
Covariance Analysis 

 
Difference between two or more effects and also relationship between variables.  

 

Introduction: 
 

A survey was conducted to examine if blood cholesterol levels were different between women of 

different origins (1 vs 2). The ages of the women included I the survey were also recorded as it also 

has an influence on blood cholesterol level. The following data were obtained. 

Table 1: Experimental data collected. 

Origin  
1  2  

Age  Cholesterol Age Cholesterol 

32 196 18 142 

38 177 19 194 

40 107 21 196 

45 176 30 145 

48 116 31 164 

51 223 33 182 

53 254 42 219 
58 184 43 228 

65 244 44 195 

71 219 44 178 

76 334 47 205 
32 200 51 235 

40 180 56 207 

43 117 58 269 
44 176 58 269 

49 126 63 289 

52 213 67 260 

54 254 70 266 

60 184 78 246 

 

 

 

 

 

 

Background: 
 



The question above will be addressed using a model for an analysis of covariance (ANCOVA), which is 

a general linear model that blends ANOVA and regression. ANCOVA evaluates whether the means of 

a dependent variable (blood cholesterol levels) are equal across levels of a categorical independent 

variable (origin groups), while statistically controlling for the effects of other continuous variables 

that are not of primary interest, known as covariates (age). 

Analysis of covariance is a method for comparing sets of data that consist of two variables 

(treatment and effect, with the effect variable being called the variate), when a third variable (called 

the covariate) exists that can be measured but not controlled and that has a definite effect on the 

variable of interest. In other words, it provides an indirect type of statistical control, allowing the 

precision of a study to be increased and potential source of bias to be removed. 

The model for a covariate analysis is: 

Yi = β0 + Ti + β1xij + β2(T*x)ij + ei  

Where: 

• Yijkl: observation in the ith treatment group of the jth subject group 

• β0: intercept 

• β1: overall slope 

• β2: deviation of overall slope for treatment group (origin) 

• Ti: fixed effect of treatment group I (origin) 

• xij: covariate (age) 

• T*x: interaction between treatment group (origin) and covariate (age) to test for the 

homogeneity of the slopes. 

• eijk: random residual error 

 

From this model the following information can be obtained: 

• Age test if there is an overall relationship between age and cholesterol 

• Origin test if there is a difference due to origins 

• Age x origin: test if the slope of the regression is the same for each origin type (is the 

regression the same?) 

 

 

 

 

 

 

 

 

 



 

 

SAS Input 
 

option 1s=80; 

data covariance; 

input origin age cholesterol; 

cards; 

1 32 196 

1 38 177 

1 40 107 

1 45 176 

1 48 116 

1 51 223 

1 53 254 

1 58 184 

1 65 244 

1 71 219 

1 76 334 

1 32 200 

1 40 180 

1 43 117 

1 44 176 

1 49 126 

1 52 213 

1 54 254 

1 60 184 

2 18 142 

2 19 194 

2 21 196 

2 30 145 

2 31 164 

2 33 182 

2 42 219 

2 43 228 

2 44 195 

2 44 178 

2 47 205 

2 51 235 

2 56 207 

2 58 269 

2 58 269 

2 63 289 

2 67 260 

2 70 266 

2 78 246 

; 

run; 

/*COVARIATE ANALYSIS*/ 

proc glm; 

class origin; 

model cholesterol = age origin age*origin / solution; 

lsmeans origin / stderr; 

run; 

 

 



 

 

In this SAS code 

• Class statement defines origin as a classification variable 

• The statement model cholesterol = age origin age*origin / solution; defines cholesterol as 

the dependent variable and age and origin as the independent variables 

• Since the variable age is not listed in the class statement the procedure fits it as a continuous 

variable 

• The solution option directs estimates of regression parameters 

• The lsmeans statement estimate the treatment means adjusted for the effect of the 

covariate 

 

SAS Ouput: 
 

 

 

 

 

 

 

 



 

 
 

 

 

Were the blood cholesterol levels different between women of different origin? 
 

The hypothesis test of interest is to determine if there are treatment differences. The null hypothesis 

H0 and alternative hypothesis H1 are stated as follows: 

• H0: T1 = T2 (there are no differences among treatments) 

• H1: T1 ≠ T2 (for at least one pair a difference between treatments exists)  

The variance attributes for the model is shown in the ANOVA table (table 2) below. 

The variance shows that there is a significant effect from age (<0.0001) and origin (0.0180). 

