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VEE – Regression Analysis

Student Project

Regression Analysis of Food Energy and Nutrients in Protein Bars

Introduction:

This student project studies the relationship between food energy and the primary nutrients such as fat, carbohydrates, protein, fiber and sodium.  In terms of the calories, fat, proteins and carbohydrates are the primary contributors.  Fat contains 9 calories/gram, proteins and carbohydrates contain 4 calories/gram.  Below, we will study the context above based on the nutritional information we have obtained on various protein bars by using regression analysis.

Data:

Below is a sample listing of protein bars in the food/diet industry, along with their nutritional information.

	 
	Energy (calories)
	Fat (g)
	Carbs (g)
	Protein (g)
	Fiber (g)
	Sodium (g)

	Atkin's Nutritional Advantage Bar
	240
	10
	2.5
	20
	1
	0.2

	Balance Bar - Cookie Dough
	200
	6
	22
	15
	1
	0.19

	BariWise Crispy
	160
	4.5
	15
	15
	2
	0.09

	Chocolite Sugar Free Protein Bars
	95
	3
	17
	9
	9
	0.135

	Clif Luna Bar - Protein Nurtition Bar
	170
	3.5
	29
	9
	3
	0.115

	Detour Low Sugar Protein Bars
	170
	4.5
	17
	15
	2
	0.24

	G Series Pro 01 Prime
	230
	4
	39
	10
	2
	0.17

	Met Rx Food Bar - Chocolate Chunk
	310
	9
	32
	32
	2
	0.2

	Optimal Protein Diet
	180
	2.5
	23
	20
	0
	0.14

	Power Bar Protein Bars - Chocolate Peanut Butter
	240
	4
	44
	9
	1
	0.2

	Power Chunch Choklat Protein Bars
	110
	7
	8
	5
	1
	0.035

	PowerBar Pria Nutrition Protein Bars
	110
	3.5
	16
	5
	1
	0.085

	PR Ironman Bars
	230
	8
	24
	16
	1
	0.18

	ProMax Bars - Chocolate Chip Cookie Dough
	290
	7
	38
	20
	2
	0.2

	ProtiDiet Protein Bars
	150
	4.5
	15
	15
	3
	0.09

	Pure Protein Bar
	200
	4
	10
	30
	1
	0.2

	Think Thin Protein Bars
	240
	8
	25
	20
	1
	0.26

	WonderSlim - Peanut Crispy
	160
	5
	18
	15
	5
	0.27

	Zone Perfect Bar - Fudge Graham
	210
	7
	23
	14
	3
	0.2

	GoLean Chrunchy Bars - Chocolate Caramel
	150
	3
	28
	8
	6
	0.22


Nutritional information of the protein bars listed in the table above were obtained using the following web-sites:

	http://www.bodybuildingforyou.com/protein/protein-bar-nutrition-bars.htm

	http://www.dietdirect.com/wonderslim-protein-diet-bars.html

	http://www.gatorade.com/default.aspx#product?s=gseriespro-prime-nutritionbar


Variables:
The equation for the full model is as follows:

Y = α + β1X1+ β2X2+ β3X3+ β4X4+ β5X5 where, 

Y = Energy, in calories

α = Intercept
βs = least squares coefficients
X1 = Fat, in grams

X2 = Carbohydrates, in grams

X3 = Protein, in grams

X4 = Fiber, in grams

X5 = Sodium, in grams

Hypothesis:

The null hypothesis is that all least squares coefficients are zero:

β1 = β2=  β3 = β4 = β5 = 0

Five-Variable (Full-Model) Regression:  
The following statistics are for the full model:

	Regression Statistics

	Multiple R
	0.978080284

	R Square
	0.956641042

	Adjusted R Square
	0.9411557

	Standard Error
	14.00421322

	Observations
	20


	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	7.180436381
	14.48782866
	0.495619
	0.627853
	-23.89286558
	38.25373834
	-23.89286558
	38.25373834

	Fat (g)
	11.29435682
	1.739976629
	6.491097
	1.42E-05
	7.562478117
	15.02623552
	7.562478117
	15.02623552

	Carbs (g)
	3.13584807
	0.332141632
	9.441298
	1.89E-07
	2.423475122
	3.848221018
	2.423475122
	3.848221018

	Protein (g)
	3.253968355
	0.559554225
	5.815287
	4.48E-05
	2.053843906
	4.454092804
	2.053843906
	4.454092804

	Fiber (g)
	-4.484837028
	1.719288725
	-2.60854
	0.020631
	-8.172344587
	-0.79732947
	-8.172344587
	-0.797329468

	Sodium (mg)
	91.42377722
	64.52241371
	1.416931
	0.178371
	-46.96303636
	229.8105908
	-46.96303636
	229.8105908


As such, the full model is as follows:

Y = 7.1804 + 11.2943 X1 + 3.1358 X2 + 3.2539 X3 + 4.4848 X4 + 91.4237 X5
The R2 of the full model is 95.66 % which indicates that the volume of the nutrients being analyzed here could be good predictors of energy in protein bars as 95.66% of the variation of Y around Ybar is explained by the regressors.  Among the explanatory variables, the P-value is the highest (0.178371) for Sodium, which indicates that sodium is not a good explanatory variable for food energy.  As such, we will remove Sodium and perform the regression analysis with the remaining 4 explanatory variables.
Four-Variable Regression:

The following statistics are for a model with 4 variables, excluding the Sodium from the full model:

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.974896
	
	
	
	
	
	
	

	R Square
	0.950423
	
	
	
	
	
	
	

