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Abstract 

Background:  Metabolic syndrome is a group of risk factors that, if unaddressed, 

can lead to various non-communicable diseases such as cardiovascular disease and type 2 

diabetes. Previous studies have shown an association between diet and metabolic 

syndrome. As poor diet and obesity are increasingly prevalent in adolescent populations, 

adolescents have a higher risk of developing metabolic syndrome at an earlier age. This 

study examined the association between diet quality, as measured by healthy eating index 

(HEI), and metabolic syndrome in US adolescents aged 12 to 18 years. 

Methods: The analytic sample consisted of 1,178 adolescents aged 12 to 18 years 

who participated in the 2011-12, 2013-14, and 2015-16 cycles of the National Health and 

Nutrition Examination Study (NHANES). Metabolic syndrome was measured using data 

from a variety of NHANES databases using standards for diagnosis in adolescents. 

Metabolic syndrome was defined as having at least 3 of the following 5 indicators: waist 

circumference greater than 90th percentile for age, blood pressure greater than or equal to 

130/80 mmHg, fasting blood glucose greater than 100 mg/dl, fasting triglycerides greater 

than 100 mg/dl, and HDL cholesterol less than 40 mg/dl.  The HEI variable was 

constructed using information from the NHANES 24-hour dietary recalls, as well as the 

United States Department of Agriculture (USDA) Food Patterns Equivalents Database. 

HEI was scored continuously on a scale from 0-100. I also categorized participants’ HEI 

into quintiles. I examined the association between HEI and metabolic syndrome using 

unadjusted and adjusted logistic regression models. The adjusted model included age, 

gender, body mass index (BMI), race/ethnicity, household size, income-to-poverty ratio, 

and physical activity. Finally, I performed a sensitivity analysis to investigate the 
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association between HEI and metabolic syndrome using a different cut-point for defining 

metabolic syndrome in adolescents. 

Results: The analytical sample included 1,178 adolescents aged 12 to 18 years. 

The prevalence of metabolic syndrome in the sample was 6.54% (n=77). HEI was not 

significantly associated with metabolic syndrome in adolescents when treated as a 

continuous risk factor. When treated as a categorical variable, only adolescents in the 

highest quintile of HEI had significantly lower odds of metabolic syndrome (odds ratio 

[OR] = 0.28; 95% confidence interval [CI]: 0.10, 0.81) than those in the lowest quintile. 

The frequency of metabolic syndrome in this quintile was 4.68%. The sensitivity analysis 

showed that there was no substantial difference in results when using the current 

diagnosis standards for metabolic syndrome versus more relaxed standards (only 2 

symptoms present versus 3).  

Conclusions: This study found preliminary evidence to support the hypothesis that 

a higher quality diet is associated with a lower risk of metabolic syndrome in adolescents 

aged 12 to 18 years in the US. Adolescents with metabolic syndrome are at higher risk 

for continuation of metabolic syndrome and development of other chronic diseases, such 

as heart disease and type 2 diabetes, as adults. Therefore, prevention and management of 

this condition in adolescence is important to change the trajectory of adolescents’ health. 

A healthy diet in alignment with the USDA’s Dietary Guidelines is beneficial for all 

adolescents to develop healthy lifestyle habits. Future research should investigate the use 

of nutrition education and counseling as a tool for metabolic syndrome treatment and 

prevention in this population.  
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1. Introduction 

1.1 Definition of Metabolic Syndrome 

 Metabolic syndrome is a cluster of risk factors that collectively increase a 

person’s risk of non-communicable diseases such as ischemic heart disease, stroke, and 

diabetes.(1,2) Metabolic syndrome was first defined in 1988 by Stanford researcher 

Gerald Reaven, who referred to it as “Syndrome X”.(1) The syndrome was initially 

created to explain the link between insulin resistance and cardiovascular disease. 

However, it has since been discovered that insulin resistance may or may not be included 

in an individual’s presentation of metabolic syndrome.(1) Insulin resistance is now 

known to be one of several causes of metabolic syndrome.(2) Other causes of this 

syndrome include age, high body weight, sedentary lifestyle, genetics and family 

history.(2) Metabolic syndrome also has several common comorbidities, including 

chronic inflammation, excessive blood clotting, fatty liver disease, polycystic ovarian 

syndrome (in women), gall stones, and sleep apnea.(2) 

 The World Health Organization created its first set of criteria for diagnosis of 

metabolic syndrome in 1998, which listed evidence of insulin resistance as the main 

criterion along with 2 additional metabolic risk factors.(1) Currently, however, metabolic 

is syndrome is diagnosed by testing for certain risk factors using physical exams and 

bloodwork.(2) In 2005, the most widely used current definition of metabolic syndrome 

was created by the National Cholesterol Education Program (NCEP).(1) This definition 

uses the following five risk factors as criteria for diagnosis of metabolic syndrome in 

adults: 
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• Abdominal obesity (waist circumference >102 cm for men or 88 cm for 

women) 

• High triglycerides (≥150 mg/dl) 

• Low high-density lipoprotein (HDL) cholesterol (<40 mg/dl for men or <50 

mg/dl for women) 

• High blood pressure (systolic blood pressure ≥ 130 mm Hg and/or diastolic 

blood pressure ≥ 85 mm Hg) 

• Fasting glucose (≥110 mg/dl) 

Abdominal obesity is an important indicator for metabolic syndrome. Research from 

the 1980s determined that waist-to-hip ratio was a stronger predictor of future 

cardiovascular events than weight or BMI.(3) A higher waist-to-hip ratio is an indicator 

of abdominal (also known as android) obesity, in which excess weight is predominantly 

carried in the abdomen rather than other areas of the body such as the hips or thighs. 

These initial studies have been replicated and confirmed over the past forty years.(3) 

Currently, this indicator is usually confirmed by measuring the waist circumference via 

tape measure, and comparing the measurement to known thresholds. 

Triglycerides are another known risk factor for cardiovascular disease. In 1996, it was 

found that an increase in fasting serum triglycerides was associated with an increased risk 

of cardiovascular events, independent of HDL cholesterol levels.(4) HDL is the lone risk 

factor known for its inverse relationship with cardiovascular disease. Higher levels of 

HDL are associated with lower levels of coronary artery disease.(5) This is because HDL 

plays a key role in preventing cholesterol from depositing in the arteries.(6) High blood 

pressure, or hypertension, contributes to cardiovascular disease through several 
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mechanisms such as thickening blood vessel walls.(7) It can also enhance the process of 

atherosclerosis when comorbid with hyperlipidemia.(7) 

Impaired fasting glucose, or impaired glucose tolerance, is the last component of 

metabolic syndrome. The American Diabetes Association refers to this risk factor as 

“prediabetes”.(8) Multiple studies have found that impaired fasting glucose is associated 

with cardiovascular disease in adults.(9,10) Impaired fasting glucose is also the main 

factor that leads to high levels of type II diabetes mellitus among metabolic syndrome 

patients.(8) 

In order to be diagnosed with metabolic syndrome, an adult must present with 

three out of the five indicators. A physician may test a patient for metabolic syndrome if 

they have one or more risk factors, including overweight/obesity, insulin resistance, or 

low physical activity.(2) In many cases, increased waist circumference may be the only 

visible indication that a patient is at risk.(2) Certain groups are also diagnosed with 

metabolic syndrome at a higher rate, and should be monitored closely, including Mexican 

Americans, diabetics, those with family history of diabetes, and women with polycystic 

ovarian syndrome.(2) Women overall are also at higher risk of developing the disease 

when compared to men.(2) 

The first line of treatment for metabolic syndrome is lifestyle change. If detected 

early, it is possible to reverse the symptoms of metabolic syndrome in order to prevent a 

patient from developing type 2 diabetes or ischemic heart disease or from requiring 

medication. Several lifestyle management activities can help treat metabolic syndrome. 

One of the best ways to manage metabolic syndrome is through weight loss. Weight loss 

of seven to ten percent can make a significant impact to blood pressure and decrease 
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insulin resistance.(11) Physical activity is another recommended therapy for metabolic 

syndrome.(11) Physical activity can aid in weight loss efforts, and has also shown to be 

effective in lowering inflammation in the body.(12)  

Smoking cessation is another important aspect of metabolic syndrome treatment. 

