in multiple regression analysis. In Portugal, Teixeira et al studied 159 

adolescents, 9-18 years old, and found significant positive relationships between BMI 

and LDL cholesterol, TG, as well as significant negative relationships between both BMI 

and WC with HDL cholesterol (44). Another study of 167 youths from the greater 



12 
 

Pittsburgh area identified significant positive relationships between both BMI percentile 

for age and WC with SBP, DBP, TG, and significant negative relationships with HDL 

cholesterol (45). Additionally, risks for abnormal blood lipids and HTN were examined 

across 1717 eighth grade students from 12 predominantly minority schools in TX, CA, 

and NC (46). The researchers found as BMI increased from normal (by BMI for age 

standards) to overweight to obese, risk for Pre-HTN, HTN, low HDL cholesterol (≤35 

mg/dL), and high TG (≥150 mg/dL) significantly increased. In a sample of contrasting 

demographics, Plourde found BMI was significantly positively related to TC, LCL 

cholesterol, TG, and significantly negatively related to HDL cholesterol in a case-control 

study of 1009 Caucasians aged 9-19 years, in hospitals associated with Montreal and 

McGill universities (47).  

Findings from examining large, multifactorial research projects show agreement 

in results regarding the connection between adiposity and blood lipids in adolescence. 

For example, Keefer et al found that among a sample of 727 adolescents, 15-17 years of 

age, from NHANES 2003-2004, BMI was significantly positively related to TC and SBP  

(32). Spinneker et al found BMI was significantly positively related to LDL cholesterol, 

TG and significantly negatively related to HDL cholesterol among 1076 subjects, ages 

12.5-17.49 years, from the HELENA study of ten centers across Europe (48). In the 

National Heart, Lung, and Blood Institute (NHLBI) Growth and Health study, 2379 girls 

ages 9-18 years old were examined (49). Those in the obese (by BMI for age standards) 

group had significantly increased risk for both systolic and diastolic HTN (SBP, DBP 

≥95
th

 percentile for age), HDL ≤50 mg/dL, and TG ≥130 mg/dL. Results from 547 
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adolescents 13-18.5 years old from the AVENA study of five centers in Spain found in 

both boys and girls BMI was significantly positively associated with LDL cholesterol and 

significantly negatively related to HDL cholesterol, while WC was significantly 

positively related to TG and significantly negatively associated with HDL (50). More 

specific to gender, BMI was significantly positively related to TG in boys only, while 

WC was significantly positively related to LDL cholesterol in girls only. Examining 13-

16 year olds from the Kiel Obesity Prevention study in Germany, researchers related BMI 

and WC to BP (n=3174) and blood lipids (n=536) (51). BMI and WC were significantly 

positively related to SBP, DBP, TG, and significantly negatively related to HDL 

cholesterol. In Australia, researchers examined 1139 14-year olds from Perth, and found 

that in both boys and girls, those with elevated BMI (by BMI for age standards) or WC 

(by WC for age standards) were significantly more likely to have elevated LDL 

cholesterol and TG, and below optimal HDL cholesterol (52). Moreover, those with an 

overweight or obese BMI and elevated WC were more significantly more likely to have 

elevated LDL cholesterol, TG, SBP, and below optimal HDL cholesterol. Lastly, results 

from Project Heartbeat! based out of The Woodlands and Conroe, TX show significant 

relationships between BMI and WC with blood lipids (53).Among the sample of 8-18 

year olds (n=678), multiple regression analyses identified significant positive 

relationships between WC and BMI with TC, LDL cholesterol, TG, and significant 

negative relationships between WC and BMI with HDL cholesterol. Both BMI and WC 

appear to be useful predictors of risk factors for cardiovascular disease. 
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Blood Pressure and Cardiovascular Disease Risk in Adolescents 

Another strong independent risk factor for cardiovascular disease is persistently 

elevated blood pressure. Hypertension, or elevated blood pressure, is highly related to 

atherosclerosis (8,54–57). Consistently elevated blood pressure leads to weakening and 

narrowing of blood vessels, potentially allowing more plaque buildup and blockage. 

Specifically, Berenson et al. (also noted above) found correlations to plaque presence 

were strong with systolic blood pressure (r=0.55), but weak with diastolic blood pressure 

(r=0.22) (8). Hypertension is known to lead to stroke, myocardial infarction, and cardiac 

failure in the adult population (58). While these are not major occurrences among youths, 

hypertension in adolescence is highly predictive of hypertension in adulthood (59,60).  

Rates of hypertension and prehypertension among the adolescent population have 

not progressed to match the rates of overweight and obesity, but are still of consequence. 

Among 362 adolescents, aged 12-19 years, data from the NHANES 2007-2008 showed a 

rate of prehypertension of 10%, and hypertension of 3% (38). Data from NHANES 2003-

2006 among 2619 13-17 year olds showed 13.6% and 2.6% prevalence of 

prehypertension and hypertension, respectively (61). Additionally, 3.2% of 6790 Houston 

school students, 11-17 years of age, were hypertensive in a study following the students 

from 2003-2005 (62). Also, 15.7% of those students were pre-hypertensive. Another 

study of 1020 students found a prevalence of 11.5% and 2.5% of prehypertension and 

hypertension, respectively (63). An additional study of 5102 schoolchildren found a 

somewhat higher rate of hypertension in 10-19 year olds, at 4.5% (64). While the US 
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hypertension prevalence among adolescents was consistently between 2.5% and 4.5%, 

international data was more variable. Among international research on adolescents, 

hypertension rates ranged from 2.53% (65), to 3.1% (66) to 5-6% (67) to 8.12% (68) 

across Hungary, China, Canada, and Brazil. Lastly, a much higher rate of hypertension 

was found in a study from Lisbon, Portugal at 34%, with an additional 12% prevalence of 

prehypertension (69). However, the authors noted that the population of Portugal may 

have a significantly higher prevalence of hypertension in the adult population (nearly 

40%) than surrounding nations.  

Relationships Between Dietary Intake and Cardiovascular Disease Risk in Adults 

While associations between CVD and multiple dietary components, including 

specific fats, total fat, total energy, fruits and vegetables, sugar-sweetened beverages, 

whole grains, and multiple micronutrients, have been established, no single class of foods 

or specific nutrient can be identified as solely responsible for increased CVD risk. 

Clusters of similar foods and dietary pattern comparisons have been utilized to attempt to 

isolate whole diet trends, such as low sugar, high fat, convenience, Mediterranean, and 

Western diets. However, results from studies using these clusters have been somewhat 

inconsistent, and these clusters often fail to account for dietary adequacy of necessary 

vitamins and minerals. As such, aggregate scores of whole diet quality, like the Healthy 

Eating Index, have been developed to encompass the full complement of recommend 

dietary intakes for optimal health. (See page 17 for a detailed description of the HEI.) 
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The American Heart Association (AHA) promotes a number of dietary principles 

to reduce CVD risk, and has identified many specific diet components that may have 

cardio-protective or pathogenic influences (70). Firstly, the AHA recommends limiting 

total calorie intake to achieve or maintain a healthful body weight. Next, consumption of 

fruits and vegetables, in high quantity and a variety of choices, as well as whole grain and 

high fiber foods is recommended. Certain types of fats and proteins are promoted, 

particularly fish and plant-based ones, while others, particularly fats from dairy, meat, 

and poultry, are discouraged. Fish is recommended at least twice per week. Trans fats 

from processed oils (like margarine) and saturated fats are encouraged to eat in very 

limited quantities, and be replaced with unsaturated plant fats, like olive oil. Limiting 

both sugar and salt added to foods are recommended. Lastly, moderation when choosing 

alcohol is highly recommended. The AHA does additionally note the potential benefit of 

fish oil supplements and plant stanols/sterols for those with dyslipidemia. Most of these 

dietary components noted above apply generally to improving the CVD risks that will be 

examined in this study. 

Elevated BMI and WC are both predominantly functions of excess adiposity from 

energy imbalance. As such, it stands to reason that the majority of dietary factors 

associated with BMI and WC include total energy consumed as well as a number of types 

of foods associated with ability to control energy intake. Positive energy balance is the 

precipitating factor in weight gain and obesity development, and total energy intake is 

positively correlated with weight, BMI, and risk for obesity (71,72). Moreover, the role 

of fat intake in changes in BMI and WC is evident, as saturated fat and total fat are 
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related to risk for obese BMI (71–75). Energy density of the diet is also positively 

correlated to waist circumference (76). A number of other dietary components with low 

energy density and high nutrient density, such as fruits and vegetables, low fat proteins, 

particularly low fat dairy and fish, and high fiber foods (or fiber itself), like whole grains, 

are negatively associated with BMI and WC (73,75,77–86). Inversely, foods commonly 

considered low in nutrient density, including fast foods, fried foods, refined grains, sugar-

sweetened beverages, and red and processed meat are positively associated with BMI and 

WC (79,81,87–90). 

Some similar dietary influences exist in relation to blood pressure. A wealth of 

research on the DASH diet has shown a consistently beneficial pattern for reducing blood 

pressure, one rich in fruits, vegetables, low fat dairy, high fiber foods, and good sources 

of potassium, calcium, and magnesium while limited in sodium and animal proteins (91–

94). Additionally, the literature consistently supports a positive relationship between 

sodium intake and blood pressure, as well as a negative relationship between potassium 

intake and blood pressure across a litany of controlled trials (95–100). Sodium is known 

to attract water, and therefore increasing sodium concentration in the blood attracts water, 

increases blood volume, and therefore blood pressure. Potassium is primarily thought to 

reduce blood pressure by countering the effects of sodium. Slightly less evidence 

supports the inverse relationships between both calcium and magnesium with blood 

pressure (97,101–103). In particular, blood pressure reduction with calcium 

supplementation seems to be weak, and present in only systolic, not diastolic. The blood 

pressure reduction achieved by magnesium and calcium may be attributable to a 
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combination of mild natriuresis and diuresis. Lastly, omega-3 fatty acids are also 

inversely related to blood pressure in a number of studies, with research primarily 

focusing on fish oil supplementation (104–108). 

A variety of food types and patterns have also been linked to blood lipids. In 

particular, saturated fatty acids, trans fatty acids, and total fat have been historically 

implicated in affecting blood lipids (25,52,109–111). However, a diet rich in omega-3 

fatty acids has been associated with improvements in blood lipids (111). Moreover, 

emerging research identifies higher carbohydrate diets, particularly those rich in refined 

carbohydrates and added sugars, as tied to dyslipidemia (52,109,112). By contrast, a 

dietary profile rich in low fat dairy, fruits, vegetables, nuts and legumes is associated with 

a more favorable blood lipid profile (52,113,114). In that vein, the HEI is related to a 

more favorable lipid profile, while the “western” diet is associated with a more 

deleterious lipid profile (52,115).  

Dietary Intake of Adolescents 

Based on NHANES 2009-2010, a wealth of recent data is available examining 

what adolescents are eating (116–118). A few trends emerge within the dietary intake 

data from NHANES 2009-2010 (116–118). In particular, the adolescent diet is adequate 

in a few areas, including protein and omega-3 fatty acid intake. However, the adolescent 

diet appears deficient in a number of necessary minerals and food groups associated with 

positive health outcomes, while excessive in a number of categories associated with 

negative health outcomes.  
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Male calcium intake is near the Recommended Dietary Allowance (RDA) of 1300 

mg/day at 1260 mg/day, but female calcium intake is well below the RDA at 948 mg/day. 

Both male and female adolescents are well below the RDA for magnesium. Male 

magnesium intake is 299 mg/day and female is 224 mg/day, while the RDA is 410 

mg/day for males and 360 mg/day for females. Both male and female adolescents eat an 

insufficient amount of potassium: 2750 mg/day for males and 2008 mg/day for females 

compared to an Adequate Intake (AI) of 4700 mg/day. Fiber intake also falls short across 

both sexes. Male adolescents eat a mean 16.4 g/day of dietary fiber, while the AI is 38 

g/day. Female adolescents eat a mean 12.6 g/day of dietary fiber, while the AI is 26 

g/day.  The low fiber intakes of adolescents may be explained by the low intake of the 

most fibrous food groups- including fruit, vegetable, whole grain, and legumes. Male and 

female adolescents intake of these foods was very similar when controlling for calorie 

intake, with 0.44 cup equivalents (CE)/1000 kcal of fruit for male and 0.45 CE/1000 kcal 

for female. Vegetable intake was comparable, at 0.47 and 0.56 CE/1000 kcal for male 

and female adolescents, respectively. Whole grain intake was even lower, at 0.26 

CE/1000 kcal for male and 0.28 CE/1000 kcal for female adolescents. Legumes were 

clearly not a dietary staple, as intake was less than 0.10 CE/1000 kcal for both genders.  

Saturated fat intake exceeds the recommended limit of <10% total energy across 

both genders, as both eat >11% calories from saturated fat. Sodium intake is also well 

above the AI of 1500 mg/day for both male and female adolescents, at 4211 and 2958 

mg/day, respectively. In the case of sodium, male adolescents take in quite a bit more 

than female, although when sodium is controlled for calorie intake, this difference no 
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longer exists. Refined grain intake, inversely to whole grain intake, was fairly high at 

3.26 and 3.20 CE/1000 kcal for male and female adolescents. Sugar intake was also quite 

high, accounting for nearly half of all carbohydrate intake for both genders, 161 g/day for 

male and 117 g/day for female adolescents. This high sugar intake is taken into account 

within the fairly high empty calorie intake. Empty calories were responsible for 37.46% 

of total calorie intake for male adolescents, and 38.22% for female adolescents.  

The dietary intakes of adolescents revealed in the NHANES 2009-2010 data 

represent a far from ideal diet pattern to reduce risk for obesity, hypertension, metabolic 

syndrome, and CVD.  

Dietary Intake and Cardiovascular Disease Risk in Adolescents 

Although the influence of dietary components on CVD risk in the adolescent is 

not as well researched as in the adult, a number of factors affecting CVD risk have been 

examined, with notable results.  

Sugar, particularly in beverage form, has been examined by multiple researchers 

for its impact on adolescent weight, adiposity, and CVD risk. Links have been established 

between increasing sugary beverage or fructose intake and increasing BP, BMI, WC, and 

body weight in adolescents. A study examining 5033 boys and 4400 girls aged 10-19 

years used food frequency questionnaires to assess sugar-sweetened carbonated beverage 

intake. WC and BMI significantly positively correlated with these beverages in boys only 

(87). Additionally, a longitudinal study of 1210 black and 1161 white girls measured 

soda consumption at annual visits from age 9 or 10 until age 19 years using three day 
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food diaries. Over time, increases in soda consumption from baseline to endpoint 

predicted the highest increases in BMI during the same timeframe (119). In Germany, 

research of 249 9-18 year olds, using weighed food records, found an increase in 

energetic beverage consumption was associated with an increase in BMI standard 

deviation score (120). A Jamaican study of 1317 15-19 year olds used questionnaires 

about dietary habits administered in the home to examine dietary data and 

anthropometrics. Sweetened beverage consumption greater than 1 per day was associated 

with increased odds of overweight by BMI for age (121). Fiorito et al. performed a 

longitudinal study with 170 non-Hispanic white girls, assessing dietary intake using three 

24 hour diet recalls biennially from 5 to 15 years old. The researchers found sweetened 

beverage intake at age 5 was positively associated with WC, weight, and % body fat 

(122). Gillis and Bar-Or studied 91 obese and 90 non-obese 4-16 year old Caucasians. 

Diet history interviews conducted with a Registered Dietitian revealed that obese 

participants consumed significantly more sugar-sweetened drinks (123).  

Study of NHANES 1999-2004 data on 4867 12-18 year olds revealed increases in 

systolic BP z-scores moving from the lowest to highest sugar-sweetened beverage 

consumption (124). A case-control study of 174 obese (≥97
th

 percentile BMI for age) and 

174 normal weight Spanish adolescents (mean age 11.6 years) found consumption of >4 

servings sugar-sweetened carbonated beverages was significantly associated with the 

presence of obesity (125). Moreover, the researchers found each additional serving of 

such beverages increased relative risk for obesity by 69%. Lastly, a study of 559 14-18 

year olds in Augusta, GA used 4-7 24 hour diet recalls to assess fructose consumption. 
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The researchers found significant positive associations with visceral adipose tissue 

(measured by MRI), and significant positive upward trends across tertiles of fructose 

intake with systolic BP and CRP (126). Lastly, an examination of 12-19 year olds from 

NHANES 1999-2004 (n=2157) found added sugars were positively related to LDL 

cholesterol and TG (112). Additionally, in this sample, added sugars were negatively 

correlated with HDL cholesterol.  

A number of studies also examined the relationships between dietary intakes of 

certain food groups, particularly fruit, vegetable, dairy, and grain. Negative associations 

have been found between all these groups and BP, CRP, BMI, and WC. The same 

Jamaican study above found fruit intake of less than one serving per day was significantly 

associated with high waist circumference in those adolescents (121). Additionally, a 

study of 21,111 Iranian students aged 6-18 years found significant inverse associations 

between food groups and BMI based on self-administered food questionnaires. The 

researchers found plant proteins and vegetables were negatively related to BMI in boys, 

and dairy and fruit were negatively related to BMI in girls (127). Findings from the 

HELENA study of 12.5-17.5 year olds across 10 sites in European countries are in 

agreement, as dairy intake was negatively associated with WC, and with BMI and TG in 

females only (114). US research findings are similar, as study of NHANES III data of 

1803 adolescents found those who were considered centrally obese (≥85
th

 percentile WC 

for age and sex) had significantly lower dairy, grain, fruit, and vegetable consumption 

(113). Bradlee et al studied 1500 girls 9-17 years old participating in the NHLBI Growth 

and Health Study across 3 sets of dietary records, who received follow up of blood lipids 



23 
 

drawn between 18-20 years old (128). The researchers found dairy intake was negatively 

related to TC and LDL cholesterol, fruit was negatively related to TC, non-HDL 

cholesterol, and LDL cholesterol, and intake of nuts, seeds, and legumes was negatively 

related to non-HDL cholesterol and LDL cholesterol. Additionally, combined intake of 

fruit and non-starchy vegetables was negatively associated with TC, non-HDL 

cholesterol, LDL cholesterol, and log of TG. Additionally, data from the Framingham 

Children’s Study from 8 years of annual follow up visits beginning from 3-6 years of age 

revealed more fruit and vegetable intake during the preschool years predicted lower mean 

systolic BP in early adolescence (129).  

Dietary fiber has additionally been researched in the adolescent diet, with 

negative relationships to adiposity in the trunk region. A cross-sectional study of 

NHANES 1999-2002 data on 2128 12-19 year olds showed a significant inverse 

relationship between grams of fiber eaten per 1000 calories eaten and the prevalence of 

metabolic syndrome. In fact, each quintile increase of fiber intake was associated with a 

20% decrease in prevalence of metabolic syndrome in the sample (130). A smaller study 

of 85 overweight 11-17 year old Latinos used two day diet recalls and magnetic 

resonance imaging (MRI) to assess dietary fiber intake and visceral adipose tissue. The 

researchers found a significant inverse relationship between fiber intake and visceral 

adipose tissue (131).  

