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ABSTRACT 
 
 
 
 

 Metabolic syndrome is a clustering of risk factors related to the development 

of cardiovascular disease and type II diabetes.  In a cross-sectional study of NCAA 

Division I, II, and III football linemen, 34 of 70 athletes were classified as having the 

metabolic syndrome according to the NHBLI criteria. In addition to collection of 

anthropometric and biochemical data, digital photography was used during two days 

of pre-season training to record dietary choices of the athletes.  The aim of this study 

was to analyze the digital food records in order to determine  dietary factors which 

may contribute to the prevalence of metabolic syndrome in this cohort of football 

linemen. Results show that athletes with the highest quartile intake of sodium and 

carbohydrates had a six and seven time greater risk of metabolic syndrome, 

respectively.  Results indicate a need for further evaluation of the relationship 

between dietary intake and prevalence of metabolic syndrome. 
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INTRODUCTION 

 
Metabolic syndrome is a clustering of risk factors related to the development 

of cardiovascular disease and type II diabetes (1).  Also known as Syndrome X or 

pre-diabetes, metabolic syndrome is characterized by insulin resistance, elevated 

fasting blood glucose, abdominal obesity, hypertension, and dyslipidemia, 

specifically high triglycerides and low high-density lipoprotein (HDL) blood 

cholesterol (2).  The condition has also been associated with a pro-inflammatory and 

pro-thrombotic state, marked by high levels of C-reactive protein and specific 

interleukins (2).  

As a multi-factorial condition, controversy exists over the classification of 

metabolic syndrome as a true “syndrome” (1, 3).  However, the impact of risk-factor 

clustering is warranted considering combinations of the metabolic syndrome 

characteristics have been estimated to be responsible for a two-fold increase in 

cardiovascular disease and a four-fold increase in diabetes (3).  In 2001, The National 

Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP III) established 

guidelines related to the clinical significance and treatment of the metabolic 

syndrome (4). More recently, the NHLBI/ADA has remodeled the NCEP guidelines 

and defined the metabolic syndrome as the presence of at least three of five of the 

specific risk factors (Table 1)(5).  By this definition, an estimated 47 million U.S. 
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adults would be classified as having metabolic syndrome (3).  Prevalence of 

metabolic syndrome ranges from 6.7% of adults ages 20-29 to 42% of adults greater 

than 60 years of age(6).   
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Measure (any 3 of 5 constitute diagnosis of 
metabolic syndrome) 

Categorical Cutpoints 

Elevated waist circumference* 102 cm ( 40 inches) in men 

88 cm ( 35 inches) in women 
 

Elevated triglycerides 150 mg/dL (1.7 mmol/L)  or 

On drug treatment for elevated triglycerides† 

Reduced HDL-C <40 mg/dL (1.03 mmol/L) in men or 

<50 mg/dL (1.3 mmol/L) in women or 

On drug treatment for reduced HDL-C† 

Elevated blood pressure 130 mm Hg systolic blood pressure or 

85 mm Hg diastolic blood pressure or 

On antihypertensive drug treatment in a patient 
with a history of hypertension 

Elevated fasting glucose 100 mg/dL or 

On drug treatment for elevated glucose 

*Lower waist circumference cutpoint (eg, 90 cm [35 inches] in men and 80 cm [31 inches] in 
women) appears to be appropriate for Asian Americans. 

†Fibrates and nicotinic acid are the most commonly used drugs for elevated TG and reduced HDL-C. 
Patients taking one of these drugs are presumed to have high TG and low HDL. 

Adapted from: Grundy, SM, Cleeman, JI, Daniels, SR, et al. Diagnosis and management of 

the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Institute 

Scientific Statement. Circulation 2005; 112,2735-2752. 

 
 
TABLE 1. Criteria for Clinical Diagnosis of Metabolic Syndrome  
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 4

Treatment of the metabolic syndrome calls for intensive lifestyle modification 

to decrease cardiovascular risk.  Due to lack of a specific etiology, effective treatment 

of metabolic syndrome appears to be in the treatment of its individual components.  

As with management of cardiovascular disease, hypertension, and diabetes, the main 

therapeutic interventions include exercise and diet with specific emphasis on weight 

loss (5, 7).  Specific dietary recommendations for the treatment of metabolic 

syndrome are a diet that is low in saturated and trans fats, low in sodium, and high in 

fiber.  Higher intake of fruits, vegetables, whole grains, and low intakes of red meat, 

processed meats, refined sugars, and high fat dairy products have also been associated 

with reductions in metabolic risks (2, 4).   

Despite the typical inverse correlations between exercise, body mass index 

(BMI),  and metabolic syndrome (2, 8), recent studies suggest an increase of 

unhealthy BMI values among football athletes (9-11).  Because athletes can be 

heavily muscled, there is a lot of controversy over the utility of BMI in athletes.  

Football linemen desire a large body mass, often beyond healthy BMI values for non-

athletes, without realizing how their larger body size (and increased body fat) may 

impact their future health (11).  Efforts to gain weight often compete with 

conventional dietary recommendations, resulting in dietary selections that may 

contribute to metabolic syndrome.  In a previous, parent cross-sectional study of 

NCAA Division I, II, and III football linemen, 34 of 70 athletes were classified as 

having the metabolic syndrome according to the NHBLI criteria (12).  In addition to 

collection of anthropometric and biochemical data, digital photography was used 

during the first two days of pre-season training to record usual dietary choices of the 
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athletes.  The aim of this study was to quantify and analyze the digital food records in 

order to determine specific dietary factors which may be predictive of metabolic 

syndrome in this cohort of football linemen.  A secondary objective was to validate 

the use of digital food photography without a written record as a method for recording 

dietary choices using a team of six researchers.  
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REVIEW OF LITERATURE 

 

Dietary Intake and Metabolic Syndrome 

Recent research has implicated several dietary components in increasing the 

risk of metabolic syndrome.  Since it is multi-factorial in nature, many studies have 

focused on the relationship between biomarkers of lipid and glucose metabolism and 

specific dietary patterns.  Two dietary patterns, consumption of red meat and high fat 

dairy, or intake of low fiber and refined carbohydrates, have consistently been 

associated with an increased risk of metabolic syndrome (13-24).   

