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Introduction

To understand logistic regression model, we need to understand how it is related to a simple cross-tab.  In this essay, I compare the results obtained from (a) simple cross tab and (b) logistic regression.  By looking at the similarity between the results, we will better understand how a cross tab is related to logistic regression.
Data set and Variables
This is how you get the exercise data set we use.  The syntax utilizes the default data set that is already stored in the SAS system.  It creates two variables BMI_group and age_group.  

	data newdata;set sashelp.class;

BMI=(weight*703)/(height*height);

if BMI < 18.5 then BMI_group="Underweight     ";

if BMI => 18.5 and BMI < 25 then BMI_group="Normal weight";

if BMI => 25 and BMI < 30 then BMI_group="Over weight";

if BMI >= 30 then BMI_group="Obesity";

if BMI = . then BMI_group="Value Missing";

/*age*/
if age < 13 then age_group="Younger";

if age >= 13 then age_group="Older";

run;



See appendix for the detailed description of what I did in this SAS data step.  This is the derived data set:

	Name
	Sex
	Age
	Height
	Weight
	BMI
	BMI_group
	age_group

	Alfred
	M
	14
	69
	112.5
	16.6115
	Underweight
	Older

	Alice
	F
	13
	56.5
	84
	18.4986
	Underweight
	Older

	Barbara
	F
	13
	65.3
	98
	16.1568
	Underweight
	Older

	Carol
	F
	14
	62.8
	102.5
	18.2709
	Underweight
	Older

	Henry
	M
	14
	63.5
	102.5
	17.8703
	Underweight
	Older

	James
	M
	12
	57.3
	83
	17.7715
	Underweight
	Younger

	Jane
	F
	12
	59.8
	84.5
	16.6115
	Underweight
	Younger

	Janet
	F
	15
	62.5
	112.5
	20.2464
	Normal weight
	Older

	Jeffrey
	M
	13
	62.5
	84
	15.1173
	Underweight
	Older

	John
	M
	12
	59
	99.5
	20.0944
	Normal weight
	Younger

	Joyce
	F
	11
	51.3
	50.5
	13.49
	Underweight
	Younger

	Judy
	F
	14
	64.3
	90
	15.303
	Underweight
	Older

	Louise
	F
	12
	56.3
	77
	17.0777
	Underweight
	Younger

	Mary
	F
	15
	66.5
	112
	17.8045
	Underweight
	Older

	Philip
	M
	16
	72
	150
	20.3414
	Normal weight
	Older

	Robert
	M
	12
	64.8
	128
	21.4297
	Normal weight
	Younger

	Ronald
	M
	15
	67
	133
	20.8285
	Normal weight
	Older

	Thomas
	M
	11
	57.5
	85
	18.0733
	Underweight
	Younger

	William
	M
	15
	66.5
	112
	17.8045
	Underweight
	Older


Let’s get a cross-tab

We want to investigate a relationship between BMI_group and AGE_GROUP.  Let’s PROC FREQ to get a cross-tab:

proc freq data=newdata;

tables BMI_group*age_group;

run;
	                                      The FREQ Procedure

                                Table of BMI_group by age_group

                           BMI_group      age_group

                           Frequency     ‚

                           Percent       ‚

                           Row Pct       ‚

                           Col Pct       ‚Older   ‚Younger ‚  Total

                           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ

                           Normal weight ‚      3 ‚      2 ‚      5

                                         ‚  15.79 ‚  10.53 ‚  26.32

                                         ‚  60.00 ‚  40.00 ‚

                                         ‚  25.00 ‚  28.57 ‚

                           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ

                           Underweight   ‚      9 ‚      5 ‚     14

                                         ‚  47.37 ‚  26.32 ‚  73.68

                                         ‚  64.29 ‚  35.71 ‚

                                         ‚  75.00 ‚  71.43 ‚

                           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ

                           Total               12        7       19

                                            63.16    36.84   100.00



Logistic Regression
Now let’s do logistic regression.  The goal here is to get results and see how the results from cross-tab can  be found in the logistic regression result (so similarity or relationship between the two can be better understood).