Saturated fat has been identified in the adolescent research as linked to increased 

BP and TG. In a study of 1066 Finnish children, beginning from age 7 months to 15 
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years, BP was measured annually. In the study, 540 children were assigned low saturated 

fat, low cholesterol diet counseling each year, and 522 were matched controls. The 

researchers found the intervention group had significantly lower systolic and diastolic BP 

at age 15 years (132). Additionally, research by Washi and Ageib out of Jeddah, Saudi 

Arabia showed a significant positive relationship between saturated fat intake and TG 

(109). In a similar vein, total fat intake was significantly positively related to LDL 

cholesterol in this sample of 239 adolescents.  

Dietary sodium intake in adolescents has been positively associated with BP. A 

British study of 1658 4-18 year olds measured sodium intake by seven day diet record 

and compared to BP. A significant positive association was found between sodium intake 

and systolic BP. Moreover, every 1 gram increase in sodium intake per day was 

associated with 0.4 mm Hg increase in systolic BP (133). Study of NHANES 2003-2008 

data on 6235 8-18 year olds also showed an increase in BP with increases in each quartile 

of sodium intake. The researchers also revealed a potentially synergistic effect of sodium 

intake and overweight/obesity on BP and risk for pre-hypertension and hypertension. 

Among the sample, a 1 gram increase in daily sodium intake led to a 0.097 standard 

deviation score increase for systolic BP (0.141 increase among overweight/obese). 

Additionally, odds of pre-hypertension and hypertension increased by 2.0 times between 

the highest and lowest quartiles of sodium intake (by 3.5 times among overweight/obese) 

(134). Considering sodium does not directly provide any energy, one study found a more 

novel relationship between sodium and BMI and WC. Among a sample of 766 white and 

African American 14-18 year olds, 7 day 24 hour diet recalls were used to determine 
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sodium intake and dual energy x-ray absorptiometry (DXA) to determine body fat 

measurements. The researchers found sodium to be significantly positively related to 

weight, BMI, WC, % body fat, fat mass, and subcutaneous adipose tissue in the sample 

(135). 

Bringing together much of the above, one study clustered eating patterns of 1139 

adolescents (all age 14 years) from Perth, Australia into two groups: Healthy vs. Western 

(52). The Healthy group had a diet lower in total fat, saturated fat, added sugars, and 

sodium, but higher in protein, carbohydrate, folate, and fiber than the Western group. In 

girls, the more Western diet was significantly associated with elevated WC, BMI, and 

total cholesterol. By contrast, in boys, the more Healthy diet was significantly associated 

with optimal HDL.  

Total energy intake plays a key role in weight status, and literature in adolescents 

identifies correlations between energy intake and BMI, weight, and body fat. 

Longitudinal study of 12829 US children ages 9-14 years old revealed a trend between 

energy intake and BMI. From 1996-1999, children returned questionnaires reporting 

height and weight, and returned food frequency questionnaires. Increases in total calorie 

consumption from the previous year predicted increases in BMI among the participants 

(136). Demol et al. randomly assigned 55 obese 12-18 year olds to one of three 1200-

1500 calorie diets for 12 weeks. They found a significant decrease in BMI, BMI standard 

deviation score, and % body fat from baseline to 12 weeks across all diets (137). In India, 

research examined 96 overweight and obese 12-18 year olds given diets with a 500 
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calorie per day energy deficit and either 2, 3, or 4 servings of dairy per day for 12 weeks. 

Regardless of dairy consumption, a significant decrease from baseline to 12 weeks was 

found in BMI, BMI z-score, weight, % body fat, and total body fat (138). Additional 

research from Saudi Arabia of 239 adolescents cluster sampled from schools in Jeddah 

showed relationships between energy intake and blood lipids (109). Kcal intake was 

positively correlated with TC and TG. Additional, the source of energy was important, as 

% energy from fat was positively related to BMI for age.  

Diet Quality in Adolescents 

Although single nutrient analysis or analyses focusing on total calories, fat, 

protein, and other dietary measures from total diet has provided great use, an effort has 

been made to incorporate multiple aspects of total diet into a one measure (139–143). 

Multiple scores/tools have been developed to measure what is known as diet quality, such 

as the Recommended Food Score, the Diet Quality Index, and the Healthy Eating Index. 

Diet quality is a single score distilled from multiple components of dietary intake, 

including various food groups, specific macro and micronutrients. An overall dietary 

quality score is considered advantageous to more traditional approaches of examining 

single macro or micronutrients, or energy intake.  

The original Healthy Eating Index (HEI) was developed in 1995 by the US 

Department of Agriculture’s (USDA) Center for Nutrition Policy and Promotion (CNPP) 

and has been widely used in nutrition research (144–147). Since 1995, two updates have 

been released, the HEI-2010 is the most recent, a twelve-component scoring tool with a 
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maximum of 100 points possible, developed as a new update for the HEI-2005 (148). 

Scoring is detailed in Appendix A. Because the HEI-2010 reflects the Dietary Guidelines 

for Americans as well as emerging research, it is widely considered the most practical 

and most valid measure of diet quality available (19). As such, this literature review will 

focus on diet quality studies utilizing the HEI in one of its three iterations: the current 

HEI-2010, most recent HEI-2005, or original HEI. In the literature below, the iteration 

used will be noted as HEI-2010, HEI-2005, or HEI (for the original version).  

The HEI-2010 offers the benefit of not only measuring adequacy of various types 

of foods/nutrients, but also the moderation of other foods/nutrients intake. The HEI-2010 

provides perspective on adequacy of individual food groups, such as total fruits and 

dairy, more specific foods within groups, such as greens and beans and seafood and plant 

proteins, and appropriate distribution of fatty acids (measured as total unsaturated fatty 

acids/saturated fatty acids). The HEI-2010 also includes a measure of moderation of 

sodium, refined grain, and empty calories (defined as solid fats, added sugars, and 

alcohol) consumption (148).  

With all versions of the HEI, including the original HEI, the HEI-2005, and the 

HEI-2010, a score reflecting a good diet is considered 80 out of 100 (143,148,149). This 

score would reflect near optimal intake of all the food groups noted, as well as limited 

sodium, limited empty calories, predominantly whole grain intake, and minimal solid fat 

intake.  
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Review of diet quality in NHANES data reveals very poor adherence to dietary 

guidelines, and thus poor diet quality, among the adolescent population. Data from the 

2003-2004, 2005-2006, and 2007-2008 NHANES 2-17 year old samples show average 

diet quality among US children and adolescents to be below 50 in 2003-2004 (n=2996), 

2005-2006 (n=3237), and 2007-2008 (n=2703). The mean diet quality scores were 46.9, 

47.1, and 49.8, respectively. Total Vegetables, Greens and Beans, Whole Grains, Seafood 

and Plant Proteins, and Refined Grains showed the worst adherence to recommendations 

(lowest scores) in each of the three subgroups (2). Similar results were found using the 

HEI-2005 to analyze NHANES 2003-2004 data of 1623 12-17 year olds (3). In this 

sample, the average HEI score was 54.8, with worst adherence found in the Sodium, 

Whole Grains, and Dark Green and Orange Vegetables and Legumes subgroups. Recent 

research examining data from combined NHANES 2005-2010 data revealed an even 

lower HEI-2010 score than any of those above. Banfield et al found a mean HEI-2010 

score of 43.59 among 14-18 year olds, with worst adherence to recommendations for 

Fatty Acids, Whole Grains, Refined Grains, and Greens and Beans groups (150).  

Another study of diet quality in NHANES data from 1999-2004 found similarly 

poor adherence to guidelines (151). O’Neil et al found a mean HEI-2005 score of 47.68 

in 13-18 year old adolescents (n=4931), and found significantly higher HEI scores with 

higher Whole Grain consumption. Additional research by O’Neil et al found a 

significantly higher HEI-2005 score among those who consumed 100% fruit juice than 

those that did not (4). A sample of 3139 adolescents (age 13-18 years) from NHANES 

2003-2006 was examined, finding HEI-2005 scores of 49.6 and 44.4 among 100% fruit 
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juice consumers (n=1397) and non-consumers (n=1742), respectively. Earlier work by 

Goodwin et al among 1504 adolescents (aged 11-18 years), from the Continuing Survey 

of Food Intakes by Individuals 1994-1996, showed original HEI scores of mean 61.8 

(147). These findings may reflect improvements in the efficacy of the updated HEI 

scores, or a negative trend in diet quality among US adolescents. Further study of the 

Continuing Survey of Food Intakes by Individuals, expanding to a timeframe of 1994-

1998 found a mean HEI-2005 score of 48.1 among 1679 10-18 year old adolescents (5).  

Additional literature is also available among Brazilian and Turkish adolescent diet 

quality (152–154). Two Brazilian studies from 2001-2002, both of adolescents in the Sao 

Paolo area, found an identical mean HEI score of 59.7 (152,153). Acar Tek et al found 

poorer diet quality among Turkish adolescents (154), with a mean HEI-2005 score of 

51.5.  

Diet Quality and Cardiovascular Disease Risk in Adolescents 

While there is some good data available describing the diet quality of adolescents 

by HEI, very little research is available to link HEI to chronic disease risk in this 

population. Among the few that do, only measures of adiposity are correlated to HEI 

scores, and the populations are not generalizable to other adolescents (146,155–157). In a 

study of 252 8-18 year old type I diabetics, 3-day diet records were collected from July 

2008-February 2009, and analyzed to determine HEI-2005 scores. The mean score was 

53.4, and did not correlate directly with BMI for age percentile (155). However, higher 

fruit and whole grain scores were associated with lower BMI for age percentile. 
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Research of childhood cancer survivors (n=91; mean age 18.7 years) and their 

sibling controls (n=30; mean age 20.7 years) showed HEI-2005 scores of 55.5 and 53.3, 

respectively (156). The subjects were recruited from the Finger Lakes region between 

1999-2003, with HEI-2005 score determined from 3-day diet record, and HEI-2005 score 

was compared across BMI groups and with body fat percent determined by DXA. The 

researchers found a significant difference in HEI-2005 scores between the overweight 

and obese groups, with the obese group having significantly lower HEI-2005 scores. 

Additionally, HEI score had a negative correlation with body fat percent (β= -0.19). 

A similar relationship between body fat and HEI score in a study of two samples 

of low-income, African American adolescents (146). The HEI was determined from the 

Youth/Adolescent FFQ administered in both the Challenge Study (n=196; 11-16 years 

old) from April 2001-May 2004, and the Three Generation Project (n=121; 14-19 years 

old) from June 1997-September 1999. Mean HEI scores were 62.83 and 59.93 among the 

Challenge Study and Three Generation Project subjects, respectively. In the Challenge 

Study only, body fat percent and abdominal fat percent were measured via DXA, and 

both were negatively correlated with HEI (r= -0.17 for body fat percent; r= -0.19 for 

abdominal fat percent).  

One study has identified a significant relationship between HEI and blood lipids 

in the adolescent population. Based in Iran, the Tehran Lipid and Glucose Study from 

2008-2011 examined 706 adolescents aged 10-19 years (115). The researchers found that 

HEI-2005 score was significantly negatively related to TG and positively related to HDL 
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cholesterol. While the research analyzing the relationship between adolescent HEI and 

CVD risk is limited, evidence is emerging to link adiposity measures to HEI in this 

population. 

Race, Gender, and SES 

Research reveals distinct racial differences among adolescents in CVD risks. In 

particular, African Americans tend to have higher blood pressure and BMI compared to 

white Americans (158–160). Additionally, African American girls have higher 

prevalence of overweight (BMI> 85
th

 percentile for age) and severe obesity (BMI>35 

kg/m
2
 or 120% of 95

th
 percentile BMI for age) in ages 12-19 years compared to other 

racial groups (49,161). Other racial differences in CVD risk, seen in adulthood, are not 

necessarily identified within the adolescent populations. 

Differences in diet quality are noted across socioeconomic status (SES) as well as 

gender. While this pattern does not necessarily hold true elsewhere, in the US and 

Canada, boys tend to have poorer diet quality than girls (162–165).  Additionally, 

increasing SES is consistently associated with increasing diet quality (163,166–168).   

Gaps in Literature  

Minimal research is available linking diet quality in the adolescent population to 

any chronic disease risk markers. Moreover, no data is currently available directly 

addressing the relationship of diet quality (i.e., HEI) and many CVD risks in this age 

group, such as BP and blood lipids. Although some evidence has recently emerged 
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linking these variables in adult samples, research examining the potential role of diet 

quality on CVD risks in adolescents is in its infancy, and has not been thoroughly studied 

as a predictor of CVD risk in general.  

While a relationship has been established between adiposity and diet quality, 

research examining the interaction of these two variables to predict chronic disease risk is 

still unavailable. Considering the independent roles both diet quality and obesity play in 

origination and progression of multiple chronic diseases, particularly CVD, this 

interaction could be very informative. Finally, research currently available linking diet 

quality and adiposity is also incomplete. The samples utilized in previous studies are very 

unique (i.e., Type I diabetics, cancer survivors and low-income African Americans) and 

not representative of the adolescent population as a whole.  

Purpose 

The long-term goals of this project were to elucidate the influence of diet quality 

on the risk of cardiovascular disease in adolescents. This research examined differences 

in diet quality among adolescents displaying CVD risks and those not, as well as the 

relationships between diet quality and a number of CVD risks. Furthermore, this research 

explored potential interaction effects between diet quality and adiposity in predicting 

other CVD risks.  
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Limitations 

The study has a few distinct limitations. In particular, the data is measured at a 

single time point, not allowing temporal precedence to be established. Additionally, the 

research is non-experimental so no cause and effect relationship can be concluded. Also, 

the sample is almost exclusively two races, Caucasian and African American, which is 

not representative of the US, nor North Carolina. Information to determine Tanner stage 

of physical development is not available, leaving us to assume all the 16 year olds in the 

sample are at the same stage of development. Measures for some variables may not be 

ideal or directly comparable to other literature as well. In particular, Hollingshead score 

is used to assess socioeconomic status, which is not a direct reflection of income, the 

most commonly utilized assessment in literature. 

Also of concern is the lack of physical activity data, which could play a key role 

in the progression or prevention of CVD risk. Moreover, the CVD risk variables 

measured are not direct measures of atherosclerosis or other detrimental changes to the 

cardiovascular system. As such, CVD is inferred as more likely when possessing these 

risks, rather than having true knowledge of CVD presence.  

Finally, obtaining dietary recalls from adolescents brings with it a host of 

potential complications, whether simply not answering the collectors’ calls or not being 

willing to provide accurate data. Due to the increased incidence of disordered eating 

behaviors among adolescents compared to adults or younger children, accuracy of 

information provided may be of concern.  
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CHAPTER III 

DIET QUALITY AND ADIPOSTITY IN ADOLESCENTS 

Introduction/Background 

As obesity rates in the United States peak among children and adolescents, diet 

quality continues to be poor. While 18.4% of U.S. adolescents, aged 12-19 years, are now 

considered obese (1), diet quality measurements consistently reveal well below optimal 

scores (2–5). Additionally, longitudinal research indicates dietary patterns from 

adolescence may persist into adulthood (6). 

The prevalence of obesity among adolescents, while not as high as adults, is still a 

public health concern. Ogden et al reported 33.6% of US adolescents are overweight, 

with 18.4% obese (1). These results are based on data from the National Health and 

Nutrition Examination Survey (NHANES), covering 2009-2010, with overweight and 

obesity based on body mass index (BMI) for age (≥85
th

 percentile overweight; ≥95
th

 

percentile obese).  

A recent review examined abdominal obesity specifically across many nations, 

using waist circumference (WC), as the indicator (28). The cutoff point for abdominal 

obesity diagnosis using WC had no consensus in this review, and 14 different cutoff 

points were utilized across 1977-2007, with the most common cutoffs being ≥90
th

 

percentile of the sample (as proposed by Cook et al (29)), ≥95
th

percentile of the sample,  
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≥90
th

 percentile of the country, or ≥70
th

 percentile of the country. This review found a 

wide range in obesity rates, from 3.8% to 51.7% among 10-19 year olds. Among 

developed nations, a narrower range was reported, 8.7% to 33.2%. 

Positive energy balance is the precipitating factor in weight gain and obesity 

development.  Among adults, total energy intake is positively correlated with weight, 

BMI, and risk for obesity (71,72). Moreover, the role of fat intake in changes in BMI and 

WC is evident, as saturated fat and total fat are related to risk for obesity in adults (71–

75). Energy density of the diet is also positively correlated to waist circumference among 

adults (76). A number of other dietary components with low energy density and high 

nutrient density, such as fruits and vegetables, low fat proteins, particularly low fat dairy 

and fish, and high fiber foods (or fiber itself), like whole grains, are negatively associated 

with BMI and WC (73,75,77–86). Inversely, foods commonly considered low in nutrient 

density, including fast foods, fried foods, refined grains, sugar-sweetened beverages, and 

red and processed meat are positively associated with BMI and WC (79,81,88–90).  

However, substantially fewer studies have examined these same relationships in 

adolescents. Of those that do, sweetened beverages are implicated in increased adiposity, 

as well as higher calorie intake, proportion of energy intake from fat, fast foods, and 

sodium (87,109,119–123,135–138). By contrast, some research in adolescents suggests 

that increased fruit, vegetable, dairy, and whole grain consumption are associated with 

lower adiposity (113,114,121,127). 



36 
 

Another way to examine the relationship of diet with adiposity is to use a 

validated overall diet quality measure. The Healthy Eating Index-2010 (HEI-2010) is a 

validated measure of total diet quality, based on the current Dietary Guidelines for 

Americans (19). Review of diet quality in NHANES data reveals very poor adherence to 

dietary guidelines, and thus poor diet quality, among children and adolescents (2). Data 

from the 2003-2004, 2005-2006, and 2007-2008 NHANES 2-17 year old samples show 

average diet quality, using HEI-2010, among US children and adolescents to be below 50 

out of a possible 100 in 2003-2004 (n=2996), 2005-2006 (n=3237), and 2007-2008 

(n=2703). The mean diet quality scores were 46.9, 47.1, and 49.8, respectively, with a 

score of 80 or higher indicating a “good” diet. Banfield et al found a mean HEI-2010 

score of 43.59 among 14-18 year olds in NHANES 2005-2010 data.  

