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The paper analyses the factors that affect the death rates of women as a result of breast cancers. The women were assessed for a number of possible risk factors that include age, menopausal status, treatment with Tamoxifen, number of nodes involved, tumor grade and tumor size. The sample considered data for a period of five years. The sample size of 686 is enough to represent the population
The dependent variable is the mortality of death rate of cancer patient. 1 denotes a death that occurred while 0 denotes a cancer patient who survived.
Age was a predictor variable in the model and it is well incorporated because it is an easily quantifiable variable. Aging contributes to mortality rates. Menopause is another crucial factor. However, it is not quantifiable. The model had 0 representing premenopausal for patients who haven’t reached menopause stage while 1 represents postmenopausal for patients who had already reached the stage. 
A tumor is an abnormal growth of body cells. Tumor size and tumor grade both affect mortality of cancer patients. However, the model will test if both variables are closely related in order to overcome the challenge of multicollinearity.
Nodes are structures that are part of the human immune system that are used in fighting diseases. Their number was used to predict the mortality levels of breast cancer. Treatment with tamoxifen hormone was also used to predict the mortality. Tamoxifen is a medication that doctors prescribe to fight breast cancer tumors. The regression model includes using each of the single predictors and a multiple regression model that incorporates all the variables. 
Menopause data is qualitative because it only gives the state. Therefore, we assume that premenopausal state is 0 while postmenopausal is one. The paper is not able to determine the period of the patient to the menopause or the period that they have been in the menopause stage. Therefore this is a challenge in getting accurate detail of this parameter. Additionally, tamoxifen hormone is qualitative as we have data on those with the hormone denoted as ‘with tamoxifen’. There is no data on the frequency or period of time the patient has had the hormone and in this case 1 represents the patients who have had the hormone

Regression Statistics
In regression statistics, the Multiple R is the correlation coefficient that determines the strength of the linear relationship.R squared is the coefficient of determination and it determines the points that fall on the regression line of the variation of the x and y variables (Field A, 2013). The adjusted R square adjusts for the number of terms in the model. The standard error represents the average distance the observed values from the regression lie. 
ANOVA
The sum of squares is a measure of central tendency used to identify the dispersion of the data, it measures the deviation from the mean. The regression Mean of Squares (MS) is the sum of squares divided by the number of degrees of freedom which number of independent variables (Hill C. 2008). The F value is used in F test which is a statistical test of hypothesis in determining whether the model fits the population from which the data was sampled. The significance F is used in hypothesis testing by comparing it with the F critical value found in the table.


Regression Coefficients
In regression, coefficients are values that are multiplied by the predictor variables.  A positive sign indicates that as the independent variable increases, the dependent variable increases while a negative sign indicates that the dependent variable decreases with an increase of the independent variable (Kelley K. 2003).  The T statistic is used in testing for the null and alternative hypothesis by comparing it with the T critical in the tables. P value helps in determining the significance of the predictor variables.The p value is greater than 0.05, the variable is significant (Maxwell S. 2003). The lower and upper 95% usually give the boundaries for the confidence interval of both the intercept and the coefficient.The paper will analyze the effect of the single regression of each variable as well as multiple model
Tamoxifen Hormone
The hormone has a value of 0.081 which suggests a weak relationship. The hormone is not strongly effective in preventing breast cancer deaths. . The hormone has 0.007 which means that 0.7% of the points fall on the regression. The hormone has a standard error of 0.49 which is significantly large. Therefore the model is 49% wrong on average compared to the population statistics.
The sum of squares of 1.11 shows the variability in the tamoxifen hormone in the cancer patients. The mean sum of squares is 1.11 because the independent variable is only one.Tamoxifen hormone has a coefficient of -0.084 which means that it decreases the death rate by 8.4 %. The intercept is a constant in the model, in this case, chances of a patient dying without the hormone is 0.47 or 47% and the hormone reduces this by 8.4%. The hormone has a P value of 0.034 which is less than 0.05 hence it is not significant.
The hormone has a value of 0.081 which suggests a weak relationship. The hormone is not strongly effective in preventing breast cancer deaths. . The hormone has 0.007 which means that 0.7% of the points fall on the regression. The hormone has a standard error of 0.49 which is significantly large. Therefore the model is 49% wrong on average compared to the population statistics.
The sum of squares of 1.11 shows the variability in the tamoxifen hormone in the cancer patients. The mean sum of squares is 1.11 because the independent variable is only one (Green S. 1991). The F computed value of the model is 4.52. Tamoxifen hormone has a coefficient of -0.084 which means that when it is administered, it decreases the death rate by 8.4 %. The intercept is a constant in the model, in this case, chances of a patient dying without the hormone is 0.47 or 47% and the hormone reduces this by 8.4%. The hormone has a P value of 0.034 which is less than 0.05 hence it is not significant.