As part of the Health Professionals Follow-up Study, Fung et al (2001) 

compared two dietary patterns with biomarkers of obesity and cardiovascular disease 

(13).  Factor analysis was used to define major dietary patterns from the food 

frequency questionnaires of 466 male subjects, 40-75 years of age.  The “western” 

pattern was characterized by high intakes of red meat, high fat dairy products, and 

refined carbohydrates, while the “prudent” pattern was characterized by higher 

intakes of fruits, vegetables, whole grains, and poultry.  After adjusting for potential 

confounders, the western pattern was positively correlated with fasting serum leptin, 

C-peptide, C-reactive protein (CRP), homocysteine, insulin, and HDL cholesterol.  

The increase in HDL cholesterol seen with the western diet, contrary to what was 

expected, was suggested to be due to a higher fat, lower carbohydrate intake (13). 
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Similar results were found using food frequency data from the third National 

Health and Nutrition Examination Survey (NHANES III), which represents the 

dietary patterns of most adults in the United States (14).  Using factor analysis, two 

primary dietary patterns emerged.  The “western” pattern was defined by high intakes 

of processed meat, red meat, high fat dairy products, and eggs.  The “American-

healthy” pattern, similar to the “prudent” pattern in the aforementioned study, was 

defined by high intake of vegetables, salad dressings, and tea.  Multivariate analysis 

showed significant correlations between the western diet and C-peptide, insulin, and 

glycated hemoglobin (HbA1c), indicating that dietary patterns in the United States 

population may contribute the prevalence of cardiovascular disease (14). 

A report from the ATTICA study (population in the Attica region of Greece) 

also identified correlations between dietary patterns in the population and the 

incidence of type 2 diabetes (15).  When food group consumption was compared to 

indices of glycemic control in adults with and without type 2 diabetes, results 

indicated that a higher consumption of red meat and high fat dairy products was 

associated with insulin resistance in both diabetic and non-diabetic subjects.  Authors 

noted that insulin resistance may further lead to the development of type 2 diabetes 

and cardiovascular disease, and that high consumption of red meat and high fat dairy 

products are typical of a westernized diet (15).  The same westernized diet has been 

implicated as a cause of insulin resistance in a population of Tehranian women (16). 

Other studies of dietary patterns have shown correlations between markers of 

metabolic syndrome and diets low in fiber and high in refined carbohydrates.  The 

Baltimore Longitudinal Study of Aging assessed the diets of 429 subjects for 
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relationships to lipid biomarkers and anthropometric markers of metabolic syndrome 

(17, 18).  Seven day diet records were used to estimate the energy contributed by each 

of 40 pre-determined food groups in proportion to total energy intake.  From the 

percentage contributions of each food group, factor analysis was used to derive 

dietary patterns.  The pattern characterized by low fat dairy and high fiber, was 

inversely associated with total cholesterol, BMI, and waist circumference.    

A study by Esmailladeh et al (2005) also found that a high fiber diet was 

related to a smaller waist circumference and decreased triglycerides(19).  Whole grain 

intake, serum triglyceride concentration, and waist circumference were compared in a 

cross-sectional sample of 827 subjects.  Intake of whole grain carbohydrate foods and 

refined grain carbohydrate foods were estimated from food frequency questionnaire 

data. Subjects were considered to have a “hypertriglycemic waist” phenotype if their 

triglycerides were greater than 150 mg/dl concurrent with a waist circumference 

greater than or equal to 79 cm (30 in) for women or 80 cm (31.5 in) for men.  Waist 

circumference criteria was based on normative values for the Iranian population (19).  

Results showed a positive correlation between hypertriglycemic waist and intake of 

low fiber and refined carbohydrates.  A diet rich in whole grains and high in fiber was 

correlated with a decrease in triglycerides and a smaller waist circumference.  

The Framingham Offspring Study further assessed the role of carbohydrates, 

fiber, and glycemic index in relation to measures of fasting blood glucose, insulin 

resistance, plasma insulin, BMI, and waist-to-hip ratio (20).  Food frequency 

questionnaire data from 2834 subjects was converted to nutrient intake by multiplying 

the frequency of food consumption by the nutrient content of the specific portion and 
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adjusting for estimated energy intake.  Odds ratios for developing metabolic 

syndrome were calculated using linear or logistic regression models.  Comparable to 

other studies, high fiber intake, especially from cereals and fruit, and a low glycemic 

diet reduced the odds of developing metabolic syndrome and insulin resistance. 

 Similarly, Wirfalt et al (2001) used food records from 2040 men and 2959 

women in the Malmo Diet and Cancer Study to investigate the relationships of food 

patterns with criteria for diagnosis of metabolic syndrome (21). Food patterns were 

defined by cluster analysis. In this case, cluster analysis converts grams of food into a 

percentage of total energy intake, then creates clusters of foods based on their 

contribution to overall energy intake, similar to energy density.  Results suggested 

that a diet high in fiber and with a low glycemic index decreased the odds ratios of 

developing dyslipidemia and hyperinsulinemia to 0.72 (95% CI 0.53-0.99) and 0.83 

(95% CI 0.61-1.15), respectively.  Diets with high intake of refined carbohydrates, 

saturated fat, and low intakes of polyunsaturated fat, fiber, and folate increased the 

odds ratio for hyperglycemia, hyperinsulinemia, and central adiposity to 1.79 (95% 

CI 1.40-2.29), 1.08 (95% CI 0.86-1.35), and 1.32 (95% CI range1.04-1.68), 

respectively.  Subsequent studies have also shown that diets low in folate and 

polyunsaturated fat negatively affect biomarkers of cardiovascular disease and 

metabolic syndrome (21,22). 

Two additional studies examined the ability of the DASH dietary pattern to 

reduce metabolic syndrome.  Obarzanek et al (2001) compared the effects of three 

diet patterns on metabolic biomarkers of 436 subjects in an eight week intervention 

using a control diet, fruit and vegetable diet and DASH diet (23).  The control diet 
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represented the typical diet of American adults.  The “fruit and vegetable” diet was 

higher in fruits, vegetables, and whole grains and lower in sweets, but had the same 

macronutrient content as the control diet.  The DASH diet was also higher in fruits, 

vegetables, and whole grains and lower in sweets compared to the control diet, but it 

was also higher in low fat dairy and lower in red meat and fats.  A three week run-in 

period was used prior to the intervention phase and energy intakes were adjusted to 

each subject’s needs in order to maintain body weight.  Results of the intervention, 

showed subjects on the DASH diet had significantly greater reductions in their total 

cholesterol, LDL cholesterol, and increases in HDL cholesterol than did subjects on 

either of the other diets. 