While there are recent reports of diet intake and quality among adolescents, there 

is a paucity of research exploring the associations between diet and adiposity in 

adolescents. Therefore, considering the poor quality of diet and high obesity rate in the 

adolescent population, the purpose of this study was to examine the relationships among 

diet and adiposity in a diverse sample of 16 year olds. The specific aims were to identify 

differences in diet quality of obese and non-obese adolescents, determine the relationships 

among diet quality with body mass index and waist circumference, and identify 

relationships between specific nutrients or food groups with adiposity, controlling for race, 

gender and socioeconomic status. 
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Materials and Methods 

Sample 

A subsample of adolescents participating in “The Right Track” research study 

was used for this dissertation research study. “The RIGHT Track” study examines the 

role of childhood self-regulation in the context of family processes, in the development of 

adolescent psychopathology (169).   

Since the onset of “The RIGHT Track” study in 1997, over 450 families have 

been followed. Currently, the participants range in age from 15-19 years. Data collection 

has previously occurred at ages 2, 4, 5, 7, and 10 years, with further data collection to 

occur at ages 15 and 17 years for “The RIGHT Track.” 

The sample was originally recruited from the greater Greensboro, NC community, 

including daycare centers, county health departments, WICs, etc. in 1997 for children 

aged 2 years for cohorts one and two (169). Cohort three was recruited in 1998 at 6 

months age. All cohorts were oversampled to include more children identified by the 

caregiver with externalizing behavior problems. Externalizing behavior problems include 

fighting, cursing, stealing, destruction of property, refusal to follow either formal or 

informal rules, running away from home, and generally impulsive behaviors. The 

samples were also recruited with an effort to maintain approximately equivalent numbers 

of participants of each sex.  Children with diagnosed developmental abnormalities or 

chronic diseases were excluded from the sample. It is a convenience sample, 

approximately 70% Caucasian, and the remainder predominantly African-American. 
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In terms of socio-economic status, the sample is highly diverse. The Hollingshead 

social status scores (170), a tool to estimate socio-economic status based on the parent’s 

education level and current employment, range among the sample from 9-66, with a 

mean of 43.5. The score is obtained by multiplying a possible score of 1-7 for educational 

attainment (1 being below high school and 7 being a graduate degree) by 3, then 

multiplying a profession score of 1-9 (1 being unskilled labor and 9 being CEO, 

professor, or commissioned officer in the military) by 5, and finally summing the two. 

Given that the minimum score is 8 and the maximum score is 66, the sample represents 

both the highest socio-economic status and very near the lowest. Moreover, of the fathers 

of children in the sample, 25% did not complete high school, while 32% attended some 

college.  

The proposed study focused on cohorts 2 and 3 of “The RIGHT Track” sample, 

which, at first contact (age 2), contained 293 participants. By age 10, the sample had 

reduced to 257 participants (88% retention rate). Two hundred (not sure of the exact 

number yet) participants completed most of the measurements at age 16.  Of these, 163 

completed dietary recalls.   

The data obtained for this research occurred entirely within the “RIGHT Track” 

participants’ 16
th

 year of age, from February 2014 to October 2015.  

Human Subjects Protections 

This study has been approved by the Institutional Review Board of the University 

of North Carolina at Greensboro. All adolescent participants for this study provided 



39 
 

assent to participate. All parents/guardians of the minor participants provided consent for 

the adolescent to participate.      

Demographics and Anthropometrics 

During each adolescent participant’s 16
th

 year of age, he/she visited the UNCG 

Exercise Physiology laboratory with a parent/guardian present. The adolescent participant 

was fasted for at least 10 hours of food, but not water. As such, these visits were almost 

exclusively scheduled in the AM hours between 8 am to 12 pm to ease participant 

discomfort.  

After first arriving at the lab, informed consent was obtained from the parent, and 

informed assent was obtained from the adolescent participant. Next, the parent and 

adolescent signed forms accepting their compensation for participation, in the form of a 

Target gift card for the adolescent and check for the parent ($50 each for the parent and 

adolescent).  

A research assistant of the same gender as the participant measured the 

participant’s height, weight, and waist circumference. Height was measured with a Seca 

222 stadiometer to the nearest 0.5 cm, with the participant shoeless. Weight was 

measured via Seca 770 electronic scale to the nearest 0.01 kg. The participant wore 

neither shoes nor jackets, with pockets emptied. Waist circumference was measured with 

Baseline 12-201 Gulick Measuring Tape directly against the skin, at the natural waist, the 

narrowest point of the abdomen between the lower rib cage and iliac crest.  
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Diet Recalls 

Prior to exiting the lab, a research assistant instructed the adolescent participant 

on the process of the diet recalls, which included calls from the University of Chapel Hill 

Nutrition Obesity Research Center staff. The research assistant also provided the 

adolescent participant with a booklet of common guides for portion sizes (which was 

utilized during the diet recall interview,). Lastly, the research assistant ascertained the 

best contact telephone number and best timeframes to contact the adolescent participant. 

We anticipated this to be predominantly cell phones. As such, the adolescents were 

encouraged to keep the food amounts booklet in a backpack, book bag, or large purse that 

was near them most of the day where possible. 

Participants were called by trained and certified staff of the UNC-CH Nutrition 

Obesity Research Center to collect diet recalls on two weekdays and a weekend day. 

These recalls were completed within two weeks of completion of the laboratory visit 

described above. The participants had been instructed to keep the portion booklet 

provided near a phone or on their person during the timeframes they preferred to be 

contacted. This booklet provided two-dimensional pictures of many common foods, food 

measurements, food containers, and food shapes, and participants could use it as a guide 

to aid in accuracy of the measurement estimation of foods eaten and beverages drunk. If 

the participant was without the portion booklet at the time of the call, the staff continued 

to collect the dietary data, prompting with references for portion sizes where appropriate. 
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The diet recalls collected utilized the University of Minnesota’s Nutrition Data 

System for Research (NDSR), which followed a standard script and multiple pass 

method. This method allowed multiple opportunities to recall food, beverage, and dietary 

supplement intake over the previous day’s 24-hour period studied. All recall data was 

overseen by the Nutrition Obesity Research Center’s program coordinator for quality 

assurance.  

As we anticipated diet recall data to be difficult to obtain, and follow through with 

all three diet recalls especially difficult, the incentive system was tiered for completion. 

The adolescent participant received Target gift cards equaling $10 for completing the first 

diet recall, $15 for the second, and $20 for the third, with a max total of $45.  

Diet Quality 

Diet quality was assessed with the HEI-2010, a multi-component scoring tool to 

assess an individual’s diet quality based on data provided via diet recall, food record, or 

food frequency questionnaire (FFQ). The original HEI was developed in 1995 by the US 

Department of Agriculture’s (USDA) Center for Nutrition Policy and Promotion (CNPP), 

and since has been updated twice. The HEI-2010 is the most recent update, and is 

considered the most valid measure of whole diet quality available (19).  

The HEI-2010 contains twelve-components, for a maximum score of 100 points. 

Each component can receive a score ranging from 0 for a minimum up to 20 points 

maximum (depending on assigned maximum point total). Scores between the minimum 

and maximum values are prorated based on intake. Individual component scores are 
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summed for a total score of minimum 0 up to 100 points maximum. Scores above 80 are 

considered representative of a “good diet,” while scores of 50 or below are considered 

“poor,” and those between 50 and 80 are considered “needing improvement” (148). Nine 

components represent the adequacy of certain food groups, while three represent the 

moderation of intake of certain foods associated with negative health consequences. Eight 

of the nine adequacy scores are based on 1,000 kcal intake. Basing scores off kcal density 

limits the bias toward diets with more total food, and therefore, greater likelihood of the 

select food group intake. The Fatty Acids group is scored as a ratio comparing 

unsaturated and saturated fat. More specifically, it is expressed as the sum of grams of 

polyunsaturated fatty acids and monounsaturated fatty acids, divided by grams of 

saturated fatty acids. Among the moderation components, refined grains are any non-

whole grains. Sodium is scored based on eating under a maximum intake of 2000 mg per 

1,000 kcals. Lastly, the empty calories component reflects a percentage of kcal intake 

from solid fats, alcohol, and added sugars. However, alcohol is not used in this 

component unless intake is greater than 13 grams per 1,000 kcal. A lower percentage of 

kcal from empty calories improves the score of this component up to the maximum 20 

points.  

The researcher utilized outputs from the NDSR to calculate the HEI-2010 score, 

based on average intake of foods and nutrients across all days’ dietary information 

obtained. A detailed outline of the conversion process is provided in the Appendix A. 

Generally, each average intake of a food group was converted to cup or ounce 

equivalents, as appropriate, then divided by average energy intake and multiplied by 1000 
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to standardize to an intake per 1000 kcals. HEI-2010 score was produced based on the 

percentage consumed of the minimal intake for a full score. A similar process was 

utilized to determine sodium, refined grain, and empty calories scores, although scoring 

was based on the percentage consumed of the maximal intake for a full score.  

Statistics 

SPSS Statistics (Microsoft, version 20) was used to perform all statistical 

analyses. Obese was defined as BMI ≥ 95
th 

percentile for age, and abdominally obese as 

WC ≥ 90
th 

percentile for age based on NHANES data. Participants with measurements 

below these cut-offs are considered non-obese. It should be noted that this WC for age 

cutoff at age 16 are similar to, but higher than the WHO WC cut off used in adults to 

categorize risk for chronic disease (approx. 106 cm for males and 102 cm for females 

compared to 100 cm and 90 cm). Inversely, this BMI for age cutoff at age 16 reflects a 

similar, but lower cut off compared to the WHO standard (approx. 27.5 kg/m
2
 for male 

and 29 kg/m
2
 for female compared to 30 kg/m

2
 for both). ANOVA was used to determine 

differences in gender, race, SES, HEI-2010 scores, and nutrients between obese and non-

obese groups.  

Correlations were examined among all variables, including adiposity, specific 

nutrients, food groups, and HEI-2010 scores, to identify multicollinearity, and significant 

correlations between the variables. Regression analyses to identify models for diet and 

adiposity were run, with race, gender, and SES considered as covariates. We ran stepwise 

regression analyses of BMI and WC as dependent variable with HEI-2010 scores, total 
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energy, total fat, saturated fat, omega-3 fatty acid, refined grain, whole grain, fruit, 

vegetable, fiber, sweetened beverage, and empty calorie intakes as independent variables. 

Sweetened beverages included beverages with added sugar such as soda, lemonade, kool 

aid, sweet tea, sports drinks, and sweetened coffee drinks, but excluded fruit juice and 

flavored milk. Results were considered significant at the p<0.05 level.  

Results 

A total of 163 adolescents agreed to participate in diet recalls. One hundred forty 

nine participants provided three days of recall, six provided two days of recalls and eight 

provided only one day of recalls. There were no significant differences in the average 

HEI scores nor any other dietary variables analyzed between these three groups. One 

hundred forty three participants provided anthropometric data by coming to the UNCG 

Exercise Physiology Lab for measurements. An additional 19 self-reported height and 

weight data either due to excessive distance to travel to the lab or scheduling conflicts. It 

should be noted that correlations between self-reported BMI (from the provided height 

and weight) and BMI determined from height and weight measurements taken at the lab 

were very strong (R=0.961, p<0.001).  

Table 1 highlights sample characteristics by BMI and WC status. The final 

sample totaled 98 females, 65 males, 107 white participants, and 56 non-white 

participants. Four individuals were considered underweight by BMI for age. A 

significantly (p<0.05) higher proportion of nonwhite participants were obese by both 

BMI and WC than white participants. Mean SES for the sample was 45.4±13.1 (range of 
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0.38-66) with significant differences observed in SES between obese by BMI for age and 

non-obese, obese by WC for age and non-obese participants, as well as by race. SES 

differences between obese by BMI and obese by WC compared to non-obese participants 

are also listed in Table 1. Racial differences in SES were identified, as non-white 

participants had significantly lower (40.5±13.8) SES than white participants (47.6±12.3) 

at p<0.01.  

HEI-2010 score differences in obese participants by BMI for age and non-obese 

are reported in Table 2. No significant differences in HEI-2010 total scores or component 

scores were observed between obese by BMI for age and non-obese, between obese by 

WC for age and non-obese, or between genders. The mean HEI-2010 score for the entire 

sample was 49.2±12.0, with only two of the 163 participants meeting the recommended 

diet quality of 80 or higher. Mean HEI-2010 score for males was 47.8±10.9, while mean 

HEI-2010 for females was 50.1±12.7 (p=0.222). 

Racial differences in consumption in diet quality also emerged in this sample. 

White participants had a higher HEI-2010 score (50.8±12.6 vs. 46.0±10.1) compared to 

non-white participants at p<0.01. Multiple component scores were different across race 

as well, with whole fruit (1.8±1.9 vs. 0.9±1.4), greens and beans (1.8±2.1 vs. 1.2±1.8), 

whole grains (4.0±3.0 vs. 2.9±2.9, at p<0.01), dairy (6.9±3.1 vs. 5.6±2.8), and seafood 

and plant protein (1.9±2.1 vs. 1.3±1.8) scores all significantly higher in white participants 

compared to nonwhite participants at p<0.05. Inversely, white participants had a 

significantly lower than nonwhite participants at p<0.05. Lastly, white participants had 
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significantly higher intake of dietary fiber (14.8±7.3 vs. 11.7±5.1) compared to nonwhite 

participants at p<0.05.  

Table 3 shows a variety of nutrient and food group intakes by obesity status. Of 

note, only sweetened beverage intake was significantly different comparing obese by 

BMI for age and non-obese, with the obese group drinking more sweetened beverages 

(note this variable excluded fruit juice and flavored milk) and eating less fruit. No 

significant differences were observed between the obese by WC for age group and the 

non-obese group.  

Table 4 displays the results of stepwise linear regression analysis controlling for 

race, gender, and SES. Total fruit intake emerged as the only significant dietary predictor 

of BMI, while race, but not SES or gender, was also a significant predictor of BMI in the 

model. Race, gender, and total protein intake, but not SES, emerged as significant 

predictors for WC.  

Table 5 identifies significant correlations after partial correlations analysis 

controlling for race, gender, and SES. BMI and WC are significantly positively 

correlated. BMI is significantly negatively correlated with total fruit and dietary fiber. 

WC is significantly negatively correlated with total fruit and total protein.  

Discussion 

Among this diverse sample of 16 year olds, obese adolescents drank more 

sweetened beverages than non-obese adolescents. Additionally, when controlling for 
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race, gender and SES, there was a significant negative relationship between fruit, and 

fiber intakes and BMI. Only fruit and protein intake were significantly, negatively 

associated with WC.  

Diet quality of the sample was similar, but slightly higher than that presented in 

other US research, where mean HEI-2010 scores range from 43.59 in a sample of 14-18 

year olds to 49.8 in 2-17 year olds (2–4,150,163). The differences in diet quality by 

obesity status revealed in this research agree with two previous studies. Landy et al 

identified lower HEI-2005 scores among obese late adolescents compared to overweight 

in a sample of 121, and a negative relationship between HEI-2005 score and body fat 

percent determined by dual energy X-ray absorptiometry (DXA) (156). Hurley et al 

found negative relationships between HEI scores of a sample of 196 11-16 year olds and 

both body fat percent and abdominal fat percent determined by DXA (146).  

Moreover, this sample had similarly poor adherence to multiple components of 

the HEI-2010 compared to previous research. In particular, worst adherence in this 

sample is in the total fruit, whole fruit, greens and beans, whole grains, seafood and plant 

proteins, sodium, and refined grains groups. Although previous research shows better 

adherence to total and whole fruit recommendations and worse to total vegetable 

recommendations than expressed in this sample, multiple studies show very poor 

adherence to greens and beans, whole grains, seafood and plant proteins, refined grains, 

sodium, and sodium components among adolescents (3,150,163). 
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Findings from this research highlighting the greater intake of sweetened 

beverages among obese adolescents and negative relationship between fruit intake and 

BMI tend to be in agreement with previous research in both adults and adolescents. 

Sweetened beverage intake has a consistently positive relationship with adiposity 

established in the literature in both adults (79,81,87–90) and adolescents (87,119–123). 

Fruit intake has been identified as protective against adiposity in multiple studies, though 

predominantly in adults (82–86), rather than adolescents (113,121). Additionally, 

increasing fiber intake has been linked to decreasing adiposity in prior research 

(73,77,78). The inverse relationship of protein and WC is identified in some available 

research, as Kelishadi et al noted similar findings in a sample of Iranian adolescents. 

However, the adult literature reveals conflicting results of the relationship between 

protein intake and WC (16,171–175). Work by Ambrosini et al also agrees with these 

findings, as adolescents in that sample who consumed a diet richer in fruit and protein 

while lower in sugar had lower BMI and WC (52). 

Although findings here agree with previous literature regarding sweetened 

beverage and fruit intake, this research did not identify relationships between adiposity 

and a number of other dietary components found in prior studies. In particular, multiple 

studies in adults find significant positive relationships between BMI and/or WC with 

calorie intake (71,72), total, and saturated fats (71–75). This may be an issue of under-

reporting of energy intake among the obese participants in this study, and significantly 

greater under-reporting has been observed in the obese in previous research (176–179). 
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Other research found inverse relationships between BMI and/or WC with intake of 

vegetables (82,83,85,86) and whole grains (80,81). 

This study highlighted differences across racial groups and SES in obesity status 

and diet quality. Particularly, non-white participants had markedly greater obesity rates 

than whites, and worse whole diet quality, with less whole grain, dairy, and fiber intake. 

The lower whole grain intake in this sample may explain most or all of the difference in 

fiber intake between whites and non-whites, as these are typically high fiber foods. Yet, 

limited but strong evidence exists identifying a similarly lower intake of both fiber and 

dairy in African Americans compared to whites (180–182). Overweight and obese 

participants also had lower SES in this sample, particularly those obese by WC for age. 

These results fall in line with previous studies, connecting lower SES (163,166–168) as 

well as African American (or nonwhite in the case of this sample) race (49,158–161) to 

poorer health outcomes, especially excess adiposity. However, it should be noted that the 

mean SES for the obese participants in this sample is not necessarily considered low for 

the country as a whole. 

The very high degree of correlation between WC and BMI meets expectations. 

While BMI provides a very fast and minimally invasive representation of body fatness, it 

does not account for specific site accumulation of muscle, fat, or bone. As such, BMI 

tends to be less accurate in the very muscular and more densely boned. WC provides a 

more accurate representation of visceral fatness, a key indicator of increased 

inflammation and risk for chronic disease (31,126,131). 
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Unfortunately, this study is limited in its non-experimental design. As an 

observational study of these 16 year olds at one time point, no true conclusions can be 

drawn. Additionally, this study is limited in sample size at N=159, potentially limiting 

the ability to identify relationships among the dietary variables examined and BMI and 

WC. Also, while the sample was representative of the greater Greensboro, NC area at the 

time of recruitment, it is not representative of the state or country at large. The 

participants were almost exclusively white or African American, and the sample contains 

substantially more females than males. In addition, while BMI and WC are widely 

utilized and very useful tools, they are not the most accurate assessments of body fatness, 

and use of a Bod Pod or DXA machine would be preferable.  