Alongside metabolic syndrome, smoking increases risk for cardiovascular disease in 

several ways. First, smoking damages the heart and blood vessels directly when toxins 

from cigarette smoke enter the bloodstream.(13) Additionally, smoking has been linked 

to atherosclerosis and plaque formation, increasing risk of cardiovascular events such as 

stroke or heart attack.(13) 

Diet is the final key component in the treatment of metabolic syndrome. Eating a 

heart-healthy diet can help lower blood pressure and decrease weight. A healthy and 

well-balanced diet can also help improve insulin resistance. A heart-healthy diet is one 

rich in fruits, vegetables, whole grains, lean proteins, unsaturated fats and low-fat 

dairy.(14) Heart-healthy diets are also low in sodium, added sugars, and saturated 

fats.(14) The Dietary Approaches to Stop Hypertension (DASH) diet and the 

Mediterranean diet are two examples of heart-healthy diet plans that may be 

recommended to patients with metabolic syndrome.(11)  

1.2 Burden of Metabolic Syndrome 

From 2007 to 2014, the prevalence of metabolic syndrome among adults in the 

US was found to be stable at around 34%.(15) Metabolic syndrome has been associated 

with doubled risk of cardiovascular events and 1.5 times risk of all-cause mortality in a 

large meta-analysis.(16) There is an increased risk of metabolic syndrome amongst those 
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with systemic autoimmune disorders such as lupus, vasculitis, rheumatoid arthritis, and 

ankylosing spondylitis.(17) Metabolic syndrome has also been linked to a variety of 

autoimmune and inflammatory skin diseases such as hidradenitis suppurativa, chronic 

urticaria, and vitiligo.(18,19) Recently, studies have shown that COVID-19 incidence is 

higher in those with metabolic syndrome, and those with metabolic syndrome have an 

increased risk of severe complications and mortality from the disease.(20,21) Metabolic 

syndrome is also becoming a global issue, as globalization of a more Western lifestyle 

leads to an increased incidence of non-communicable diseases in developing 

countries.(8) 

1.3 Role of Diet in Metabolic Syndrome 

In addition to being a treatment for metabolic syndrome, nutrition is also thought to 

play a role in the development of the syndrome. Metabolic syndrome has been associated 

with a “Western” dietary pattern, and specifically regular consumption of foods such as 

meat, fried foods, and diet soft drinks.(22) A study in Korean women found that 

consumption of a “prudent” diet characterized by high intake of fruits, nuts and dairy was 

associated with lower risk of developing metabolic syndrome when compared to 

traditional Korean or Western diets.(23) Similar results have been found in studies of 

Iranian women.(24) 

Diet is also a risk factor for each of the individual components of metabolic 

syndrome. Overconsumption of calories, especially through consuming a diet rich in 

high-sugar and high-fat foods, is a leading cause of obesity in the United States.(25) 

Excess consumption of dietary sodium is known to be a risk factor of hypertension.(26) 



 

6 
 

Consumption of saturated fats has been associated with increased triglyceride and LDL 

cholesterol levels.(27) 

An overall healthy diet is an important preventative factor for metabolic syndrome. In 

the United States, the US Department of Agriculture (USDA) and the Department of 

Health and Human Services (HHS) work together to create standards of healthy eating 

for Americans to follow in order to prevent chronic disease and promote overall health.  

The Dietary Guidelines for Americans is a document produced by the USDA and the 

HHS in order to help shape policy, nutrition education, healthcare, and programs related 

to nutrition in the United States.(28) The first edition of this document was introduced in 

1980, and contained recommendations such as limiting sugar, fat, cholesterol and 

sodium, and eating a variety of foods in order to intake a variety of nutrients.(29) From 

its inception, the Dietary Guidelines were developed in line with current scientific 

evidence of the time.(29) Since then, it has been updated every five years. A federal 

review board called the Dietary Guidelines Advisory Committee was implemented in 

1989 in order to review the Dietary Guidelines and ensure its scientific integrity.  

The Dietary Guidelines are long documents, and not easily digestible for a general 

public audience. In order to reach the public more effectively, the USDA introduced 

visual guidelines for general healthy eating. The first of these visual tools, the Food 

Guide Pyramid, was introduced in 1992.(30) This tool was used until 2005, when the 

short-lived MyPyramid was introduced.(30) However, this tool was highly criticized for 

being difficult to interpret; therefore, it was replaced in 2011 by the MyPlate tool.(30) 

The MyPlate is in alignment with the current Dietary Guidelines, and shows recommend 

portion sizes for fruits, vegetables, grains, protein, and dairy for each meal.(30) 
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1.4 Metabolic Syndrome and Diet in Adolescents 

The definition of metabolic syndrome as previously discussed was created with 

diagnosis of adults in mind. However, more recent research shows that identification of 

metabolic syndrome in children and adolescents can be important for lowering the 

children’s risk of metabolic disease morbidity and mortality in the future.(36) Metabolic 

syndrome has been identified as a risk factor for various complications in adolescents 

such as obstructive sleep apnea, polycystic ovarian syndrome, reduced cardiac autonomic 

modulation, and reduced grip strength.(37–40) Children and adolescents should not be 

judged on the same set of standards as fully developed adults, so a different set of 

diagnosis criteria must be used. 

Metabolic syndrome has been estimated to be present in 4% to 7% of adolescents 

in the United States.(31) Though the definition of metabolic syndrome in adolescents is 

not universally agreed upon, it is believe that metabolic syndrome in young people is 

pathologically equivalent to adult metabolic syndrome, and is highly associated with 

obesity and insulin resistance.(32) Obesity is one of the most common indicators of 

metabolic syndrome in adolescents. Adolescents with a family history of obesity are 

more likely to develop metabolic syndrome before adulthood.(32) Over the past several 

decades, prevalence of adolescent obesity rose from 11% to 21% before stabilizing 

around 2008.(33) Because of this increase in prevalence of obesity, metabolic syndrome 

is also now of particular concern to this adolescent population.(33) Additionally, during 

puberty insulin sensitivity can decrease by 30% or more, which can cause insulin 

resistance to first present in adolescence.(32) 
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Diet and exercise have been suggested as a solution to prevent or cure metabolic 

syndrome in children and adolescents.(34) Diet patterns such as the DASH diet and the 

Mediterranean Diet have been shown to decrease risk for both obesity and metabolic 

syndrome in the adolescent population.(34,35) Prior studies have also shown evidence 

that a high quality diet as compared to the USDA’s Dietary Guidelines for Americans can 

lower risk for metabolic syndrome.(36) However, there is a lack of understanding of the 

role of diet in lowering risk of metabolic syndrome in adolescents. 

 Some prior studies have assessed the association between Healthy Eating Index 

and Metabolic Syndrome. In 2014, a cross-sectional study of 709 Iranian adolescents was 

conducted, assessing the association between HEI-2005 and metabolic syndrome.(37) 

HEI was calculated using a food frequency questionnaire, which requires the adolescents 

to estimate how much of each food they eat per month.(37) This study found that higher 

HEI was associated with lower risk of two of the components of metabolic syndrome, 

hypertriglyceridemia and low-HDL, but not risk of metabolic syndrome overall.(37) 

However, there were many limitations to this study, especially because they used US 

dietary guidelines to assess the diet quality of a developing country in the Middle East, 

which has very different typical dietary patterns than a western diet.(37) 

Another study investigated the association between HEI and what the authors referred 

to as “metabolically-abnormal-obesity” (MAO). MAO is similar to metabolic syndrome, 

but includes obesity (not necessarily abdominal obesity) as a diagnostic requirement 

along with two other metabolic risk factors.(38)  Compared to healthy obese adolescents, 

those with MAO had lower HEI scores.(38) However, this difference in HEI scores was 

not found between healthy and metabolically-abnormal-obese adults.(38) 
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1.5 Thesis Aims 

 The aim of this study to is to investigate the association between diet quality (as 

compared to the USDA’s Dietary Guidelines for Americans) and metabolic syndrome in 

adolescents in the US. A further understanding of the relationship between diet and 

metabolic syndrome risk would help physicians and other healthcare providers make 

more informed decisions during care of obese and otherwise high-risk adolescent 

patients. 
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2. Methods 

 This was a quantitative study using data collected as a part of the National Health 

and Nutrition Examination Survey (NHANES) from 2011 to 2016. NHANES is a 

national surveillance program that combines interviews with physical examinations in 

order to produce essential health statistics for the United States, as well as facilitate 

analysis on a variety of factors. The program began in the early 1960s as a series of 

surveys on certain health topics.(39) However, in 1999, NHANES became a continuous 

surveillance program, and the current program format was formed.(39) Now, in addition 

to health benchmarks, NHANES interviews include very detailed questions regarding 

socio-demographic factors and a detailed 24-hour diet recall that allows for extensive 

analysis of nutrition-related topics.(39) 

The NHANES study surveys around 10,000 participants per cycle. Though the 

aim of the survey is to be nationally representative, certain at-risk subgroups are 

oversampled in order to provide better indicators of health status for these groups, 

including adolescents, the elderly, black, Asian, Hispanic persons, and impoverished non-

white Hispanic persons. Therefore, NHANES provides weighting guidelines for those 

interested in creating nationally representative summary statistics. However, because I 

was not interested in calculating prevalence of HEI scores or metabolic syndrome, 

weighting was not used in this study.  

