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VEE – Regression Analysis

Student Project

Regression Analysis of Food Energy and Nutrients in Protein Bars

Introduction:

The intent of this student project is to measure the relationship between calories and the primary nutrients: fat, protein, carbohydrates, fiber, and sodium. Calories are the measured by the amount energy needed to increase the temperature by one degree Celsius.  The primary source of calories is the following three nutrients: fats, carbohydrates, and protein. Fat contains 9 calories/gram, proteins and carbohydrates contain 4 calories/gram. Our study will focus on the relationship of fats, carbohydrates, and protein to calories.
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)

	ABB Steel Bars
	250
	3
	36
	20
	1
	0.2

	AllMax Nutrition ISOFLEX Triple Layer Bar
	320
	11
	34
	30
	1
	0.46

	BSN Syntha-6 Decadence
	350
	9
	44
	30
	1
	0.39

	Chef Jay’s Tri-O Plex Bars
	410
	15
	45
	30
	6
	0.13

	EAS Myoplex Strength Bar
	280
	8
	35
	25
	1
	0.27

	ISS Research Oh Yeah! Bar
	350
	13
	27
	30
	4
	0.09

	Labrada Lean Body Gold Bars
	330
	9
	32
	30
	2
	0.33

	Met Rx Big 100 Colossal
	400
	10
	47
	31
	2
	0.44

	Muscle Milk Bars
	300
	8
	28
	25
	1
	0.27

	Muscle Tech Nitro Tech Bars
	310
	8
	29
	30
	5
	0.23

	Optimum 100% Whey Crisp Bars
	            260
	4.5
	34
	25
	1
	0.1

	Premier Nutrition Protein Bar
	            280   
	9
	23
	30
	1
	0.42

	Promax Bars
	            290
	7
	38
	20
	2
	0.2

	Universal Proteon Bars
	433
	17
	38
	32
	5
	0.2

	Supreme Carb Conscious
	390
	15
	36
	30
	1
	0.3

	Titan Bars
	330
	13
	33
	26
	1
	0.14

	Universal Doctor’s CarbRite Diet bars
	190
	3.5
	23
	21
	1
	0.14

	Universal High Protein Bar
	296
	6
	33
	33
	1
	0.224

	VPX Zero Impact Bar
	484
	21
	42
	30
	4
	0.26

	Worldwide Pure Protein
	190
	6
	19
	18
	1
	0.14


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

	www.bodybuilding.com


	


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 = Fibber, 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
	0.985625609

	R Square
	0.97145784

	Adjusted R Square
	0.961264212

	Standard Error
	14.86932561

	Observations
	20


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

	Intercept
	9.721107309
	25.10666989
	0.387192
	0.704436
	-44.12734389
	63.56956
	-44.1273
	63.56956

	Fat (g)
	9.388613857
	1.040917308
	9.019558
	3.3E-07
	7.156068278
	11.62116
	7.156068
	11.62116

	Carbs (g)
	3.534665969
	0.529620694
	6.673957
	1.05E-05
	2.398742557
	4.670589
	2.398743
	4.670589

	Protein (g)
	3.20024302
	1.128055559
	2.836955
	0.013185
	0.780804481
	5.619682
	0.780804
	5.619682

	Fiber (g)
	3.942327015
	3.004235677
	1.312256
	0.210542
	-2.501117652
	10.38577
	-2.50112
	10.38577

	Sodium (mg)
	21.49674085
	41.20267159
	0.521732
	0.610013
	-66.87420042
	109.8677
	-66.8742
	109.8677


As such, the full model is as follows:

Y = 9.7211 + 9.3886 X1 + 3.5347 X2 + 3.2002 X3 + 3.9423 X4 + 21.4967 X5
The R2 of the full model is 97.14 %. The 97.14% means that 97.14% of the variation of Y about Y bar is explained by the 5 regression variables.  Examining the explanatory variables, sodium has the highest P-value (0.6100). The high P-value for sodium signifies that sodium is not a good explanatory variable. Next we will examine a four variable regression model removing the Sodium variable to adhere to the Law of Parsimony. 
Four-Variable Regression:

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

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.985344
	
	
	
	
	
	
	

	R Square
	0.970903
	
	
	
	
	
	
	

	Adjusted R Square
	0.963144
	
	
	
	
	
	
	

	Standard Error
	14.50411
	
	
	
	
	
	
	

	Observations
	20
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

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

	Intercept
	5.924255
	23.43864
	0.252756
	0.803888
	-44.034
	55.88253
	-44.034
	55.88253

	Fat (g)
	9.395543
	1.015268
	9.254248
	1.37E-07
	7.23155
	11.55954
	7.23155
	11.55954

	Carbs (g)
	3.60323
	0.500456
	7.199897
	3.07E-06
	2.536534
	4.669926
	2.536534
	4.669926