In slight contrast, Azadbakht et al (2005) compared 116 subjects with 

metabolic syndrome before and after a six month intervention (24).  The three diets 

prescribed were a control diet, a weight-reducing diet, or the DASH diet.  The weight 

reducing diet was similar in macronutrient content to the control diet, but energy 

intake was reduced to 500 calories less than the subject’s caloric needs according to 

their body weight.  Subjects on the DASH diet also reduced their energy intake by 

500 calories, and consumed more fruits, vegetables, low fat dairy, whole grains, and 

less red meat, sweets, saturated fat, total fat, cholesterol, and sodium.  In comparison 

to the control diet, the prevalence of metabolic syndrome in subjects on the DASH 

diet was reduced by 35%, and 19% on the weight-reducing diet.  The DASH diet also 

lowered all markers of metabolic syndrome, including triglycerides, systolic blood 

pressure, diastolic blood pressure, fasting blood glucose, and body weight, while  
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increasing HDL cholesterol.  The results from these studies suggest that the 

DASH diet is effective in reducing metabolic risk factors of disease when followed 

for a substantial period of time. 

In summary, the current literature on dietary patterns and metabolic syndrome 

suggest that a diet rich in whole grains and low in red meat and high fat dairy 

products are inversely associated with incidence of metabolic syndrome.  This is not 

surprising considering the current recommendations for the prevention of 

cardiovascular disease and diabetes are to reduce intake of saturated fat, cholesterol, 

and sugar and to increase fiber and unsaturated fat.  Reduction in red meat and high 

fat dairy would decrease intake of saturated fat and cholesterol, while increased 

consumption of fruits, vegetables and whole grains would increase intake of fiber.  

However, food choices vary among persons and diet recommendations given to 

individuals are often given in percentages of macronutrient content.  Therefore, this 

study focuses on the nutrient content of food choices and the correlations to the 

parameters of metabolic syndrome. 

 

Obesity and Metabolic Syndrome in Athletes 

Several studies have found an increase in the prevalence of obesity and the 

risk of metabolic syndrome in football athletes (9, 10, 12).  A roster study of active 

players in the National Football League (NFL) during the 2003-2004 season 

calculated BMI from the published heights and weights.  This roster study showed 

that 97% of players had a BMI greater than 25, 56% had a BMI of 30 or greater, 26% 

had a BMI of 35 or greater with 3% at a BMI greater than 40 (9).  Researchers noted 
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that players with the highest BMI are likely at an increased risk of health 

consequences due to the increased BMI’s.   

A similar study involving high school football linemen found a prevalence of 

obesity in even younger athletes (10).  Height and weight data was obtained from 

team rosters of varsity high school football teams across the state of Iowa.  BMI was 

calculated and adolescent linemen were classified as “at risk of overweight” (BMI 

≥85th and <95th percentile) or “overweight” (BMI ≥95th percentile) based on age 

specific percentiles using the 2000 US Centers for Disease Control and Prevention 

growth charts. From the data, 28% of linemen were classified as at risk for 

overweight, while 45% were classified as overweight.  Of the linemen classified as 

overweight, 9% of them would be classified with severe adult obesity.  Researchers 

acknowledged that this could be a potential risk for future quality of life (10). 

The parent study for this current analysis looked at the prevalence of 

metabolic syndrome in a cohort of Division I, II, and III NCAA football linemen (12).  

Anthropometric and biochemical data were obtained from a total of 70 athletes during 

the first two days of pre-season training.  Data obtained to determine presence of 

metabolic syndrome included body mass, waist circumference, blood pressure, fasting 

glucose, fasting cholesterol, and fasting triglycerides.  The criteria established by the 

NHLBI (Table 1) were applied to the data, and 34 of the linemen were classified as 

having metabolic syndrome.  Of the classifying criteria, increased waist 

circumference, high blood pressure, and low HDL were the most common 

components of metabolic syndrome in the study cohort.   
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Although research is still emerging on obesity and metabolic syndrome in 

athletes, several studies have shown a high prevalence of obesity in football players at 

all levels of the sport.  Because dietary choices are a large component of the 

development and treatment of obesity and metabolic syndrome, dietary choices of 

athletes needs to be considered.  Thus, this study focused on the dietary choices of 

football linemen. 

 

Food Photography 
 

The most accurate method to quantify food intake is to weigh selected food 

portions directly (25).  However, in a real-world environment, this method is 

inconvenient, costly, and time-prohibitive.  Alternately, food records can be used to 

estimate dietary intake, but reliability is dependent on the motivation and compliance 

of the subject and on the ability of the subject to accurately estimate portion size.  

Food records also require a high level of subject effort and commitment.  To 

overcome this problem, food photography has increasingly been used as a visual aid 

to estimate portion size, and several studies have shown similar accuracy with the use 

of this method (25, 26). 

 Nelson et al (1996) examined the use of photographs in estimating the portion 

size and nutrient content of a meal (26).  Subjects served themselves a breakfast, 

lunch, or dinner meal from a buffet, and portion sizes were weighed at the time of 

serving as a difference in total plate weight. Within five minutes of finishing the 

meal, subjects were asked to use eight color reference photographs to quantify each 

food.  Nutrient content of the meal from the weighed and estimated portion sizes were 
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compared.  The results suggested that small portion sizes tended to be overestimated, 

whereas large portion sizes tended to be underestimated.  In particular, butter and 

margarine portion sizes tended to be overestimated.  When butter and margarine were 

excluded, nutrient content of the meals was within ±7%, and a strong positive 

correlation between estimated and actual nutrient content was established.   

In comparison, Robson and Livingstone (2000) found when an average of 

individual estimations from subjects was used in analysis, the use of color 

photographs showing only a single portion size was accurate in estimating food 

portion sizes (27).  Subjects consumed three meals on two non-consecutive days, with 

a one-day time lapse between food consumption and food quantification.  Subjects 

served themselves from pre-weighed quantities of food, and weight of portion sizes 

was determined by the difference between the pre-serving weight and the weight of 

leftovers in the serving dishes.  Subjects used single portion size color photographs as 

a reference to quantify the foods consumed.  Food portions were converted into 

nutrient intakes, and percent differences were calculated between the estimated 

nutrient intake and the actual intake.  Using averaged estimations, most nutrients were 

estimated to within ±10% of actual intake.  

As an alternative to self-reported or weighed food records, Williamson et al 

also investigated the use of digital photography to estimate food intake (28).  Sixty 

meals were prepared to represent typical meals served in a university cafeteria.  