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.081044271
	
	
	
	
	

	R Square
	0.006568174
	
	
	
	
	

	Adjusted R Square
	0.005115788
	
	
	
	
	

	Standard Error
	0.494959886
	
	
	
	
	

	Observations
	686
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	1.107905389
	1.10791
	4.52233
	0.033812537
	

	Residual
	684
	167.5699372
	0.24499
	
	
	

	Total
	685
	168.6778426
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.465909091
	0.023596287
	19.745
	5.1E-69
	0.419579239
	0.5122389

	Hormonal
	-0.08379527
	0.039403806
	-2.1266
	0.03381
	-0.16116221
	-0.0064283



Number of nodes involved
The number of nodes has a Multiple R value of 0.24 which suggests existence of a relationship between the variables at 24%. The number of nodes is relatively weak in preventing breast cancer deaths. The nodes has R square value of 0.057 which means that 5.7% of the points fall on the regression. The standard error of 0.48 which is significantly large. Therefore the model is 48% wrong on average compared to the population statistics. The parameter was used on all the 686 patients
The sum of squares of 9.84 shows the variability in the number of nodes in the cancer patients. The mean sum of squares is equal to the sum of squares at 9.84 because the independent variable is only one.The computed F value in the model is 42.4. The variable has a coefficient of 0.0219 which means that an increase in one unit increases the death rate by 2.19 %. The intercept is a constant in the model, in this case, chances of a patient dying without the nodes is 0.326 or 32.6% and the number of nodes increases  this by 2.19%. The hormone has a P value of 1.44 which is higher than 0.05 hence it is significant.
	Nodes summary  
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.2417711
	
	
	
	
	

	R Square
	0.0584533
	
	
	
	
	

	Adjusted R Square
	0.0570747
	
	
	
	
	

	Standard Error
	0.4819417
	
	
	
	
	

	Observations
	685
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	9.848650809
	9.848651
	42.40213
	1.44044E-10
	

	Residual
	683
	158.6389404
	0.232268
	
	
	

	Total
	684
	168.4875912
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.3266583
	0.024971994
	13.08099
	4.72E-35
	0.277627217
	0.3756894

	Node
	0.0219037
	0.003363743
	6.511692
	1.44E-10
	0.015299137
	0.0285082



Grade
The tumor grade has a multiple R value of 0.131 which suggests a relationship between grade and mortality at 13.2%. The number of nodes are   not strongly effective in determining of breast cancer deaths. The R square value of 0.17 which means that 1.7% of the model points fall on the regression. The tumor grade has a standard error of 0.159 which is significantly large. Therefore the model is 15.9% wrong on average compared to the population statistics (Hill C & Lim G.2008). This is basically smaller than other variables.
The sum of squares of 2.92 shows the variability in the tumor grade among the cancer patients. The mean sum of squares is 2.92 because the independent variable is only one. The F computed value is 12.06.Tumor grade has a coefficient of 0.112 which means that an increase in grade by one unit increases the death rate by 11.2 %. The intercept is a constant in the model, in this case, chances of a patient dying without considering the grade is 0.199 or 19.9% and the grade increases this by 11.2%. The grade has a P value of 0.00 which is less than 0.05 hence it is not significant.
Grade of tumor summary output
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.131725692
	