The dependent variable is BWI_GROUP (NORMAL WEIGHT VS. UNDER WEIGHT).  The independent variable is AGE_GROUP (YOUNGER VS. OLDER).  Before looking at the SAS syntax, it is useful to look at a data set (one more time).  Looking at a data set helps you understand what the units of analysis are.  Each of these individuals (=each row) are the unit of analysis.  BMI_group is the dependent variable.  Age_group is the independent variable.
	Name
	BMI_group
	age_group

	Alfred
	Underweight
	Older

	Alice
	Underweight
	Older

	Barbara
	Underweight
	Older

	Carol
	Underweight
	Older

	Henry
	Underweight
	Older

	James
	Underweight
	Younger

	Jane
	Underweight
	Younger

	Janet
	Normal weight
	Older

	Jeffrey
	Underweight
	Older

	John
	Normal weight
	Younger

	Joyce
	Underweight
	Younger

	Judy
	Underweight
	Older

	Louise
	Underweight
	Younger

	Mary
	Underweight
	Older

	Philip
	Normal weight
	Older

	Robert
	Normal weight
	Younger

	Ronald
	Normal weight
	Older

	Thomas
	Underweight
	Younger

	William
	Underweight
	Older


So the formal equation looks like this (I simplified it a lot):

BMI_group =intercept + b*Age_group 


where link function is logit and error distribution is binary (for now don’t try to understand what “link function” and “error distribution” if you don’t know them).

Again, as we confirmed by actually looking at the data set above, recall the unit of analysis (what corresponds to a row in a table) is individual subject, like Alfred and Alice.  You need to know this when you try to understand a formal equation/model.
BMI_group =  intercept + b*Age_group 

means that each person’s (=unit of analysis) independent variable is used to predict that person’s (=unit of analysis) dependent variable.

Personally this was why I didn’t understand formal equations/models before.  Although formal equations come with postscripts like i and j, it was hard for me to appreciate the meaning of those things unless I look at an actual data set.  I could add those things to the equation:

BMI_group_i =intercept + b*Age_group_i 


where (a) link function is logit and error distribution is binary


          (b) i indexes individuals.

Maybe I should be more exact:
Log(P_i/1-P_i)= intercept + b*Age_group_i
where 

(a) P_i is a probability that a person i has a normal weight (as opposed to an under weight) 

(b) error distribution is binary

(c) i indexes individuals.

I could transform this equation further such that the left size is only P_i, but then the right side will look awfully complicated.  This is what I copied from wikipedia (http://en.wikipedia.org/wiki/Logistic_regression).
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The SAS syntax would be this in PROG GLIMMIX:
proc glimmix data=newdata;

class age_group;

model BMI_group=age_group

/solution ddfm=kr ERROR=binary LINK=logit;

run;

	Tip

You don’t have to understand what link function and error distributions are for now.  But if you know OLS regression, compare the two syntax statements to get an “Oh I see” moment.  The two famous regression models are different only by two things (highlighted in yellow).
OLS regression is specified like this:

proc glimmix data=newdata;

class age_group;

model BMI_group=age_group

/solution ddfm=kr ERROR=normal LINK=identity;

run;

Logistic regression is:

proc glimmix data=newdata;

class age_group;

model BMI_group=age_group

/solution ddfm=kr ERROR=binary LINK=logit;

run;
I like PROC GLIMMIX because it helps you see how different statistical models are the same or different.


The same can be achieved by the following PROC LOGISTIC:

proc logistic data=newdata;

class age_group;

model BMI_group=age_group;

run;
I recommend the use of PROC GLMMIX because it can handle any types of outcomes just by changing ERROR= and LINK= options (namely, PROC GLMMIX can do what PROC LOGISTIC do).  The following is the output from PROC GLMIMIX:

	                                        The SAS System    08:23 Thursday, November 20, 2008  15

                                     The GLIMMIX Procedure

                                       Iteration History

                                                  Objective                         Max

       Iteration    Restarts    Evaluations        Function          Change    Gradient

               0           0              4     10.96222677       .            0.431253

               1           0              3    10.935934396      0.02629237    0.013716

               2           0              3    10.935908856      0.00002554    0.000012

               3           0              3    10.935908856      0.00000000    9.41E-12

                        Convergence criterion (GCONV=1E-8) satisfied.