Reference foods in typical portions sizes were also prepared and weighed for use in 

visual comparison for portion size estimation.  Three trained researchers used a direct 

visual estimation method to estimate the portions of the food. Three additional trained 
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researchers used digital photographs of the meals as compared with photographs of 

the reference foods to estimate portion sizes.  When estimates of portion sizes from 

both methods were compared to the actual weighed amounts, correlations from direct 

observation and digital photography estimation were 0.96 and 0.92, respectively.   

Comparison of direct observation and digital photography estimation yielded similar 

results, with both methods tending to a slight overestimation of food portions.  These 

results suggest that estimation of food portions by experienced researchers using 

digital photography may be as accurate as direct visual estimation or weighed 

inventories. 

Recently, Riley et al (2007) conducted a study to assess the effectiveness of 

web-based food portion training on food portion estimation (29).  The Computerized 

Food Portion Tutorial (CFPT), created for the study, consisted of a reference module 

and a feedback module. In the reference module, subjects could choose to view 

photos from 23 foods.  For each food, three to six different portion sizes were 

displayed, and each picture was labeled with the portion size.  All foods were 

photographed on a 9-inch plate with a knife and fork included for reference.  In the 

feedback module, subjects could test their ability to estimate portion sizes and the 

program would provide feedback on the accuracy of the estimations.  Half of the 

subjects received CFPT training before portion size estimation, while half estimated 

portion sizes prior to CFPT training and then re-estimated the portion sizes after 

CFPT training.  Subjects from both groups were asked to serve themselves from a 

buffet, and each food portion was weighed.  Prior to eating, subjects were asked to 

estimate the portion size for each food they had selected.  Subjects that re-estimated 
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portion size after CFPT training were required to do so from memory of the foods 

selected. The accuracy of food portion estimates was compared for pre- and post 

training.  Results showed that the CFPT training tended to result in overestimation of 

food portion size, but for amorphous foods, such as mashed potatoes, this led to more 

accurate estimations.  Authors noted, however, that the small, 3x2-inch size of the 

pictures used in the tutorial may have resulted in overestimation when subjects 

viewed actual foods.  Thus, use of computerized food portion training holds promise, 

but consideration needs to be made as to the size and presentation of reference 

pictures relative to the conditions in which food portion size will be estimated. 

In summary, the use of food photography as a method for estimating food 

portion size has the potential to increase the accuracy of the estimations (26-28).  

Color reference photographs may assist in quantifying portions, and accuracy can be 

further increased by taking the average of estimations from experienced dietitians.  

Computerized portion training prior to food portion estimation appears to be effective 

if picture size is proportionate to the size of foods to be estimated (29). Therefore, to 

produce the greatest accuracy, these factors were incorporated into the methodology 

of the current study. 
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METHODOLOGY 

 

Phase I: Validation of Accuracy 

 A training tool was created for researchers to use to practice visualizing 

portion sizes of foods.  Pictures from the American Dietetic Association’s Portion 

Photos of Popular Foods were made available online (30).  Portion sizes of foods 

pictured were clearly labeled in common household measurements.  Researchers were 

asked to view the pictures for 15 minutes on 3 separate occasions in the week prior to 

the estimation of test plates for the validation phase. The training module was also 

available for continued reference throughout the study.  

 Five test plates were created in the metabolic kitchen of the OSU General 

Clinical Research Center.  The test plates included 2 sandwich meals, 1 pasta meal, 1 

meat and potatoes meal, and 1 breakfast meal.  Pictures of actual athlete meals taken 

in this study were provided to the metabolic kitchen to ensure the foods and food 

arrangement on the plates used in the test meals were similar to those seen in the 

study.  Test plates were photographed using a digital camera.  The foods were 

measured by weight and the nutrition content of the test meals was determined using 

ESHA Food Processor SQL 10.0.   

 Pictures of the test plates were labeled and made available on line to six 

trained researchers (4 dietitians and 2 dietetic interns).  A spreadsheet was created for 
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each plate to record the estimations.  The spreadsheet included the picture label, the 

foods found in the picture, the measurement unit in which to estimate the portion size, 

and a blank column for estimations.  Researchers were instructed to view the pictures 

online and to use the spreadsheet to record the estimation of each food item on each 

test plate.   

 Accuracy of the estimates was determined by comparison of the actual 

nutrient value of the measured food portions to the nutrient value obtained from the 

researchers’ estimations.  Nutrient contents obtained from the estimations were 

determined using ESHA Food Processor SQL 10.0 where one person completed all of 

the coding into the software.   

 

Phase II: Estimation of Athlete Meals 

 As part of the parent study in August 2006 (12), pictures were taken of athlete 

meal selections during the first two days of football training camp at three 

institutions, one each NCAA Division I, Division II, and Division III (DI, DII, DIII).  

Pictures were taken at breakfast, lunch, and dinner for DI and DII schools.  Breakfast 

was not served at the DIII school, so pictures were taken only at lunch and dinner.  DI 

meals were served buffet style and were self-serve.  DII and DIII players selected 

entrees from university food service workers at hot tables, with many side items 

available in a self-serve, buffet style.    

 All athletes were given an identification number to ensure anonymity.  A 4x6 

index card was placed next to each athlete’s plate indicating his study identification 

number and also to provide a standard size of reference.  Pictures were taken as soon 
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as possible before meals were consumed and second helpings were also recorded.  

Plate waste was not photographed and was assumed to be minimal.  All pictures were 

taken using a Canon PowerShot A85 digital camera.  

  Pictures were labeled by athlete school, identification number, and meal.  A 

total of 437 pictures of meals were evaluated.  When partnered with the 

anthropometric and blood chemical data as reported in the parent study (12), data 

from 70 athletes were used for analysis.  An Excel spreadsheet was created to include 

a tabbed worksheet for each meal.  Each worksheet listed the athlete identification 

number, the foods on the plate, the desired measurement unit for each food, and a 

blank column for estimations (example in Appendix A).  Foods listed on the 

spreadsheet were identified using menus provided by the food service provider of 

each school at the time of the present study.  The food service provider was also 

contacted to answer questions related to sizes of dinnerware, recipe ingredients, and 

serving sizes of pre-portioned items.  The same six trained researchers viewed each 

picture.  To attenuate and prevent the possible influence of estimator fatigue, the 

order of pictures was randomized for each researcher using an internet based 

randomizer (31).  Researchers viewed each picture on a computer screen and were 

asked to record an estimate of the portion size for each food on the spreadsheet 

provided.  Completed spreadsheets were returned to the primary researcher for 

analysis.   