 One essential component of NHANES is the 24-hour dietary recall. In order to get 

a comprehensive picture of the participants’ overall dietary patterns, 2 days of dietary 

recall are collected, once during the initial interview, and once via-phone 3 to 10 days 
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later. Extensive measures are taken to ensure accuracy of responses, with participants 

given tools such as measuring cups and spoons to assist with portion size reporting for 

the telephone interview. Additionally, for every individual food eaten, data is reported on 

the time and location of the meal, and where the food was purchased or obtained. Foods 

are labeled with a USDA food code, which corresponds to the foods identification 

number in the USDA Food and Nutrient Database for Dietary Studies (FNNDS). 

 The USDA has developed another database, the Food Patterns Equivalents 

Database (FPED) which allows for ease of aggregate analysis for NHANES dietary recall 

data. The FPED converts foods and beverages into 37 food pattern components, such as 

cup equivalents of fruits and vegetables, and ounce equivalents of grains and proteins.  A 

new cycle of FPED is created to correspond to each cycle of NHANES, and is available 

in individual food form, and total form, which totals the participants’ consumption of 

each food pattern over the 24-hour period.  

 2.1 Study Participants 

 This study merged NHANES cycles from 2011-12, 2013-14, and 2015-16. I 

selected these cycles because they were collected after the 2010 Dietary Guidelines were 

released, which made significant changes including the introduction of MyPlate. The 

FPED database structure was also edited to match these changes in 2010. Therefore, 

these cycles can be merged, as they contain matching variables and can all be analyzed 

using the most recent version of the healthy eating index, HEI-2015. These datasets 

combined had a total of 29,902 observations. Additionally, I excluded observations for 

being outside of the target age range of 12-18 years (n=26,328).I also excluded 

observations for not having sufficient data to calculate healthy eating index, meaning 
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they were not randomly selected to participate in the 24-hour diet recall (n=761).Those 

without sufficient data to calculate metabolic syndrome, including those missing a total 

for waist circumference, triglycerides, HDL, fasting plasma glucose, and/or blood 

pressure (n=1,635), were also excluded, which led to the final sample size (n=1,178). 

 

Figure 1: Analytic Sample Flow Chart 

NHANES 2011-2012, 2013-2014, 
2015-2016
n= 29,902

n= 3,574

n= 2,813

Sample for 
analysis
n= 1,178

Selected for not able 
to calculate 

metabolic syndrome
n= 1,635

Selected for not able 
to calculate Healthy 

Eating Index
n= 761

Selected for ages 
12-18

n=26,328
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 I then compared the sociodemographic characteristics of those who were excluded 

from the study (not including those outside of the adolescent age range) with those who 

were included in the study (Table 1). There were no significant differences between those 

who were included in the study and those who were excluded from the study.  This is 

because the reasons for missing data related to HEI and metabolic syndrome were 

random. For example, only around two-thirds of NHANES participants are selected to do 

the dietary recall that provides necessary data to calculate HEI. Therefore, those who 

were not selected for participation in the dietary recall would be excluded from this 

study. Additionally, several participants were missing data for triglycerides and fasting 

plasma glucose. This is because these tests are only performed on survey participants in 

the AM collection period. Those with PM appointments did not have these tests, so they 

would be excluded from the sample, because they are missing information necessary to 

diagnose metabolic syndrome. 

Table 1 Baseline Characteristics of Included and Excluded Participants 
 Before exclusions 

(n=3,574) 
Final sample 

(n=1,178) 
 Mean ± SD or N (%) 
Age (years) 14.91 ± 0.03 14.97 ± 0.06 
Male 1,810 (50.64%) 590 (50.08%) 
BMI 23.95 ± 0.11 24.13 ± 0.19 
Waist Circumference (cm) 81.40 ± 0.27 81.90± 0.47 
Race   

White  898 (25.13%) 297 (25.21%) 
Black  908 (25.41%) 320 (27.16%) 
Mexican or Other 
Hispanic 

1,143 (31.98%) 369 (31.32%) 

Asian, Mixed-Race, or 
Other 

625 (17.49%) 192 (16.30%) 

Income-to-Poverty Ratio 2.07 ± 0.03 2.01 ± 0.05 
Household size   

1 1 (0.03%) 0 (0.0%) 
2 170 (4.76%) 59 (5.01%) 
3 585 (16.37%) 198 (16.81%) 
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2.2 Measures 

2.2.1 Risk Factors 

 The risk factor of interest in this study is the Healthy Eating Index (HEI).  The 

HEI was developed by the USDA’s Center for Nutrition Policy and Promotion in 1995 in 

order to create a scale for comparing dietary patterns to the Dietary Guidelines for 

Americans.  Changes to the Dietary Guidelines required the HEI to be updated in 2005, 

and it has since been updated twice more in 2010 and 2015. This study will use the most 

recent iteration of the HEI, HEI-2015. 

 The HEI-2015 score can be broken down into 13 components worth up to either 5 

or 10 points that total to a score out of 100. There are 9 adequacy components, which 

require a minimum serving size in order to receive maximum points—total fruits, whole 

fruits, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood 

and plant proteins, and fatty acids.  Additionally, there are 4 moderation components, 

which have a maximum amount of consumption allowed to get a perfect score—refined 

grains, sodium, added sugars, and saturated fats. For example, a participant would receive 

the maximum score of 5 points for the adequacy component total fruits if they consumed 

at least 0.8 cups per 1000 kcal or more; however, to receive maximum points for the 

4 969 (27.11%) 315 (26.74%) 
5 857 (23.98%) 280 (23.77%) 
6 491 (13.74%) 145 (12.31%) 
7 or more 501 (14.02%) 181 (15.37%) 

Met federal guidelines for 
physical activity ( ≥420 
minutes / week) 

2,419 (67.68%) 807 (68.51%) 

Abbreviations: BMI, Body Mass Index 
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moderation component dietary sodium, they must consume 1.1 grams per 1000 kcal or 

less. Scoring standards for these components can be seen below in Table 2.(40) 

Table 2 Components and Scoring Standards for HEI-2015 
Component Max 

Score 
Standard for Maximum 

Score 
Standard for Minimum 

Score 
Adequacy Components 
Total Fruits, 
including 100% 
juice 

5 ≥0.8 cups per 1000 kcal 0 cups per 1000 kcal 

Whole Fruits 
(excluding juice) 

5 ≥0.4 cups per 1000 kcal 0 cups per 1000 kcal 

Total vegetables, 
including 
legumes 

5 ≥1.1 cups per 1000 kcal 0 cups per 1000 kcal 

Dark Green 
Vegetables and 
Legumes 

5 ≥0.2 cups per 1000 kcal 0 cups per 1000 kcal 

Whole Grains 10 ≥1.5 ounces per 1000 kcal 0 ounces per 1000 kcal 
Dairy, including 
fortified soy 
milks 

10 ≥1.3 cups per 1000 kcal 0 cups per 1000 kcal 

Total Protein 
Foods, including 
legumes 

5 ≥2.5 ounces per 1000 kcal 0 cups per 1000 kcal 

Seafood and 
Plant Proteins 

5 ≥0.8 ounces per 1000 kcal 0 ounces per 1000 kcal 

Unsaturated to 
Saturated Fatty 
Acid Ratio 

10 (PUFAs + MUFAs) / SFAs 
≥ 2.5 

(PUFAs + MUFAs) / SFAs 
≤ 1.2 

Moderation Components 
Refined Grains 10 ≤1.8 ounces per 1000 kcal ≥4.3 ounces per 1000 kcal 
Sodium 10 ≤1.1 grams per 1000 kcal ≥2.0 grams per 1000 kcal 
Added Sugars 10 ≤ 6.5% of total kcal intake ≥ 26% of total kcal intake 
Saturated Fats 10 ≤ 8% of total kcal intake ≥ 16% of total kcal intake 
Total 100   
Adapted from the United States Department of Agriculture. 