Conclusions 

Although this research does not provide definitive evidence of a link between 

certain aspects of diet, it does add to limited body of evidence to demonstrate poor 

overall diet quality in the adolescent population, along with a fairly high rate of obesity. 

Additionally, this research implicates both excessive sweetened beverage intake and 

inadequate fruit intake as areas of particular concern for adolescents with implications for 

changes in adiposity, along with whole diet quality. Moreover, protein foods are 

identified as having the potential for a protective relationship against increases in 

adiposity. Lastly, this research highlights significant racial differences in both adiposity 

and diet composition, with higher rates of obesity by multiple measures and lower intakes 

of whole grains, fiber, and dairy products in non-whites.  
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This research also adds to a growing body of evidence that young Americans are 

relying on diets high in calories, sodium, and sugar dense foods, with poor intakes of 

nutrient dense items, especially those rich in fiber, such as whole grains, fruits, 

vegetables, and legumes, thus resulting in poor overall diet quality. Considering dietary 

habits adopted in adolescence have been linked to dietary habits in adulthood (6), long 

term poor diet quality originating in youth could result in an increase in the prevalence of 

obesity as well as a number of chronic health conditions, such as hypertension, 

cardiovascular disease, and type 2 diabetes mellitus. Future research should utilize 

experimental designs to identify interventions effective in improving diet quality to 

maximize long term health of the US population and decrease the risk for obesity and 

other chronic diseases. 

Tables/Figures 

Table 1. Sample Characteristics by Obesity Category 

 Non-

Obese 

BMI 

Obese 

BMI 

Non-

Obese WC 

Obese WC 

Gender 

   Male (n) 

   Female (n) 

 

53 

83 

 

11 

14 

 

50 

77 

 

3 

4 

Race 

   White (n) 

   Nonwhite (n) 

 

95 

41 

 

11* 

14* 

 

84 

43 

 

2* 

5* 

SES 44.0 

(14.1) 

41.3 

(16.6) 

43.7 

(14.4) 

32.8 

(15.0) 
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SES data expressed as mean (SD) 

* Indicates significant difference at p<0.05 

Table 2. Healthy Eating Index-2010 Scores of Obese and Non-Obese Adolescents by 

Body Mass Index (BMI) for Age 

 Score 

Range 

Total 

Sample 

Non-

Obese 

BMI
 
 

Obese  

BMI
 
 

Recommendation 

/1,000 kcal  

(max score) 

Non-Obese 

Meeting 

Recommendation 

(%) 

Obese Meeting 

Recommendation 

(%) 

Total Fruit 0-5 1.5 

(1.5) 

1.5 

(1.5) 

1.1 

(1.4) 

≥ 0.8 c 5 4 

Whole 

Fruit 

0-5 1.5 

(1.8) 

1.5 

(1.8) 

1.4 

(1.7) 

≥ 0.4 c 9 8 

Total 

Vegetables 

0-5 2.7 

(1.4) 

2.7 

(1.4) 

2.7 

(1.2) 

≥1.1 c 12 4 

Greens and 

Beans 

0-5 1.6 

(2.0) 

1.7 

(2.1) 

1.3 

(1.9) 

≥ 0.4 c 18 16 

Whole 

Grains 

0-10 3.7 

(3.0) 

3.8 

(3.0) 

2.8 

(2.8) 

≥1.5 oz 7 4 

Dairy 0-10 6.4 

(3.1) 

6.5 

(3.1) 

5.9 

(3.1) 

≥ 1.3 c 26 12 

Total 

Protein 

Foods 

0-5 4.4 

(1.0) 

4.3 

(1.0) 

4.7 

(0.6) 

≥ 2.5 oz 57 68 

Seafood 

and Plant 

Proteins 

0-5 1.7 

(2.0) 

1.7 

(2.0) 

1.6 

(2.0) 

≥ 0.8 oz 17 20 

Fatty Acids 0-10 4.9 

(3.1) 

4.9 

(3.2) 

5.1 

(2.6) 

(MUFAs+PUFA

s) 

/ SFAs ≥ 2.5 

10 4 

Refined 

Grains 

0-10 4.1 

(3.4) 

4.3 

(3.5) 

3.4 

(3.0) 

≤ 1.8 oz 9 0 
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Sodium 0-10 3.6 

(2.9) 

3.7 

(3.0) 

3.0 

(2.8) 

≤ 1.1 g 4 0 

Empty 

Calories 

0-20 13.1 

(5.0) 

13.3 

(5.0) 

12.3 

(5.2) 

≤ 19% of total 

kcal 

12 12 

Total HEI-

2010 Score 

0-100 49.2 

(12.0) 

50.0 

(12.1) 

45.2 

(10.5) 

≥ 80 (100) 1 0 

Data expressed as mean (SD) 

No significant differences observed at p<0.05 between Non-Obese and Obese by BMI 

Table 3. Nutrient and Dietary Component Intake of Obese and Non-Obese Adolescents 

Category Non-Obese BMI Obese BMI 

Energy (kcal/d) 1799 (650) 1771 (608) 

Trans Fat (g/d) 2.2 (1.6) 2.4 (1.4) 

% Kcal from Fat 34.6 (6.3) 35.0 (5.5) 

% Kcal from Sat Fat 11.3 (2.6) 11.3 (2.0) 

Omega-3 Fatty Acids (g/d) 1.8 (0.9) 2.0 (1.1) 

Fiber (g/d) 14.1 (7.1) 11.3 (4.2) 

Added Sugars (g/d) 70.4 (47.0) 76.7(60.2) 

Sweetened Beverages (c/d) 1.4* (1.5) 2.3* (2.9) 

Data expressed as mean (SD) 

* Indicates significant difference between groups at p<0.05 
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Table 4. Relationships of Healthy Index-2010 Score and Dietary Components with Body 

Mass Index (BMI) and Waist Circumference (WC) 

Independent Variables 
Dependent 

Variables 
Beta p value R

2
 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

SES 

Total Fruit (c) 

BMI 

-0.270 

-0.041 

-0.047 

-0.203 

0.001 

0.594 

0.556 

0.008 

0.135 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

SES 

Total Protein (oz eq.) 

WC 

-0.212 

0.289 

-0.081 

-0.230 

0.016 

0.002 

0.354 

0.013 

0.125 

Note Race, Gender, and SES were forced entry to use as controls.  

Table 5. Significant Correlations with Body Mass Index (BMI) and Waist Circumference 

(WC), with Pearson Correlation Coefficients (r) 

 BMI 

(kg/m
2
) 

WC (cm) Total Fruit 

(c/d) 

Total Protein 

(oz. eq./d) 

Dietary 

Fiber (g/d) 

BMI   r = 0.886
‡
 r = -0.212*  r= -0.180* 

WC    r= -0.187* r = -0.217*  

All correlations are controlled for Gender, Race (white or non-white), and SES 

* Indicates significant relationship at p<0.05 
‡
 Indicates significant relationship at p<0.001 
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CHAPTER IV 

DIET QUALITY, BLOOD PRESSURE, AND BLOOD LIPIDS IN ADOLESCENTS 

Introduction 

Dyslipidemia is an emerging health concern among the youth of the United 

States, with approximately 20.3% of US 12-19 year olds having at least one abnormal 

lipid level (7). Dyslipidemia is even more prevalent among obese adolescents, as 42.9% 

of that group has at least one abnormal lipid value (7). Although incidence of 

hypertension in this population is much lower at 2.5-4.5%, pre-hypertension rates range 

from 10% to 15.7% (38,61–64). Taken altogether, these numbers reflect an increasing 

concern for the development of cardiovascular disease (CVD), at a young age. With prior 

work identifying signs of CVD in teenagers (8), the adolescent age group seems to be an 

ideal target population for prevention efforts and identifying key CVD risks.  

Overweight and obesity among adolescents are related to alterations in lipid and 

glucose metabolism, and blood pressure regulation. In conjunction, these alterations 

represent a greatly increased risk for the metabolic syndrome, which is noted to 

correspond with chronic systemic inflammation. This inflammation, although considered 

stable, corresponds to atherosclerotic vascular changes, such as those discovered by 

Berenson et al (8). However, with appropriate medical and/or lifestyle intervention, these 

vascular changes are predominantly reversible at this stage of life (12,13). As such, 
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elevated adiposity, hypertension, and dyslipidemia are important indicators of a 

potentially reversible atherosclerotic process in the adolescent age group. Additionally, 

obesity, with its known contributions to CVD development and progression, can be 

considered both a CVD risk and predictor of additional CVD risk.  

With increasing prevalence of overweight and obesity among the adolescent 

population (1), identifying risk for chronic disease among younger age groups has 

become a priority in preventive medicine and public health efforts. Considering tissue 

dissection and plaque evaluation is not a viable screening tool for CVD intervention, 

factors related to development and progression of CVD will be examined to identify risk 

for CVD. Of particular interest in this research are measures of adiposity, blood pressure 

(BP), and blood lipids. A good deal of research connects adiposity measures with 

abnormal blood lipid values in adolescent populations. In particular, trends among 

adolescents consistently reveal BMI and/or WC as positively related to TC, TG, and 

LDL, while negatively related to HDL (31,32,39–48,50–53). In addition, these same 

measures of adiposity are positively associated with SBP and/or DBP in the adolescent 

population (31,45,46,51,53).  

A preponderance of evidence supports abnormally high TC, LDL cholesterol, and 

TG in the blood, or abnormally low HDL cholesterol in the blood as significant 

independent risks for heart disease (24,25,35–37,183). To that effect, annual testing for 

these blood lipids within the adult population has become standard care to monitor the 

progression of cardiovascular disease in the primary care setting. Among adolescents, 
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less evidence directly supports the impact of elevated blood lipids on atherosclerosis and 

cardiovascular disease progression. However, the AHA does supply recommendations for 

optimal and suboptimal blood lipid values among the childhood and adolescent 

population based on National Heart, Lung, and Blood Institute expert panel 

recommendations (35,183). Considered abnormally high, and therefore at greater risk for 

heart disease, are TC ≥200 mg/dL, LDL cholesterol ≥130 mg/dL, and TG ≥150 mg/dL. 

Considered abnormally low and therefore at greater risk for heart disease is HDL ≤35 

mg/dL. However, it should be noted that LDL cholesterol <100 mg/dL and HDL 

cholesterol ≥60 mg/dL are considered optimal. 

Another strong independent risk factor for cardiovascular disease is persistently 

elevated blood pressure. Hypertension, or elevated blood pressure, is highly related to 

atherosclerosis (8,54–57). Consistently elevated blood pressure leads to weakening and 

narrowing of blood vessels, potentially allowing more plaque buildup and blockage. 

Specifically, Berenson et al. (noted above) found correlations to plaque presence were 

strong with systolic blood pressure (r=0.55), but weak with diastolic blood pressure 

(r=0.22) (8). Hypertension is known to lead to stroke, myocardial infarction, and cardiac 

failure in the adult population (58). While these are not major occurrences among youths, 

hypertension in adolescence is highly predictive of hypertension in adulthood (59,60).  

Still, in order to prevent development of these CVD risk indicators, the 

contributing antecedents must be better understood. The influence of poor lifestyle habits, 

particularly diet, has been studied thoroughly among the adult population. However, the 
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impact of poor diet on CVD risk in adolescence is not well established. Moreover, very 

limited data exist examining the impact of whole diet quality to CVD risk among the 

younger population.  

Specific aspects of nutrition are considered contributors to CVD among the adult 

population. A number of single nutrients or clusters of nutrients have been implicated as 

contributors to elevated BP or dyslipidemia (14–18). Sugar, particularly in beverage 

form, has been examined by multiple researchers for its impact on adolescent weight, 

adiposity, and CVD risk. Relationships have been established between increasing sugary 

beverage or fructose intake and increasing BP, BMI, WC, and body weight in adolescents 

(87,119–126). Saturated fatty acid intake is also implicated in connection with elevated 

BP and TGs among adolescents (109,132), and total fat intake is related to elevated LDL 

(109). Dietary fiber intake, conversely, seems protective against CVD risks, as increasing 

fiber intake is related to decreasing visceral adiposity (130,131). Certain food groups, 

particularly dairy, fruit, vegetable, nuts, seeds, and legumes, are also negatively related to 

CVD risks in the forms of TC, LDL, and SBP (113,114,121,127–129). Lastly, sodium 

intake has been implicated with increasing SBP among adolescents (133).  

Although single nutrient and food groups research has yielded insights into the 

connection between diet and CVD risk, a validated overall diet quality measure may be 

considered preferable, as it simultaneously encompasses multiple aspects of diet that may 

confound or offset the impact of specific nutrients or food groups. The Healthy Eating 

Index-2010 (HEI-2010) is a validated measure of total diet quality based on the 2010 
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Dietary Guidelines for Americans (19). Utilizing this measure, US adolescents have 

consistently poor diet quality, with recent reports identifying average scores between 46 

and 50 out of a possible 100 (3–5,19,151,163). Minimal research exists connecting any 

variant of the HEI with CVD risks in the adolescent population, but some studies report a 

higher diet quality is related to decreasing adiposity and more favorable blood lipids 

(115,146,156). However, those studies that have examined the relationship between diet 

quality and CVD risk had samples that are not generalizable to the greater US population; 

they were either cancer survivors, low-income African-Americans or Middle Eastern 

adolescents. 

While most CVD risk research has focused on middle to older age, the purpose of 

this study was to explore potential CVD risk factors in adolescence, a period in which 

early/initial stages of CVD may manifest. The aim of this study was to examine the 

relationships between diet quality and CVD risks in a group of 16 year-old adolescents. 

Another aim was to identify potential interactions between diet quality and adiposity in 

predicting multiple CVD risks.  Recent literature suggests increased CVD risk in 

metabolically unhealthful lean adults, and low risk for metabolically healthful obese 

individuals (20–22). As such, examining the interaction of measures of adiposity and diet 

quality in predicting other CVD risks may provide unique insight into the presence (and 

development) of metabolically healthful obesity and/or metabolically unhealthful 

leanness.  
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Subjects and Methods 

Sample 

A subsample of adolescents participating in “The Right Track” ongoing research 

study was used for this dissertation research study. This study examined exclusively 16 

year olds from this study, and 163 participants provided diet information in the form of 

dietary recalls.   

The data obtained for this research occurred entirely within the “RIGHT Track” 

participants’ 16
th

 year of age, from February 2014 to October 2015.  

More details on the sample can be found in the previous chapter. 

Human Subjects Protections 

This study has been approved by the Institutional Review Board of the University 

of North Carolina at Greensboro. All adolescent participants for this study provided 

assents to participate. All parents/guardians of the minor participants provided consent 

for the adolescent to participate.   

Blood Pressure 

Blood pressure is measured according to the National Heart, Lung, and Blood 

Institute standards (184). The participant is seated upright in a comfortable chair, and the 

research assistant measures by sphygmomanometer and stethoscope at the antecubital 

region. The participant is provided 5 minutes rest in the chair prior to first measurement, 
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and 5 minutes rest after the first measurement, prior to measuring a second time at the 

same site. 

Diet and Anthropometrics 

More detailed information on methodology for dietary information and 

anthropometric measurements can be found in the previous chapter and Appendix A.  

Blood Lipids 

For the venipuncture and blood draw, universal precautions were taken. The 

trained phlebotomist identified the venipuncture site according to the World Health 

Organization (WHO) guidelines for site selection. The trained phlebotomist also followed 

Occupation Safety and Health Administration guidelines for blood handling.  

The trained phlebotomist began by explaining the blood draw procedures, then 

performed the collection of a maximum of 20 mL whole blood. Blood was drawn into 

SST Vacutainer® type tubes (aka Tiger Tops), which were de-identified, containing 

subject identification number only. These tubes were gently inverted approximately ten 

times, then placed upright at room temperature for 20 minutes to allow for clotting. Next, 

the tubes were centrifuged for 20 minutes at 3000 rpm at 4°C. Serum, then separated, and 

pipetted from SST Vacutainer® type tubes into microtubes in 500 microliter aliquots, 

labeled with subject ID#, and stored at -80 °C until ready to be analyzed. Colorimetric 

assay was used to measure, total, HDL, and LDL cholesterol, and triglycerides using 

microtiter plate procedures outlined by the company (Wako Chemical, Richmond, VA).   
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Statistics 

SPSS Statistics (Microsoft, version 20) was used to perform all statistical 

analyses. Obese was defined as BMI ≥ 95
th

percentile for age, and abdominally obese as 

WC ≥ 90
th

percentile for age based on NHANES data. Participant data was grouped based 

on categorical cutoffs identified for CVD risk, and classified as obese (BMI ≥ 

95
th

percentile for age) vs. non-obese; abdominally obese (WC ≥ 90
th

percentile for age) 

vs. non-obese; elevated BP (BP ≥ 90
th

percentile for age) vs. normal BP; abnormal blood 

lipids (TC ≥ 200 mg/dL, LDL ≥ 130mg/dL, TG ≥ 150 mg/dL, or HDL ≤ 35 mg/dL) vs. 

normal blood lipids.  

Descriptive statistics were determined for the sample, including mean and 

standard deviation for SES, BMI, WC, SBP, DBP, HDL, LDL, TC, and TG. Next, 

ANOVA was used to compare means across all the variables noted above between 

hypertensive and normotensive participants, and between dyslipidemic participants and 

those with normal blood lipids. Additionally, ANOVA was run to compare means of 

SBP, DBP, TC, LDL, HDL, TC and TG across genders, obesity by BMI for age and non-

obese, and obesity by WC for age and non-obese.  

Next, ANOVA was run comparing the means of HEI-2010 score and each HEI 

component score (total fruit, whole fruit, total vegetable, greens and beans, whole grains, 

dairy, total protein, seafood and plant protein, fatty acids, refined grains, sodium, and 

empty calories) between hypertensive and normotensive participants, and dyslipidemic 

participants and those with normal blood lipids. The researcher also performed ANOVA 
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between hypertensive and normotensive participants to compare mean intakes of energy, 

trans fats, percentage of energy from fat, percentage of energy from saturated fat, omega 

3 fatty acids, dietary fiber, added sugars, sweetened beverages, sodium, calcium, 

magnesium, and potassium. Similarly, ANOVAs were run to compare means of all the 

same variables (excluding the mineral intakes) between participants with low and normal 

HDL, high and normal LDL, high and normal TC, and high and normal TG. Differences 

for all ANOVAs were considered significant at p<0.05.  

