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VEE Regression Analysis Project (Summer 2007)

Indicators of Obesity in US States

Introduction

Incidences of obesity in the United States are reaching critical proportions. As of 2010, no state in the nation had less than 20% of its adult population categorized as obese. Several states are now measuring over 30% incidence in the adult population. The purpose of this report is to attempt to analyze several drivers of the incidences of obesity in each state. All of the data for this report is available online (sources are cited in the accompanying Excel Spreadsheet), but most of the data is from the Center for Disease Control (CDC). Regression analysis will be performed on the available data, utilizing a 95% confidence interval for Ordinary Least Squares (OLS) regression.

Data

Many factors can be investigated as potential indicators and causes of obesity. The dependent variable in this analysis is the obesity rate by state as of 2010. Factors initially considered include tobacco usage, having received a flu shot in the last 12 months, consumption of alcohol in the past month, binge drinking in the past month, no reported exercise in the past month, visit to the dentist in the past year, availability of health care coverage, per capita income, high school completion rate, college completion rate, advanced degree completion rate, religion (Evangelical Protestantism and Catholicism), percentage of population in urban environment, highway miles driven per capita, diabetes rates, and regional dummy variables. 

Clearly there are too many variables above to include in the regression; preliminary analysis was performed to reduce the number before more work. Several variables were eliminated due to frequency, such as High School completion rate (about 90% nationally) and advanced degree completion (10%). Religion was ultimately dropped due to strong correlation with other factors; Evangelical Protestantism was strongly correlated to southern states for example. Preliminary analysis also didn't show a strong relationship between flu shots and obesity, nor dentist visits and obesity. The remaining variables were briefly analyzed in Microsoft Excel. Results of this regression analysis are from the Microsoft Excel.

Model Specification

The final variables to be analyzed for this project are tobacco usage, alcohol consumption in the past month, no reported exercise in the last month, per capita income, and the Midwest-South Regional dummy variable. The equation will be of the form:

Y = a1 * X1 + a2 * X2 + a3 * X3 + a4 * X4 +a5 * X5 + B, where

Y = Adult Obesity Percentage, by State

X1 = Percent Adults Current Tobacco Usage, by State

X2 = Percent Adults Any Alcohol Consumption in Prior Month, by State

X3 = Percent Adults No Exercise in Past Month, by State

X4 = Per Capita Income, by State

X5 = Midwest-South Indicator Factor

B = Constant Term

a's = Coefficients of the equation by independent variable

The expectation with these variables is that all but X4 will have a positive correlation with obesity. This initial model will be reviewed for significance of coefficients, the adjusted R-squared factor, reasonableness of results, and multi-collinearity of the coefficients. Additional analysis will be performed to reduce the number of independent variables to the most significant terms, and determining if the model is better served with fewer variables. The goal is to have the most robust and significant model with the fewest variables (the Principle of Parsimony).

Model Parameterization

The OLS 5-parameter equation for this model is:

Y = .01 * X1 + .01 * X2 + .43 * X3 - .16 * X4 + 2.01 * X5 + 20.83
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The direction of the coefficients is all consistent with expected signs; the magnitude of the coefficients is hard to gauge but seem reasonable. The most significant coefficient is the lack of exercise in the past month, which is reasonable. Low activity level is generally linked with obesity; causality is unknown (which causes which?) however we are just looking for indicators so this is acceptable. The p-value is very low, and the coefficient is significant at the 95% level. These variables are significant except tobacco use and consumption of alcohol. The significance of this fact is that we cannot reject the null hypothesis that these coefficients are not materially different than zero. The model has an Adjusted R-square of .818, which accounts for most of the results. We will now remove tobacco use and drinking in the prior month from the model and see how it impacts the model.

The 3-parameter equation for this model is:

Y = .42 * X3 - .15 * X4 + 2.04 * X5 + 21.6
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Intercept 21.6050 2.1728 9.9434 3.85E-13

No Exercise last mo 0.4198 0.0667 6.2973 9.54E-08

Per Capita Income -0.1514 0.0308 -4.9161 1.12E-05

South&MidWest 2.0361 0.4991 4.0797 1.73E-04
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Intercept 20.8278 2.7270 7.6375 0.0000

Tobacco Use 0.0133 0.0916 0.1457 0.8848

Drank last month 0.0123 0.0282 0.4367 0.6644

No Exercise last mo 0.4263 0.0983 4.3370 0.0001

Per Capita Income -0.1578 0.0378 -4.1792 0.0001

South&MidWest 2.0111 0.5127 3.9224 0.0003


In this model, we see that each of the variables is significant. They are not only significant at the 95% level; they are significant at the 99.99% level. The constant is also extremely significant. The change in the value of the coefficients of these variables has been small, which is generally a good sign the model is changing materially. It is possible that coefficients could massively change yet produce a reasonable fit for the model. That we are seeing stability is a good sign. In this version the Adjusted R-square is .825, which is actually improved over the prior model. The significance of this improvement in R-squared is that it demonstrates the additional variables did not improve the model more than chance. 

Since all these variables appear significant, it would be worthwhile to check to see if there is much correlation between the variables. The results are as follows:

	Correlation between No Exercise and Per Capita Income: 
	-0.3811

	Correlation between No Exercise and South-Midwest Indicator: 
	0.6433

	Correlation between Per Capita Income and South-Midwest Indicator: 
	-0.2376


We observe that there is a small negative correlation between lack of exercising and per capita income, and per capita income and the South-Midwest indicator. There is a positive correlation between lack of exercise and South-Midwest indicator. This is a fairly high degree of correlation between these, so it is reasonable to test removing one of these variables. The South-Midwest indicator will be removed and then the model will be recalculated for the two variable model.

The 2-parameter equation for this model is:

Y = .59 * X3 - .15 * X4 + 18.68
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Intercept 18.6840 2.3622 7.9095 3.02E-10

No Exercise last mo 0.5871 0.0605 9.7060 6.67E-13

Per Capita Income -0.1501 0.0355 -4.2315 1.04E-04


Here we see that the two independent variables are still extremely significant, and that the intercept is significant. The Adjusted R-squared has dropped to -.768, which suggests that the inclusion of that additional independent variable was significantly more meaningful then by chance alone.
The results using the 3-parameter model produce the following results and residuals:
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The sum of the residuals of this model is effectively zero (6.8 E-13). The standard error of this fitting is 1.55, which is relatively small. 

Conclusion

Based on this analysis, the best fit model is the 3-parameter equation:

Y = .42 * X3 - .15 * X4 + 2.04 * X5 + 21.6

This fitted equation produces an R-squared of .836, or 83.6% of the variation in the dependent variable can be accounted for by this equation. Each of the coefficients including that of the constant term is significant beyond the 99.9% confidence level. The constant term of 21.6 is in line with the fact that most states have at least a 20% obesity rate, and that the variables that decreased the expected value had a relatively low coefficient. The significance of lack of exercise is fairly self-explanatory yet important; reported lack of exercise in the previous month is extremely significant to the rates of obesity. The significance of income is generally consistent with expectations. Higher income would provide greater availability of better eating and more opportunities to take care of your overall physical health. Further exploration of could be warranted to see how the income drives other factors. The regional factor significance implies there can be some regional factors driving obesity. One last point to address is the fact the obesity trend is rising. How the influence of these factors over time should be addressed, as well as plotting the model using an autoregressive time-series model (since prior obesity is most likely a factor for future obesity). 
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