 

 As seen in Table 2, healthy eating index is a continuous variable on a scale from 

1-100. However, one-point differences between HEI scores do not have much clinical 

value, as two diets within a close range could be very similar in composition. It has been 
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suggested previously to use a graded approach for categorizing HEI scores based on a 

scale similar to academic grades (eg., A = 90-100 to F = 0-59).(41) However, given the 

unequal distribution of participants among these grade categories, it may be difficult to 

draw valid conclusions using this approach. Therefore, I categorized HEI using quintiles, 

maintaining the same number of groups as the graded approach, but creating even-sized 

categories for better comparison between groups.  

2.2.2 Outcomes 

 The outcome is metabolic syndrome, which was defined by the presence of 3 out 

of 5 of the following: abdominal obesity, hyperglycemia, hypertriglyceridemia, low-

HDL, and hypertension. Abdominal obesity in adolescents can be defined as being at or 

above the 90th percentile of waist circumference for age. As done in previous studies on 

metabolic syndrome in adolescents, I calculated 90th percentile number for waist 

circumference for each age based on data collected in the NHANES III cycle from 1988-

1994, which formed a scoring standard for this number.(42) Hypertension was defined as 

systolic blood pressure greater than or equal to 130 mmHg and/or diastolic blood 

pressure greater than or equal to 80 mmHg based on clinical practice guidelines set in 

2017.(43) Hyperglycemia was defined as fasting blood glucose levels greater than 100 

mg/dl.(44) Hypertriglyceridemia was defined as triglycerides greater than 150 mg/dl.(44) 

Low-HDL was defined as HDL less than 40 mg/dl.(44) All of the information needed to 

assess these criteria was collected during the survey process. For the blood level variables 

(glucose, triglycerides, and HDL), a venipuncture was performed by a phlebotomist, 

collecting various vials of blood to perform the various tests. Blood samples were frozen, 

stored, and then shipped for analysis at a laboratory in a central location.(31) Waist 
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circumference was measured using a measuring tape under the clothes at the top of the 

iliac crest. Finally, blood pressure was measured by a physician using a calibrated 

mercury true gravity manual sphygmomanometer and a stethoscope. Within each 

NHANES cycle, the same brand equipment was used for these tests across all survey 

locations in order to keep results as comparable as possible. 

2.2.3 Covariates 

Covariates included age in years (continuous), sex (binary, males vs. female), 

BMI (continuous, using the variable included within NHANES), ethnicity (non-Hispanic 

white, non-Hispanic black, Mexican or other Hispanic, and Asian, mixed-race or other 

ethnicity), household size (categorical, from 1-7+), income-to-poverty ratio (continuous), 

and physical activity (binary, based on whether or not the participant gets adequate 

physical activity). All covariates were self-reported excluding BMI, which was calculated 

using the participant’s standing height and body weight as collected during the NHANES 

physical examination. For the categorical variable ethnicity, I combined the categories 

Mexican and other Hispanic, and Asian, mixed-race, and other ethnicity due to smaller 

sample size of the individual categories for improved analysis. Income-to-poverty ratio is 

a ratio of the total household income divided by the family’s poverty threshold, which 

varies by household size.(45) For physical activity, I created a binary variable based on 

the participant’s data of types of exercise per week, which was self-reported, to determine 

whether or not the participant met the goal exercise rate of 60 minutes of moderate-to-

vigorous physical activity per day (420 minutes per week) from the second edition of 

Physical Activity Guidelines for Americans.(46) 
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2.3 Statistical Analysis  

 I first described the characteristics of the sample population using percentages for 

categorical variables or means and standard deviations for continuous variables. I 

stratified the sample first by NHANES cycle in order to determine whether the samples 

could be merged, then by metabolic syndrome status in order to draw comparisons 

between these groups.  

 I used unadjusted and adjusted logistic regression models to explore the 

association between healthy eating index and metabolic syndrome in this adolescent 

population. First, I created a model using HEI as a continuous predictor. The covariates 

included in the adjusted model were those specified above (age, sex, BMI, race/ethnicity, 

household size, income-to-poverty ratio, and physical activity). Then, I categorized HEI 

into quintiles and performed another regression using HEI as a categorical predictor. The 

frequency of metabolic syndrome among these quintiles can be seen in Table 3. The same 

covariates were used in the adjusted model for the categorical predictor. Finally, as a 

secondary analysis, I conducted a sensitivity analysis comparing the operative definition 

of metabolic syndrome I used earlier (3 out of 5 indicators of metabolic syndrome met) to 

a broader definition (2 out of 5 indicators met). This was done because of the relatively 

low number of adolescents who met the current diagnostic criteria for metabolic 

syndrome. 

Table 3: Frequency of Metabolic Syndrome by Healthy Eating Index Quintile 
Quintile (n=236) Frequency of Metabolic Syndrome n (%) 
1 (Poorest diet quality) 22 (9.32%) 
2 11 (4.66%) 
3 17 (7.23%) 
4 16 (6.78%) 
5 (Highest diet quality) 11 (4.68%) 
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3. Results 
3.1 Participant Characteristics  

 First, baseline characteristics were compared across the three NHANES cycles to 

determine whether it was appropriate to merge these datasets (Table 4). The three cycles 

chosen were the 2011-2012 cycle (n=422), 2013-2014 cycle (n=429), and 2015-2016 

cycle (n=327). Average age was similar amongst the three groups, with each being within 

1 standard deviation of the other (14.90 ± 0.10 years, 15.00 ± 0.10 years, and 15.04 ± 

0.11 years, respectively). The gender distribution among each group was around 50% 

(49.53%, 50.12%, and 50.76%). The average BMI for each group was around 24 kg/m2, 

though notably the average BMI rose slightly for each cycle (23.56 ± 0.30 kg/m2, 24.10 ± 

0.30 kg/m2, and 24.91 ± 0.37 kg/m2). Weight also followed this pattern of a slight 

increase for each cycle, but the mean weights remained within a 3 kg range (64.81 ± 0.99 

kg, 66.10 ± 0.98 kg, and 67.59 ± 1.20 kg). There was also a slight increase in average 

waist circumference for each cycle, within a 3 centimeter range (80.57 ± .75, 82.24 ± 

0.76, 83.15 ± 0.93). For race/ethnicity, a higher proportion of Mexican or Other Hispanic 

individuals were sampled during the 2013-2014 (36.13%) and 2015-2016 (32.11%) 

cycles than during the 2011-2012 cycle (25.83%). Additionally, a higher proportion of 

participants from large households of 7 or more were sampled in 2013-2014 (16.55%) 

and 2015-2016 (17.13%) than in 2011-2012 (12.80%). However, since there were no 

major discrepancies amongst the three cycles, I determined it was appropriate to merge 

the data collected from the different NHANES cycles. 
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Table 4 Baseline Characteristics of Sample Stratified by NHANES Cycle 
 NHANES 

2011-2012 
(n=422) 

NHANES 
2013-2014 

(n=429) 

NHANES 
2015-2016 

(n=327) 

Total 
(n=1,178) 

 Mean ± SD or N (%)  
Age (years) 14.90 ± 0.10 15.00 ± 0.10 15.04 ± 0.11 14.97 ± 

0.06 
Male 209 (49.53%) 215 (50.12%) 166 

(50.76%) 
590 
(50.08%) 

BMI 23.56 ± 0.30 24.10 ± 0.30 24.91 ± 0.37 24.13 ± 
0.19 

Height (cm) 165.09 ± 0.48 164.86 ± 0.47 163.94 ± 
0.56 

164.69 ± 
0.29 

Weight (kg) 64.81 ± 0.99 66.10 ± 0.98 67.59 ± 1.20 66.06 ± 
0.60 

Waist Circumference 
(cm) 

