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Spring 2009 Regression Analysis


Healthiness of the Population in the United States by State
Introduction

The following is an analysis of some of the possible driving factors of healthiness by state.  The factors analyzed are physical activity, smoking, casual drinking, state health care expenditure per capita, and the consumption of fruits and vegetables.

The null hypothesis is that casual drinking and state health care expenditures have a significant impact on healthiness, while physical activity, smoking, and the consumption of fruits and vegetables do not.
Data

The source of the data that was utilized in this analysis is:  www.statemaster.com.  See the end of this report for detailed definitions of each variable from the source of the data.  Physical activity, everyday smokers, and casual drinkers did not include Hawaii.  An average of all of the other state values was used for these three factors for purposes of including Hawaii in this analysis.
Dependent Variable:
Y = Health Index by State
Independent Variable:
X1 = % Physical Activity by State
X2 = % Everyday Smokers by State
X3 = % Casual Drinkers by State
X4 = State Health Care Expenditures per Capita
X5 = % Consumption of Fruits and Vegetables
Analysis

Analysis was completed utilizing Microsoft excel’s regression tool.

Scenario 1- All Variables

Original equation:

Yi = β0+ β1X1+ β2X2+ β3X3+ β4X4+ β5X5+e

Regression Analysis Result:

Yi = -174.256765+ 1.905742761X1+ 0.616359064X2+ -0.05968262X3+ 10.90158176X4+ 0.938203217X5
	Regression Statistics

	Multiple R
	0.731515339

	R Square
	0.535114691

	Adjusted R Square
	0.482286815

	Standard Error
	7.596938518

	Observations
	50


	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	5
	2923.014379
	584.60288
	10.12940006
	1.67711E-06

	Residual
	44
	2539.392893
	57.713475
	
	 

	Total
	49
	5462.407272
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-174.256765
	33.71084575
	-5.1691603
	5.50425E-06

	% Physical Activity
	1.905742761
	0.413992349
	4.6033285
	3.53031E-05

	% Smokers
	0.616359064
	0.470357294
	1.3104061
	0.196857963

	% Casual Drinker
	-0.05968262
	0.153898432
	-0.3878052
	0.700029994

	State Health Care Expenditure
	10.90158176
	38.86557709
	0.2804945
	0.780412784

	% Fruits and Veggies
	0.938203217
	0.379849977
	2.469931
	0.017463087


The adjusted R2 = 0.482286815 which means only 48.22% of the health index can be explained by the five explanatory variables. According to the t-test at a 95% significance level, only physical activity and consumption of fruits and vegetables are significant at significance level α = 0.05 as p < 0.05.  Also, the analysis shows that state health care expenditure as well as casual drinking are weak factors in determining the health index.  
Multicollinearity:

	 
	% Physical Activity
	% Smokers
	% Casual Drinker
	State Health Care Expenditures
	% Fruits and Vegetables

	% Physical Activity
	1
	 
	 
	 
	 

	% Smokers
	-0.544862401
	1
	 
	 
	 

	% Casual Drinker
	0.58689816
	-0.378665945
	1
	 
	 

	State Health Care Expenditures
	-0.198248044
	0.173611215
	0.161771904
	1
	 

	% Fruits and Vegetables
	0.34718422
	-0.334442197
	0.550803675
	0.311166342
	1


The table above displays the correlations between the five explanatory variables.  Physical activity and smoking are negatively correlated, which means that everyday smokers are likely to do less physical activity.  Also, casual drinking is positively correlated with physical activity and the consumption of fruits and vegetables.  This means that casual drinkers are more likely to be physically active and consume more fruits and vegetables.
Due to the positive correlation between casual drinking and the healthy habits of being physically active and consuming fruits and vegetables, it is determined that casual drinking does not necessarily mean that a person has unhealthy habits.  Also, the regression analysis showed that casual drinking does not significantly affect health.  For these reasons, casual drinking was excluded from the next scenario.  Also, health care expenditures had a very high p-value, similar to casual drinking, and therefore does not significantly affect health, for this reason, health care expenditures has been excluded from the next scenario. 
Scenario 2- Three Variables

Original equation:

Yi = β0+ β1X1+ β2X2+ β5X5+e

Regression Analysis Result:

Yi = -168.7381841+ 1.810414581X1+ 0.64033919X2+ 0.918792955X5
	Regression Statistics

	Multiple R
	0.730121282

	R Square
	0.533077086

	Adjusted R Square
	0.502625591

	Standard Error
	7.446217484

	Observations
	50


	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	3
	2911.88415
	970.62805
	17.50577751
	1.00938E-07

	Residual
	46
	2550.523122
	55.446155
	
	 

	Total
	49
	5462.407272
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-168.7381841
	30.65800506
	-5.5038866
	1.59315E-06

	% Physical Activity
	1.810414581
	0.344961958
	5.2481572
	3.80541E-06

	% Smokers
	0.64033919
	0.453607908
	1.4116579
	0.164779504

	% Fruits and Veggies
	0.918792955
	0.313774145
	2.9281984
	0.005286698


All explanatory variables have positive coefficients, and the adjusted R2 value slightly decreases. According to the t-test at a 95% significance level, both physical activity and the consumption of fruits and vegetables are significant at significance level α = 0.05 as p < 0.05.  Also, the p-value for everyday smokers has decreased, however it still is not significant and therefore this factor has been excluded for the next scenario.

