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Statistical Round

Analysis of covariance (ANCOVA) is a statistical method used to assess mean differences 
between groups by considering factors such as covariates or fixed effects and is often used 
to assess efficacy endpoints in clinical trials. When performing ANCOVA, the slope of the 
regression model should be the same for all treatment groups, with no interaction between 
the group and the covariate. Therefore, before analysis, the significance of the full ANCO-
VA model with interactions must be tested. If the interaction in the full model is statistical-
ly significant, the model that includes the interaction should be used; otherwise, ANCOVA 
using a reduced model without the interaction should be performed. If the ANCOVA 
model is not significant, this analysis method is not appropriate and a multivariate analysis 
or individual regression line estimation can be considered. If the difference in means be-
tween the groups is tested by ANCOVA, the confidence interval for the adjusted mean 
(least-squares mean) should be calculated and tested. Because the results may change de-
pending on the covariates used in the ANCOVA model, the covariates should be pre-
defined before performing the analysis. If a new covariate must be defined after a clinical 
trial is initiated, it should be specified in the statistical analysis plan. This is considered a 
major amendment; thus, the covariates must be redefined before clinical trial completion 
and must be described in the clinical study report. A clear report describing whether the 
redefinition of the covariates affected the sample size or decision-making is also necessary.

Keywords: Analysis of variance; Clinical decision making; Clinical trials; Covariates; In-
teraction; Linear model; Outcome assessments; Pretreatment expectations; Regression.

Introduction

Analysis of covariance (ANCOVA) is often used to assess primary endpoints in clinical 
trials. The primary endpoint is a variable capable of providing the most clinically relevant 
and convincing evidence directly related to the major objective of a clinical trial and is of-
ten affected by various factors. ANCOVA is a representative statistical method used to as-
sess mean differences between groups by considering factors such as covariates or fixed 
effects.

Assessing efficacy in clinical trials commonly involves comparing baseline to endpoint 
values through performing t-tests or analysis of variance (ANOVA) on mean changes. 
However, as these methods can be misleading with covariates, the use of ANCOVA 
should be considered. ANCOVA is a statistical method used to assess the effect of extra-
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neous variables that cannot be controlled in experimental or cor-
relation studies; however, it has a high risk of misuse [1].

When used properly, ANCOVA increases the power in clinical 
trials; however, its advantage over t-tests or ANOVA can be nulli-
fied when the sample size is small, assumptions are violated, or 
the analysis is used incorrectly [2]. Therefore, before analyzing 
with ANCOVA model, it should be checked carefully whether the 
covariate can be adjusted to evaluate the effect of the response 
variable is fundamentally reliable [3]. Statistical control can be ob-
tained using ANCOVA to meet the unreliability of the pre-treat-
ment values [4].

ANCOVA is achieved by regressing the post-treatment values 
for the pre-test values, which may be covariates within each treat-
ment group. Therefore, the general assumptions of this test must 
be carefully considered [5,6]. In addition, with clinical trials de-
signed to evaluate new drug applications, the statistical analysis 
methods should be transparent for the communication of the re-
search results to be effective, as statistical analysis tests effectively 
communicate the study objectives [7]. As ANCOVA is a statistical 
analysis method that is adjusted using covariates, it can be used 
when the study outcomes are continuous, and logistic regression 
can be used when the outcomes are categorical in clinical trials. In 
this review, we address the limitations and requirements for using 
ANCOVA in confirmatory studies, such as Phase 3 randomized 
controlled trials.

Purpose of ANCOVA in clinical trials

As covariates are extraneous variables known to affect efficacy 
endpoints in clinical trials, they are difficult to control in an ex-
perimental design. Therefore, the effect of covariates on this effi-
cacy endpoint within each treatment group is statistically con-
trolled using a regression model and then tested between the 
treatment groups. The process for ANCOVA is the same regard-
less of the purpose of the analysis; however, the validity of the in-
terpretation may differ. In general, ANCOVA is performed for the 
following three purposes: (1) To increase the statistical power of a 

model by reducing the error term, (2) To adjust the heterogeneity 
of the comparison between treatment groups by statistically con-
trolling covariates, and (3) To check the mean difference between 
the treatment groups, for which several prognostic factors (or ex-
traneous variables) are set as covariates and used as means of sta-
tistical control.

Covariates

In clinical trials, in addition to the treatment group (indepen-
dent variable) and response variable (treatment effect), extraneous 
variables can be measured and included in the model as covari-
ates. Covariates are variables that can affect the response variable 
but are not affected by the treatment in clinical trials. The covari-
ates used for adjustment should be specified in the clinical trial 
plan in advance based on clinical significance [8]. One reason for 
considering covariates is to reduce the error term in the ANCO-
VA model [9].

A within-group pretest-posttest design in clinical trials is easy 
to implement and consists of a pretest, intervention, and posttest. 
The pretest is conducted before the intervention is applied, which 
provides a baseline against which the subsequent test can be com-
pared. Table 1 shows the within-group pretest-posttest design and 
the comparative between-group design.