80.57 ± .75 82.24 ± 0.76 83.15 ± 0.93 81.90± 
0.47 

Race     
White  104 (24.64%) 107 (24.94%) 86 (26.30%) 297 

(25.21%) 
Black  129 (30.57%) 99 (23.08%) 92 (28.13%) 320 

(27.16%) 
Mexican or Other 
Hispanic 

109 (25.83%) 155 (36.13%) 105 
(32.11%) 

369 
(31.32%) 

Asian, Mixed-
Race, or Other 

80 (18.96%) 68 (15.85%) 44 (13.46%) 192 
(16.30%) 

Income-to-Poverty 
Ratio 

2.07 ± 0.08 1.95 ± 0.07 2.03± 0.09 2.01 ± 0.05 

Household size     
2 25 (5.92%) 21 (4.90%) 13 (3.98%) 59 (5.01%) 
3 70 (16.59%) 72 (16.78%) 56 (17.13%) 198 

(16.81%) 
4 125 (29.62%) 104 (24.24%) 86 (26.30%) 315 

(26.74%) 
5 103 (24.41%) 98 (22.84%) 79 (24.16%) 280 

(23.77%) 
6 45 (10.66%) 63 (14.69%) 37 (11.31%) 145 

(12.31%) 
7 or more 54 (12.80%) 71 (16.55%) 56 (17.13%) 181 

(15.37%) 
Met federal 
guidelines for 
physical activity 
( ≥420 minutes / 
week) 

307 (72.75%) 283 (65.97%) 217 
(66.36%) 

807 
(68.51%) 

Abbreviations: BMI, Body Mass Index 
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 In the merged dataset, the average age of participants was 14.97 ± 0.06 years. The 

overall gender distribution of the participants was around 50% (590 males, 50.08%); 

however, there was a higher proportion of males among participants with metabolic 

syndrome (60 males, 77.92%). The most represented race/ethnicity among participants 

was Mexican or Other Hispanic (369, 31.32%). Among participants with metabolic 

syndrome, and even higher proportion were Mexican or Other Hispanic (35, 45.45%) 

(Table 5). The overall average income-to-poverty ratio was 2.01 ± 0.05. Participants with 

metabolic syndrome had a lower average income-to-poverty ratio of 1.64 ± 0.16. Most 

participants met the federal physical activity guidelines of 60 minutes per day or 420 

minutes per week (807, 68.51%). Notably, a higher proportion of participants with 

metabolic syndrome met these guidelines than overall (57, 74.03%). 

Table 5 Baseline Characteristics of Sample Stratified by Presence of Metabolic 
Syndrome 
 No Metabolic 

Syndrome 
(n=1,101) 

Metabolic 
Syndrome 

(n=77) 

Total 
(n=1,178) 

 Mean ± SD or N (%) 
Age (years) 14.94 ± 0.06 15.47 ± 0.23 14.97 ± 0.06 
Male 530 (48.14%) 60 (77.92%) 590 (50.08%) 
BMI 23.43 ± 0.18 34.03 ± 0.73 24.13 ± 0.19 
Height (cm) 164.36 ± 0.30 169.25 ± 1.06 164.69 ± 0.29 
Weight (kg) 63.79 ± 0.56 98.17 ± 2.67 66.06 ± 0.60 
Waist Circumference 
(cm) 

79.97 ± 0.43 109.32 ±  1.70 81.90 ± 0.47 

Race    
White  275 (24.98%) 22 (28.57%) 297 (25.21%) 
Black  310 (28.16%) 10 (12.99%) 320 (27.16%) 
Mexican or Other 
Hispanic 

334 (30.34%) 35 (45.45%) 369 (31.32%) 

Asian, Mixed-Race, 
or Other 

182 (16.53%) 10 (12.99%) 192 (16.30%) 

Income-to-Poverty 
Ratio 

2.04 ± 0.05 1.64 ± 0.16 2.01 ± 0.05 

Household size    
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The average Healthy Eating Index of the sample was 47.05 ± 0.32. The average 

HEI of the participants with metabolic syndrome (45.45 ± 1.15) was slightly lower than 

that of healthy participants (47.17 ± 0.33). 

 

3.2 Associations Between Metabolic Syndrome and Healthy Eating Index as 

a Continuous Variable 

 In the unadjusted model considering HEI as a continuous variable, a one point 

increase in HEI was associated with a 1% lower odds of having metabolic syndrome 

(odds ratio [OR] = 0.99; 95% confidence interval [CI]: 0.96, 1.01; Table 6). After 

adjusting for covariates, the association increased to a 2% lower odds per point increase 

in HEI (odds ratio [OR] = 0.98; 95% confidence interval [CI]: 0.95, 1.00; Table 6). These 

results were not statistically significant at the level p < 0.05.  

2 58 (5.27%) 1 (1.30%) 59 (5.01%) 
3 180 (16.35%) 18 (23.38%) 198 (16.81%) 
4 295 (26.79%) 20 (25.97%) 315 (26.74%) 
5 263 (23.89%) 17 (22.08%) 280 (23.77%) 
6 135 (12.26%) 10 (12.99%) 145 (12.31%) 
7 or more 170 (15.44%) 11 (14.29%) 181 (15.37%) 

Met federal guidelines 
for physical activity 
(≥420 minutes / week) 

750 (68.12%) 57 (74.03%) 807 (68.51%) 

Abbreviations: BMI, Body Mass Index 

Table 6 Association Between Healthy Eating Index and Presence of Metabolic 
Syndrome by Logistic Regression (n= 1,178) 
 Metabolic Syndrome (Odds Ratio) 
 Unadjusted  Adjusted 
Healthy Eating 
Index 

0.99 (0.96, 1.01)  0.98 (0.95, 1.00) 

Adjusted for age, gender, BMI, ethnicity, household size, income-to-poverty ratio, and physical activity. 
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3.3 Associations Between Metabolic Syndrome and Healthy Eating Index as 

a Categorical Variable 

 When HEI was categorized into quintiles, in the unadjusted model, individuals in 

the highest quintile (odds ratio [OR] = 0.48; 95% confidence interval [CI]: 0.23, 1.01; 

Table 7) and 2nd quintile (odds ratio [OR] = 0.48; 95% confidence interval [CI]: 0.23, 

1.00; Table 7) were associated with a 52% lower odds of metabolic syndrome when 

compared to those in the lowest quintile. The 3rd quintile and 4th quintile were associated 

with 24% (odds ratio [OR] = 0.76; 95% confidence interval [CI]: 0.39, 1.47; Table 7) and 

29% (odds ratio [OR] = 0.71; 95% confidence interval [CI]: 0.36, 1.38; Table 7) lower 

odds, respectively. 

 

 However, a different pattern emerged in the adjusted model. The 2nd and 3rd 

quintile were similar, with 39% (odds ratio [OR] = 0.61; 95% confidence interval [CI]: 

0.25, 1.52; Table 7) and 38% (odds ratio [OR] = 0.62; 95% confidence interval [CI]: 

0.26, 1.49; Table 7) lower odds of metabolic syndrome, respectively. The highest quintile 

had the lowest odds ratio, with a 72% lower risk of metabolic syndrome (odds ratio [OR] 

Table 7 Association Between Healthy Eating Index Stratified by Quintiles and 
Presence of Metabolic Syndrome by Logistic Regression (n= 1,178) 
 Metabolic Syndrome (Odds Ratio) 
Healthy Eating 
Index 

Unadjusted  Adjusted 

1st Quintile ref. ref. 

2nd Quintile 0.48 (0.23, 1.00) 0.61 (0.25, 1.52) 
3rd Quintile 0.76 (0.39, 1.46) 0.62 (0.26, 1.49) 
4th Quintile 0.71 (0.36, 1.38) 0.88 (0.37, 2.07) 
5th Quintile 0.48 (0.23, 1.00) 0.28 (0.10, 0.81) 

Adjusted for age, gender, BMI, ethnicity, household size, income-to-poverty ratio, and physical activity. 
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= 0.28; 95% confidence interval [CI]: 0.10, 0.81; Table 7), which was statistically 

significant at p = 0.02. However, the 4th quintile had a higher odds ratio of 0.88, which 

signifies only a 22% lower odds of metabolic syndrome than those in the lowest quintile 

(odds ratio [OR] = 0.88; 95% confidence interval [CI]: 0.37, 2.01; Table 7).  

