HRP 262 SAS LAB FIVE, May 9, 2012

Lab Five: ANOVA, ANCOVA, and linear regression in SAS

Lab Objectives

After today’s lab you should be able to:

1. Analyze data from the baseline measurement of a longitudinal study (cross-sectional).

2. Use PROC ANOVA to test for the differences in the means of 2 or more groups.

3. Understand the ANOVA table and the F-test.

4. Adjust for multiple comparisons when making pair-wise comparisons between more than 2 groups.

5. Use PROC GLM to perform ANCOVA (Analysis of Covariance) to control for confounders, add interactions, and generate confounder-adjusted means for each group. 

6. Use PROC REG to perform simple and multiple linear regression.

7. Understand what is meant by “dummy coding.”

8. Understand that ANOVA is just linear regression with dummy variables for the groups.

9. Use the GUIDED DATA ANALYSIS tool for linear regression in SAS (point-and-click).

ANOVA, ANCOVA, and linear regression should be review!!

Please ask questions if you have forgotten some of the details of these tests!

SAS PROCs                           SAS EG equivalent

PROC ANOVA                
Analyze(ANOVA(One-way ANOVA
PROC GLM


Analyze (ANOVA(Linear Models

PROC REG


Analyze(Regression ((Linear Regression)

PROC GPLOT

Graph ((Line Plot)
 LAB EXERCISE STEPS:

Follow along with the computer in front…

1. For today’s class, we will be using the Lab 4 data (runners.sas7bdat). If this dataset is not already on your desktop( then go to: www.stanford.edu/~kcobb/courses/hrp262 and download the Lab 4 data.
2. Open SAS EG: Start Menu( All Programs(SAS Enterprise Guide
3. Name a library pointing to the desktop, using point-and-click.
4. Today, we are only going to deal with variables measured at the baseline of the study—thus, all of our analyses will be cross-sectional. This includes: sitenum, mencat1, stressf, dxaday1, bmc1, calc1, treatr.
5. For example, use ANOVA to compare mean bone mineral content of the skeleton (bmc, in grams) at baseline between 3 groups of menstrual regularity (mencat1: 1 if amenorrheic, 2 if oligomenorrheic, 3 if eumenorrheic). 
With the runners dataset open, Select Analyze(ANOVA (One-Way ANOVA:
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Your dependent variable should be bmc1 and your independent variable should be mencat1. 
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Click Run.
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	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	17277.238
	8638.619
	0.09
	0.9157

	Error
	75
	7351647.441
	98021.966
	 
	 

	Corrected Total
	77
	7368924.679
	 
	 
	 



In SAS code:

proc anova data=hrp262.runners;


class mencat1;


model bmc1=mencat1;

run;
F-Table

alpha = 0.05

Fv1,v2
columns: v1  - Numerator Degrees of Freedom
rows: v2  - Denominator Degrees of Freedom
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	1
	2
	3
	4
	5
	6
	7
	8
	…
	60
	120

	1
	161.4476
	199.5000
	215.7073
	224.5832
	230.1619
	233.9860
	236.7684
	238.8827
	…
	252.1957
	253.2529

	2
	18.51282
	19.00000
	19.16429
	19.24679
	19.29641
	19.32953
	19.35322
	19.37099
	…
	19.47906
	19.48739

	3
	10.12796
	9.552094
	9.276628
	9.117182
	9.013455
	8.940645
	8.886743
	8.845238
	…
	8.572004
	8.549351

	4
	7.708647
	6.944272
	6.591382
	6.388233
	6.256057
	6.163132
	6.094211
	6.041044
	…
	5.687744
	5.658105

	5
	6.607891
	5.786135
	5.409451
	5.192168
	5.050329
	4.950288
	4.875872
	4.818320
	…
	4.431380
	4.398454

	6
	5.987378
	5.143253
	4.757063
	4.533677
	4.387374
	4.283866
	4.206658
	4.146804
	…
	3.739797
	3.704667

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	75
	2.79107
	2.39325
	2.17741
	2.04099
	1.94571
	1.87472
	1.81939
	1.77483
	…
	1.39520
	1.34757




6.  Try ANOVA comparing bone mineral content at baseline between the different clinical sites (might be an important confounder).  