The researcher also ran a correlation table among all variables (SBP, DBP, HDL, 

LDL, TC, TG, BMI, WC, total fruit, whole fruit, total vegetable, greens and beans, whole 

grains, refined grains, total proteins, seafood and plant proteins, empty calories, dairy, 

energy, percentage of energy from fat, percentage of energy from saturated fat, omega 3 

fatty acids, dietary fiber, added sugars, sweetened beverages, sodium, potassium, 

magnesium, calcium, and HEI score) to identify multicollinearity, and significant 

correlations between the variables. Sweetened beverages included beverages with added 

sugar such as soda, lemonade, kool aid, sweet tea, sports drinks, and sweetened coffee 

drinks, but excluded fruit juice and flavored milk. The researcher then ran eight 

regression analysis of HEI-2010 scores with all CVD risk variables: BMI, WC, SBP, 

DBP, TC, TG, LDL, and HDL as outcome variables. Correlations between HEI-2010 and 

any variable were considered significant at p<0.05. Race, gender, and SES were 

considered as covariates in the regression analyses.  
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The researcher ran hierarchical regression analyses. Dependent variables included 

BP and blood lipids. Independent variables included BMI, WC, HEI-2010 score, race, 

SES, and gender. Additionally, interaction terms of HEI-2010*BMI and HEI-2010*WC 

were entered as independent variables. HEI-2010, BMI and WC were centered prior to 

multiplying the terms. Any independent variable in the model was considered significant 

at p<0.05. Impact and nature of interaction effects were examined using graphical 

representation. 

More specifically, two models were run for both theoretical and practical 

applications. Because we anticipated a high collinearity among BMI and WC, we ran 

hierarchical regression analyses including both BMI and WC. Thus, one model began 

with entry of BMI, then entry of HEI, then entry of HEI-2010*BMI, and finally with 

forced entry of the covariates race, SES and gender. The other model began with entry of 

WC, then entry of HEI-2010, then entry of HEI-2010*WC, and finally forced entry of 

race, SES, and gender.  

Lastly, we ran regression analysis of TC, TG, LDL, and HDL with total fat, 

saturated fat, omega-3 fatty acid, refined grain, whole grain, fruit, vegetable, fiber, and 

added sugar intakes. Additionally, we ran regression analyses of BP with total fat, 

saturated fat, sodium, fruit, vegetable, fiber, potassium, magnesium, calcium, omega-3 

fatty acid, and added sugar intakes. Correlations were considered significant at the 

p<0.05 level.  
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Results 

A total of 163 adolescents agreed to participate in diet recalls. One hundred forty 

nine participants provided three days of recall, six provided two days of recalls and eight 

provided only one day of recalls. There were no significant differences in the average 

HEI scores nor any other dietary variables analyzed between these three groups. One 

hundred forty three participants provided anthropometric data by coming to the UNCG 

Exercise Physiology Lab for measurements. An additional 19 self-reported height and 

weight data either due to excessive distance to travel to the lab or scheduling conflicts. It 

should be noted that correlations between self-reported BMI (from the provided height 

and weight) and BMI determined from height and weight measurements taken at the lab 

were very strong (R=0.961, p<0.001). One hundred forty three participants provided 

blood pressure data at the lab, and 97 participants agreed to provide blood samples. As 

such, the total sample size for BP analyses was 143, while the sample size for lipid 

analyses was 97.  

Table 6 displays descriptive statistics about the CVD risks analyzed in this 

research. Table 6 also demonstrates differences in those considered hypertensive or not, 

or dyslipidemic (at least one blood lipid value not in line with AHA recommendations) or 

not by gender, race, SES, BMI, WC, BP, and blood lipids. No significant differences 

were observed in rates of hypertension between genders, races, or by SES. Hypertensive 

participants had significantly higher BMI, WC, SBP, DBP, and TG compared to non-

hypertensive. No significant differences were observed in rates of dyslipidemia by 
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gender, race, or SES. Dyslipidemic participants had significantly higher LDL and TC 

than those with normal lipids, but no differences in HDL or TG. Additionally, no 

difference was observed in BMI between participants with dyslipidemia or not, while 

participants with dyslipidemia had significantly lower WC than those with normal blood 

lipids. Further analysis of classification for CVD risk, based on the TC:HDL ratio, 

identified 29.1% of adolescents considered in the above average risk for CVD (≥4.5 for 

females, ≥5.0 for males).  

Table 7 highlights differences in BP and blood lipids by gender and obesity 

category. SBP and DBP are both significantly higher in both obese groups (by BMI and 

WC) compared to non-obese groups. However, the only significant difference observed 

in blood lipids by obesity status reveals a lower TC among those obese by BMI compared 

to non-obese. 

Table 8a reflects the differences observed in HEI scores among the total sample, 

hypertensive participants, and non-hypertensive participants. One significant difference 

was observed in the scores of each component, with no differences observed in the rate of 

participants meeting the recommendation for each component. Participants with 

hypertension had significantly higher scores in the total protein foods category compared 

to non-hypertensive participants. Moreover, no significant differences were observed in 

total HEI scores or rate of participants meeting recommendations for total HEI score 

among hypertensive and non-hypertensive participants.  
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Table 8b shows differences observed in HEI scores among the total sample, 

dyslipidemic participants, and participants with normal blood lipids. No differences were 

observed in HEI component scores between dyslipidemic participants and those with 

normal blood lipids. However, rate of dyslipidemic participants meeting the 

recommendation for greens and beans intake was significantly lower than those with 

normal blood lipids at 13% vs. 33%.  

As shown in Table 9a, hypertensive participants had significantly lower energy 

and trans fat intake than non-hypertensive participants. Displayed in Table 9b, a similar 

difference in energy intake was observed in participants with high total cholesterol 

compared to participants with normal TC. Additionally, participants with normal TC ate 

significantly more omega-3 fatty acids and dietary fiber compared to those with high TC. 

Primary food source of omega-3 fatty acids among the sample was soybean oil, most 

often as a primary ingredient in a salad dressing or pre-prepared food item. Differences 

were also observed in diet between those with normal or elevated LDL and TG. 

Participants with elevated LDL consumed more sweetened beverages (note this measure 

excluded fruit juice and flavored milk) than those with normal LDL. However, 

participants with high TG consumed fewer sweetened beverages and added sugars than 

participants with normal TG.  

Table 10 highlights significant correlations between BP, blood lipids, and a 

number of dietary components. In particular, SBP was significantly positively correlated 

with DBP, BMI, and WC, and negatively correlated with total vegetables, dietary fiber, 
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and magnesium. Additionally, DBP was significantly positively correlated with BMI, 

WC, and % Kcal from total fat, and negatively correlated with total fruit, whole fruit, 

greens and beans, and dietary fiber. HDL cholesterol was significantly negatively 

correlated with LDL cholesterol, but positively correlated with TG. LDL cholesterol was 

significantly positively correlated with TC, and negatively correlated with total 

vegetables as well as greens and beans. TC was significantly negatively correlated with 

WC, total vegetables, greens and beans, omega-3 fatty acids, dietary fiber, potassium, 

magnesium, and HEI score. Lastly, TG was not significantly correlated to any additional 

dietary components. 

Table 11 displays only the significant results of linear regression analyses 

between BP, blood lipids, and dietary components controlled with forced entry of gender, 

race, and SES. In the model for SBP, the variables accounted for only 7.7% of the 

variance, with total vegetables being the only significant variable. In the model for DBP, 

the variables accounted for 9.8% of the variance, with dietary fiber and gender the only 

significant variables. Variables in models for HDL and LDL explained a similar amount 

of variance, at 10.3% and 10.0%, respectively. Whole grains and SES were considered 

significant in the model for HDL, while greens and beans was the only significant 

variable in the model for LDL. The model for TC contained four significant variables 

which accounted for 18.7% of the variance. SES, greens and beans, omega-3 fatty acids, 

and refined grains were all considered significant in the model. By contrast, race and 

dietary fiber were the only significant variables in the model for TG, which explained 

12.2% of the variance.  
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Table 12 displays potential interaction effects between BMI, WC, and diet quality 

on BP and blood lipids. Both models for SBP were considered significant. In the first, 

BMI and the interaction term of BMI and HEI were both considered significant. BMI 

explained 17.5% of the variance in the model, while the interaction term explained an 

additional 5.4% toward the total model, which accounted for 23.8% of the variance. In 

the second model, which explained 18.4% of the variance, WC was the only variable 

considered significant and explained 17.0% of the variance alone. Both models for DBP 

were also considered significant. In the first, BMI and gender were significant variables, 

adding 11.7% and 2.4% to the total 14.5% of the variance accounted for by the model. In 

the second, WC was again the only significant variable in the model, accounting for 

11.7% of the 16.0% of variance explained by the model. Neither model for HDL were 

considered significant. However, in the second model (containing WC as an independent 

variable), SES was considered a significant variable and accounted for 5.4% of the 

variance. Neither model for LDL was considered significant, nor did either contain a 

significant variable. Both models for TC were significant and contained multiple 

significant variables. In the first model for TC, BMI, HEI, gender, and SES were 

considered significant. The total model accounted for 20.3% of the variance, with BMI 

accounting for 3.1%, HEI accounting for 7.2%, gender accounting for 4.6%, and SES 

accounting for 4.4%. However, BMI was only considered significant after HEI was 

entered. In the second model for TC, WC, HEI, and SES were considered significant. The 

model explained 18.3% of the variance. WC explained 4.6%, HEI explained 6.2%, and 

SES explained 4.2% of the variance. Neither model for TG was considered significant. 
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However, in the first model (including BMI as an independent variable), the interaction 

term of BMI and HEI was considered significant, and explained 4.6% of the variance.  

Figure 1 and Figure 2 display graphical representation of the interaction effects of 

BMI and HEI on SBP and TG, respectively. In Figure 1, lowest SBP was observed 

among participants with low BMI and high HEI, while highest SBP was observed in 

participants high BMI and high HEI. A very similar trend was observed in Figure 2, as 

TG was lower among participants with low BMI and high HEI compared to average or 

high HEI, while TG was higher among participants with high BMI and high HEI 

compared to average or low HEI.  

Discussion 

Rates of both hypertension and dyslipidemia in this sample were higher than those 

seen in other adolescent research. Compared to other US adolescent studies showing rates 

of HTN in the 2.5-4.5% (38,61–64), the rate in this sample was more than double at 

10.6%. This may be a common characteristic of the region of the US in which 

participants were sampled. Previous work in adults has identified higher SBP and DBP, 

and greater incidence of HTN in the southeastern US, also known as the “stoke belt” 

(185,186). Additionally, this sample had a much higher rate of participants with at least 

one abnormal blood lipid value at 72.2%, compared to the 20.3% rate found in a 2010 

CDC report and the 42.9% rate among obese adolescents found in the same report (7). 

More specifically, 51.5% of this sample had elevated TC. This strikingly high rate of 

elevated TC may be misleading among this sample, however, as mean HDL was over 60 
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mg/dL, creating a scenario in which many dyslipidemic participants do not have 

excessively high non-HDL cholesterol. In particular, at age 16, continuing growth, 

certain medication use (particularly birth control), and lack of exposure to substances 

such as cigarette smoke and androgens may favor higher HDL concentrations (187,188). 

Upon further analysis, 70.1% of the sample had TC:HDL ratios predictive of below 

average heart disease risk (among adults), at <4.5 for females and <5.0 for males (189). 

These factors suggest CVD risk related to blood lipids among this sample may be more 

similar to national average, noted by Kit et al near 20% in children aged 8-17 years (190), 

as measured by TC:HDL ratio. These discrepancies also reflect the substantive limitation 

of any single blood lipid marker in interpreting CVD risk compared to the entirety of the 

blood lipid profile. 

Findings in this research relating increases in adiposity (both BMI and WC) with 

increases in BP agree with previous findings in adolescents (31,45,46,51,53). Increases in 

both BMI and WC related to increases in SBP and DBP, obese participants had higher 

SBP and DBP, and hypertensive participants had higher BMI and WC. Additionally, 

hypertensive participants had higher TG, which agrees with previous research (191) and 

fits two of the key classifications of the metabolic syndrome (192).  

By contrast, the findings of this research conflict with multiple studies 

establishing a relationship between increases in BMI and WC with increases in TC, LDL, 

and TG, and decreases in HDL (31,32,39–48,50–53). This research instead suggests 

lower TC among obese participants, and a decrease in TC with increases in BMI and 
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WC, with no relationships between adiposity and LDL, HDL, or TG. This conflict may 

be related to differences in fitness across BMI and WC categories. As BMI and WC are 

not specific measures of body composition, a significant number of the participants may 

have higher than normal lean body mass, possibly associated with athletics and higher 

fitness. In that case, higher fitness may be creating a cholesterol-lowering effect, as has 

been observed in prior research (193–197). Furthermore, the accuracy of BMI as a body 

composition for African Americans has been questioned by multiple researchers 

(198,199), as African Americans commonly have higher bone density and more muscle at 

a given height and weight compared to Caucasians. Additionally, higher prevalence of 

birth control use among female participants with lower BMI may alter these results, as 

birth control tends to increase total cholesterol (200,201). Lastly, recent weight loss tends 

to cause significant declines in total cholesterol, even if a normal BMI has not been 

achieved (202–204). Obese participants in this study may have made efforts to lose 

weight prior to blood draw, leading to lower total cholesterol despite not yet achieving a 

normal BMI for age.  

The high correlations observed between most CVD risk measures meet 

expectations. As identified previously in the adult literature (205,206), SBP and DBP are 

highly positively related. Additionally, as previously identified in the Framingham Study 

and fitting intuitive expectations of blood lipid biochemistry (207), increases in LDL 

related to increases in TC, and decreases in HDL. Contrary to the findings of the 

Framingham study where HDL and TG were negatively related, HDL in this research 
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was positively related to TG. This may be related to contraceptive use among female 

participants, as contraceptives tend to raise TC, LDL, HDL, and TG (200,201).  

Many of the relationships between diet and CVD risks identified in this study 

reflect that seen in previous research in adolescents (14–18,113–115,121,127–

129,146,156,208). In particular, a variety of aspects of the DASH diet are associated with 

lower SBP and DBP. Greater intakes of total vegetables and dietary fiber are associated 

with lower SBP, and greater intakes of total fruit, whole fruit, greens and beans, and 

dietary fiber, as well as lower intake of total fat are related to DBP. Greater intake of 

magnesium was also identified as related to lower SBP. Similar diet patterns were 

observed in this study in relation to blood lipids. A pattern of greater intake of greens and 

beans, dietary fiber, omega 3 fatty acids, and total vegetables, lower refined grain and 

sweetened beverage intake, and a higher HEI score was related to lower TC and LDL.  

A number of relationships observed in this study conflict with expectations based 

on prior literature. Energy and trans fat intake was lower among participants with HTN. 

Among participants with HTN, protein intake was higher in this study, which was not 

observed in previous research. Lastly, this research did not identify relationships between 

BP and sodium (133), potassium (97,99,100), or saturated fatty acids (109,132), which 

was likely a function of consistently high sodium and saturated fat, with low potassium 

intake among this sample. In direct contrast to expectations (109), higher TC was related 

to lower intake of energy and trans fat. In a similar vein, higher TG was related to fewer 

sweetened beverages and added sugars, and higher HDL was related to lower whole grain 
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intake. These unexpected findings regarding energy intake and HTN or high TC may be 

related to an under-reporting issue among the obese participants in this sample. Under-

reporting of energy intake among the obese is a common issue noted in previous research 

(176–179), and obese participants in this sample had significantly higher BP. These 

relationships may otherwise be related to participation in athletics, with reliance on and 

regular consumption of sweetened sports drinks and low fiber carbohydrate foods as 

snacks before, during, or after practice. Athletes making these choices would likely have 

lower TG and higher HDL, and tend to eat more carbohydrate, less protein. Additionally, 

participants engaging in athletics or regular exercise would likely eat more calories to 

compensate for the energy used in activity, making energy intake higher compared to 

sedentary participants. Also, a negative relationship was observed between TC with 

magnesium and potassium, which is not noted in previous research. This may reflect the 

potassium content of most vegetables and magnesium content of a variety of plant and 

dairy foods like nuts, seeds, and milk. This research did not identify a relationship 

between any blood lipids and saturated fats, which are consistently implicated in 

increases to TC, LDL, and TG in the adult literature (25,52,109–111), likely related to the 

high saturated fat intake across the entire sample.  

Interaction effects from BMI and diet quality were identified in this research that 

have previously been unexamined. Upon graphical representation of these effects, better 

diet quality has an enhancing effect on CVD risk reduction at lower than average BMI, 

but a deleterious effect at higher BMI, leading to increased SBP and TG. These findings 

are at least partially contrary to the anticipated protective effects of better diet quality at 
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all levels of BMI. These unexpected results may be related to participants with a history 

of overweight or obesity attempting to improve diet, but not achieving significant weight 

loss, and not achieving significant decreases to SBP or TG. This pattern may also be 

reflective of a poorer eating pattern among athletes with higher BMI compared to 

sedentary participants with higher BMI, and the CVD risk reduction associated with 

higher aerobic fitness. Regardless, moderation effects of HEI on the relationships 

between BMI and SBP and TG in adolescents were novel findings. 

Despite some conflicts between the findings in this research and previous 

research, this research presents a number of strengths. This study utilized gold standard 

methodology for collecting diet information, BP, and blood lipids, among a sample of 

socioeconomically diverse group of 16 year olds. Additionally, this study examined 

variables not commonly explored in this population, particularly BP, blood lipids, whole 

diet quality, and the interactions between them. However, this research is limited in its 

observational design and relatively small sample size reflecting almost exclusively white 

and African American participants. As such, no cause and effect pattern can be 

established, and the results may not be generalizable to the whole US adolescent 

population. Moreover, body composition using BMI does not necessarily reflect obesity 

among those with greater lean body mass. Dual-energy absorptiometry, BodPod, or 

underwater weighing would be accurate methods to measure body fatness. Lastly, aerobic 

fitness is considered one of the best predictors of CVD risk, but was not measured in this 

study. VO2 max testing would be ideal to measure fitness level, in addition to use of 

accelerometers to track physical activity.  



76 
 

While this study cannot provide a causal link between aspects of diet and HTN or 

dyslipidemia in the adolescent population, a number of key protective factors emerge that 

concur with the limited research among this age group. Particularly, greater intakes of 

total vegetables, total fruit, whole fruit, greens and beans, dietary fiber, and magnesium 

are implicated with lower SBP and DBP. In contrast, higher proportion of calories from 

fat potentially predicts higher DBP. Also, higher BMI and WC are highlighted as greater 

risks for elevated SBP and DBP. Additionally, total vegetables, greens and beans, and 

dietary fiber show protective effects against elevated TC and LDL. Omega 3 fatty acids 

and HEI additionally emerge in this research as potentially predictive of lower TC. 

Lastly, simple carbohydrate intake, in the forms of sweetened beverages and refined 

grains, is implicated in higher LDL and TC.  