3.4 Sensitivity Analysis 

 As a secondary analysis, I performed a sensitivity analysis to determine whether 

using the most common definition of metabolic syndrome (3 out of 5 indicators) was 

most appropriate to identify association with HEI in adolescents. I hypothesized that 

because all of the indicators of metabolic syndrome may yet have had time to manifest to 

clinically significant levels in adolescents, it may be more valuable to include all 

participants with 2 or more indicators of metabolic syndrome. However, as seen in Table 

8, there was not a significant difference between the results when using all participants 

with 2 or more indicators versus 3 or more, even though there was a slight increase in the 

sample size of the exposed group. 

 
 
 

Table 8 Association Between Healthy Eating Index and Presence of Metabolic 
Syndrome by Logistic Regression  
(n= 1,178) 
 Metabolic Syndrome (3+ 

Indicators) 
Metabolic Syndrome (2+ Indicators) 

 
 Unadjusted  Adjusted Unadjusted  Adjusted  

Healthy 
Eating 
Index 

0.99 (0.96, 
1.01)  

0.98 (0.95, 1.00) 0.99 (0.97, 1.00) 0.98 (0.96, 1.00) 

Adjusted for age, gender, BMI, ethnicity, household size, income-to-poverty ratio, and physical activity. 
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4. Discussion 

 The goal of this study was to determine the association between diet quality (as 

measured by healthy eating index) and metabolic syndrome in adolescents aged 12-18 

years in the United States. This study gives some preliminary evidence to the role of diet 

quality in the presence of metabolic syndrome in adolescents. In agreement with previous 

studies, higher HEI was associated with lower odds of metabolic syndrome when 

modeled continuously.(31) However, as point increments in HEI score have little to no 

practical significance, it is more valuable to assess the differences in risk of metabolic 

syndrome between HEI quintiles. Being in the highest quintile of HEI scores was 

correlated with 22% lower odds of metabolic syndrome at a statistically significant level. 

Diets in this quintile may be characterized by traits such as high consumption of fruits 

and vegetables, whole grains, and unsaturated fatty acids, and lower consumption of 

saturated fats and added sugars. These results are comparable to prior research because 

these qualities are also present in the Mediterranean diet and DASH diet which were 

proven to lower metabolic syndrome risk.(34,35)   

 There are several components of the healthy eating index score that may explain 

its correlation with lower risk of metabolic syndrome. The first is weight. According to 

the CDC, a diet adhering to the Dietary Guidelines to Americans will encourage a healthy 

weight.(47) As seen in Table 5, participants with metabolic syndrome had a 45% higher 

BMI on average with a 34.48 kg higher average weight. A healthy diet that adheres to 

dietary guidelines may help adolescents maintain a healthy weight throughout 

pubescence, which decreases risk for all components of metabolic syndrome. 
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 The nutritional components of a high-HEI diet may also contribute to lower risk 

of metabolic syndrome. The healthy eating index rewards points for low consumption of 

saturated fats and relatively higher consumption of mono- and poly-unsaturated fats. In 

contrast to saturated fatty acids, which increase LDL cholesterol levels and promote 

atherosclerosis, leading to increased risk of cardiovascular events, unsaturated fatty acids 

decrease risk of heart disease by helping to lower blood pressure and reducing 

triglyceride levels.(48) Since hypertension and hypertriglyceridemia are two components 

of metabolic syndrome, it can be inferred that a higher consumption of unsaturated fats 

would reduce risk of metabolic syndrome. 

 Another component of HEI that is highly related to metabolic syndrome is 

sodium. The maximum scoring standard for sodium on the HEI is ≤ 1.1 grams per 1000 

kcal consumed, or around 2200 milligrams a day for a 2000 kcal per day diet. However, 

on average adolescents consume around 3200 mg of sodium per day.(49) The association 

between dietary sodium and hypertension has been widely studied. Meta-analyses have 

shown that a decrease in dietary sodium intake is associated not only with decreased 

blood pressure, but also decreased risk of cardiovascular morbidity and mortality.(50) 

Therefore, since a diet with a higher HEI score is more likely to have a lower 

consumption of sodium, this could explain the association between HEI score and lower 

risk of hypertension, and therefore a lower risk of metabolic syndrome. 

 Another hallmark of high-HEI scoring diets is lower consumption of added 

sugars. Consumption of added sugars has been associated with increased triglycerides 

and lower HDL cholesterol.(51) Added sugars are also a source of “empty calories”, 

providing energy without other nutrients or volume. Consumption of added sugars in 
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excess can lead to weight gain, increasing risk for abdominal obesity. Additionally, 

decreasing added sugar intake has been shown to improve insulin secretion and reduce 

insulin resistance.(52) Therefore, lower consumption of added sugars in the highest HEI 

quintile may lead to lower risk of metabolic syndrome. 

 Though individual micronutrients such as sodium may play a large role in the 

association between HEI and metabolic syndrome risk, the main messaging of the US 

Dietary Guidelines for Americans lies in promoting consumptions of healthy food 

groups, namely fruits, vegetables, whole grains, and lean proteins. There is bountiful 

evidence for the impact of consuming these food groups on health status. Consumption of 

fruits and vegetables is associated with reductions in weight, waist circumference, 

systolic blood pressure, fasting blood glucose, and fasting triglycerides.(53) Diets with an 

emphasis on lean protein have also been shown to lead to weight reduction.(54) Overall, 

high consumption of the various food groups that make up the USDA’s Dietary 

Guidelines and MyPlate can reduce risk for the various components of metabolic 

syndrome. 

One strength of this study is that Healthy Eating Index was used as a both a 

categorical and continuous predictor. Previous studies have frequently used HEI as a 

continuous predictor.(31) While this may give some information about whether or not 

there is an association, it has little clinical value because one-point differences in HEI do 

not signify much difference in quality of diet. This study is also more robust than 

previous studies because of the sensitivity analysis. This study showed that using the 

adult guidelines of three components or more for diagnosis of metabolic syndrome was 
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adequate for distinguishing them from healthy participants for the purpose of this 

analysis. 

There are pros and cons to using a composite measure such as HEI to quantify 

diet quality. Composite measures provide insight into the overall healthiness of a 

person’s diet. However, as aforementioned, there are many ways in which individual 

nutrients that make up a high-HEI score diet can impact metabolic risk. Using a 

composite score makes it impossible to recognize which individual nutrients make the 

most difference in risk. Additionally, it is easier for clinicians to make recommendations 

to patients with metabolic syndrome in regards to making changes in consumption of 

individual nutrients. It is also easier for patients to assimilate these recommendations into 

their lifestyle. Therefore, in the future studies on the relationship between individual 

nutrients and metabolic risk may be more clinically relevant. 

 This study has several limitations. First, even though prevalence was not 

calculated in this study, use of the NHANES sampling weights may have increased the 

accuracy of the results. Additionally, the use of different NHANES cycles presents a 

potential bias because of potential measurement discrepancies amongst the three cycles. 

For example, different machines were used to analyze the glucose samples during the 

2011-2012 cycle than in later cycles. Differences in measurement may lead to a bias in 

the results.(55) However, because of the highly regulated nature of NHANES, and its 

purpose to track changes in US health trends over time, it is unlikely these discrepancies 

would lead to a major effect on results. 

 The use of a regression model may lead to an inaccurate picture of the 

relationship between HEI and metabolic syndrome. That is because the use of the 
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regression model assumes that the relationship will be linear. However, because there is 

only a significant association between HEI and metabolic syndrome in the highest 

quintile, that the relationship may be more similar to a sharp curve, with a major decrease 

in risk between the fourth and fifth quintiles. However, it is difficult to assess the true 

shape of this relationship due to the small sample size of the study. Though the NHANES 

dataset is robust, the overall prevalence of metabolic syndrome in the sample was low 

(n=77). Therefore, small changes in number of metabolic syndrome cases in a given 

quintile will have a major impact on prevalence. This may also explain the non-linear 

association between HEI and metabolic syndrome found in this study. As seen in Table 3, 

the 2nd quintiles is an outlier in an otherwise decreasing trend in metabolic syndrome 

prevalence from lowest HEI quintile to highest HEI quintile. An increased sample size 

would make it clearer whether this was due to chance or the relationship is actually non-

linear. 