	
	
	
	

	R Square
	0.017351658
	
	
	
	
	

	Adjusted R Square
	0.015912934
	
	
	
	
	

	Standard Error
	0.49234856
	
	
	
	
	

	Observations
	685
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	2.923539035
	2.923539035
	12.06045
	0.00054751
	

	Residual
	683
	165.5640522
	0.242407104
	
	
	

	Total
	684
	168.4875912
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.199209387
	0.070869264
	2.810941964
	0.005081
	0.060061602
	0.338357172

	Grade
	0.112097634
	0.032278599
	3.472816024
	0.000548
	0.048720435
	0.175474834



Size of tumor
The size of tumor has a multiple R value of 0.13 which existence of a relationship between the variables. The size of tumor is not strongly effective in preventing breast cancer deaths at 13%. The R square is 0.017 which means that only 1.7% of the points fall on the regression. The size of tumor has a standard error of 0.49 which is significantly large (Green S. 1991). 
Therefore the model is 49% wrong on average compared to the population statistics. It is noted that the parameter values are almost equal to the grade of tumor values
The sum of squares of 2.85 shows the variability in the size of tumor in the cancer patients. The mean sum of squares is 2.85 because the independent variable is only one. The F value of 11.75 is used in determining hypothesis tests. The tumor size has a coefficient of 0.0045 which means that an increase in the size by one unit increases the death rate by 0.45 %. The intercept is a constant in the model, in this case, chances of a patient dying without factoring in the tumor size is 0.304 or 30.4% and the size increases this by 0.45%. The tumor size has a P value of 0.000642 which is less than 0.05 hence it is not significant.
Size of tumor summary output
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.130094
	
	
	
	
	

	R Square
	0.016924
	
	
	
	
	

	Adjusted R Square
	0.015485
	
	
	
	
	

	Standard Error
	0.492456
	
	
	
	
	

	Observations
	685
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	2.851557
	2.851557
	11.75839
	0.000642093
	

	Residual
	683
	165.636
	0.242512
	
	
	

	Total
	684
	168.4876
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.303994
	0.042979
	7.073148
	3.76E-12
	0.219608131
	0.38838

	Size
	0.004515
	0.001317
	3.429051
	0.000642
	0.001929825
	0.007101



Menopause
The menopause variable has a multiple R value of 0.042 which suggests existence of a relationship between the variables. The menopause parameter does not strongly determine breast cancer deaths. The variable has an R square value 0.0018 which means that 0.18% of the points fall on the regression line (Green W. 2007). The hormone has a standard error of 0.496 which is significantly large. Therefore the model is 49.6% wrong on average compared to the population statistics on menopause.
The sum of squares of 0.305 shows the variability in the menopause status in the cancer patients. The two occurrences is that the patient has either reached the stage or not. The mean sum of squares is 0.305 because the independent variable is only one. The F value is 1.24 and it is used in hypothesis testing. Menopause status has a coefficient of 0.042 which means that being past the stage increases the death rate by 4.2 %. This parameter is closely related to age because menopause is determined by age. The intercept is a constant in the model, in this case, chances of a patient dying without the hormone is 0.411 or 41.1% and menopause increases this by 4.2%. Menopause has a P value of 0.26 which is greater than 0.05 hence it is significant in the model
Menopause Summary output
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.042600593
	
	
	
	
	

	R Square
	0.001814811
	
	
	
	
	

	Adjusted R Square
	0.000353339
	
	
	
	
	

	Standard Error
	0.496225605
	
	
	
	
	

	Observations
	685
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	0.305773059
	0.305773059
	1.241769
	0.265522333
	

	Residual
	683
	168.1818182
	0.246239851
	
	
	

