Peter Thies
Regression Analysis Project

Introduction

The purpose of this project is to analyze data the determining factors behind the caloric count of the items available at Burger King.  Based on this analysis, one may make better personal nutritional choices or those who develop Burger King's foods could adjust their products.

Data

The data were obtained from the fastfoodnutrition.org website: 
http://www.fastfoodnutrition.org/r-nutrition-facts/Burger%20King-so.html
The explanatory variables to be investigated are saturated fat (X1), cholesterol (X2), sodium (X3), carbohydrates (X4), fiber (X5), sugars (X6), and protein (X7).
Seven Variable Analysis
An initial regression of all seven variables (found in the 'All Variables Analyzed' tab), yielded the following results:

[image: image1.emf]Coefficients P-value

Intercept -32.05276544 0.228840042

X Variable 1 14.53943077 5.44318E-06

X Variable 2 0.213896779 0.337710138

X Variable 3 0.07246889 0.091602117

X Variable 4 6.460066836 1.21001E-06

X Variable 5 -8.412439219 0.380360832

X Variable 6 -2.042159618 0.023227163

X Variable 7 3.963824029 0.000709413


The overall r-squared value was 0.965, which implies strong predictive power for this model.  Based upon the sizes of the coefficients, saturated fat and carbohydrates appear to have the strongest influence upon calorie content.  Those variables also have the lowest p-values.  The large p-values for cholesterol and fiber imply that they have a minimal effect on calorie count.  As such, a second analysis was then performed without those two variables.
It is noted that, like fiber, which will be removed from further analysis, sugar has a negative coefficient.  This will be explored further below.

Ignoring Cholesterol and Fiber
A second regression (found in the 'No Cholesterol, Fiber' tab) using only saturated fat (X1), sodium (X3), carbohydrates (X4), sugars (X6), and protein (X7) was performed with the following results:
[image: image2.wmf]Coefficients

P-value

% change in p-value

Intercept

-34.03693364

0.197084406

X Variable 1

14.22004517

3.76486E-06

-0.30833429

X Variable 3

0.108850623

0.002022372

-0.977922209

X Variable 4

5.372708537

1.95539E-10

-0.999838399

X Variable 6

-1.237835697

0.050200838

1.161298737

X Variable 7

4.349507834

0.000113669

-0.83977015


The overall r-squared value was negligibly reduced to 0.963.  However, with the exception of sugar, all of the other explanatory variables' p-values were markedly reduced, implying this to be a superior model than the seven-variable regression.
It is noted that sugar continues to have a negative coefficient.  Further, its p-value was more than doubled in the change from seven explanatory variables to five.  Therefore, sugar warrants further investigation.
Sugar
When attempting to make foods healthier, or at least seem healthier, a manufacturer will often advertise it as sugar-free or fat-free.  However, because consumers are largely driven by taste, a reduction in sugar in a food is often countered by an increase in fat, or vice versa.  The result is often no net increased health benefit.  As the University of Illinois writes, "Many sugar-free foods contain more fat and salt than regular foods in order to enhance flavor."  (http://efed.aces.uiuc.edu/101/faq.html)

Further, consider the following chart from the National Institute of Health (http://www.nhlbi.nih.gov/health/public/heart/obesity/lose_wt/fat_free.htm):
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Menus and Menu Planner
Food Exchange Lists [Ear——
Shopping Tips Reduced-Fat Calories Regular Calories
Portion Distortion
Reduced-fat peanut butter, 187  Regular peanut butter, 101
Recipes 2 Thsp 2Thsp
Dally Food and Reduced-fat chocolate chip 118 Regular chacolate chip 142
v piary cookies, 3 cookies (30 g) cookies, 3 cookies (30 g)
Tip Sheets Fat-free fig cookes, 102 Regular fig cookies, 111
2 cookies (30 @) 2 cookies (30 @)
Be Physically Active Fat-free vanila frazen 100 Regular whole milk vanilla 104
yogurt (<1% fat), % C. frozen yogurt (3-4% fat),
Healthy Weight Tools %C
N Light vanilla ice cream 111 Regular vanilla ic2 cream, 133
Key Recommendations (7% fat), ¥2 C (11% fat), ¥: C
Healthy Weight Resources Fat-free caramel topping, 103 Caramel topping, 103
for Parents /Families 2Tsp homemade with butter,
(We Gant) 2Thsp
N Low-fat granola cereal, 213 Regular granola cereal, 257
Health Professional g g
Resources approx. % C (55 8) approx. % C (55 0)
Low-fat blusberry muffin, 131 Regular blueberry muffin, 138
1 small (2% inch) 1 small (2% inch)
Baked tortilla chips, 1 0z 113 Regular tortlla chips, 1 0z 143
Low-fat cereal bar, 1 bar 130 Regular cereal bar, 1 bar 140
(1302 (1302)
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Coordinating Cantar, University of Minnezota q
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As one case see, the product with less fat generally has a comparable caloric content.