 This study provides preliminary evidence that a diet highly-aligned with the 

USDA’s Dietary Guidelines for Americans is associated with lower risk of metabolic 

syndrome in adolescents. However, as diet quality is something that has a long-term 

impact on risk of chronic disease, rather than short-term, long-term analysis of the effects 

of HEI in adolescence on metabolic syndrome outcomes later in life might show more 

conclusive results. Therefore, future studies should consider a longitudinal analysis using 

this risk factor and outcome. Though more exploration of this association is needed, 

physicians, dietitians, and other healthcare providers may consider assessing the diets of 

adolescent patients in order prevent metabolic syndrome or reverse or stop progression of 

metabolic syndrome in these patients. Good nutrition is important for adolescent 
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development and has been proven to be a preventative factor for a number of chronic 

diseases. Promotion of nutrition education for adolescent populations should be a priority 

going forward to reduce prevalence of not only metabolic syndrome, but also other 

chronic diseases that are becoming more common in modern times. 
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5. Conclusion 

 This study is one of the first studies to assess the association between HEI and 

metabolic syndrome among US adolescents. I did not find strong evidence to support an 

association between these two variables. However, there was a significant association 

between the highest quintile HEI score and a lower risk of metabolic syndrome. Future 

studies should further assess this association, including which categories of the HEI are 

most significantly associated with reduced risk of metabolic syndrome. Determining the 

biggest contributors to metabolic syndrome in adolescents can help healthcare providers 

and public health workers create targeted interventions to change the trend and to lower 

the rates of chronic diseases in adolescents over their life cycle. Future studies may also 

investigate the use of nutrition education and counseling to prevent and treat metabolic 

syndrome in adolescents. 
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Appendix A: Stata Code for Metabolic Syndrome 

 // Abdmonial Obesity 
generate AbObMale = 0  
replace AbObMale = 1 if bmxwaist >= 90 & ridageyr == 13 
replace AbObMale = 1 if bmxwaist >= 96 & ridageyr == 14 
replace AbObMale = 1 if bmxwaist >= 95.9 & ridageyr == 15 
replace AbObMale = 1 if bmxwaist >= 90.2 & ridageyr == 16 
replace AbObMale = 1 if bmxwaist >= 98 & ridageyr == 17 
replace AbObMale = 1 if bmxwaist >= 97.6 & ridageyr == 18 
replace AbObMale = 1 if bmxwaist >= 102.1 & ridageyr == 19 
replace AbObMale = . if riagendr == 1 //assumes Male is 
coded as 0 and female as 1 
generate AbObFemale = 0 
replace AbObFemale = 1 if bmxwaist >= 89.5 & ridageyr == 13 
replace AbObFemale = 1 if bmxwaist >= 91.9 & ridageyr == 14 
replace AbObFemale = 1 if bmxwaist >= 89.0 & ridageyr == 15 
replace AbObFemale = 1 if bmxwaist >= 92.1 & ridageyr == 16 
replace AbObFemale = 1 if bmxwaist >= 94.6 & ridageyr == 17 
replace AbObFemale = 1 if bmxwaist >= 92.8 & ridageyr == 18 
replace AbObFemale = 1 if bmxwaist >= 97.7 & ridageyr == 19 
replace AbObFemale = . if riagendr == 0 //assumes Male is 
coded as 0 and female as 1 
generate AbdominalObesity = 0  
replace AbdominalObesity = 1 if AbObMale == 1 | AbObFemale 
== 1 
replace AbdominalObesity = . if AbObMale == . & AbObFemale 
== . 
// Hyperglycemia 
gen Hyperglycemia = 0 
replace Hyperglycemia = 1 if lbxglu >= 100 
replace Hyperglycemia = . if lbxglu == . 
// Triglycerides 
gen Hypertri = 0 
replace Hypertri = 1 if lbxtr >= 110 
replace Hypertri = . if lbxtr == . 
// HDL 
gen lowHDL = 0 
replace lowHDL = 1 if lbdhdd < 40 
replace lowHDL = . if lbdhdd == . 
// Blood Pressure 
egen mean_sbp=rowmean(bpxsy1 bpxsy2 bpxsy3 bpxsy4) 
egen mean_dbp=rowmean(bpxdi1 bpxdi2 bpxdi3 bpxdi4) 
gen Hypertension = 0 
replace Hypertension = 1 if mean_sbp >= 130 
replace Hypertension = 1 if mean_dbp >= 80 
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replace Hypertension = . if mean_sbp == . 
replace Hypertension = . if mean_dbp == . 
// Calculate Metabolic Syndrome 
egen Met_Points = rowtotal(AbdominalObesity Hyperglycemia 
Hypertri lowHDL Hypertension) 
gen MetabolicSyndrome = 0 
replace MetabolicSyndrome = 1 if Met_Points >= 3 
replace MetabolicSyndrome = . if Met_Points == . 
label define metsyn 0 "No" 1 "Yes" 
label value MetabolicSyndrome metsyn 
label variable MetabolicSyndrome "Meets criteria for 
metabolic syndrome (3 or more indicators)?" 
gen One_Met = . 
replace One_Met = 1 if Met_Points >= 1 
replace One_Met = 0 if Met_Points == 0 
label value One_Met metsyn 
label variable One_Met "Meets criteria for metabolic 
syndrome (1 or more indicators)?" 
gen Two_Met = . 
replace Two_Met = 1 if Met_Points >= 2 
replace Two_Met = 0 if Met_Points < 2 
label value Two_Met metsyn 
label variable Two_Met "Meets criteria for metabolic 
syndrome (2 or more indicators)?" 
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Appendix B: Stata Code for HEI 

// Do file for calculating the Healthy Eating Index Score 
// Total Calories (to be used in calculations) 
gen Total_Calories = dr1tkcal + dr2tkcal 
// Total Fruits Score 
gen TF_Score = ((DR1T_F_TOTAL + DR2T_F_TOTAL) / 
Total_Calories) * 1000 
gen TF_Points = (TF_Score / 0.8) * 5 
replace TF_Points = 5 if TF_Points >= 5 
replace TF_Points = . if TF_Score == . 
// Whole Fruits Score 
gen WF_Score = ((DR1T_F_CITMLB + DR1T_F_OTHER + 
DR2T_F_CITMLB + DR2T_F_OTHER) / Total_Calories) * 1000 
gen WF_Points = (WF_Score / 0.4) * 5 
replace WF_Points = 5 if WF_Points >= 5 
replace WF_Points = . if WF_Score == . 
// Total Vegetables Score 
gen TV_Score = ((DR1T_V_TOTAL + DR1T_V_LEGUMES + 
DR2T_V_TOTAL + DR2T_V_LEGUMES) / Total_Calories) * 1000 
gen TV_Points = (TV_Score / 1.1) * 5 
replace TV_Points = 5 if TV_Points >= 5 
replace TV_Points = . if TV_Score == . 
// Greans and Beans Score 
gen GB_Score = ((DR1T_V_DRKGR + DR1T_V_LEGUMES + 
DR2T_V_DRKGR + DR2T_V_LEGUMES) / Total_Calories) * 1000 
gen GB_Points = (GB_Score / 0.2) 
replace GB_Points = 5 if GB_Points >= 5 
replace GB_Points = . if GB_Score == . 
// Whole Grains Score 
gen WG_Score = ((DR1T_G_WHOLE + DR2T_G_WHOLE) / 
Total_Calories) * 1000 
gen WG_Points = (WG_Score / 1.5) * 10 
replace WG_Points = 10 if WG_Points >= 10 
replace WG_Points = . if WG_Score == .  
// Dairy Score 
gen DA_Score = ((DR1T_D_TOTAL + DR2T_D_TOTAL) / 
Total_Calories) * 1000 
gen DA_Points = (DA_Score / 1.3) * 10 
replace DA_Points = 10 if DA_Points >= 10 
replace DA_Points = . if DA_Score == .  
 