Click on Modify Task. Replace the independent variable mencat1 with sitenum. 
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Click Run.

The equivalent SAS code is:

proc anova data=hrp262.runners;


class sitenum;


model bmc1=sitenum;

run;

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	589312.149
	294656.075
	3.26
	0.0439

	Error
	75
	6779612.530
	90394.834
	 
	 

	Corrected Total
	77
	7368924.679
	 
	 
	 

	Source
	DF
	Anova SS
	Mean Square
	F Value
	Pr > F

	sitenum
	2
	589312.1495
	294656.0747
	3.26
	0.0439



7.  To figure out which groups are different, adjust the p-value post-hoc for having done 3 pairwise comparisons (using a Tukey adjustment):

Back in the original runners dataset, click on Analyze > ANOVA > Linear Models
(This is essentially performing an “ANOVA plus”, a linear regression model with bmc1 as the outcome and sitenum as the categorical predictor).
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Under Data choose bmc1 for the Dependent variable and sitenum as the Classification Variable
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Under Model click on sitenum and click on Main to indicate that we want to model the main effect of sitenum on bmc1.
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Under Post Hoc Tests > Least Squares, click Add to enable post hoc adjustments. Under Class effects to use, select True for sitenum. Under Comparisons, select All pairwise differences and for Adjustment method, choose Tukey. Under show confidence limits choose Yes (95%).
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Click Run.

Generates the same ANOVA table as above, plus the following:
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SAS code equivalent is:
proc glm data= hrp262.runners;

class sitenum;

model bmc1=sitenum;

lsmeans sitenum/pdiff adjust=Tukey cl;

run;

8.  Note the difference in p-values of differences if we hadn’t adjusted for multiple comparisons:

Click on Modify task. Under Post Hoc Tests > Least Squares, click on sitenum and then under Adjustment method select No Adjustment. Click Run.
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In SAS code:

proc glm data= hrp262.runners;

class sitenum;

model bmc1=sitenum;

lsmeans sitenum/pdiff;

run;

	Least Squares Means for effect sitenum
Pr > |t| for H0: LSMean(i)=LSMean(j)
Dependent Variable: bmc1

	i/j
	1
	2
	3

	1
	 
	0.0202
	0.1256

	2
	0.0202
	 
	0.8992

	3
	0.1256
	0.8992
	 


9.   Use PROC GLM to run Analysis of Covariance (ANCOVA). ANCOVA is just linear regression with at least one categorical predictor. ANCOVA allows you to generate confounder-adjusted means.

ANCOVA also allows you to add interaction terms to the model, and generate least-squares means for subgroups. Here, we might wonder if there are ways to predict low bone mass without taking a DXA measurement; e.g., does a history of stress fractures (stressf 1/0) and current menstrual status (mencat1) predict current bone mass (bmc1)? I’ve included the possibility that there might be a stressf*mencat1 interaction (this is also equivalent to a two-way ANOVA with an interaction term).

In EG, go back to the runners dataset. Click Analyze > ANOVA > Linear Models. Under Data the Dependent variable is still bmc1 but now we will put mencat1 and stressf as Classification variables. In the next step we will select the effects we want to model (including interactions).
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Under Model select mencat1 and then click Main to indicate that we want to model the main effect of this variable on bmc1. Do the same for stressf (main effect). Finally, select both mencat1 & stressf (by holding down the Shift key when selecting each variable) and click on Cross, to model the interaction term.
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Under Post Hoc Tests > Least Squares, click Add to enable the post hoc options. Select true for mencat1*stressf, All pairwise differences for show p-values, and Tukey for the Adjustment method. Click Run.
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In code:

proc glm data=hrp262.runners;

class mencat1 stressf;

model bmc1=mencat1 stressf mencat1*stressf;

lsmeans mencat1*stressf/pdiff adjust=tukey;

run;
Translates to a regression model (note the use of dummy variables!): 
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10.   Now run the same model using PROC REG (multiple linear regression).  The difference is that you get out regression coefficients, but the overall ANOVA results are identical. We’ll do this in code to practice dummy coding!
/**Run the same thing as above in PROC REG--do dummy coding on your own**/
data hrp262.runners;


set hrp262.runners;


if mencat1=1 then amen=1; else amen=0;


if mencat1=2 then olig=1; else olig=0;


interacta=stressf*amen;


interacto=stressf*olig;

run;

proc reg data=hrp262.runners;

model bmc1=amen olig stressf interacta interacto;

run;