 Estimated portion sizes for each picture and from each researcher were 

entered in ESHA Food Processor SQL 10.0 to derive a two-day nutrient intake of 

meals selected at training table for each athlete.  Data entry was completed by a small 
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group of research assistants but was reviewed by the primary researcher to ensure 

accuracy of data entry.  The US Standard, when available, was chosen for food items  

unless a specific brand name was identified by the food service provider. The diet 

data for each athlete was then extracted from ESHA into Excel for use in statistical 

analysis. 
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STATISTICAL ANALYSIS 

 

Phase I: Validation of Accuracy 

 To assess accuracy of researcher estimated nutrient content to the actual 

nutrient content of the test meals, separate mixed effects models were applied to each 

nutrient: total calories, total protein, total fat, total saturated fat, total carbohydrates, 

and total fiber.  These models were used to create a predictive value for each nutrient 

from researcher estimates in order to assess the accuracy of the predictive value to the 

actual nutrient value of the test plate.  Variables were evaluated for normal 

distribution and log transformed due to skewness as necessary.  From these nutrient 

totals, the estimated ratio of average estimated values to the actual values was 

calculated, along with 95% CI in order to determine the precision of the researcher 

estimates.  The actual nutrient values versus estimated nutrient values from each 

researcher were also plotted for visual examination (Appendix B). 

 Researcher reliability was determined by the intra-class correlation coefficient 

(ICC), comparing the variability of different estimated nutrient values of the same 

plate to the total variation across all researchers and all plates (32).  Values of the ICC 

close to 1.0 indicate greater agreement between researchers, and thus deviation from 

1.0 is explained by plate to plate differences in nutrient content.   
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 Agreement of researcher estimates was assessed by the concordance 

correlation coefficient (CCC), which measures the degree to which researcher 

estimates fall on a 45° line when plotting for each nutrient (33).  Values of the CCC 

close to 1.0 indicate a high level of agreement between researcher estimates.  

Statistical analyses were performed using SASv9.1.3 (SAS Institute, Inc., Cary, NC) 

and were completed at the Biostatistics department of The Ohio State University. 

 

Phase II: Estimation of Athlete Meals 

 All estimated nutrient values were scaled per 1000 calories to control for 

differences in caloric intake between athletes of various body size and number of 

meals per school.  Nutrients included total calories, protein, fat, saturated fat, 

carbohydrates, fiber, soluble fiber, omega-3 fatty acids, and sodium.  The adjusted 

nutrient values were considered as continuous predictors and also stratified to 

quartiles.  Indicator variables were used to determine whether an athlete was within 

the DRI for a specific nutrient or not.  A crude relationship between metabolic 

syndrome (yes/no), as determined in the parent study (12), and specific nutrients was 

determined using a likelihood ratio test.  Raw summary statistics (mean, standard 

deviation, minimum, and maximum, or frequency and percentage) were calculated for 

each nutrient.  Logistic regression modeling techniques were applied to determine the 

nutrients most highly predictive of metabolic syndrome from the set of scaled nutrient 

values.  A multivariate model was built using a forward stepwise selection procedure 

with an α= 0.05 level of significance for inclusion at each step (34). After the initial 

main effects were determined, the presence of significant two-way interactions were 
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assessed. Odds ratios and 95% confidence intervals (CI) from the final multivariable 

model were then calculated.  All analyses were performed using SASv9.1.3 (SAS 

Institute, Inc., Cary, NC) and were completed at the Biostatistics department of The 

Ohio State University. 
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RESULTS 

 

Phase I: Validation of Accuracy 

 The calculated estimated ratio of average estimated nutrient values to actual 

nutrient values in athlete meals showed no significant differences between the 

average of researcher estimates and the actual nutrient values for all nutrients except 

for saturated fat.  An estimated ratio of 1.0 would indicate exact estimation of nutrient 

values.  Carbohydrates and fiber tended to be underestimated, while protein, fat, and 

saturated fat tended to be overestimated.  The estimated ratio for saturated fat was 

significant at 1.15 (95% CI 1.03, 1.29; p=0.0166) indicating a significant 

overestimate of fat by the team of dietitians.  Table 2 shows the estimated ratios of 

nutrients.  Estimated ratios (actual vs. estimator results) are depicted in Appendix B 

plots for further visualization.  

 

 

 

 

 

 



 

 25

Nutrient Estimated Ratio 95% CI p-value 

Calories 1.02 (0.9, 1.15) 0.7503 

Protein 1.08 (0.93, 1.25) 0.2998 

Fat 1.09 (0.95, 1.25) 0.1854 

Saturated Fat 1.15 (1.03, 1.29) 0.0166 

Carbohydrates 0.93 (0.81, 1.08) 0.3360 

Fiber 0.92 (0.78, 1.1) 0.3574 

 
 
Table 2.  Estimated Average Ratios 
 

 

 As a measure of researcher reliability, the ICC for most nutrients was within 

the acceptable and expected range. The ICC revealed significant variability in 

estimation of protein between researchers.  The ICC for protein was 0.444 (95% CI 

0.067, 0.857).  No other nutrient had significant variability.  Table 3 shows results of 

the ICC analysis for each nutrient.  Values close to 1.0 reflect greatest accuracy.  

 

 
Nutrient ICC 95% CI 

Calories 0.916 (0.709, 0.987) 

Protein 0.444 (0.067, 0.857) 

Fat 0.913 (0.743, 0.989) 

Saturated Fat 0.946 (0.822, 0.933) 

Carbohydrates 0.946 (0.811, 0.992) 

Fiber 0.914 (0.822, 0.933) 

 
 
Table 3.  Intra-Class Coefficient (ICC) 
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 As a measure of agreement between researchers, the CCC for most nutrients 

was close to the optimal value of r = 1.0, which reflects perfect agreement between 

researcher estimates. The CCC demonstrated a significant difference in researcher 

agreement when estimating protein portion sizes.  The CCC for protein was 0.380 

(95% CI -0.070, 0.702).  Results of the CCC test for all nutrients are shown in Table 

4 and graphs are included in Appendix C for relative visualization. 