Table 2: ANOVA Table analysis of variance  

Source DF  Type I SS MS F Value Pr > F 

age 1 37008.80 37008.80 25.97 <.0001 

origin 1 8809.85 8809.85 6.18 0.0180 

age*origin 1 967.10 967.10 0.68 0.4158 

error 34 48453.65 1425.11   

Corrected total 37 95239.39    

 

The analysis of variance supports H1: T1 ≠ T2 and that the two origin groups are significantly 

different from each other. 

The difference between origin groups is shown in Table 3 below – showing differences between 

lsmeans. The table shows a difference of 31.29, equal to 3.5 x the standard error. This indicates a 

highly significant difference between these origin groups. 

 

Table 3. Lsmean differences between origin groups. 

origin cholesterol LSMEAN Standard Error Pr > |t| 

1 188.05 8.79 <.0001 

2 219.34 8.72 <.0001 

 

The origin 2 group has a significantly higher cholesterol blood level than the origin 1 group. 

 



 

 

 

 

 

Was age related to blood cholesterol similarly in each group of origin? 
 

The relationship between age and origin can be tested using the covariate analysis earlier presented.  

The difference between two regression lines can be tested by defining the interaction between a 

categorial variable representing the groups and the continuous variable (covariate). The interaction 

produces a separate regression curve for each group.  

The model shown earlier is: Yi = β0 + Ti + β1xij + β2(T*x)ij + ei  

• The overall mean is: µ = β0 + β1µx 

• The mean of group I is: µi = βo + Ti + βiµx + β2iµx 

• The intercept for group I is: βo + Ti 

• The regression coefficient for group I is: β1 + β2i 

 

The hypotheses are: 

• H0: β2 = 0 vs. H1: β2 ≠ 0 

If H0 is true the lines are identical. If H1 is true the slopes are different. The ANOVA (table 2) is 

replicated below for the analysis of variance. 

Table 2: ANOVA Table analysis of variance  

Source DF  Type I SS MS F Value Pr > F 

age 1 37008.80 37008.80 25.97 <.0001 

origin 1 8809.85 8809.85 6.18 0.0180 

age*origin 1 967.10 967.10 0.68 0.4158 

error 34 48453.65 1425.11   

Corrected total 37 95239.39    

 

 The critical value for the model is F 0.05,3,34 = 2.92  

The null hypothesis if particular parameters are equal to zero can be tested by using t tests. The 

parameter estimates with their corresponding standard errors and t test are shown in the following 

table: 

 

 



 

 

 

 

 

Table 4. Parameter estimates with corresponding standard errors and t tests for treatment groups. 

 

Table 4 shows that there is a significant effect from age, but not from the different origin groups.  

This is also supported in figure 1 below – which shows the initial difference of the two regression 

lines converging and wide overlap between samples of each origin type. 

 

Figure 1. Shows relationship between cholesterol and age for two origin groups. 

Parameter Estimate Std. error t Value Pr > |t| 

Intercept (β0) 122.87 24.81 4.95 <.0001 

Age (β1) 2.01 0.51 3.97 0.0004 

origin 1 (β2) -66.55 45.18 -1.47 0.1500 

origin 2 (β3) 0.00 . . . 

age*origin 1 (β4) 0.73 0.89 0.82 0.4158 

age*origin 2 (β5) 0.00 . .  



In conclusion the analysis supports H0:β2=0, that age relates similarly in both groups of origin tested. 

This is supported by there being no significant interaction between age and origin (age*origin = 

0.4158) in table 2, no significant effect from origin groups in table 4, or difference between 

covariance slope sin figure 1. 

Due to the absence of an interaction between origin and age H0: β2=0 is accepted, and the lines are 

identical. 

 

 

 

 

 

To test if age related to blood cholesterol similarly in each group of origin the regression line 

formulas can be used and applied to the regression estimates as shown below: 

The estimate regression for origin group 1 is:  

E(yi)  = (βo+β2) + (β1+β4) x1i 

= (122.87 - 66.55) + (2.01+0.73) x1i 

= 56.32 + 2.78 x1i 

 

The estimate regression for origin group 2 is:  

E(yi)  = (βo+β3) + (β1+β5) x1i 

= (122.87 + 0.00) + (2.01+0.00) x1i 

= 122.87 + 2.01 x1i 

 

The estimated regression for age is: 

E(yi) = βo + β1x1i  

 = 122.87 + 2.01 x1i   
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