Given this information, One must consider whether the fat and sugar contents of the foods are correlated, i.e., whether a reduction in one is generally accompanied by an increase in the other.  An analysis (found in the 'Fat and Sugar' tab) revealed an r-squared value of only 0.069 between the two variables, implying little correlation.  However, a graph of sugar versus fat reveals that although low-sugar foods can have high or low fat contents, only the lowest-fat foods had high sugar contents.
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Dessert
Reviewing the information in the 'Source Data' tab, it was found that the five foods with the abnormally high amounts of sugar (over 20 grams) were all desserts.  As such, the data were reanalyzed without the desserts.
An initial regression of all seven variables (found in the 'All Variables Analyzed (2)' tab), yielded the following results:

[image: image5.emf]Coefficients P-value

Intercept -40.37392288 0.14412859

X Variable 1 13.11088373 6.44941E-05

X Variable 2 0.18115729 0.420224992

X Variable 3 0.114677472 0.022698557

X Variable 4 4.543171568 0.006138608

X Variable 5 8.464687698 0.559094041

X Variable 6 3.843488015 0.178975526

X Variable 7 3.801490917 0.001409163


The overall r-squared value was 0.969, a slight improvement over the initial seven-variable value of 0.965.  More importantly, sugar no longer has a negative coefficient.  As before, the largest p-values were found with cholesterol and fiber.
Performing a regression without those two explanatory variables (found in the 'No Cholesterol, Fiber (2)' tab), yielded the following results:

[image: image6.emf]Coefficients P-value % change in p-value

Intercept -42.15413953 0.115102172

X Variable 1 13.7811876 8.57533E-06 -87%

X Variable 3 0.117797896 0.00102754 -95%

X Variable 4 5.071234649 3.7202E-09 -100%

X Variable 6 3.164758394 0.105784357 -41%

X Variable 7 4.08340651 0.000284648 -80%


The overall r-squared value was negligibly reduced to 0.968.  However, all of the other explanatory variables' p-values, including that of sugar, were markedly reduced, implying this to be a superior model than the seven-variable regression.

Because there were only 5 dessert items, as compared to 31 non-dessert items, further analysis was performed only on the non-dessert items, five data point being judged as insufficient for further analysis.

Sodium
One may be tempted to remove sodium from consideration as an explanatory variable, given its coefficient is an order of magnitude lower than the others.  However, one must consider that the values for the measurements of sodium are one to two orders of magnitude larger for sodium.  As such, its coefficient is significant.  Nonetheless, in the interest of thoroughness, an analysis (found in the 'No Sodium' tab) was performed with sodium eliminated.

The overall r-squared value was 0.950, a notable reduction.  Further, as shown below, the p-values for two variables were increased, thus supporting the earlier statement that sodium is an important explanatory variable.

[image: image7.emf]Coefficients P-value % change in p-value

Intercept -1.345734754 0.962758179

X Variable 1 16.38332415 6.053E-06 -0.294137324

X Variable 4 5.983840179 7.01993E-10 -0.811302433

X Variable 6 1.104561969 0.620134023 4.862246923

X Variable 7 4.769113115 0.000355053 0.247342938


Predictive Power
As a final check of the model, it was used to predict the calorie contents of the 31 non-dessert foods based on their saturated fat, sodium, carbohydrate, sugar, and protein contents.  The result (found in the 'Predictive Power' tab) was a linear relationship between the given and modeled calorie counts with an r-squared value and a slope both equal to 0.968.
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Conclusion

For non-dessert food produced by Burger King, the calorie count can be modelled according to the following equation:

Calories = -42.15413953

+ (Saturated Fat content) * 13.7811876

+ (Sodium content) * 0.117797896

+ (Carbohydrate content) * 5.071234649

+ (Sugar content) * 3.164758394

+ (Protein content) * 4.08340651
Of the five explanatory variables, fat and sodium are the strongest predictors, remembering that sodium is measured with valued two orders of magnitude larger than the other explanatory variables.  Such predictive power could be of use to both consumers and to those who plan Burger King's menu.