	Protein (g)
	3.512199
	0.93306
	3.764173
	0.001876
	1.523429
	5.500969
	1.523429
	5.500969

	Fiber (g)
	3.084387
	2.452477
	1.257662
	0.227742
	-2.14294
	8.311718
	-2.14294
	8.311718


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

Y = 5.9243 + 9.3955X1 + 3.6032X2 +3.5122X3 +3.0844X4
Removing the explanatory variable sodium from the model has little impact as the R2 value remains high at 97.09%. The high value denotes that 97.09% of the variation of Y about Y bar is accounted for by the 4 variable regression model. The high R2 value and the negligible change in the standard error statistic indicate that the 4 four regression model is adequate. Since we have eliminated one variable we will try to further simplify the model by eliminating other explanatory variables, the P-value is the highest (0.227742) for Fiber, which indicates that Fiber is not a good explanatory variable for food energy.  We will look at a 3 variable model that removes Fiber and determine if it remains an accurate model on the dependence of calories on fats, carbohydrates, and protein..
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
	0.983786
	
	
	
	
	
	
	

	R Square
	0.967835
	
	
	
	
	
	
	

	Adjusted R Square
	0.961804
	
	
	
	
	
	
	

	Standard Error
	14.76542
	
	
	
	
	
	
	

	Observations
	20
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

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

	Intercept
	2.916715
	23.7364
	0.122879
	0.903733
	-47.4022034
	53.23563
	-47.4022
	53.23563322

	Fat (g)
	9.963506
	0.925681
	10.76343
	9.78E-09
	8.00114865
	11.92586
	8.001149
	11.92586253

	Carbs (g)
	3.637111
	0.508733
	7.149344
	2.31E-06
	2.558643824
	4.715577
	2.558644
	4.715577432

	Protein (g)
	3.613795
	0.946304
	3.818853
	0.001511
	1.607720453
	5.619869
	1.60772
	5.619868636


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

Y = 2.9167 + 9.96351X1 + 3.6371X2 +3.6138X3
Even now that a second regression variable, fiber, has been removed from our original regression model the R2 value 96.78% remains high meaning the current model is a good fit. In removing sodium and fiber from the model the standard error has not changed significantly. Thus, our model seems to still be a good fit for measuring the impact of nutrients on calories. In other words the two explanatory variables we have eliminated do not have much impact on food energy of protein bars. In the three variable regression model the remaining P-values are all relatively close to zero. Since the P-values are all close to zero the 3 variable regression model seems to be a good fit. Fat, carbohydrates, and protein appear to have the greatest impact on predicting calories. However, to be thorough we will eliminate a third variable to see if we have an optimal model under the Law of Parsimony. Next we will eliminate protein which has the highest remaining P-value.
Two-Variable Regression:

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

	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.968771
	
	
	
	
	
	
	

	R Square
	0.938517
	
	
	
	
	
	
	

	Adjusted R Square
	0.931283
	
	
	
	
	
	
	

	Standard Error
	19.8046
	
	
	
	
	
	
	

	Observations
	20
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

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

	Intercept
	71.33068
	20.886
	3.41524
	0.003297
	27.26508
	115.3963
	27.26508
	115.3963

	Fat (g)
	11.72384
	1.07671
	10.88859
	4.38E-09
	9.452185
	13.9955
	9.452185
	13.9955

	Carbs (g)
	4.021469
	0.668868
	6.012351
	1.4E-05
	2.610281
	5.432657
	2.610281
	5.432657


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

Y = 71.3307 + 11.7238X1 + 4.0215X2 

Even after eliminating the Protein variable from the 3-variable model, the R2 value remained high at 93.85%. The standard error, however, increased to almost 20 (19.8046). The standard error of the 3-variable model is much greater than the standard error of the 4 and 5 variable regression models. The two variable model is not optimal as the standard error increased significantly. The protein variable should be used to lower the standard error and provide a more precise model. 

Conclusion
Initially we started with a model that measured food energy that regressed on 5 values. The 5 values were: fats, carbohydrates, protein, fiber, and sodium. Using P-values and standard error statistics we reduced the number of variables to regress on to three explanatory variables of Fat, Protein, and carbohydrates. 
According to the statistics above, the three-variable regression model is:

Y = 2.9167 + 9.96351X1 + 3.6371X2 +3.6138X3
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 96.78%. 

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.

The three variable regression model shows that fat gives the highest amount of food energy per gram at 9.9651 Calories per gram, carbohydrates provide 3.6371 Calories per gram, and protein provides 3.6238 Calories per gram. This makes sense intuitively as the initial nutritional values were 9 calories/gram for fats, proteins and carbohydrates contain 4 calories/gram.  