                                        Fit Statistics

                             -2 Log Likelihood              21.87

                             AIC  (smaller is better)       25.87

                             AICC (smaller is better)       26.62

                             BIC  (smaller is better)       27.76

                             CAIC (smaller is better)       29.76

                             HQIC (smaller is better)       26.19

                             Pearson Chi-Square             19.00

                             Pearson Chi-Square / DF         1.00

                                     Parameter Estimates

                                              Standard

        Effect       age_group    Estimate       Error       DF    t Value    Pr > |t|

        Intercept                  -0.9163      0.8367       17      -1.10      0.2887

        age_group    Older         -0.1823      1.0698       17      -0.17      0.8667

        age_group    Younger             0           .        .        .         .

                                Type III Tests of Fixed Effects

                                      Num      Den

                        Effect         DF       DF    F Value    Pr > F

                        age_group       1       17       0.03    0.8667


Let’s compare the results

What do we compare?  Let’s look at the coefficient table from PROC GLIMIX and how we can reproduce the values found in the simple cross-tab.  This is from the PROC GLIMMIX output.
	                                     Parameter Estimates

                                              Standard

        Effect       age_group    Estimate       Error       DF    t Value    Pr > |t|

        Intercept                  -0.9163      0.8367       17      -1.10      0.2887

        age_group    Older         -0.1823      1.0698       17      -0.17      0.8667

        age_group    Younger             0           .        .        .         .




I created this table based on the results.
	Table XXX Results of Logistic Regression

	 
	Estimate
	Standard Error
	P-value

	Intercept
	-0.9163
	0.8367
	0.2887

	Age_group (Older)
	-0.1823
	1.0698
	0.8667


Note that the omitted category is Age_group (YOUNG).  Based on the results from the table, we construct the average estimates for the two age groups.

The young group’s average estimate can be obtained in this way:

-0.9163 + 0*-0.1823 = -0.9163
The old group’s average estimate can be obtained in this way:

-0.9163 + 1*-0.1823 = -1.0986
Remember now that these are logit values.  We want to convert the logit values into percentages (so it is easy to understand).  To do this, we use an Excel function.  To convert a logic value into a percentage, do this in an Excel cell:
=EXP(CELL_ID)/(1+EXP(CELL_ID))

If, for example, the cell ID in Excel is A23 then replace CELL_ID with A23.
So, let’s convert -0.9163 and -1.0986 (logit values) into %s.

For the young group:

EXP(-0.9163)/(1+EXP(-0.9163)= 0.28571239
So this is 28.57%.

For the old group:

EXP(-1.0986)/(1+EXP(-1.0986)= 0.2500023

So this is like 25.00%.
See Appendix 1 to look at the actual Excel sheet I used.
Now let’s look at the cross-tab again.  Do we find 28.57% or 25.00% somewhere in this?  Yes!  
25% of the old group (three out of twelve subjects) has normal weight.  28.57% of the young group (two out of seven subjects) has normal weight.  
	                                      The FREQ Procedure

                                Table of BMI_group by age_group

                           BMI_group      age_group

                           Frequency     ‚

                           Percent       ‚

                           Row Pct       ‚

                           Col Pct       ‚Older   ‚Younger ‚  Total

                           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ

                           Normal weight ‚      3 ‚      2 ‚      5

                                         ‚  15.79 ‚  10.53 ‚  26.32

                                         ‚  60.00 ‚  40.00 ‚

                                         ‚  25.00 ‚  28.57 ‚

                           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ

                           Underweight   ‚      9 ‚      5 ‚     14

                                         ‚  47.37 ‚  26.32 ‚  73.68

                                         ‚  64.29 ‚  35.71 ‚

                                         ‚  75.00 ‚  71.43 ‚

                           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ

                           Total               12        7       19

                                            63.16    36.84   100.00



Do you now see how logistic regression is related to a simple cross tab?  Let me know (my email address is on the website www.estat.us )!
Now obviously, logistic regression allows you to enter more than one independent variable.  Also you can throw in not just categorical variables but also continuous variables.
Does this mean you don’t need cross-tabs?  