 

Nutrient CCC 95% CI 

Calories 0.896 (0.640, 0.973) 

Protein 0.380 (-0.70, 0.702) 

Fat 0.910 (0.675, 0.977) 

Saturated Fat 0.941 (0.776, 0.986) 

Carbohydrates 0.937 (0.763, 0.984) 

Fiber 0.896 (0.614, 0.973) 

 
 
Table 4.  Concordance Correlation Coefficient (CCC) 
 

 

Phase II: Estimation of Athlete Meals 

 The average caloric intake for all athletes was 7,375.5 calories for two days of 

recorded meals (average for one day was 3688 calories).  Scaling was applied to all 

other nutrients to adjust for the number of meals included in the estimates.  Average 

fat intake, scaled per 1000 calories, was 45.6 grams.  Average percentage of fat was 

41% of calories from fat.  Carbohydrate intake averaged 103.1 grams per 1,000 
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calories.  Fiber intake was 5.6 grams per 1,000 calories.  Average sodium intake was 

1,968.3 milligrams per 1000 calories, with the minimum sodium intake of 1,324.9 

milligrams (2,649.8 milligrams/2000 calories) and the maximum sodium intake at 

3,334.1 milligrams (6,668.2 milligrams/2000 calories).  Table 5 summarizes the 

nutrient content of the athletes’ choices.  The average macronutrient distribution is 

further illustrated in Appendix D. 

 

Variable# Mean SD Min Max 

Total Calories (kcal)* 7,375.5 1,655.2 4,031.7 11,062.0 

% kcal from fat 41.0% 6.8% 24.0% 58.4% 

% kcal from s. fat 12.3% 2.3% 7.0% 17.7% 

Fat (g)** 45.6 7.6 26.7 64.9 

Saturated Fat (g)** 13.6 2.6 7.8 19.7 

Protein (g)** 46.3 10.3 32.1 73.3 

Carbohydrates (g)** 103.1 22.3 48.0 149.1 

Fiber (g)** 5.6 1.6 2.4 10.3 

Soluble Fiber (g)** 0.4 0.4 0.0 2.1 

Omega-3 (g)** 0.4 0.1 0.1 0.7 

Sodium (mg)** 1,968.3 344.2 1,324.9 3,334.1 

# All nutrient values based on the average of 6 researchers’ estimates 
* total for 2 days 
**per 1000 kcal 
 
 
Table 5.  Nutrient intakes of Athletes. 
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 Univariate, logistic modeling of metabolic syndrome using the scaled nutrient 

values, when categorized into quartiles, showed a significant increased risk of 

metabolic syndrome with the highest intakes of carbohydrates and sodium, while the 

highest intakes of fat appeared to have an inverse relationship to metabolic syndrome 

in this cohort of athletes (Table 6).  The odds ratio for carbohydrates and the 

metabolic syndrome was 3.90 (95% CI 0.6, 25.22; p = 0.0686) when comparing the 

intake of the highest quartile of carbohydrate intakes to the lowest quartile of 

carbohydrate intake.  The OR for sodium and metabolic syndrome was 4.56 (95% CI 

0.99, 21.13; p = 0.0706) for the third quartile of intakes and 2.76 (95% CI 0.48, 0.16; 

p = 0.0706) for the fourth quartile of intakes.  These results only include univariate 

modeling and are controlled for the athletes’ body weight and school.   
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Variable# Quartile 
Metabolic Syndrome 

OR 95% CI p-value No Yes 

Calories (kcal) 

1 
2 
3 
4 

9 (53%) 
9 (53%) 
10 (48%) 
8 (53%) 

8 (47%) 
8 (47%) 
11 (52%) 
7 (47%) 

1.00
0.92
1.12
0.82

-- 
(0.23, 3.74) 
(0.30, 4.12) 
(0.19, 3.60) 

 
0.9760 

Fat (g)* 

1 
2 
3 
4 

4 (22%) 
11 (58%) 
10 (77%) 
11 (55%) 

14 (78%) 
8 (42%) 
3 (23%) 
9 (45%) 

1.00
0.21
0.09
0.24

-- 
(0.05, 0.92) 
(0.02, 0.51) 
(0.05, 1.14) 

0.0238 

Sat. Fat (g)* 

1 
2 
3 
4 

6 (33%) 
9 (56%) 
10 (59%) 
11 (58%) 

12 (67%) 
7 (44%) 
7 (41%) 
8 (42%) 

1.00
0.41
0.37
0.35

-- 
(0.10, 1.67) 
(0.09, 1.48) 
(0.09, 1.37) 

0.3808 

Protein (g)* 

1 
2 
3 
4 

7 (44%) 
10 (48%) 
9 (56%) 
10 (59%) 

9 (56%) 
11 (52%) 
7 (44%) 
7 (41%) 

1.00
0.95
0.73
0.72

-- 
(0.24, 3.71) 
(0.15, 3.61) 
(0.12, 4.16) 

0.9711 

Carbohydrates (g)* 

1 
2 
3 
4 

8 (57%) 
13 (57%) 
11 (69%) 
4 (24%) 

6 (43%) 
10 (43%) 
5 (31%) 
13 (76%)

1.00
0.92
0.52
3.90

-- 
(0.22, 3.96) 
(0.09, 2.93) 

(0.60, 25.22) 

0.0686 

Fiber (g)* 

1 
2 
3 
4 

11 (61%) 
7 (41%) 
9 (50%) 
9 (53%) 

7 (39%) 
10 (59%) 
9 (50%) 
8 (47%) 

1.00
2.11
1.55
1.27

-- 
(0.52, 8.59) 
(0.39, 6.08) 
(0.31, 5.17) 

0.7488 

Soluble Fiber (g)* 

1 
2 
3 
4 

8 (44%) 
7 (41%) 
11 (65%) 
10 (56%) 

10 (56%) 
10 (59%) 
6 (35%) 
8 (44%) 

1.00
1.24
0.42
0.67

-- 
(0.32, 4.82) 
(0.10, 1.65) 
(0.17, 2.60) 

0.4282 

Omega-3 (g)* 

1 
2 
3 
4 

7 (44%) 
8 (42%) 
9 (56%) 
12 (63%) 

9 (56%) 
11 (58%) 
7 (44%) 
7 (37%) 

1.00
1.10
0.60
0.43

-- 
(0.28, 4.28) 
(0.15, 2.45) 
(0.11, 1.73) 

0.4821 

Sodium (mg)* 

1 
2 
3 
4 

9 (60%) 
13 (68%) 
7 (33%) 
7 (47%) 

6 (40%) 
6 (32%) 
14 (67%) 
8 (53%) 