This research adds to a limited body of evidence connecting diet to both 

dyslipidemia and HTN at a young age. Notably, the protective effects of many aspects of 

diet, particularly higher fiber plant foods, are more consistently connected to BP and 

blood lipids than the negative impacts of other aspects of diet (14–18,113,114,121,127–

129,208). Additionally, this study confirmed the importance of appropriate body 

composition in HTN prevention (31,45,46,51,53). Yet, this research reflects the potential 

positive impact of greater intake of plant foods rich in fiber, particularly vegetables, 

fruits, and legumes on CVD risk reduction at a young age, as well as the negative impact 

of sweetened beverages and refined grains on CVD risk. Lastly, this research has 

revealed moderation effects of HEI on the relationships between BMI and CVD risks. 

Future research should utilize experimental designs to analyze the full impact on 
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restriction of simple carbohydrate and greater inclusion of high fiber plant foods to 

elucidate the potential impacts of relatively small alterations to diet on reduction of CVD 

risk from a young age. Larger scale observational research should explore the moderation 

of the connection between body composition and CVD risk using more accurate methods 

for assessing body fatness. Finally, interactions effects of aerobic fitness on relationships 

between diet and CVD risk should be examined for enhanced or diminished CVD risk 

reduction via diet improvement.  

Tables/Figures 

Table 6. Sample Characteristics by Cardiovascular Disease Risk Category 

 Total 

Sample 

Non-

Hypertensive 

Hypertensive Normal 

Blood 

Lipids 

Dyslipidemic 

Gender 

   Male (n) 

 

   Female (n) 

 

65 

(40%) 

97 

(60%) 

 

50  

(91%) 

77 

(89%) 

 

5  

(9%) 

10 

(11%) 

 

14 

(34%) 

13 

(23%) 

 

27 

(66%) 

43 

(77%) 

Race 

   White (n) 

 

   Nonwhite (n) 

 

106 

(65%) 

56 

(35%) 

 

83  

(89%) 

44 

(90%) 

 

10 

(11%) 

5 

(10%) 

 

16 

(27%) 

11 

(30%) 

 

44 

(73%) 

26 

(70%) 

Socioeconomic Status 

(SES) 

43.5 

(14.4) 

43.7  

(14.3) 

40.4  

(16.0) 

43.1 

(15.5) 

44.9  

(12.5) 

Body Mass Index 

(BMI) (kg/m
2
) 

24.5 

(6.3) 

23.7
‡
  

(5.4) 

28.5
‡
  

(8.7) 

25.9 (7.5) 23.8  

(5.2) 

Waist Circumference 

(WC) (cm) 

78.6 

(14.2) 

77.5
‡
  

(12.7) 

88.3
‡
  

(22.0) 

84.7* 

(20.7) 

77.0*  

(11.3) 
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Systolic Blood Pressure 

(SBP) (mmHg) 

113.7 

(9.9) 

111.8
‡
 

(8.3) 

129.7
‡
 

(7.6) 

114.5 

(9.7) 

113.1 

(9.6) 

Diastolic Blood 

Pressure (DBP) 

(mmHg) 

68.9 

(9.1) 

67.7
‡
 

(8.2) 

78.9
‡
 

(10.5) 

68.6 

(8.3) 

68.6 

(9.8) 

High Density 

Lipoprotein (HDL) 

(mg/dL) 

62.9 

(21.7) 

63.0 

(21.5) 

61.8 

(23.8) 

66.6 

(10.6) 

61.4 

(24.5) 

Low Density 

Lipoprotein (LDL) 

(mg/dL) 

107.0 

(38.5) 

105.3 

(37.6) 

121.8 

(45.4) 

80.6
‡
 

(17.5) 

117.2
‡
 

(39.6) 

Total Cholesterol (TC) 

(mg/dL) 

209.9 

(45.3) 

209.1 

(44.1) 

216.8 

(57.1) 

172.7
‡
 

(19.3) 

224.2
‡
 

(44.3) 

Triglycerides (TG) 

(mg/dL) 

118.0 

(48.8) 

113.7
‡
 

(45.8) 

155.3
‡
 

(60.6) 

114 

(34.4) 

119.5 

(53.5) 

SES, BMI, WC, SBP, DBP, HDL, LDL, TC, and TG data expressed as mean (SD) 

SES measured by Hollingshead score, with a possible range of 8-66 

* Indicates significant difference at p<0.05 
‡
 Indicates significant difference at p<0.01 

Table 7. Blood Pressure and Blood Lipids by Obesity Category 

 Male Female Non-

Obese 

Body 

Mass 

Index 

Obese 

Body 

Mass 

Index 

Non-Obese Waist 

Circumference 

Obese Waist 

Circumference 

Systolic Blood Pressure 

(mmHg) 

114.6 

(8.4) 

113.2  

(10.7) 

112.6
‡
 

(9.6) 

119.8
‡
 

(9.2) 

112.6
‡
  

(9.7) 

125.6
‡
  

(8.3) 

Diastolic Blood Pressure 

(mmHg) 

70.7 

(9.3) 

67.8  

(8.8) 

67.7
‡
 

(8.9) 

75.6
‡
 

(7.3) 

68.3
‡
  

(9.1) 

78.2
‡
  

(2.5) 

Total Cholesterol 

(mg/dL) 

201.1 

(51.2) 

216.3 

(38.9) 

214.0* 

(47.3) 

187.3* 

(21.5) 

211.4  

(46.6) 

185.2  

(20.6) 

Low Density 

Lipoprotein (mg/dL) 

100.8 

(38.8) 

111.5 

(38.0) 

107.4 

(39.7) 

104.5 

(32.4) 

107.6  

(39.4) 

98.5  

(31.0) 

High Density 62.3 63.3 62.6 64.4 62.3  65.6  
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Lipoprotein (mg/dL) (20.2) (22.8) (22.5) (17.1) (22.2) (14.2) 

Triglycerides (mg/dL) 112.5 

(44.1) 

122.0 

(52.1) 

119.5 

(50.7) 

109.3 

(37.4) 

118.4  

(49.8) 

96.0  

(35.2) 

Data expressed as mean (SD) 

* Indicates significant difference at p<0.05 
‡
 Indicates significant difference at p<0.01 

Table 8a. Healthy Eating Index-2010 (HEI-2010) Scores of Hypertensive (HTN) and 

Normal Blood Pressure (Non-HTN) Adolescents  

 Score 

Range 

Total 

Sample 

Non-

HTN
 
 

HTN Recommendation 

/1,000 kcal  

(max score) 

Non-HTN Meeting 

Recommendation 

(%) 

HTN Meeting 

Recommendation 

(%) 

Total Fruit 0-5 1.5 

(1.5) 

1.5 

(1.5) 

1.1 

(1.1) 

≥ 0.8 c 5 0 

Whole 

Fruit 

0-5 1.5 

(1.8) 

1.4 

(1.7) 

1.8 

(2.0) 

≥ 0.4 c 9 7 

Total 

Vegetables 

0-5 2.7 

(1.3) 

2.8 

(1.4) 

2.3 

(1.0) 

≥1.1 c 11 0 

Greens and 

Beans 

0-5 1.7 

(2.0) 

1.7 

(2.0) 

1.3 

(1.9) 

≥ 0.4 c 18 13 

Whole 

Grains 

0-10 3.6 

(3.0) 

3.5 

(3.0) 

4.4 

(3.5) 

≥1.5 oz 6 13 

Dairy 0-10 6.5 

(3.0) 

6.4 

(3.1) 

7.5 

(2.7) 

≥ 1.3 c 22 40 

Total 

Protein 

Foods 

0-5 4.4 

(1.0) 

4.3* 

(1.0) 

4.9* 

(0.2) 

≥ 2.5 oz 57 67 

Seafood 

and Plant 

Proteins 

0-5 1.7 

(2.0) 

1.8 

(2.0) 

1.6 

(2.0) 

≥ 0.8 oz 17 20 

Fatty Acids 0-10 4.9 

(3.0) 

4.8 

(3.1) 

5.1 

(3.0) 

(MUFAs+PUFAs) 

/ SFAs ≥ 2.5 

9 0 
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Refined 

Grains 

0-10 4.1 

(3.4) 

4.1 

(3.5) 

4.3 

(3.0) 

≤ 1.8 oz 7 7 

Sodium 0-10 3.5 

(2.9) 

3.6 

(2.9) 

2.9 

(2.6) 

≤ 1.1 g 2 0 

Empty 

Calories 

0-20 13.3 

(4.7) 

13.2 

(4.8) 

14.4 

(3.8) 

≤ 19% of total 

kcal 

11 13 

Total HEI-

2010 Score 

0-100 49.4 

(11.8) 

49.1 

(11.8) 

51.7 

(11.8) 

≥ 80 (100) 2 0 

Data expressed as mean (SD) 

* Indicates significant difference at p<0.05 

Table 8b. Healthy Eating Index-2010 (HEI-2010) Scores of Dyslipidemic and 

Adolescents with Normal Blood Lipids 

 Score 

Range 

Total 

Sample 

Normal 

Blood 

Lipids
 
 

Dyslipi

-demic 

Recommendation 

/1,000 kcal  

(max score) 

Normal Blood 

Lipids Meeting 

Recommendation 

(%) 

Dyslipidemic 

Meeting 

Recommendation 

(%) 

Total Fruit 0-5 1.5 

(1.5) 

1.7 (1.7) 1.3 

(1.4) 

≥ 0.8 c 7 1 

Whole 

Fruit 

0-5 1.5 

(1.8) 

1.6 (1.9) 1.3 

(1.7) 

≥ 0.4 c 15 4 

Total 

Vegetables 

0-5 2.7 

(1.3) 

2.8 (1.2) 2.7 

(1.4) 

≥1.1 c 7 13 

Greens and 

Beans 

0-5 1.7 

(2.0) 

2.3 (2.3) 1.4 

(1.9) 

≥ 0.4 c 33* 13* 

Whole 

Grains 

0-10 3.6 

(3.0) 

3.2 (2.5) 3.3 

(3.0) 

≥1.5 oz 4 6 

Dairy 0-10 6.5 

(3.0) 

7.1 (2.6) 6.0 

(3.2) 

≥ 1.3 c 26 20 

Total 

Protein 

Foods 

0-5 4.4 

(1.0) 

4.4 (1.0) 4.4 

(1.0) 

≥ 2.5 oz 63 59 
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Seafood 

and Plant 

Proteins 

0-5 1.7 

(2.0) 

1.7 (1.9) 1.5 

(2.0) 

≥ 0.8 oz 11 16 

Fatty Acids 0-10 4.9 

(3.0) 

4.6 (2.9) 4.9 

(3.1) 

(MUFAs+PUFA

s) 

/ SFAs ≥ 2.5 

7 9 

Refined 

Grains 

0-10 4.1 

(3.4) 

4.1 (3.0) 4.0 

(3.4) 

≤ 1.8 oz 7 7 

Sodium 0-10 3.5 

(2.9) 

4.1 (3.2) 3.4 

(2.7) 

≤ 1.1 g 0 3 

Empty 

Calories 

0-20 13.3 

(4.7) 

13.1 

(4.8) 

13.3 

(4.9) 

≤ 19% of total 

kcal 

4 11 

Total HEI-

2010 Score 

0-100 49.4 

(11.8) 

50.6 

(9.2) 

47.4 

(10.8) 

≥ 80 (100) 0 0 

Data expressed as mean (SD) 

* Indicates significant difference at p<0.05 

Table 9a. Nutrient and Dietary Component Intake of Hypertensive (HTN) and Non-

Hypertensive (Non-HTN) Adolescents 

Category Non-HTN HTN 

Energy (kcal/d) 1847* (668) 1463* (521) 

Trans Fat (g/d) 2.3* (1.6) 1.3* (0.6) 

% Kcal from Total Fat 35.0 (6.1) 33.5 (7.1) 

% Kcal from Saturated Fat 11.4 (2.5) 10.9 (2.2) 

Omega-3 Fatty Acids (g/d) 1.9 (1.0) 1.6 (1.2) 

Fiber (g/d) 14.0 (6.9) 11.0 (4.3) 

Added Sugars (g/d) 72.0 (46.4) 55.5 (29.2) 

Sweetened Beverages (c/d) 1.6 (1.8) 1.2 (1.1) 
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Sodium (mg/d) 3176 (1354) 2618 (1001) 

Calcium (mg/d) 897 (420) 748 (338) 

Magnesium (mg/d) 219 (86) 182 (57) 

Potassium (mg/d) 1981 (805) 1565 (591) 

Data expressed as mean (SD) 

* Indicates significant difference between groups at p<0.05 

Table 9b. Nutrient and Dietary Component Intake of Dyslipidemic and Adolescents with 

Normal Blood Lipids: High Density Lipoprotein (HDL), Low Density Lipoprotein 

(LDL), Total Cholesterol (TC), and Triglycerides (TG) 

Category Normal 

HDL 

Low 

HDL 

Normal  

LDL 

High 

LDL 

Normal 

TC 

High TC Normal 

TG 

High TG 

Energy (kcal/d) 1762 

(631) 

1934 

(820) 

1798 

(648) 

1767 

(725) 

1943* 

(787) 

1646* 

(488) 

1819 

(660) 

1703 

(682) 

Trans Fat (g/d) 2.0 (1.2) 2.5 (1.9) 2.1 (1.3) 2.2 (1.6) 2.2 (1.5) 2.0 (1.2) 2.1 (1.4) 2.1 (1.3) 

% Kcal from Total 

Fat 

34.9 (6.9) 33.3 (5.0) 35.1 (7.0) 33.4 (5.3) 34.6 (7.6) 34.7 (5.6) 34.3 (5.7) 35.6 (9.0) 

% Kcal from 

Saturated Fat 

11.3 (2.6) 11.3 (2.3) 11.3 (2.6) 11.1 (2.3) 11.1 (2.2) 11.4 (2.8) 11.2 (2.3) 11.6 (3.0) 

Omega-3 Fatty 

Acids (g/d) 

1.8 (1.0) 1.8 (1.0) 1.9 (0.9) 1.7 (1.0) 2.1** 

(1.1) 

1.5** 

(0.7) 

1.9 (1.0) 1.6 (0.9) 

Fiber (g/d) 12.6 (5.6) 14.6 (7.9) 13.4 (6.5) 11.2 (4.3) 14.1* 

(6.6) 

11.7* 

(5.3) 

12.9 (6.3) 12.7 (5.5) 

Added Sugars (g/d) 74.1 

(48.6) 

74.2 

(44.0) 

69.9 

(38.9) 

87.1 

(67.2) 

83.4 

(54.8) 

65.3 

(38.3) 

79.7* 

(50.5) 

57.2* 

(33.2) 

Sweetened 

Beverages (c/d) 

1.8 (2.0) 2.0 (1.4) 1.6* (1.3) 2.5* (3.0) 2.1 (2.4) 1.5 (1.3) 2.0* (2.1) 1.0* (1.0) 

Data expressed as mean (SD) 

* Indicates significant difference between groups at p<0.05 

** Indicates significant difference between groups at p<0.01 
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Table 10. Correlations to Blood Pressure, Blood Lipids, with Pearson Correlation 

Coefficients (r) 

 Systolic 

Blood 

Pressure 

(SBP)  

 

Diastolic 

Blood 

Pressure 

(DBP)  

 

High 

Density 

Lipoprotein 

(HDL) 

Low 

Density 

Lipoprotein 

(LDL) 

Total 

Cholesterol 

(TC) 

Triglycerides 

(TG) 

SBP (mm Hg)       

DBP (mm 

Hg)  

r = 0.519
‡
      

HDL (g/dL)       

LDL (g/dL)   r = -0.426
‡
    

TC (g/dL)    r = 0.574
‡
   

TG (g/dL)   r = 0.522* r = -0.175   

BMI (kg/m
2
) r = 0.418

‡
 r = 0.343

‡
   r = -0.176  

WC (cm) r = 0.412
‡
 r = 0.342

‡
   r = -0.215*  

Total Fruit (c)  r = -0.209*     

Whole Fruit 

(c) 

 r = -

0.240** 

    

Total 

Vegetables 

(c) 

r = 0.202* r = -0.155  r = -0.236* r = -0.220*  

Greens and 

Beans (c) 

r = -0.164 r = -0.175*  r = -0.248* r = -

0.267** 

 

Whole Grains  

(oz eq) 

  r = -0.180    

Refined 

Grains (oz eq) 

r = -0.143      
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Total Proteins  

(oz eq) 

    r = -0.170 r = -0.173 

Seafood and 

Plant Proteins 

(oz eq) 

 r = -0.164 r = -0.189    

Energy (kcal)      r = -0.172 

Total Fat (% 

kcal) 

 r = 0.184*     

Saturated Fat  

(% kcal) 

 r = 0.157     

Omega-3 

Fatty Acids 

(g) 

    r = -0.227*  

Dietary Fiber 

(g) 

r = -0.203* r = -0.203*   r = -0.214*  

Added Sugars 

(g) 

   r = 0.170   

Sweetened 

Beverages (c) 

   r = 0.172   

Sodium (mg)   r = -0.188    

Potassium 

(mg) 

    r = -0.236*  

Magnesium 

(mg) 

r = -0.172* r = -0.141   r = -0.213*  

Calcium (mg) r = -0.151      

Healthy 

Eating Index 

2010 score 

 r = -0.160  r = -0.179 r = -0.237*  

Only those with p≤0.10 are reported. 

* Indicates significant relationship at p<0.05 

** Indicates significant relationship at p<0.01 
‡
 Indicates significant relationship at p<0.001 
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Table 11. Relationships of Healthy Eating Index-2010 and Diet Components with Blood 

Pressure, Blood Lipids 

Independent Variables Dependent Variables Beta p value R
2
 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

Socioeconomic Status  

Total Vegetables (c) 

Systolic Blood Pressure 

-0.146 

0.100 

-0.054 

-0.198 

0.090 

0.229 

0.532 

0.018 

0.077 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

Socioeconomic Status 

Dietary Fiber (g) 

Diastolic Blood Pressure 

-0.025 

0.208 

-0.145 

-0.204 

0.776 

0.013 

0.094 

0.016 

0.098 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

Socioeconomic Status 

Whole Grains (oz eq.) 

High Density 

Lipoprotein 

0.095 

-0.047 

0.229 

-0.218 

0.367 

0.641 

0.032 

0.033 

0.103 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

Socioeconomic Status 

Greens and Beans (c) 

Low Density Lipoprotein 

-0.132 

-0.147 

0.016 

-0.233 

0.211 

0.147 

0.877 

0.023 

0.100 

Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

Socioeconomic Status 

Greens and Beans (c) 

Omega-3 Fatty Acids (g) 

Refined Grains (oz eq.) 