We need both.  A simple cross tab allows us to explore data sets and find basic relationship in them --- before trying to model things in a complex statistical model.

Also the results from logistic regression tend to be difficult to interpret (because they are all in logit), so you always want to compare the results against simple cross-tab results to make sure the results make sense. 

APPENDIX 1 Excel Functions
I did all the calculation above in Excel.  This table below is the actual Excel sheet I used.  You can double-click this to activate it as an Excel table.  You can see how I used functions.

[image: image2.emf]Table XXX Results of Logistic Regression

Estimate Standard ErrorP-value

Intercept -0.9163 0.8367 0.2887

Age_group (Older) -0.1823 1.0698 0.8667

Logit values for the two groups

I used these functions

Young -0.9163 =B3+0*(B4)

Old -1.0986 =B3+(1*B4)

%s

Young 0.28571239 =EXP(B8)/(1+EXP(B8))

Old 0.2500023 =EXP(B9)/(1+EXP(B9))


APPENDIX 2 HOW I CREATED THE EXERCISE DATA SET

Data set

I like using sashelp.class because it is small and easy to use.  It looks like this:

	Name
	Sex
	Age
	Height
	Weight

	Alfred
	M
	14
	69
	112.5

	Alice
	F
	13
	56.5
	84

	Barbara
	F
	13
	65.3
	98

	Carol
	F
	14
	62.8
	102.5

	Henry
	M
	14
	63.5
	102.5

	James
	M
	12
	57.3
	83

	Jane
	F
	12
	59.8
	84.5

	Janet
	F
	15
	62.5
	112.5

	Jeffrey
	M
	13
	62.5
	84

	John
	M
	12
	59
	99.5

	Joyce
	F
	11
	51.3
	50.5

	Judy
	F
	14
	64.3
	90

	Louise
	F
	12
	56.3
	77

	Mary
	F
	15
	66.5
	112

	Philip
	M
	16
	72
	150

	Robert
	M
	12
	64.8
	128

	Ronald
	M
	15
	67
	133

	Thomas
	M
	11
	57.5
	85

	William
	M
	15
	66.5
	112


Where is it?  You will find it in the SAS explorer view:
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Click a folder called sashelp and find a data set CLASS:
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Again, it essentially is this:

	Name
	Sex
	Age
	Height
	Weight

	Alfred
	M
	14
	69
	112.5

	Alice
	F
	13
	56.5
	84

	Barbara
	F
	13
	65.3
	98

	Carol
	F
	14
	62.8
	102.5

	Henry
	M
	14
	63.5
	102.5

	James
	M
	12
	57.3
	83

	Jane
	F
	12
	59.8
	84.5

	Janet
	F
	15
	62.5
	112.5

	Jeffrey
	M
	13
	62.5
	84

	John
	M
	12
	59
	99.5

	Joyce
	F
	11
	51.3
	50.5

	Judy
	F
	14
	64.3
	90

	Louise
	F
	12
	56.3
	77

	Mary
	F
	15
	66.5
	112

	Philip
	M
	16
	72
	150

	Robert
	M
	12
	64.8
	128

	Ronald
	M
	15
	67
	133

	Thomas
	M
	11
	57.5
	85

	William
	M
	15
	66.5
	112


Let’s create a dependent variable based on BMI (Body Mass Index)

I will create a variable for BMI (Body Mass Index) based on subject’s height and weight and then dichotomize it somehow.  First, let’s find a definition of BMI by googling it.  I found this from the first google hit.

http://www.nhlbisupport.com/bmi/

· Underweight = <18.5 

· Normal weight = 18.5-24.9 

· Overweight = 25-29.9 

· Obesity = BMI of 30 or greater 

We can use this table to dichotomize the BMI values.  I don’t want to decide how to create two groups off the four groups yet.  I want to do that when I actually know the distribution of the variable (Later it turns out that we have only two groups in our sample anyways).