 
[image: image16.wmf])

0

/

1

(

)

0

/

1

(

)

0

/

1

(

)

0

/

1

(

)

0

/

1

(

1

*

*

oligomen

sf

amen

sf

stressf

oligo

amen

bmc

b

b

b

b

b

a

+

+

+

+

+

=


OUTPUT:

                                        The REG Procedure

                                          Model: MODEL1

                                 Dependent Variable: bmc1 

   




Analysis of Variance

                                             Sum of           Mean

         Source                   DF        Squares         Square    F Value    Pr > F

         Model                     4         101882          25471       0.23    0.9195

         Error                    59        6485072         109916

         Corrected Total          63        6586955

                      Root MSE            331.53654    R-Square     0.0155

                      Dependent Mean     2174.18906    Adj R-Sq    -0.0513

                      Coeff Var            15.24874
                                      Parameter Estimates

                                         Parameter       Standard

       Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

       Intercept    Intercept     1     2158.70448       61.56479      35.06      <.0001

       amen                       1      -42.65448      176.83140      -0.24      0.8102

       olig                       1       60.56663      126.50362       0.48      0.6339

       stressf      STRESSF       1       63.59752      105.44187       0.60      0.5487

       interacta                  0              0              .        .         .

       interacto                  1     -172.36863      197.56843      -0.87      0.3865
FINAL MODEL: 
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Using this model, you should be able to recreate the least-squares means generated in step 10 by ANCOVA (proc glm).

               mencat1    stressf     bmc1 LSMEAN      Calculation

               1          0            2116.05000           2158.7-42.65+0+0+0

               2          0            2219.27111           2158.7+60.56

               2          1            2110.50000           2158.7+60.56+63.59-172

               3          0            2158.70448           2158.7 (reference group)

               3          1            2222.30200           2158.7+63.59
11.  Next, explore linear regression graphically. Remember, the assumption behind linear regression (and ANOVA and ANCOVA) is that we have a linear relationship between the predictor and the outcome, and that the outcome is a normally distributed continuous variable.

Go back to the runners dataset. Click on Graph > Line Plot.
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Choose Smooth Plot.
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Under Data, choose calc1 as the Horizontal and bmc1 as the Vertical axes.
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Under Plots choose Dot as the plotting symbol.
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Under Interpolations choose a Smoothing value of 65.
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Click Run.
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In code:

proc gplot data=hrp262.runners;

plot bmc1*calc1;

symbol1 v=dot i=sm65s;

run; quit;

Modify task > Interpolation method = regression.
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In code: 

proc gplot data=hrp262.runners;

plot bmc1*calc1;

symbol1 v=dot i=rl;

run; quit;

12. To obtain diagnostics and influence statistics (similar to Cox regression):

In the original runners dataset, clicn Analyze > ANOVA > Linear models. Under Data, Dependent variable is bmc1 and Quantitative variable is calc1.
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Under Model, calc1 should be a main effect.
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Under Predictions, make sure you select Original Sample, Residuals, and Predictions.
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Click Run.

Equivalent code:
proc glm data=hrp262.runners;

model bmc1=calc1

output out=outdata r=residual p=predicted;

run;
proc reg data=hrp262.runners;

model bmc1=calc1;

output out=outdata r=residual p=predicted;

run;

PROC REG is sufficient for straightforward cross-sectional linear regression.