Total Cholesterol 

-0.156 

-0.195 

0.239 

-0.259 

-0.338 

0.270 

0.120 

0.051 

0.017 

0.007 

0.003 

0.015 

0.187 
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Race (O nonwhite, 1 white) 

Gender (0 female, 1 male) 

Socioeconomic Status 

Dietary Fiber (g) 

Triglycerides 

0.253 

-0.103 

0.133 

-0.202 

0.017 

0.302 

0.205 

0.049 

0.122 

Note Race, Gender, and SES were forced entry to use as controls.  

Table 12. Relationships of Healthy Eating Index-2010 (HEI) and Body Mass Index 

(BMI) or Waist Circumference (WC) with Systolic Blood Pressure (SBP), Diastolic 

Blood Pressure (DBP), High Density Lipoprotein (HDL), Low Density Lipoprotein 

(LDL), Total Cholesterol (TC), and Triglycerides (TG) 

Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

BMI SBP 0.418 0.000 0.175 0.000 0.175 0.000 

BMI 

HEI 

SBP 

0.427 

0.053 

0.000 

0.496 

0.178 0.000 0.003 0.496 

BMI 

HEI 

BMI x HEI 

SBP 

0.481 

0.095 

0.232 

0.000 

0.246 

0.002 

0.232 0.000 0.054 0.002 

BMI 

HEI 

BMI x HEI 

Gender 

SBP 

0.484 

0.095 

0.232 

0.072 

0.000 

0.214 

0.003 

0.338 

0.237 0.000 0.005 0.338 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

SBP 

0.481 

0.096 

0.233 

0.072 

0.010 

0.000 

0.214 

0.003 

0.340 

0.900 

0.237 0.000 0.000 0.900 
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BMI 

HEI 

BMI x HEI 

Gender 

Race 

SES 

SBP 

0.479 

0.100 

0.229 

0.078 

0.002 

-0.032 

0.000 

0.201 

0.004 

0.313 

0.976 

0.691 

0.238 0.000 0.001 0.691 

 

Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

BMI DBP 0.343 0.000 0.117 0.000 0.117 0.000 

BMI 

HEI 

DBP 

0.326 

-0.107 

0.000 

0.182 

0.116 0.000 0.011 0.182 

BMI 

HEI 

BMI x HEI 

DBP 

0.353 

-0.089 

0.124 

0.000 

0.273 

0.127 

0.125 0.000 0.015 0.127 

BMI 

HEI 

BMI x HEI 

Gender 

DBP 

0.360 

-0.074 

0.108 

0.156 

0.000 

0.355 

0.181 

0.049 

0.143 0.000 0.024 0.049 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

DBP 

0.372 

-0.078 

0.106 

0.156 

-0.045 

0.000 

0.333 

0.193 

0.050 

0.584 

0.138 0.000 0.002 0.584 

BMI 

HEI 

DBP 

0.362 

-0.064 

0.000 

0.430 

0.145 0.000 0.013 0.149 
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BMI x HEI 

Gender 

Race 

SES 

0.091 

0.178 

-0.073 

-0.121 

0.263 

0.027 

0.386 

0.149 

 

Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

BMI HDL 0.022 0.830 0.000 0.830 0.000 0.830 

BMI 

HEI 

HDL 

0.017 

-0.033 

0.873 

0.751 

0.002 0.929 0.001 0.751 

BMI 

HEI 

BMI x HEI 

HDL 

0.028 

-0.026 

0.049 

0.797 

0.807 

0.647 

0.004 0.949 0.002 0.647 

BMI 

HEI 

BMI x HEI 

Gender 

HDL 

0.026 

-0.029 

0.052 

-0.031 

0.807 

0.788 

0.629 

0.767 

0.005 0.979 0.001 0.767 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

HDL 

0.064 

-0.042 

0.044 

-0.030 

-0.147 

0.564 

0.696 

0.684 

0.772 

0.178 

0.025 0.806 0.020 0.178 

BMI 

HEI 

BMI x HEI 

Gender 

HDL 

0.084 

-0.071 

0.073 

-0.075 

0.442 

0.504 

0.494 

0.476 

0.076 0.300 0.051 0.028 



89 
 

Race 

SES 

-0.091 

0.242 

0.404 

0.028 

 

Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

BMI LDL -0.009 0.930 0.000 0.930 0.000 0.930 

BMI 

HEI 

LDL 

-0.039 

-0.185 

0.707 

0.075 

0.033 0.202 0.033 0.075 

BMI 

HEI 

BMI x HEI 

LDL 

-0.035 

-0.183 

0.018 

0.743 

0.084 

0.867 

0.034 0.360 0.000 0.867 

BMI 

HEI 

BMI x HEI 

Gender 

LDL 

-0.042 

-0.197 

0.035 

-0.163 

0.692 

0.061 

0.743 

0.114 

0.060 0.220 0.026 0.114 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

LDL 

-0.088 

-0.182 

0.045 

-0.164 

0.178 

0.418 

0.082 

0.669 

0.109 

0.094 

0.088 0.128 0.029 0.094 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

SES 

LDL 

-0.085 

-0.185 

0.048 

-0.169 

0.184 

0.027 

0.434 

0.081 

0.651 

0.107 

0.093 

0.800 

0.089 0.198 0.001 0.800 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

BMI TC -0.176 0.085 0.031 0.085 0.031 0.085 

BMI 

HEI 

TC 

-0.219 

-0.272 

0.029 

0.007 

0.103 0.006 0.072 0.007 

BMI 

HEI 

BMI x HEI 

TC 

-0.203 

-0.261 

0.073 

0.049 

0.011 

0.471 

0.108 0.014 0.005 0.471 

BMI 

HEI 

BMI x HEI 

Gender 

TC 

-0.212 

-0.281 

0.096 

-0.217 

0.036 

0.005 

0.339 

0.028 

.0154 0.004 0.046 0.028 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

TC 

-0.232 

-0.274 

0.100 

-0.217 

0.076 

0.027 

0.007 

0.320 

0.028 

0.452 

0.159 0.007 0.005 0.452 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

SES 

TC 

-0.213 

-0.301 

0.127 

-0.258 

0.128 

0.224 

0.038 

0.003 

0.202 

0.009 

0.210 

0.029 

0.203 0.002 0.044 0.029 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

BMI TG -0.040 0.699 0.002 0.699 0.002 0.699 

BMI 

HEI 

TG 

-0.044 

-0.026 

0.674 

0.801 

0.002 0.899 0.001 0.801 

BMI 

HEI 

BMI x HEI 

TG 

0.005 

0.006 

0.220 

0.959 

0.950 

0.038 

0.048 0.205 0.046 0.038 

BMI 

HEI 

BMI x HEI 

Gender 

TG 

0.000 

-0.005 

0.233 

-0.126 

0.999 

0.962 

0.028 

0.222 

0.063 0.194 0.015 0.22 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

TG 

0.047 

-0.021 

0.223 

-0.125 

-0.181 

0.665 

0.838 

0.034 

0.220 

0.088 

0.093 0.108 0.030 0.088 

BMI 

HEI 

BMI x HEI 

Gender 

Race 

SES 

TG 

0.062 

-0.044 

0.246 

-0.159 

-0.137 

0.189 

0.560 

0.672 

0.020 

0.121 

0.200 

0.078 

0.124 0.058 0.031 0.078 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

WC SBP 0.412 0.000 0.170 0.000 0.170 0.000 

WC 

HEI 

SBP 

0.412 

0.006 

0.000 

0.939 

0.170 0.000 0.000 0.939 

WC 

HEI 

WC x HEI 

SBP 

0.402 

0.035 

0.115 

0.000 

0.674 

0.163 

0.182 0.000 0.012 0.163 

WC 

HEI 

WC x HEI 

Gender 

SBP 

0.403 

0.034 

0.115 

-0.002 

0.000 

0.678 

0.165 

0.978 

0.182 0.000 0.000 0.978 

WC 

HEI 

WC x HEI 

Gender 

Race 

SBP 

0.393 

0.040 

0.121 

0.000 

0.039 

0.000 

0.631 

0.151 

0.999 

0.644 

0.183 0.000 0.001 0.644 

WC 

HEI 

WC x HEI 

Gender 

Race 

SES 

SBP 

0.391 

0.44 

0.117 

0.006 

0.031 

-0.033 

0.000 

0.604 

0.170 

0.939 

0.722 

0.700 

0.184 0.000 0.001 0.700 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

WC DBP 0.342 0.000 0.117 0.000 0.117 0.000 

WC 

HEI 

DBP 

0.334 

-0.142 

0.000 

0.083 

0.137 0.000 0.020 0.083 

WC 

HEI 

WC x HEI 

DBP 

0.330 

-0.129 

0.053 

0.000 

0.128 

0.534 

0.139 0.000 0.003 0.534 

WC 

HEI 

WC x HEI 

Gender 

DBP 

0.314 

-0.121 

0.054 

0.091 

0.000 

0.156 

0.520 

0.277 

0.147 0.000 0.008 0.277 

WC 

HEI 

WC x HEI 

Gender 

Race 

DBP 

0.320 

-0.124 

0.051 

0.089 

-0.023 

0.000 

0.150 

0.552 

0.287 

0.789 

0.148 0.001 0.000 0.789 

WC 

HEI 

WC x HEI 

Gender 

Race 

SES 

DBP 

0.311 

-0.111 

0.036 

0.111 

-0.051 

-0.119 

0.000 

0.199 

0.677 

0.191 

0.560 

0.177 

0.160 0.001 0.012 0.177 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

WC HDL 0.012 0.911 0.000 0.911 0.000 0.911 

WC 

HEI 

HDL 

0.010 

-0.035 

0.925 

0.736 

0.001 0.939 0.001 0.736 

WC 

HEI 

WC x HEI 

HDL 

0.001 

-0.011 

0.101 

0.990 

0.922 

0.356 

0.011 0.804 0.009 0.356 

WC 

HEI 

WC x HEI 

Gender 

HDL 

0.006 

-0.013 

0.100 

-0.028 

0.955 

0.905 

0.361 

0.797 

0.012 0.902 0.001 0.797 

WC 

HEI 

WC x HEI 

Gender 

Race 

HDL 

0.038 

-0.034 

0.080 

-0.036 

-0.134 

0.729 

0.759 

0.468 

0.740 

0.226 

0.028 0.770 0.016 0.226 

WC 

HEI 

WC x HEI 

Gender 

Race 

SES 

HDL 

0.057 

-0.061 

0.112 

-0.083 

-0.074 

0.250 

0.601 

0.573 

0.304 

0.442 

0.504 

0.026 

0.082 0.267 0.054 0.026 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

WC LDL -0.094 0.369 0.009 0.369 0.009 0.369 

WC 

HEI 

LDL 

-0.104 

-0.184 

0.316 

0.076 

0.043 0.137 0.034 0.076 

WC 

HEI 

WC x HEI 

LDL 

-0.103 

-0.186 

-0.007 

0.324 

0.084 

0.947 

0.043 0.266 0.000 0.947 

WC 

HEI 

WC x HEI 

Gender 

LDL 

-0.078 

-0.199 

-0.010 

-0.143 

0.458 

0.065 

0.926 

0.175 

0.062 0.215 0.020 0.175 

WC 

HEI 

WC x HEI 

Gender 

Race 

LDL 

-0.121 

-0.172 

0.017 

-0.132 

0.178 

0.260 

0.111 

0.876 

0.206 

0.097 

0.092 0.127 0.029 0.097 

WC 

HEI 

WC x HEI 

Gender 

Race 

SES 

LDL 

-0.120 

-0.174 

0.019 

-0.136 

0.183 

0.019 

0.270 

0.11 

0.860 

0.205 

0.100 

0.865 

0.092 0.199 0.000 0.865 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

WC TC -0.215 0.037 0.046 0.037 0.046 0.037 

WC 

HEI 

TC 

-0.228 

-0.249 

0.024 

0.014 

0.108 0.006 0.062 0.014 

WC 

HEI 

WC x HEI 

TC 

-0.235 

-0.229 

0.082 

0.021 

0.028 

0.426 

0.114 0.012 0.006 0.426 

WC 

HEI 

WC x HEI 

Gender 

TC 

-0.208 

-0.243 

0.079 

-0.156 

0.041 

0.019 

0.440 

0.124 

0.138 0.010 0.023 0.124 

WC 

HEI 

WC x HEI 

Gender 

Race 

TC 

-0.223 

-0.233 

0.089 

-0.152 

0.064 

0.034 

0.027 

0.394 

0.136 

0.538 

0.141 0.018 0.004 0.538 

WC 

HEI 

WC x HEI 

Gender 

Race 

SES 

TC 

-0.207 

-0.257 

0.117 

-0.193 

0.116 

0.220 

0.046 

0.014 

0.257 

0.059 

0.268 

0.037 

0.183 0.006 0.042 0.037 
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Independent 

Variable(s) 

Dependent 

Variable 
Beta p value R

2
 

Sig. 

Model 

R
2
 

change 

Sig. R
2
 

change 

WC TG 0.012 0.907 0.000 0.907 0.000 0.907 

WC 

HEI 

TG 

0.011 

-0.019 

0.915 

0.859 

0.000 0.978 0.000 0.859 

WC 

HEI 

WC x HEI 

TG 

-0.006 

0.032 

0.204 

0.954 

0.768 

0.060 

0.039 0.305 0.039 0.060 

WC 

HEI 

WC x HEI 

Gender 

TG 

0.011 

0.022 

0.202 

-0.101 

0.914 

0.836 

0.063 

0.343 

0.049 0.340 0.010 0.343 

WC 

HEI 

WC x HEI 

Gender 

Race 

TG 

0.056 

-0.006 

0.175 

-0.112 

-0.184 

0.605 

0.953 

0.107 

0.288 

0.088 

0.080 0.188 0.031 0.088 

WC 

HEI 

WC x HEI 

Gender 

Race 

SES 

TG 

0.070 

-0.027 

0.199 

-0.148 

-0.139 

0.192 

0.512 

0.798 

0.066 

0.164 

0.206 

0.081 

0.112 0.103 0.032 0.081 
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Figure 1. Effect of Healthy Eating Index-2010 score (HEI) on the Relationship between 

Body Mass Index (BMI) and Systolic Blood Pressure (SBP) 

 

 

Y axis represents SBP in mmHg 

X axis represents BMI, in kg/m
2
, across 1 standard deviation (SD) below mean, mean, 

and 1 SD above mean 

Trend lines represent 1 SD below mean HEI, mean HEI, and 1 SD above mean HEI 
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Figure 2. Effect of Healthy Eating Index-2010 score (HEI) on the Relationship between 

Body Mass Index (BMI) and Triglycerides (TG) 

 

 

Y axis represents TG in mg/dL 

X axis represents BMI, in kg/m
2
, across 1 standard deviation (SD) below mean, mean, 

and 1 SD above mean 

Trend lines represent 1 SD below mean HEI, mean HEI, and 1 SD above mean HEI 
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CHAPTER V 

EPILOGUE 

 The results of the studies presented above represent an observation of 

relationships between diet and adiposity, diet and BP, diet and blood lipids, as well as 

adiposity and BP, and adiposity and blood lipids among 16 year olds from greater 

Greensboro, NC. The sample of 163 providing diet information was considered 

representative of NC at the time of original recruitment, but is no longer representative of 

the state, consisting of overwhelmingly white and African American participants with 

minimal population of other racial/ethnic groups. Additionally, this sample has a much 

greater proportion of females than males. Diet quality, as represented by HEI score, was 

similarly poor among this sample compared to the HEI score of the same age group for 

the US. Obesity rate was also similar compared to the US adolescent population. 

However, rates of hypertension and dyslipidemia were much higher in this sample 

compared to the US population.  

The non-experimental design of this research prohibits establishment of causality 

in the relationships identified between diet, BMI, WC, BP, and blood lipids. Additionally, 

the relatively small, predominantly female sample of nearly exclusively white and 

African American participants prevents extrapolation of results to the greater US 

population of same age. However, top quality procedures were utilized in collecting diet, 

anthropometric, and biochemical data, with the exception of a more accurate adiposity 
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measurement tool. The high quality design of this research, although observational in 

nature, does allow effective inferences and analysis of relationships identified. In 

particular, the agreements of key findings presented here with prior research, in both 

adults and adolescents, adds to a greater understanding of important relationships 

between diet, body composition, and CVD risk from a young age. 

The preponderance of key findings here relate to the interrelationships of obesity, 

BP, blood lipids, and fruit, vegetable, fiber, and sweetened beverage consumption. Obese 

participants (by BMI for age) drank more sweetened beverages than non-obese 

adolescents. Additionally, greater fruit and fiber intakes were related to lower BMI. 

Similarly, greater fruit and protein intakes were related to lower WC. Obese participants 

(by both BMI and WC for age) also had higher SBP and DBP compared to non-obese 

participants, with hypertensive participants having higher BMI and WC than 

normotensive participants. Increases in both BMI and WC were related to increases in 

both SBP and DBP. Decreases in SBP were related to increases in vegetable, fiber, and 

magnesium intakes. Decreases in DBP were related to decreases in fat and increases in 

total fruit, whole fruit, greens and beans, and fiber intakes. Greens and beans emerge 

again with relation to blood lipids, as dyslipidemic participants were less likely to meet 

goal intake of greens and beans than participants with optimal blood lipid profile. 

Participants with elevated LDL drank more sweetened beverages than those optimal 

LDL, while those with elevated TC ate fewer omega 3 fatty acids and fiber than those 

with optimal TC. Decreases in both LDL and TC were related to increases in total 

vegetable, and greens and beans intakes. Increase in fiber intake was also related to 
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decreases in both TC and TG. Increases in omega 3 fatty acid consumption, as HEI score 

were both additionally related to decreases in TC. By contrast, increases in refined grains 

were related to increases in TC.  

Contrary to expectations, a variety of relationships between diet, adiposity, BP, 

and blood lipids were not observed or were counter to previous findings. Particularly, no 

relationships were observed between BMI and/or WC with calorie intake, total, or 

saturated fats, where prior literature has found positive relationships. Inversely, 

relationships between BMI and/or WC with intake of vegetables and whole grains are not 

observed here where negative relationships have been previously identified. Additionally, 

neither BMI nor WC was related to HEI. Unexpectedly, hypertensive participants ate 

more protein foods, fewer calories, and less trans fat. Similarly contrary to expectations, 

participants with some form of dyslipidemia (elevated TC, TG, or LDL, or low HDL) had 

significantly lower WC, and TC was significantly lower in obese participants by BMI for 

age. Moreover, participants with high TC ate significantly fewer calories, and TC was 

negatively related to WC. Not previously noted in other research, negative relationships 

were observed between TC with magnesium and potassium. In conflict with prior 

research, participants with high TG drank significantly fewer sweetened beverages and 

ate less added sugar. In addition, increases in whole grain intake were related to decreases 

in HDL among this sample. However, no relationships were observed between adiposity 

and LDL, HDL, or TG, nor any relationship between any blood lipids and saturated fats. 