// Total Protein Foods Score 
gen TP_Score = ((DR1T_PF_TOTAL + DR2T_PF_TOTAL) / 
Total_Calories) * 1000 
gen TP_Points = (TP_Score / 2.5) * 5 
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replace TP_Points = 5 if TP_Points >= 5 
replace TP_Points = . if TP_Score == . 
// Seafood and Plant Proteins 
gen SP_Score = ((DR1T_PF_SEAFD_HI + DR2T_PF_SEAFD_HI + 
DR1T_PF_SEAFD_LOW + DR2T_PF_SEAFD_LOW + DR1T_PF_SOY + 
DR2T_PF_SOY + DR1T_PF_NUTSDS + DR2T_PF_NUTSDS + 
DR1T_PF_LEGUMES + DR2T_PF_LEGUMES) / Total_Calories) * 1000 
gen SP_Points = (SP_Score / 0.8) * 5 
replace SP_Points = 5 if SP_Points >= 5 
replace SP_Points = . if SP_Score == . 
// Fatty Acids Score 
gen FA_Score = (dr1tmfat + dr2tmfat + dr1tpfat + dr2tpfat) 
/ (dr1tsfat + dr2tsfat) 
gen FA_Points = ((FA_Score - 1.2) / 1.3) * 10 
replace FA_Points = 0 if FA_Points <= 0 
replace FA_Points = 10 if FA_Points >= 10 
replace FA_Points = . if FA_Score == .  
// Refined Grains Score 
gen RG_Score = ((DR1T_G_REFINED + DR2T_G_REFINED) / 
Total_Calories) * 1000 
gen RG_Points = ((4.3 - RG_Score) / 2.5) * 10 
replace RG_Points = 0 if RG_Points <= 0 
replace RG_Points = 10 if RG_Points >= 10 
replace RG_Points = . if RG_Score == . 
// Sodium Score 
gen NA_Score = ((dr1tsodi + dr2tsodi) / Total_Calories) * 
1000 
gen NA_Points = ((2000 - NA_Score) / 900) * 10 
replace NA_Points = 0 if NA_Points <= 0 
replace NA_Points = 10 if NA_Points >= 10 
replace NA_Points = . if NA_Score == . 
// Added Sugars  
gen SU_Total_Calories = (DR1T_ADD_SUGARS + DR2T_ADD_SUGARS) 
*16  
gen SU_Score = (SU_Total_Calories / Total_Calories) 
gen SU_Points = ((0.26 - SU_Score) / 0.195) * 10 
replace SU_Points = 0 if SU_Points <= 0 
replace SU_Points = 10 if SU_Points >= 10 
replace SU_Points = . if SU_Score == . 
// Saturated Fats 
gen SF_Total_Calories = (dr1tsfat + dr2tsfat) * 9 
gen SF_Score = (SF_Total_Calories / Total_Calories) 
gen SF_Points = ((0.16 - SF_Score) / 0.08) * 10 
replace SF_Points = 0 if SF_Points <= 0 
replace SF_Points = 10 if SF_Points >= 10 
replace SF_Points = . if SF_Score == . 
// Calculate HEI 
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gen HEI = TF_Points + WF_Points + TV_Points + GB_Points + 
WG_Points + DA_Points + TP_Points + SP_Points + FA_Points + 
RG_Points + NA_Points + SU_Points + SF_Points  
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Appendix C: Stata Code for Analysis 

/*IMPORT FILES AND MERGE TO CREATE DATASET*/ 
use "C:\Users\Owner\Desktop\1_25_21\BMX_ALL.dta" //body 
measurement data 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\BPX_ALL.dta" //blood 
pressure data 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\DEMO_ALL.dta" //demographic 
data 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\DR1TOT_ALL.dta" //dietary 
data day 1 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\DR2TOT_ALL.dta" //dietary 
data day 2 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\fped_dr1tot_ALL.dta" //FPED 
database for calculating HEI day 1 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\fped_dr2tot_ALL.dta" //FPED 
database for calculating HEI day 2 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\GLU_ALL.dta" 
drop _merge //glucose data 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\HDL_ALL.dta" //HDL data 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\PAQ_ALL.dta" //phyiscal 
activity data 
drop _merge 
merge 1:1 seqn using 
"C:\Users\Owner\Desktop\1_25_21\TRIGLY_ALL.dta" 
//triglycerides data 
drop _merge 
/* DROP VARIABLES UNNECESSARY FOR ANALYSIS */ 
keep seqn dr1tkcal dr2tkcal DR1T_F_TOTAL DR2T_F_TOTAL 
DR1T_F_CITMLB DR2T_F_CITMLB DR1T_F_OTHER DR2T_F_OTHER 
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DR1T_V_TOTAL DR2T_V_TOTAL DR1T_V_DRKGR DR2T_V_DRKGR 
DR1T_V_LEGUMES DR2T_V_LEGUMES DR1T_G_WHOLE DR2T_G_WHOLE 
DR1T_D_TOTAL DR2T_D_TOTAL DR1T_PF_TOTAL DR2T_PF_TOTAL 
DR1T_PF_SEAFD_HI DR2T_PF_SEAFD_HI DR1T_PF_SEAFD_LOW 
DR2T_PF_SEAFD_LOW DR1T_PF_SOY DR2T_PF_SOY DR1T_PF_NUTSDS 
DR2T_PF_NUTSDS DR1T_PF_LEGUMES DR2T_PF_LEGUMES dr1tmfat 
dr2tmfat dr1tpfat dr2tpfat dr1tsfat dr2tsfat DR1T_G_REFINED 
DR2T_G_REFINED dr1tsodi dr2tsodi DR1T_ADD_SUGARS 
DR2T_ADD_SUGARS bmxwaist ridageyr riagendr lbxglu lbxtr 
lbdhdd bpxsy1 bpxsy2 bpxsy3 bpxsy4 bpxdi1 bpxdi2 bpxdi3 
bpxdi4 bmxbmi bmxht ridreth3 dmdhhsiz indfmpir pad660 
pad675 sddsrvyr 
/* RECODE AND LABEL VARIABLES */ 
//Physical Activity 
gen pactivity = 0 
replace pactivity = 1 if (pad660 + pad675) >= 420 
label define pstatus 0 "Does not get at least 420 minutes 
of moderate to vigorous physical activity per week" 1 "Does 
at least 420 minutes of moderate to vigorous physical 
activity per week" 
label value pactivity pstatus 
label variable pactivity "Meet physical activity 
standards?" 
//Ethnicity 
replace ridreth3 = 1 if ridreth3 == 2 
replace ridreth3 = 2 if ridreth3 == 3 
replace ridreth3 = 3 if ridreth3 == 4 
replace ridreth3 = 4 if ridreth3 == 6 | ridreth3 == 7 
label define ethnicity 1 "Mexican-American or other 
Hispanic" 2 "Non-Hispanic White" 3 "Non-Hispanic Black" 4 
"Asian, Mixed-Race, or Other" 
label value ridreth3 ethnicity 
//Gender 
replace riagendr = 0 if riagendr == 1 
replace riagendr = 1 if riagendr == 2 
label define gender 0 "Male" 1 "Female" 
label value riagendr gender 
/*Create Variables for HEI and Metabolic Syndrome Using HEI 
Do File and Metabolic Syndrome Do File */ 
do "C:\Users\Owner\Desktop\1_25_21\HEI Do File.do" 
do "C:\Users\Owner\Desktop\1_25_21\Metabolic Syndrome Do 
File.do" 
/* DROP OBSERVATIONS BASED ON INCLUSION CRITERIA */ 
drop if ridageyr < 12 | ridageyr > 18 
drop if HEI == . 
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replace MetabolicSyndrome = . if AbdominalObesity == . | 
Hyperglycemia == . | Hypertri == . | lowHDL == . | 
Hypertension == .  
drop if MetabolicSyndrome == . 
/* LOGISTIC REGRESSION USING CONTINUOUS PREDICTOR */ 
logit MetabolicSyndrome HEI, or 
logit MetabolicSyndrome HEI ridageyr i.riagendr bmxbmi 
i.ridreth3 i.dmdhhsiz indfmpir i.pactivity, or 
xtile HEI_Quintiles = HEI, n(5) 
logit MetabolicSyndrome i.HEI_Quintiles, or 
logit MetabolicSyndrome i.HEI_Quintiles ridageyr i.riagendr 
bmxbmi i.ridreth3 i.dmdhhsiz indfmpir i.pactivity, or 
logit Two_Met HEI, or 
logit Two_Met HEI ridageyr i.riagendr bmxbmi i.ridreth3 
i.dmdhhsiz indfmpir i.pactivity, or  
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