Now the second google hit http://en.wikipedia.org/wiki/Body_mass_index tells me that this is the algorithm for creating the BMI index:
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Let’s implement this in SAS:

data newdata;
set sashelp.class;

BMI=(weight*703)/(height*height);

run;
The new data set looks like this with an added variable BMI.

	Name
	Sex
	Age
	Height
	Weight
	BMI

	Alfred
	M
	14
	69
	112.5
	16.6115

	Alice
	F
	13
	56.5
	84
	18.4986

	Barbara
	F
	13
	65.3
	98
	16.1568

	Carol
	F
	14
	62.8
	102.5
	18.2709

	Henry
	M
	14
	63.5
	102.5
	17.8703

	James
	M
	12
	57.3
	83
	17.7715

	Jane
	F
	12
	59.8
	84.5
	16.6115

	Janet
	F
	15
	62.5
	112.5
	20.2464

	Jeffrey
	M
	13
	62.5
	84
	15.1173

	John
	M
	12
	59
	99.5
	20.0944

	Joyce
	F
	11
	51.3
	50.5
	13.49

	Judy
	F
	14
	64.3
	90
	15.303

	Louise
	F
	12
	56.3
	77
	17.0777

	Mary
	F
	15
	66.5
	112
	17.8045

	Philip
	M
	16
	72
	150
	20.3414

	Robert
	M
	12
	64.8
	128
	21.4297

	Ronald
	M
	15
	67
	133
	20.8285

	Thomas
	M
	11
	57.5
	85
	18.0733

	William
	M
	15
	66.5
	112
	17.8045


I want to use this table to classify BMI into four groups.

· Underweight = <18.5 

· Normal weight = 18.5-24.9 

· Overweight = 25-29.9 

· Obesity = BMI of 30 or greater 

Let’s redo the data step:

data newdata;set sashelp.class;

BMI=(weight*703)/(height*height);

if BMI < 18.5 then BMI_group="Underweight     ";

if BMI => 18.5 and BMI < 25 then BMI_group="Normal weight";

if BMI => 25 and BMI < 30 then BMI_group="Over weight";

if BMI >= 30 then BMI_group="Obesity";

if BMI = . then BMI_group="Value Missing";

run;
Let’s look at the derived variable closely by doing PROC FREQ:

proc freq data=newdata;

tables BMI_group;

run;
The result shows that five subjects have normal weight and fourteen have underweight.  We have a lot of underweight subjects.  Maybe this is because these subjects are kids and I am using the algorithm for adults?

                                      The FREQ Procedure

                                                        Cumulative    Cumulative

              BMI_group        Frequency     Percent     Frequency      Percent

              ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

              Normal weight           5       26.32             5        26.32

              Underweight            14       73.68            19       100.00
Anyways, we have now a dichotomous outcome.  The values for BMI_group is either NORMAL WEIGHT or UNDERWEIGHT.  This is a dichotomous variable.  Let’s use this as an outcome variable.

Let’s create an independent variable, Age group

I want to create one more variable based on subject’s age.  I set it such that if age is > 13 then age_group=”Younger.” If age > = 13 then age_group=”Older”;

data newdata;set sashelp.class;

BMI=(weight*703)/(height*height);

if BMI < 18.5 then BMI_group="Underweight     ";

if BMI => 18.5 and BMI < 25 then BMI_group="Normal weight";

if BMI => 25 and BMI < 30 then BMI_group="Over weight";

if BMI >= 30 then BMI_group="Obesity";

if BMI = . then BMI_group="Value Missing";

/*age*/
if age < 13 then age_group="Younger";

if age >= 13 then age_group="Older";

run;
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