Scenario 3- Two Variables

Original equation:

Yi = β0+ β1X1+ β5X5 +e

Regression Analysis Result:

Yi = -138.4032596+ 1.574175061X5+ 0.83696322X5
	Regression Statistics

	Multiple R
	0.71613504

	R Square
	0.512849396

	Adjusted R Square
	0.492119583

	Standard Error
	7.524449512

	Observations
	50


	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	2
	2801.39227
	1400.6961
	24.73970207
	4.57179E-08

	Residual
	47
	2661.015002
	56.61734
	
	 

	Total
	49
	5462.407272
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-138.4032596
	22.0961936
	-6.26366976
	1.0726E-07

	% Physical Activity
	1.574175061
	0.304819799
	5.164280884
	4.81674E-06

	% Fruits and Veggies
	0.83696322
	0.311613051
	2.685905545
	0.009965142


All explanatory variables have a positive coefficient, which indicates positive correlations between explanatory variables and the dependent variable. The adjusted R2 for this Scenario decreases slightly again with the removal of another variable.  Both variables are significant at significance level α = 0.05 as p < 0.05. 
Scenario 4- One Variable (Physical Activity)

Original equation:

Yi = β0+ β1X1+e

Regression Analysis Result:

Yi = -141.2298081+ 1.858420749X1
	Regression Statistics

	Multiple R
	0.661873132

	R Square
	0.438076042

	Adjusted R Square
	0.426369293

	Standard Error
	7.996688783

	Observations
	50


	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	1
	2392.94976
	2392.94976
	37.42081069
	1.65965E-07

	Residual
	48
	3069.457512
	63.9470315
	
	 

	Total
	49
	5462.407272
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-141.2298081
	23.45631678
	-6.02097121
	2.32908E-07

	% Physical Activity
	1.858420749
	0.303799776
	6.11725516
	1.65965E-07


Physical activity has a positive coefficient, and the adjusted R2 is lower than the other scenarios. The t-statistic shows significance at 95% level and the p-value is extremely small, which proves that physical activity is a very significant factor when determining healthiness.
Scenario 5- One Variable (Consumption of Fruits and Vegetables)

Original equation:

Yi = β0+ β5X5+e
Regression Analysis Result:

Yi = -29.74926026+ 1.395671967X5
	Regression Statistics

	Multiple R
	0.486229826

	R Square
	0.236419444

	Adjusted R Square
	0.220511516

	Standard Error
	9.321780031

	Observations
	50


	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	1
	1291.419291
	1291.419291
	14.86173689
	0.000343626

	Residual
	48
	4170.987981
	86.89558294
	
	 

	Total
	49
	5462.407272
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-29.74926026
	8.363974781
	-3.55683285
	0.000856389

	% Fruits and Veggies
	1.395671967
	0.362033344
	3.855092333
	0.000343626


The consumption of fruits and vegetables has a positive coefficient, and the adjusted R2 is much lower than the other scenarios. The t-statistic shows significance at 95% level and the p-value is extremely small, which proves that physical activity is a very significant factor when determining healthiness, however it is not as significant as physical activity.
Conclusion

Scenario 2 is the best model for determining health.  The adjusted R2 is 50.26.  We have removed the positively correlated variables, and two very significant variables are included as well as one variable that does affect healthiness, but was not proven to be significant.
Regression Analysis Result for Scenario 2:

Yi = -168.7381841+ 1.810414581X1+ 0.64033919X2+ 0.918792955X5
X1 = % Physical Activity by State
X2 = % Everyday Smokers by State
X5 = % Consumption of Fruits and Vegetables
The healthiness improves and can be explained by increases in physical activity, and the consumption of fruits and vegetables.  Also, it is shown that casual drinkers tend to have these two healthy habits already and casual drinking does not have an affect on health, and neither does state health care expenditures.  Smoking does negatively affect health, however it was not significant.   Scenario 4 has a high R2 for only being inclusive of one variable at 43.81, which shows that physical activity explains a significant portion of the health index.  This is compared with the consumption of fruits and vegetables where the R2 = 22.05.  Physical actively has a p-value almost near to zero and although the consumption of fruits and vegetables is higher, the p-value for that variable is still very low.  Both of these explanatory variables are significant at significance level α = .05 since p <0.05.
Our conclusion shows that our null hypothesis is false.
Definitions of Variables
Definitions of each variable used exactly as shown on www.statemaster.com.

Health Index by State

DEFINITION: Health Index by state. "The Healthiest State designation is awarded based on 21 factors chosen from the year 2005 edition of our annual reference book, Health Care State Rankings. These factors reflect access to health care providers, affordability of health care and a generally healthy population. All 21 factors are the same as last year. The 21 factors were divided into two groups: those that are “negative��? for which a high ranking would be considered bad for a state, and those that are “positive��? for which a high ranking would be considered good for a state. Rates for each of the 21 factors were processed through a formula that measures how a state compares to the national average for a given category. The positive and negative nature of each factor was taken into account as part of the formula. Once these computations were made, the factors then were weighted (factors were weighted equally.) These weighted scores were then added together to get a state’s final score (“SUM��? on the table above.) This way, states are assessed based on how they stack up against the national average. The end result is that the farther below the national average a state’s health ranking is, the lower (and less healthy) it ranks. The farther above the national average, the higher (and healthier) a state ranks." - Morgan Quitno Press 

% Physical Activity by State

DEFINITION: During the past month, did you participate in any physical activities? Percent of respondents who answered yes. 

% Everyday Smokers by State
DEFINITION: Percent of respondents who identified themselves as everyday smokers. 

% Casual Drinkers by State
DEFINITION: Adults who have had at least one drink of alcohol within the past 30 days. Percent of respondents who answered yes.
State Health Care Expenditures per Capita
DEFINITION: State Health Care Expenditures (in millions), FY2003 Per capita figures expressed per 100 population.
% Consumption of Fruits and Vegetables

DEFINITION: Adults who have consumed fruits and vegetables five or more times per day.
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