Lastly, this research did not identify relationships between BP and sodium, potassium, or 

saturated fatty acids, where increases in sodium and saturated fat intake have previously 
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been related to increases in BP, with increases in potassium related to decreases in BP. 

Higher level of aerobic fitness and/or participation in regular athletics may explain a 

number of these conflicting findings, as athletes may have greater muscle and bone mass, 

and thus a higher BMI. Moreover, higher aerobic fitness tends to reduce CVD risks, 

including decrease in BP, TC, and TG, with increase in HDL. Additionally, athletes may 

rely on higher intake of simple carbohydrates as part of pre, during, and post exercise 

fueling, as well as take in more total calories than sedentary counterparts. Birth control 

medication may also play a role in some of these unexpected relationships, as hormonal 

contraceptives tend to raise TC and HDL. Lastly, the consistently high intakes of sodium 

and saturated fats, and low intake of potassium across the sample may limit their 

predictive utility in this study. 

The most novel findings of this research were the moderation effects of HEI on 

the relationships between BMI and CVD risks. In addition to being previously 

unexplored, the moderation effects observed here revealed an enhancement of CVD risk 

reduction with better diet quality, but only at a lower BMI. The inverse was observed at 

higher BMI, which may be a function of athletes eating poorer quality diets or obese 

participants attempting to improve diet but failing to lose significant weight.  

From a public health perspective, the most important finding of this research is 

the potential role of relatively easily identifiable and large classes of foods as preventive 

against excess body fatness, HTN, and dyslipidemia. Consistently observed in the results 

of these chapters are the positive impact of fruits, vegetables, and dietary fiber-rich diets 
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on BMI, WC, BP, TC, and LDL in terms of reduction of CVD risk. Whole fruits and 

greens and beans especially emerged as beneficial to BP and blood lipid control. 

Conversely, a similar but opposite trend was observed for sweetened beverages, which 

were implicated in obesity by BMI for age and elevations in LDL. Based on these results, 

continued targeting of incorporation of low calorie density and high fiber plant foods, 

namely vegetables and fruits, but especially whole fruits, greens, and legumes, is well 

justified. Simultaneously, the continued push toward limitation of sugar in liquid form 

also seems well justified. In fact, the results observed here suggest simplification of 

nutrition messages, at least for the adolescent age group, may be warranted to more 

greatly focus on the protective aspects of vegetables and fruits and the detrimental effects 

of sweetened beverages of many varieties. Moreover, these results imply a more 

simplified and precise focus on increasing vegetable and fruit intake with decrease in 

sweetened beverage intake may represent a more effective and worthwhile nutrition 

campaign for adolescents compared to addressing all aspects of whole diet quality. 

Traditionally, working with the adolescent population presents a series of 

difficulties in the research realm. These include the necessity of obtaining both 

participant consent and parental assent, the common necessity of the parent transporting 

the participant and inherent increased scheduling conflicts therein, commonly lower 

reliability of the participant, and development of appropriate incentive structure to recruit 

and motivate participants. Obtaining physiological data presents additional complexities. 

Prior to age 18, adolescents commonly have not yet needed blood drawn or any 

substantial medical testing with any regularity, and fear or trepidation of needles, basic 
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medical procedures such as BP and pulse measurement, or intimidation from the 

laboratory setting may all alter results. Commonly referred to as the “white coat 

syndrome,” this false elevation in BP, respiratory rate, and/or heart rate may alter results 

significantly. More specific to the diet portion of this research, adolescents are typically 

less in control of their food choices than adults as school lunches or meals prepared by 

family members are common. As such, adolescents may not be aware of all ingredients in 

their foods or specific portion sizes.  

The research methodology for these studies reflect a number of methods to 

address these problems. The sample utilized has been tracked for other aspects of a larger 

research project for many years, providing some familiarity with the research process and 

high willingness to participate from both parent and participant. Additionally, the 

majority of data collection occurred during summer and weekends, when schedules are 

typically more flexible, and allowing easier fasting for the participant prior to blood 

draw. “White coat syndrome” incidence was likely reduced by the procedures upon 

arrival to the lab. First, relatively young research assistants, not wearing traditional 

medical gear or lab coats, greeted and brought the participant into the UNCG exercise 

physiology lab, which was large and open, a very different environment compared to 

most medical facilities. Second, consent and assent were obtained as the participant was 

seated and procedures to come were explained. Third, NHLBI standards were adhered to 

for BP and pulse measurements, with the participant seated a minimum of five minutes, 

and with multiple repeated measurements. Fourth, the blood draw was obtained in a 

comfortable, reclined chair.  
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For collecting diet information, this research utilized the highest quality method 

for research, multiple pass diet recall. This method allows recall of increasingly specific 

diet information and prevents forgotten foods or beverages through its repeated pass 

design. Additionally, trained researchers with the UNC Nutrition Obesity Research 

Center made calls to participants, usually their cellular phones, which allowed 

convenience for the participant and ease of access for the researcher. Furthermore, the 

compensation structure for the participants incentivized full completion, as a flat rate was 

provided for the visit to the lab, followed by increasing dollar values for gift cards for 

completion of each successive diet recall. The primary problem encountered in this 

research was a significantly delayed timeframe for completion of the diet recalls. 

Although the target timeline was to complete three diet recalls per participant by two 

weeks after the visit to the lab, the first completed diet recall was routinely over 6 weeks 

after the lab visit. This may have allowed significant alterations to diet compared to diet 

leading up to the lab visit. In addition, this led to delays in delivery of data and timeline 

for completion of aspects of the research. Otherwise, problems encountered were very 

minor or essentially unavoidable, such as same day or short notice rescheduling from 

participants, inability to actually contact the participant for recruitment, or adverse 

reactions to testing that were previously unknown.  

This research has considerable potential for future exploration. In particular, a 

variety of other key aspects of general health and measures for CVD risk may be 

explored. Future research should examine aerobic fitness, in the form of VO2max testing, 

type 2 diabetes and metabolic syndrome risks such as homeostatic model of assessment 
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of insulin resistance (HOMA-IR) as well as a variety of liver enzymes. Greater 

exploration into low grade elevations to inflammatory markers should also be considered, 

such as c-reactive protein (CRP), and a variety of inflammatory cytokines like TNFα, IL-

6, and IL-10. More accurate measures of body composition should also be considered for 

future research, such as underwater weighing, BodPod®, or advanced bioelectrical 

impedance analysis machines like the Seca mBCA or InBody 770, to determine body 

fatness.  

In an ideal scenario, future research could recruit a larger and more representative 

sample to conduct specific interventions. Particularly based on these results, a study 

would be structured with intervention groups counseled and/or provided incentives to 

increase vegetable and fruit intake with and without decreases in sweetened beverage 

consumption, along with an intervention group counseled and/or incentivized to decrease 

sweetened beverage consumption only, and a control group incentivized to avoid dietary 

alterations compared to baseline. Similar anthropometric and biochemical data could be 

measured and analyzed at baseline and endpoint, ideally with the additional measures 

noted above. Greater exploration into the moderation effects of diet quality in 

relationships to predict CVD risks should be emphasized to understand the most 

important populations to target for dietary improvement. Additional research may also 

examine the effects of improvements in diet quality on CVD risks independent of 

changes in body composition, and the effects of improvements in body composition on 

CVD risk independent of diet quality improvements. These proposed studies would 

provide causal insights into various aspects of health and wellness on CVD risk, whether 
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via body composition alteration, additions to diet, restrictions to diet, and general overall 

diet quality improvement. Those results, in turn, would allow alteration and possible 

simplification of public health messaging and campaigns to maximize morbidity risk 

outcomes.  

From a personal and professional perspective, this research has had a profound 

impact on the researcher himself. Over the course of this research, I learned the 

overhelmingly complex and laborious nature of larger and longer term research. I was 

immediately surprised by how large the team needed to be for adequate functionality of 

the Right Track research progression, let alone the portion of data attributed to my 

project. I quickly became appreciative of the thoroughness and time required to handle 

large pools of data, recuit and retain participants, and arrange for continued academic 

output for literature. On one hand, working with all this data, becoming familiar with the 

numbers intimately and routinely reviewing, updating, and analyzing this data had led me 

to genuinely appreciate the objective and independent nature of data analysis and 

statistics. Additionally, it has led me to strive, often to the point of annoying or 

impressing my colleagues (depending on the person), to increase efficiency and 

transparency in all my work. This led me to overhaul note templates at clinics for whom 

I’ve worked, update practices for entering and handling survey data at military 

foodservice facilities, tracking patient flow at other clinics, and calculate appropriate 

patient work load expectations for RDs at multiple other sites. On another hand, the 

experience was so engrossing that I became hopeful of a break. In all honesty, I consider 

my total research, teaching, and general PhD experience to have been wildly valuable in 
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identifying, interpreting, and utilizing research for my clinical practice, as well as directly 

applicable to generally increasing the efficiency of my lifestyle, leadership, and 

management. However, I am not sure a career in research is for me- I find that leadership 

positions and part time patient contact have been my favorite combination of roles over 

the course of the past few years. Considering my newest position with the Navy, though, 

this experience sets me up perfectly. In fact, I need to collect, manage, and interpret data 

on a weekly basis at my next position, and make leadership decisions based upon the 

information available. As such, it would seem things have fallen into place, and this 

experience has changed me a great deal. I consider myself now a more efficient person 

and more effective leader and clinician.  Even if I never return to research, this work 

changed my life for the better. 
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APPENDIX A 

HEI-2010 SCORE CALCULATION METHODOLOGY 

Diet quality, as expressed as HEI-2010, reflects an average of the participant 

intake over all 3 days of diet recall data. To calculate HEI-2010 scores for each 

participant, output files 1 (nutrient data at the component/ingredient level), 4 (nutrient 

data at the daily totals level), and 9 (food group serving counts at the daily totals level) 

from the NDSR 2013 software were utilized.  

Food group serving counts from output file 9 were used to calculate HEI-2010 

component scores for total fruit, whole fruit, total vegetables, greens and beans, whole 

grains, dairy, total protein foods, seafood and plant proteins, and refined grains. Serving 

counts were converted to ounces for whole grains, total protein foods, seafood and plant 

proteins, and refined grains. Serving counts for total fruit, whole fruit, total vegetables, 

greens and beans, and dairy were converted to cups.  

The total fruit component of the HEI-2010 includes all fruit listed in the 

MyPyramid Equivalents Database. From NDSR output file 9, all fruit groups were 

summed to generate a total fruit amount. The whole fruit component of the HEI-2010 

includes all fruits from the total fruit component, excluding 100% fruit juice. In NDSR, 

all fruit groups, excluding juices, were summed to generate a whole fruit amount. 

Similarly, total vegetables for the HEI-2010 include all vegetables listed in the 

MyPyramid Equivalents database. As such, all vegetable groups from the NDSR output 

file 9 were summed to generate a total vegetables amount. The greens and beans 
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component is considered the total of all dark green vegetables, dried beans, and peas. The 

dark green vegetables group and legumes group from the NDSR output was summed to 

determine a greens and beans amount.  

The HEI-2010 whole grains component includes all grains containing the entire 

grain kernel, which applies to whole wheat flour products, brown rice, and a number of 

unrefined grains, such as oatmeal, quinoa, barley, etc. NDSR output file 9 includes three 

groups for grains: whole grains, some whole grains, and refined grains. In order to 

account for the whole grain portion of the some whole grains group, we estimated that all 

some whole grains are approximately 50% whole grain(209). To compute the whole 

grains amount, we summed the whole grains group with half the some whole grains 

group. For the HEI-2010 refined grains component, the some whole grains group from 

NDSR output was treated identically. Refined grains, as defined by the HEI-2010, 

include all grains containing less than the entire kernel. To calculate a refined grains 

amount, the refined grains group was summed with half the some whole grains group.  

The HEI-2010 defines the dairy component as products produced from cow’s 

milk, goat’s milk, and fortified soy beverages. While whole fat and reduced fat milk 

products are both included, those foods made predominantly from milk fat, such as 

butter, cream, ice cream, and sour cream, are excluded from this component. From NDSR 

output file 9, all milk, yogurt, and cheese groups were summed to generate a dairy 

amount, while dairy-based desserts, creams, and dairy-based supplement groups were 

excluded.  
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The HEI-2010 total protein foods component includes all meat, poultry, fish, 

eggs, nuts, legumes, and soy-based meat substitutes such as tofu. The corresponding 

groups from NDSR output file 9 were summed to generate a total protein foods amount. 

Seafood and plant proteins are defined by the HEI-2010 as any seafood, nuts and seeds, 

and soy products, excluding soy beverages. Thus, all fish, shellfish, nuts and seeds, and 

meat alternatives groups from the NDSR output were summed to generate a seafood and 

plant proteins amount. Use of beans and peas to count toward the total protein foods 

component only occurs if the maximum (2.5 oz. equivalents per 1,000 kcal) score is not 

reached from other protein foods. When beans and peas are counted toward total protein 

foods, they are only counted up to the threshold for the maximum score. Any beans and 

peas counted in the total protein foods component are not counted toward the total 

vegetables or greens and beans components. Any beans and peas intake remaining after 

the maximum score for the total protein foods component is reached will count toward 

the total vegetables and greens and peas components. Those beans and peas counted for 

the total protein foods component are also counted toward the seafood and plant proteins 

component.  

Nutrient data at the daily totals level from NDSR output file 4 was utilized to 

determine scores for the fatty acids and sodium components. The fatty acids HEI-2010 

component is defined as the sum of dietary polyunsaturated fatty acids and 

monounsaturated fatty acids, then divided by saturated fatty acids. NDSR output file 4 

generated total daily intake of these three fatty acid groups, so we used those groups to 
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calculate the fatty acids component as above. The sodium component of the HEI-2010 is 

simply the daily intake of sodium. NDSR output file 4 provided this value directly. 

Nutrient data at the daily totals level from NDSR output file 4 and at the 

component/ingredient level from NDSR output file 1 was used to determine the empty 

calories component score. Empty calories are defined by the HEI-2010 as calories from 

solid fats, alcohol, and added sugars. NDSR output file 4 provides a total for solid fats in 

grams. NDSR output file 4 also contains an added sugars group, defined very similarly to 

the HEI-2010 definition: sugar used in prepared foods, processed foods, and added 

separately to foods. To determine the alcohol aspect of the empty calories component, the 

grams of ethanol from NDSR output file 4 was used first. If intake does not exceed 13 

grams per 1,000 kcal, calories from alcohol are not considered in the empty calories 

component. Otherwise, grams ethanol represented one aspect of the empty calories 

component. NDSR output file 1 was used to identify the other energy-contributing 

macronutrients present in the alcoholic beverages. Carbohydrate (in grams) from all 

alcoholic beverages was summed, excluding sugars. Protein (in grams) from all alcoholic 

beverages was summed. Lastly, fat (in grams) from alcoholic beverages, excluding trans 

and saturated fats, was summed. These macronutrients were summed to represent all 

energy derived from the alcoholic beverages. Sugar was omitted, as it was included in the 

added sugars amount. Trans and saturated fats were omitted here, as they were included 

in the solid fats amount.  
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To derive a score for the empty calories component, all data in grams must be 

converted to energy. Added sugars, carbohydrates from alcoholic beverages, and proteins 

from alcoholic beverages were multiplied by 4 kcal/gram. Solid fats and fats from 

alcoholic beverages were multiplied by 9 kcal/gram. Ethanol was multiplied by 7 

kcal/gram. Energy from the above six was summed, then divided by total energy, and 

multiplied by 100 percent. This percentage was used to score the HEI-2010 empty 

calories component as below. Total energy consumed from NDSR output file 4 was used 

for total energy. 

[(50% - average 3 day %energy from empty calories)/ 31] x 20 =  

Participant Empty Calories Component Score 

50% represents the standard for a minimum score in this category, while 31 is the 

difference between the standard for a minimum and maximum score. 

All adequacy components of the HEI-2010 that are converted to cup equivalents (total 

fruit, whole fruit, total vegetables, greens and beans, dairy) were scored as below: 

(3 day average cup equivalents consumed/ 3 day average for energy) x 1000 = 

Participant Standard 

(Participant Standard/ Component Standard for Maximum Score) x maximum points 

possible = Component score 
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All adequacy components of the HEI-2010 that are converted to ounce 

equivalents (whole grains, total protein foods, seafood and plant proteins) were scored in 

the same manner as above, replacing cup equivalents for ounce equivalents.  

The refined grains component of the HEI-2010 was scored as below: 

(3 day average ounce equivalents consumed/ 3 day average for energy) x 1000 = 

Participant Refined Grain Standard 

[(4.3 – Participant Refined Grain Standard)/ 2.5] x 10 =  

Refined Grains Component Score 

4.3 represents the standard for a minimum score in this category, while 2.5 is the 

difference between the standard for a minimum and maximum score. 

The HEI-2010 sodium component was scored similarly: 

(3 day average gram sodium consumed/ 3 day average for energy) x 1000 = Participant 

Sodium Standard 

[(2 – Participant Sodium Standard)/ 0.9] x 10 = Sodium Component Score 

2 represents the standard for a minimum score in this category, while 0.9 is the difference 

between the standard for a minimum and maximum score. 

Finally, the HEI-2010 fatty acids component was scored as below: 
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(3 day average grams polyunsaturated fatty acids + 3 day average grams 

monounsaturated fatty acids)/ 3 day average grams saturated fatty acids = Participant 

Fatty Acids Standard 

[(Participant Fatty Acids Standard – 1.2)/ 1.3] x 10 = Fatty Acids Component Score 

1.3 represents the standard for a minimum score in this category, while 1.2 is the 

difference between the standard for a minimum and maximum score. 

In each case above, if the calculated score exceeds the maximum points for the 

component, the maximum points for that component replaced the score.  

Dietary Components 

In order to isolate the data for specific dietary components and food groups, 

output files 4 (nutrient data at the daily totals level) and 9 (food group serving counts at 

the daily totals level) from the NDSR 2013 software were utilized.  

Total energy, total fat, saturated fat, omega-3 fatty acid, fiber, sodium, potassium, 

calcium, and magnesium intake were provided in output file 4. The intakes of each 

category were summed for the three days of diet data, then divided by three to derive an 

average daily intake. Total and saturated fat were additionally multiplied by 9 kcal per 

gram, then divided by the 3 day average for energy, and multiplied by 100 to derive a 

percentage. These average daily intakes were utilized in data analyses.  
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Refined grain, empty calorie, whole grain, fruit, vegetable, and legume intakes 

were determined in the same method as above, using NDSR output file 9. The average 

cup equivalents consumed for each were used for each group, as opposed to converting to 

an HEI-2010 component score. The legumes intake was determined solely from the 

average of the three days’ diet recall data for the legumes group in NDSR output file 9.  

 