As covariates should be measured before treatment, the base-
line values of the study endpoint can be covariates and a reduction 
in errors can be expected when the response variable has a strong 
correlation. That is, the variables measured at baseline or pretest 
can be considered covariates in pretest-posttest clinical trials. In 
general, covariates used for ANCOVA can be considered when 
clinical significance is found in several studies.

ANCOVA model

ANCOVA is an extension of ANOVA for comparing mean dif-
ferences among groups. From a methodological perspective it can 
be viewed as a combination of regression analysis and ANOVA. 

Table 1. ANCOVA with Within-Group Pre-Posttest Design and Between-Group Comparative Design

Obs. (k)
Test group (i =  1) Control group (i =  2)

Visit 1 (j) Visit 2 Visit 1 Visit 2
1 y111 y121 y211 y221

2 y112 y122 y212 y222

3 y113 y123 y213 y223

⋮ ⋮ ⋮ ⋮ ⋮
n y11n y12n y21n y22n

i: group (test = 1, control = 2), j: visit (visit 1 = 1, visit 2 = 2), k: individual number (k = 1, …, n). ANCOVA: analysis of covariance.
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This review explains the simplest model using one independent 
variable, one response variable, and one covariate.

Model

The ANCOVA statistical model for a one-way layout with one 
covariate is calculated as follows:

(1)

where Yij is the response variable of the ith individual in the jth 
group, μ is the overall true mean, αj is the effect of group j, β1 is 
the linear regression coefficient of Y on X, Xij is the covariate for 
the ith individual in the jth group, X¯.. is the overall covariate mean, 
and εij is the error associated with the ith individual in the jth group.

Assumptions

ANCOVA combines regression analysis and ANOVA, and the 
assumptions are equal or similar for both models. These include 
independence, normality, homogeneity of variance, linearity, and 
equal slope of the regression equation. An equal slope of the re-
gression equation means that the slope for the response variable 
and covariates in all treatment groups is the same; therefore, no 
interactions are found between the covariates among the treat-
ment groups.

Adjusted mean

An ANCOVA controlled for covariates is used to compare 
whether the difference in the mean of the response variables be-
tween the treatment groups is significant; therefore, the adjusted 
mean is used for testing. If no covariate effects are found, ANOVA 
is a more appropriate method. In addition, if the interaction is 
significant, the adjusted mean will be meaningless because the 
mean difference between the treatment groups varies according to 
the covariate. In other words, the interpretation of the adjusted 
mean is only meaningful when the slope of the regression equa-
tion does not differ within each treatment group.

When the ANCOVA model is the same as in Equation 1 above, 
the formula for the adjusted mean is as follows:

(2)

where adj Y¯j is the adjusted mean for the jth group, Y¯j is the 
unadjusted mean for the jth group, bw is the pooled within-group 

regression coefficient, X¯j is the covariate mean for the jth group, 
and X¯.. is the overall covariate mean.

Hypothesis test for ANCOVA

Interaction

It should be checked whether there is an interaction between 
the covariate and the treatment group, which is an independent 
variable. For this, it is necessary to test whether the slopes between 
the treatment groups are the same:

If the interaction is not statistically significant, the assumption 
that the slope of each treatment group is the same is met. The sig-
nificance of the full model, including the interactions, is tested. If 
the interaction is statistically significant in the full model, the mod-
el with the interaction should be used. Otherwise, ANCOVA 
should be performed using the reduced model without the interac-
tion. Two types of comparisons may be performed when the slopes 
are not equal: one is to compare the distances among the regres-
sion lines for some covariate values, and the other is to compare 
the slopes or models estimated at the same covariate values [10].

Fig. 1 shows the relationship between the group means as a 
function of the covariate when the slopes are equal and unequal. 
When the slopes are unequal, the distance between the two re-
gression lines depends on the covariate. This case is called a co-
variate-by-treatment interaction.

The slopes of the treatment groups must thus be tested to deter-
mine whether they are similar. If the interaction is not statistically 
significant, the assumption that the slope of each treatment group 
is the same is satisfied. The significance of the full model, includ-
ing interactions, is then tested. If the interaction is statistically sig-
nificant in the full model, the model with the interaction should 
be used. Otherwise, ANCOVA should be performed using the re-
duced model without the interaction.

Covariate test

Testing the effect of covariates on the reduced model (no inter-
action) involves determining whether the slope is zero in the re-
gression equation between the response variable and the covariate 
within each treatment group:

If the slope of the regression equation is non-zero, a correlation 
is considered to exist between the response variable and the co-
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variate. If the slope of the covariates in this test is zero, it would be 
more appropriate to perform an ANOVA than an ANCOVA.