1.00
0.94
4.56
2.76

-- 
(0.21, 4.22) 

(0.99, 21.13) 
(0.48, 16.00) 

0.0706 

# All nutrient values based on the average of 6 researchers’ estimates 
* Nutrient evaluation scaled per 1000 kcal 
 

Table 6.  Odds Ratios and 95% CI for logistic modeling of metabolic syndrome. 
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 The final multivariate model of the nutrients further reveals the relationship 

between the risk of metabolic syndrome and increased intakes of carbohydrates and 

sodium (Table 7).  When adjusted for university and player weight, athletes with the 

highest intake of carbohydrates had an OR of 6.72 (95% CI 1.36, 33.19; p = 0.0194) 

for metabolic syndrome.  Athletes with the highest intake of sodium had an OR of 

5.96 (95% CI 1.66, 21.44; p = 0.0062) when compared with the lowest values of 

sodium.  Also notable is the OR of 1.34 (95% CI 1.02, 1.76; p = 0.0367), highlighting 

an increased risk of metabolic syndrome for every 5 kg increase in body weight 

between players.  

 

Parameter Estimate SE OR 95% CI p-value 

Intercept -9.27 3.83 -- -- 0.0154 

School: D3 vs. D1 0.97 0.82 2.63 (0.53, 13.08) 0.2367 

School: D2 vs. D1 1.40 0.97 4.05 (0.60, 27.24) 0.1506 

Sodium: high vs. low 1.79 0.65 5.96 (1.66, 21.44) 0.0062 

Carbs: high vs. low 1.91 0.81 6.72 (1.36, 33.19) 0.0194 

Weight (kg)* 0.06 0.03 1.34 (1.02, 1.76) 0.0367 

* OR for a 5 kg increase in body weight between players 
 
 
Table 7. Multivariate model of nutrients and risk of metabolic syndrome. 
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DISCUSSION 

 

 Previous research has documented overweight and obesity in the National 

Football League and in high school football leagues according to BMI values (9, 10).  

In the recent cross-sectional study of NCAA Division I, II, and III football linemen by 

Buell, 34 of 70 athletes were classified as having the metabolic syndrome according 

to the NHBLI criteria (12).  Because diet plays an important role in the development 

and treatment of obesity and metabolic syndrome (2, 7, 17, 20, 24), the current study 

focused on dietary choices of NCAA football athletes.  

 Previous studies have shown an increase in metabolic syndrome with diets 

high in refined grains and low in dietary fiber (19, 35). Although refined grains were 

not considered in this analysis, results show that athletes with the highest 

carbohydrate intake were nearly seven times more likely to have metabolic syndrome 

than athletes with lower carbohydrate intakes regardless of fiber intake (6.72 OR, 

95% CI 1.36, 33.19).  Similarly, a study involving 91 patients with nonalcoholic fatty 

liver disease (NAFLD) found that a diet high in carbohydrate (51% vs. 45% of 

calories) was associated with prevalence of metabolic syndrome (36).  Although 

average fiber intake was lower than is recommended in the cohort of linemen in this 

study, fiber intake did not significantly correlate with metabolic syndrome. These 

findings are important because, typically, athletes are advised to eat a high 
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carbohydrate diet, with approximately 55-65% of calories coming from 

carbohydrates.  However, since carbohydrate intolerance and insulin resistance is 

characteristic of metabolic syndrome, athletes at risk of metabolic syndrome may 

need to more closely monitor their intake of carbohydrates.  It may be necessary to 

better individualize the carbohydrate recommendations for large athletes at risk for 

metabolic syndrome.  Further research is needed on the intake of carbohydrates and 

its association with metabolic syndrome, especially looking at the association with a 

difference in intake of simple and complex carbohydrates.  The impact of 

carbohydrates and triglycerides in individuals with metabolic syndrome is another 

area for future research.   

 The current study also suggested that high sodium consumption increased the 

risk of metabolic syndrome almost six fold over the lowest quartile of sodium intake 

(5.96 OR, 95%CI 1.66, 21.44).  Similarly, previous research has shown that the  

DASH diet (low sodium) lowered markers of metabolic syndrome (23, 24).  Although  

athletes may need an increased intake of sodium due to greater sodium losses in sweat 

(37), one study estimated that soccer players lost only 2,400 milligrams of sodium in 

competition (38).  Other studies of athletes indicate losses as high as 3,000 milligrams 

of sodium per hour (39). The Institute of Medicine (IOM) recommends 1,500 

milligrams of sodium per day with 2,300 milligrams per day as the upper limit for 

intake of sodium (40).  In the United States, the average sodium intake is 4,000 

milligrams per 2,000 calories, with most coming from processed foods (41).  In this 

study, the average sodium intake was 1,968.3 milligrams per 1,000 calories.  This 

average intake does not take into account salt that might have been added to food at 
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the table.  Thus, these athletes are most likely meeting their sodium needs according 

to the IOM, and many may be exceeding their needs depending on the amount of 

sodium they lose in sweat.  Results of this study and a multitude of other research on 

the effect of sodium on blood pressure suggest the need to evaluate athletes’ sodium 

balance and sodium sensitivity on a more individual level.  

 In contrast to the results of this study, previous research has shown an inverse 

relationship between high fat meat and dairy products and markers of metabolic 

syndrome (14, 16, 18, 22).  The results of the present study show that increased fat 

and protein consumption is not associated with an increased risk of metabolic 

syndrome.  The average fat consumption ranged from 27-65 grams per 1,000 calories. 

The average fat intake was 45.6 grams per 1,000 calories.  To anchor this in more 

familiar terms, the recommended daily value for fat is 65 grams per day for a 2,000 

calorie diet.  It is important to note that the average fat intake in this current study 

would be 91.2 grams (per 2000 calories) or 150 percent of the recommended value.  

The highest fat intake was 64.9 grams per 1,000 calories (129.8 grams/2,000 calories) 

or 200% of the daily value.  Protein intake ranged from 32-73 grams per 1,000 

calories.  A possible explanation for the findings of the current study is that the 

increase in fat and protein resulted in a decrease in carbohydrate intake, which was 

found to be a risk factor for metabolic syndrome. However, the validation phase of 

the study showed greater variability in predicting protein portion sizes.  Therefore, the 

relationship seen between protein and the risk of metabolic syndrome should be 

interpreted cautiously, as the association could be stronger or weaker than reported in 

the results of this study.  Further analysis of protein and fat intake in relation to 
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cholesterol levels and triglycerides may provide a better indication of the possible 

risks associated with differing levels of intake of these nutrients. 