	Total
	684
	168.4875912
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.411764706
	0.029189741
	14.10648691
	7.66E-40
	0.354452302
	0.46907711

	Menopause
	0.042780749
	0.038390869
	1.114346977
	0.265522
	-0.032597548
	0.118159045



Age
The age parameter has a multiple R value of 0.048 which suggests a weak relationship. The age factor alone is very weak in determining breast cancer deaths. . The R square value is 2.29. The age variable has a standard error of 0.49.6 % which is significantly large. Therefore the model is 49% wrong on average compared to the population statistics.
The sum of squares of 0.0038 shows the variability in the age of the cancer patients. The mean sum of squares is 0.0038 because the independent variable is only one. The F computed value is at 0.016 which is very low compared to the other predictor variables.
Age has a coefficient of -0.00023 which means that it an increase in the age of the patient decreases the death rate by 0.023% which is almost zero. The intercept is a constant in the model, in this case, chances of a patient dying without factoring the age is 0.449 or 44.9% and the age level reduces this by 0.023%. The hormone has a P value of 0.9 which is greater than 0.05 hence it is significant.
Age summary ouput
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.004788
	
	
	
	
	

	R Square
	2.29E-05
	
	
	
	
	

	Adjusted R Square
	-0.00144
	
	
	
	
	

	Standard Error
	0.496671
	
	
	
	
	

	Observations
	685
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	0.003862235
	0.003862
	0.015657
	0.9004599
	

	Residual
	683
	168.483729
	0.246682
	
	
	

	Total
	684
	168.4875912
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.448946
	0.101291917
	4.432202
	1.09E-05
	0.2500653
	0.647827

	Age
	-0.00023
	0.001875262
	-0.12513
	0.90046
	-0.0039166
	0.003447




Subject
The menopause variable has a multiple R value of 0.184 which suggests existence of a relationship between the subject variables and mortality. The subject parameter does not strongly determine breast cancer deaths. . The variable has an R square value 0.034 which means that 3.4% of the points fall on the regression line. Subject has a standard error of 0.488 which is significantly large. Therefore the model is 48.8% wrong on average compared to the population statistics on subject.
The regression sum of squares of 5.76 shows the variability in the subject values among the cancer patients (Field A. 2013). The mean sum of squares is 5.76 because the independent variable is only one. The F value is 24.19 and it is used in hypothesis testing when it is compared with the F critical. Subject variable has a coefficient of -0.000186 which means that an increase in the subject by one unit decreases the death rate by 0.0186 %. This parameter has a very weak relationship with the death rate. The intercept is a constant in the model, in this case, chances of a patient dying without considering the subject is 0.6159 or 61.59% and the subject parameter slightly increases this by 0.0186%. Menopause has a P value of 1.09 which is greater than 0.05 hence it is significant in the model
Subject summary output
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.184968325
	
	
	
	
	

	R Square
	0.034213281
	
	
	
	
	

	Adjusted R Square
	0.032799245
	
	
	
	
	

	Standard Error
	0.488106087
	
	
	
	
	

	Observations
	685
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	5.764513339
	5.764513339
	24.19547775
	1.0916E-06
	

	Residual
	683
	162.7230779
	0.238247552
	
	
	

	Total
	684
	168.4875912
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.615944895
	0.040972032
	15.03330104
	2.45462E-44
	0.535498631
	0.69639116

	Subject
	-0.000185519
	3.77156E-05
	-4.91888989
	1.0916E-06
	-0.000259571
	-0.0001115

	
	
	
	
	
	
	