PROC GLM (general linear models) does much more “stuff.” We’ll be using GLM next week for repeated-measures ANOVA and MANOVA.
13. Plot these residuals against individual covariates to evaluate homogeneity of variances assumption of linear regression:

On the Output data, select Graph(Line Plot
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Select Smooth Plot
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Select Data: vertical axis: residuals; horizontal axis: calc1
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Select a plotting symbol:
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Select a smoothing value of 60: 
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Equivalent SAS code:

proc gplot data=outdata;

plot residual*calc1;

symbol1 v=dot i=sm65s;

run; quit;
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APPENDIX: GLM SYNTAX 

PROC GLM < options > ; 

CLASS variables ; 

MODEL dependents=independents < / options > ; 

ABSORB variables ; 

BY variables ; 

FREQ variable ; 

ID variables ; 

WEIGHT variable ; 

CONTRAST 'label' effect values < ... effect values > < / options > ; 

ESTIMATE 'label' effect values < ... effect values > < / options > ; 

LSMEANS effects < / options > ; 

MANOVA < test-options >< / detail-options > ; 

MEANS effects < / options > ; 

OUTPUT < OUT=SAS-data-set > 

      keyword=names < ... keyword=names > < / option > ; 

RANDOM effects < / options > ; 

REPEATED factor-specification < / options > ; 

TEST < H=effects > E=effect < / options > ; 

Statements in the GLM Procedure 

	Statement 
	Description 

	ABSORB
	absorbs classification effects in a model

	BY
	specifies variables to define subgroups for the analysis

	CLASS
	declares classification variables

	CONTRAST
	constructs and tests linear functions of the parameters

	ESTIMATE
	estimates linear functions of the parameters

	FREQ
	specifies a frequency variable

	ID
	identifies observations on output

	LSMEANS
	computes least-squares (marginal) means

	MANOVA
	performs a multivariate analysis of variance

	MEANS
	computes and optionally compares arithmetic means

	MODEL
	defines the model to be fit

	OUTPUT
	requests an output data set containing diagnostics for each observation

	RANDOM
	declares certain effects to be random and computes expected mean squares

	REPEATED
	performs multivariate and univariate repeated measures analysis of variance

	TEST
	constructs tests using the sums of squares for effects and the error term you specify

	WEIGHT
	specifies a variable for weighting observations


Lowest bone mineral found in the group with oligomenorrhea and previous fracture, but it’s not significantly different from the rest of the groups.














This suggests that there should be 5 degrees of freedom in the model. However, if you look at the overall ANOVA table, you will notice that there are only 4 df; what’s going on? As shown below, there were no amenorrheic women with a previous fracture, so the beta coefficient for the interaction between amenorrhea and previous fracture is not estimated.


Therefore, the model becomes: � EMBED Equation.3  ���



































You should ask to see lines other than linear. You can add a line to any scatter plot, and sometimes this line may mislead your eyes into seeing a linear relationship and missing curvature.





Statistically, the groups are very similar.





If F>2.39325, then p<.05





75 degrees of freedom in denominator (78 total observations minus 3 means estimated (3 groups) = 75 denominator d.f.)





2 numerator degrees of freedom= 3 groups – 1 overall mean estimated = 2








95% confidence intervals for each site’s mean bmc1.  Note that the confidence interval for group 3 is wider, because it is a small group.








After adjusting for multiple comparisons, none of the sites are significantly different (though first and second sites are borderline).








mean bmc1 in grams for each clinical site. Site 1 appears higher.








“automatically adjust my p-values for all pairwise comparisons” using a Tukey adjustment…








Between group sum of squares (variation due to group)





Within group sum of squares (variation due to random error)








Total sum of squares=between group SS + within group SS





F-statistic=


8588.114/98010.224=.09


=between group variability divided by within group variability


























In addition, though, PROC REG also gives you the regression coefficients=”parameter estimates.”





ANOVA table is identical to the ANOVA table generated in step 9!














If you ask for the lsmeans for the interaction, this will give you means for all combinations of stressf and mencat1.











Indicates a significant difference between the sites. Does not tell you where that difference lies.





Divide each SS by its df to get mean SS





Could look up F=.09 in an F-Table for 2, 75 degrees of freedom 
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