 It is important to note that that many studies on dietary intake and metabolic 

syndrome have been conducted on women, few studies included such a young 

population, and no studies have been published on athletes.  Because the subjects of 

this study were young, athletic men, comparison of results with previous studies 

should be carefully considered.  It is also important to consider the potential long 

term effects of body type and diet with the possible health ramifications later in life, 

especially in such a young study population.  Indeed, a recent article in the popular 

press indicated an increased prevalence of metabolic syndrome among retired NFL 

athletes (42).  A study of 550 retired NFL linemen found that 52.2 percent of the 

linemen had metabolic syndrome compared with 22.2 percent of other retired players 

and 21.8 percent of the general population of the United States.  It is also important to 

note that individuals, especially those with symptoms of metabolic syndrome, who 

stop exercising may further increase the risk of developing metabolic syndrome (43-

45).  It is noteworthy in this study that the DI and DIII teams included competed for 

respective National Championships the season of data collection.  Studies on less elite 

teams may contribute a grimmer picture.  Future studies on the past and present 

health of aging athletes are needed to elucidate the possible consequences of choices 

made early in an athlete’s career.   

 This study used digital photography, an emerging method in assessing dietary 

intake, to more conveniently document the athletes’ meals.  Athletes typically have 

irregular training schedules and atypical eating times, making food diaries 



 

 35

inconvenient and burdensome.  Under- and over-reporting of food intake is also a 

common problem with dietary assessment (25).  Digital photography allows the 

pictures of the meals to be evaluated by a trained dietitian at a later time, and in a less 

chaotic environment.  Previous studies have found this method to be as accurate as 

direct visual estimation (28), and accuracy of estimates increased when researchers’ 

estimations were averaged together (27).  Similarly, the validation phase of this study 

showed that use of a digitally photographed food record is a valid method for 

determining nutrient intake when an average of researcher estimates is calculated.  

Although error in nutrient value estimates compared to actual values ranged from 

 2-15% in this study, this difference is similar to self-reporting error when using 

written food records, 24 hour recall, or food frequency methods (46). In addition, 

Braakhuis, et al reported a 12-26% for macronutrients variability in researcher 

estimates when using 3 day food records (47).  Thus, the use of a digital food record 

has similar error compared to other methods of assessing food intake.  Digital 

photography as a method of recording food intake may become more useful with the 

increasing use of camera phones and lightweight digital cameras.  The novelty of the 

method may also increase compliance of a food record, especially in younger 

populations and as people become more technology-savvy.  
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LIMITATIONS 

 

 As food photography is an emerging method of assessment, little literature has 

been published on methods to achieve the best views of food required for estimation 

of portion sizes.  Optimally, the pictures in this study would have been taken at a 

standard distance from the plate and at a standard angle using the same settings on the 

camera device.  In a live environment, this was difficult to achieve and, thus, 

photographs were not always taken in a way so all food was clearly viewable.  Taking 

multiple photographs of the plate at different angles may also assist with accuracy.  

Capturing plate waste would also be necessary to attain a more accurate estimation of 

amounts of food actually consumed.  This may be more important in athletes with 

smaller appetites or with those who are more picky eaters.  The present study did not 

assess foods, beverages, or dietary supplements consumed outside of training table 

and therefore can only reflect on choices the athletes made on these occasions, 

assuming that athlete choices will be similar outside of training table.  Furthermore, 

the study only recorded meals for the first two days at training table.  Meals that were 

missed meals during this time limited available data on several athletes.  This study 

tried to correct for the missing meal (breakfast) at the Division III school by 

controlling for school in the data analysis.  Recording a greater number of days or at 

different times during the season may provide a more thorough estimate of the 
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athletes’ diets.  Using digital photography may also impose a bias due to athletes’ 

meal consumption and choices if they anticipate that their food choices will be 

recorded and evaluated.  Some athletes may be more or less sensitive to this bias, 

although the group in this study was assumed not to be particularly vulnerable.  

Lastly, error may occur due to incomplete nutrient data in the food database used in 

the analysis.  With recent research on the risks and benefits of certain nutrients, 

limited data in the food database makes it difficult to evaluate the effects of these 

nutrients. 
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CONCLUSION 

 

 In athletes, dietary manipulation is used to enhance athletic performance (25), 

but while focusing on athletic performance, overall athlete health must also be 

assessed and long term health effects must be considered.  Although athletes are often 

considered healthier than their non-athletic peers, this may not be the case for some 

athletes.  Results of this study and emerging research on metabolic syndrome 

highlight the potential importance of diet in preventing chronic lifestyle diseases.  

Despite its limitations, this study shows an increased risk of metabolic syndrome in 

athletes consuming a high sodium, high carbohydrate diet.  Additional research needs 

to be conducted on macronutrient intake of athletes and metabolic syndrome to 

further clarify the relationship between sodium, carbohydrates, and prevalence of the 

metabolic syndrome in large athletes.   
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APPENDIX A 
 
 

  Excel Spreadsheet 
 
 

 

 
 
 
 
 
 
 

Picture ID Food Item 
Unit of 
Measurement Estimation Comments

CL101     
 Scrambled Eggs Cups   
 Hash Browns Cups   
 Green Beans Cups   
 Grilled Chicken Ounces   
 Hamburger Patty Ounces   
 American Cheese (1 oz. slice) # Slices   
 Iced Tea Fluid ounces   
     
CL102a     
 Blueberry Bagel Diameter (inches)   
 Cream Cheese Tablespoons   
 French Toast # Slices   
 Scrambled Eggs Cups   
 Bacon # Slices   
 Sausage # Links   
 Syrup Tablespoons   
 Fruit Punch Fluid ounces   
     
CL102b     
 Wheat Bread # Slices   
 Turkey (deli meat) Ounces   
 American Cheese (1 oz. slice) # Slices   
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APPENDIX B 
 
 

Phase I:Validation- Graph of Researcher Estimates vs. Actual Values 
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APPENDIX C 
 
 

Phase I: Validation – Graphs of CCC Results for Macronutrients 
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Macronutrient Breakdown of Athlete Choices - All Divisions

18.5%

41.1% 41.2% Carbohydrate

Protein

Fat

 
 
 
 
 
 

APPENDIX D 
 
 

Phase II: Estimation – Breakdown of Athlete Macronutrient Intake 
 
 
 