The regression equations of the parameters are as follows
Death =0.616-0.00019 * Subject
Death= 0.449-0.0023*Age
Death=0.412+0.428*	Menopause
Death =0.304+0.0045*Size of tumor
Death = 0.199+0.112*Grade of tumor
Death = 0.327+0.219*Number of nodes
Death =0.466-0.084*Hormonal
Multiple Regression
Incorporating all the variables into one to come up with multiple regression analysis. This definitely changes the coefficients compared to the respective single regression models (Aiken & West, 1991).The model has a multiple R value of 0.3625. The variables are generally positively related with mortality at 36.25% which is relatively low. The model has an R square value 0.13 which means that 13% of the points fall on the regression line. The adjusted R square incorporates the number of variables in the model (Kelley K. & Maxwell S. 2003). The standard error of 0.4649 which is significantly large implies that the model is 46.49% wrong on average compared to the population statistics all the variables combined.
The sum of squares of 22.16 shows the dispersion from the mean of the mean in 7 the variables that are being used to determine death of breast cancer patients. The mean sum of squares is 0.305 which is derived at dividing the sum of squares by seven variables to get 3.167. According to Aiken L & West S. (1991), The F value is 14.66 and it is used in hypothesis testing by comparing it with the F calculated. 
The intercept is 0.499 which means that breast cancer causes death by 49.9% without incorporating the variables. The T stats value are used in testing on the impact of each predictor variables by comparing them to the T computed. Each of the coefficients has a standard error which shows the average distance which the coefficients lie from the regression. Each parameter has 95% lower and upper levels of confidence that the coefficients should range when the level of significance and error are factored in (Green S. 1991). P value should be over 0.05 for a variable to be significant and therefore hormonal, grade, menopause are insignificant while the rest are significant. Subject, age and hormonal levels are negatively related to the death rate while the other variables are positively related to the death rate. The regression model is as follows
Death = 0.499 – 0.00022(Subject) – 0.0038125(Age) + 0.137 (Menopause) +0.0018(size) + 0.075 (Grades) + 0.209(Nodes) – 0.129 (Hormonal)



Multiple Regression Summary Output
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.36252607
	
	
	
	
	

	R Square
	0.13142515
	
	
	
	
	

	Adjusted R Square
	0.12245756
	
	
	
	
	

	Standard Error
	0.46485531
	
	
	
	
	

	Observations
	686
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	7
	22.16851077
	3.16693
	14.65558
	7.639E-18
	

	Residual
	678
	146.5093318
	0.21609
	
	
	

	Total
	685
	168.6778426
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	0.49938039
	0.152146565
	3.282232
	0.001083
	0.2006453
	0.79811546

	Subject
	-0.0002212
	3.6308E-05
	-6.09121
	1.88E-09
	-0.000292
	-0.0001499

	Age
	-0.0038125
	0.002768557
	-1.37707
	0.168945
	-0.009248
	0.00162347

	Menopause
	0.13678957
	0.056774293
	2.409358
	0.016246
	0.025315
	0.24826414

	Size
	0.00187155
	0.001319718
	1.418146
	0.156608
	-0.00072
	0.00446278

	Grade
	0.07549427
	0.030991127
	2.435996
	0.015107
	0.0146442
	0.13634439

	Nodes
	0.02093991
	0.003473472
	6.028524
	2.72E-09
	0.0141199
	0.02775996

	Hormonal
	-0.1287348
	0.039062378
	-3.29562
	0.001033
	-0.205433
	-0.052037



CONCLUSION
Multiple regression analysis is crucial in incorporating all the predictors that determine a variable. The intercept is important as it indicates the point where the regression line cuts the y axis. In this case, even if we don’t incorporate the independent variables, there is a chance 0.499 or 49.9% that breast cancer will cause death. In the model, menopause is the independent variable that contributes most to the dependent variable at 13.68% and hormonal that affects the mortality rate 
[bookmark: _GoBack]by -12%. The model enables us to determine the direction of the relationship hence it is better than using single regression. The model takes into account the time series aspect because the study was done in 5 years. There may be challenges of the independent variables related. In the model, to detect whether the grade of tumor and size of tumor are related, there is application of VIF test. Additionally, serial correlation problem may occur as errors occurring in one period may be carried over to another. This is detected using Durbin Watson test
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