	Adjusted R Square
	0.937203
	
	
	
	
	
	
	

	Standard Error
	14.46697
	
	
	
	
	
	
	

	Observations
	20
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	8.590355
	14.93122
	0.575328
	0.573599
	-23.2348
	40.4155
	-23.2348
	40.4155

	Fat (g)
	11.83998
	1.752901
	6.754503
	6.47E-06
	8.103757
	15.5762
	8.103757
	15.5762

	Carbs (g)
	3.319961
	0.315771
	10.51384
	2.57E-08
	2.646912
	3.99301
	2.646912
	3.99301

	Protein (g)
	3.608139
	0.517165
	6.976766
	4.45E-06
	2.505828
	4.71045
	2.505828
	4.71045

	Fiber (g)
	-3.70692
	1.683112
	-2.20242
	0.043693
	-7.29439
	-0.11945
	-7.29439
	-0.11945


According to the statistics above, the four variable regression model is:

Y = 8.5904 + 11.8400X1 + 3.3200X2 +3.6081X3 -3.7070X4
Even after removing Fiber as an explanatory variable from the model, the R2 value of this model is almost exactly the same as the value in the five-variable model at about 95%.  Among the explanatory variables, the P-value is the highest (0.0437) for Fiber, which indicates that Fiber is not a good explanatory variable for food energy.  As such, we will remove Fiber and perform the regression analysis with the remaining 3 explanatory variables.
Three-Variable Regression:

The following statistics are for a model with 3 variables, excluding both the Sodium and the Fiber from the full model:

	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.966639
	
	
	
	
	
	
	

	R Square
	0.934391
	
	
	
	
	
	
	

	Adjusted R Square
	0.922089
	
	
	
	
	
	
	

	Standard Error
	16.11406
	
	
	
	
	
	
	

	Observations
	20
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-9.21537
	13.98229
	-0.65907
	0.519221
	-38.8565
	20.42576
	-38.8565
	20.42576

	Fat (g)
	12.8055
	1.890425
	6.773874
	4.47E-06
	8.79798
	16.81303
	8.79798
	16.81303

	Carbs (g)
	3.357699
	0.351204
	9.560551
	5.11E-08
	2.613181
	4.102217
	2.613181
	4.102217

	Protein (g)
	3.809465
	0.566975
	6.718925
	4.93E-06
	2.607531
	5.011398
	2.607531
	5.011398


According to the statistics above, the three-variable regression model is:

Y = -9.2154 + 12.8055X1 + 3.3577X2 +3.8095X3
After eliminating both Fiber and Sodium from the full model, the R2 value is still very high at 93.43%.  Therefore, we can be confident that the explanatory variables that we have eliminated to this point do not have much explanatory power when it comes to food energy. For the explanatory models used in this model, the P-values are very small, all closed to zero.  As such, the remaining variables fat, carbs and protein appear to have much the most predictive power which implies that this is the optimal model.  Even though we are certain we found the optimal model and we don’t feel that we need to eliminate any other variables, in order to prove our point, we will eliminate one more variable and show the regression results with two variables.  
Two-Variable Regression:

The following statistics are for a model with 2 variables; fat and carbs.  

	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.865607
	
	
	
	
	
	
	

	R Square
	0.749276
	
	
	
	
	
	
	

	Adjusted R Square
	0.719779
	
	
	
	
	
	
	

	Standard Error
	30.56027
	
	
	
	
	
	
	

	Observations
	20
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	18.08558
	25.37299
	0.712789
	0.485646
	-35.4468
	71.61791
	-35.4468
	71.61791

	Fat (g)
	18.31503
	3.230345
	5.669683
	2.77E-05
	11.4996
	25.13047
	11.4996
	25.13047

	Carbs (g)
	3.378821
	0.66603
	5.073077
	9.41E-05
	1.973621
	4.784021
	1.973621
	4.784021


According to the statistics above, the two-variable regression model is:

Y = 18.0856 + 18.3150X1 + 3.3788X2 

After eliminating the Protein variable from the 3-variable model, the R2 value dropped significantly from around 93% down to 75%.  The standard error of the full model, as well as the 4-variable and 3-variable models were in the 14 to 16 range.  However, with the elimination of the Protein variable, the standard error of the new 2-variable model also increased to over 30.  As we had expected the two variable model is not the optimal model, and we should not have eliminated the Protein variable.  By running this analysis, we were able to prove our point above, indicating that the optimal model is the 3-variable model.

Conclusion
We have started with a full model with 5 explanatory variables of Fat, Protein, Carbohydrates, Sodium and Fiber  and concluded that the optimal model only includes Protein, Fat, and Carbohydrates and is defined as follows:

According to the statistics above, the three-variable regression model is:

Y = -9.2154 + 12.8055X1 + 3.3577X2 +3.8095X3,
Where, 

Y = Energy, in calories

X1 = Fat, in grams

X2 = Carbohydrates, in grams

X3 = Protein, in grams

The three variables are significant at the 95% confidence level and the R2 value is about 93.44%. 

The F statistic is given by: F0 = [(n-k-1)/k]*[R2/(1-R2)] = 75.5. (n= 20, k=3)

The P-values are very low ( closed to zero) and the F statistic is high so we can reject the null hypothesis that all coefficients are zero.

To analyze more in the three coefficients of explanatory variable, from the optimal regression model, we see that Fat gave the highest amount of food energy per mass, 12.81 calories/g.  Protein gave about 3.8 calories/g.  Carbohydrates gave about 3.36 calories/g. These values are pretty close to the nutritional information provided in the introduction part of this project.  