Interaction model and unequal slopes model: 
covariate-by-treatment interaction

If the interaction between the treatment group and the covari-
ate is significant, a model with the slope of the regression equation 
within each treatment group is considered more appropriate. In 
this case, the interaction model is applied and the adjusted mean 
is meaningless because the mean difference of each treatment 
group changes depending on the covariate. If the interaction is 
significant, the range of covariate values with significant differ-
ences between the treatment groups can be identified. Johnson 
and Neyman [11] and Potthoff [12] developed methods for estab-
lishing these domains; however, this is beyond the scope of this 
review and thus not covered.

Definition of the primary endpoint in ANCOVA

Mean change in the study endpoint

Confidence interval estimates could differ depending on the 
endpoint of interest (mainly the primary endpoint). Thus, before 
hypothesis testing or confidence interval calculations are consid-
ered, the predefined primary endpoint should be checked.

For example, suppose that the definition of the primary end-
point for comparison between groups is as follows: (1) comparing 
values from baseline at post-treatment (Ypost-treatment - Ybaseline), which 
may be defined as the within-group pre-post or post-pre; (2) 
comparing post-treatment (Ypost-treatment) with baseline (Ybaseline) val-
ues as a covariate; and (3) comparing values at post-treatment 

from baseline (Ypost-treatment - Ybaseline) with the baseline values (Ybaseline) 
as a covariate, which may be defined as the within-group pre-post 
or post-pre.

For the first example above, ANOVA without covariance can be 
performed; however, if other covariates are present, ANCOVA is 
appropriate. For all three examples, the baseline value of the pri-
mary variable is often adjusted. However, because the statistical 
models are completely different, the three models cannot be con-
sidered identical, even though the estimates of the confidence in-
terval for the true mean difference have the same values as those 
of the second and third examples above. As the models are differ-
ent, proceeding with the same interpretation is not appropriate.

Difference between pre and post

The purpose of a randomized controlled trial is to conduct a 
hypothesis test on the differences between treatment groups. 
Therefore, the primary endpoint examples defined above are 
compared between groups, and the change within each treatment 
group is predefined by either ‘pre minus post’ or ‘post minus pre.’

Another important consideration is the sign, as the absolute 
values may be the same but with the opposite sign. The direction 
should be accurately predefined in the protocol, and the values 
and characteristics should be reflected in the literature to deter-
mine clinically important thresholds, such as the non-inferiority 
margin.

Analysis

Statistical hypothesis testing for ANCOVA requires that the fol-
lowing assumptions be assessed: (1) when the P value of the entire 
model is less than the given significance level, the model is con-

Fig. 1. Graphical representations of unequal and equal slopes.
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sidered significant; (2) the covariates provided must be indepen-
dent of the treatment groups; and (3) the effect of covariates can-
not be zero.

For the first assumption above, a post hoc test is not commonly 
performed. If the P value for the entire model is not significant 
(i.e., when conducting an ANOVA), testing the significance of the 
probability for the entire model is critical. For the second assump-
tion, the value obtained after exposure to treatment is inappropri-
ate as a covariate; thus, it is considered a pretreatment value in 
clinical trials. In the statistical model, this is tested through an in-
teraction test; if the interaction is not significant, the ANCOVA 
model should present a model that analyzes only the main effect, 
excluding the interaction. Any covariates considered by ANCO-
VA may not be affected by the treatment [13]. For the third as-
sumption, if the actual effect is zero, it does not need to be includ-
ed in the model. If the second and third assumptions are not satis-
fied, ANCOVA is not appropriate and a multivariate analysis or 
individual regression line estimation can be considered.

Non-inferiority trial and ANCOVA

In order to show non-inferiority compared to a control, the low-
er or upper limit of a two-sided 100 (1 – α)% confidence interval 
for the true difference should be calculated. If the hypothesis to 
demonstrate non-inferiority is left-tailed, then the lower bound of 
the confidence interval must be greater than the non-inferiority 
margin, and if it is right-tailed, the entire upper bound must be 
smaller than the non-inferiority margin [14,15]. In this case, the 
confidence interval should be calculated using the statistical analy-
sis method, and if the mean difference between groups is tested us-
ing ANCOVA, the confidence interval for the adjusted mean 
should be calculated and tested. In particular, comparing and in-
terpreting the confidence interval and non-inferiority margin only 
when the definition of the study endpoint mentioned above is cor-
rect is acceptable. Table 2 presents an ANCOVA example table.

Conclusion

ANCOVA is used to adjust for differences in relevant baseline 
values between or among groups to improve not only the statisti-
cal power of significance tests, but also the precision of treatment 
effect estimates [13]. Thus, it is important to precisely show the 
adjusted treatment effect if an ANCOVA is performed for the pri-
mary objective. As the results may change depending on which 
covariates are used in the ANCOVA, the covariates must be de-
fined in advance. If covariates need to be newly defined after a 
clinical trial has begun, it should be specifically described in the 
statistical analysis plan. As this corresponds to a major amend-
ment, it should be reported to the related regulatory agency and 
the institutional review board. Moreover, the covariates must be 
redefined before a clinical trial is completed and a clear report de-
scribing whether the redefinition of the covariate affects the sam-
ple size and any decision-making should be provided.
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