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INTRODUCTION

When researchers are conducting clinical studies to investigate
factors associated with, or treatments for disease and conditions
to improve patient care and clinical practice, statistical evaluation
of the data is often necessary. Regression analysis is an important
statistical method that is commonly used to determine the
relationship between several factors and disease outcomes or to
identify relevant prognostic factors for diseases [1].

This editorial will acquaint readers with the basic principles
of and an approach to interpreting results from two types of
regression analyses widely used in ophthalmology: linear, and
logistic regression.

LINEAR REGRESSION ANALYSIS

Linear regression is used to quantify a linear relationship or
association between a continuous response/outcome variable or
dependent variable with at least one independent or explana-
tory variable by fitting a linear equation to observed data [1].
The variable that the equation solves for, which is the outcome
or response of interest, is called the dependent variable [1]. The
variable that is used to explain the value of the dependent
variable is called the predictor, explanatory, or independent
variable [1].

In a linear regression model, the dependent variable must be
continuous (e.g. intraocular pressure or visual acuity), whereas, the
independent variable may be either continuous (e.g. age), binary
(e.g. sex), categorical (e.g. age-related macular degeneration stage
or diabetic retinopathy severity scale score), or a combination of
these [1].

When investigating the effect or association of a single
independent variable on a continuous dependent variable, this
type of analysis is called a simple linear regression [2]. In many
circumstances though, a single independent variable may not be
enough to adequately explain the dependent variable. Often it is
necessary to control for confounders and in these situations, one
can perform a multivariable linear regression to study the effect or
association with multiple independent variables on the depen-
dent variable [1, 2]. When incorporating numerous independent
variables, the regression model estimates the effect or contribu-
tion of each independent variable while holding the values of all
other independent variables constant [3].

When interpreting the results of a linear regression, there are
a few key outputs for each independent variable included in the
model:

1. Estimated regression coefficient—The estimated regression
coefficient indicates the direction and strength of the
relationship or association between the independent and

dependent variables [4]. Specifically, the regression coeffi-
cient describes the change in the dependent variable for
each one-unit change in the independent variable, if
continuous [4]. For instance, if examining the relationship
between a continuous predictor variable and intra-ocular
pressure (dependent variable), a regression coefficient of 2
means that for every one-unit increase in the predictor,
there is a two-unit increase in intra-ocular pressure. If the
independent variable is binary or categorical, then the one-
unit change represents switching from one category to the
reference category [4]. For instance, if examining the
relationship between a binary predictor variable, such as
sex, where ‘female’ is set as the reference category, and
intra-ocular pressure (dependent variable), a regression
coefficient of 2 means that, on average, males have an
intra-ocular pressure that is 2 mm Hg higher than females.
2. Confidence Interval (Cl)—The ClI, typically set at 95%, is a
measure of the precision of the coefficient estimate of the
independent variable [4]. A large Cl indicates a low level of
precision, whereas a small Cl indicates a higher precision [5].
3. P value—The p value for the regression coefficient indicates
whether the relationship between the independent and
dependent variables is statistically significant [6].

LOGISTIC REGRESSION ANALYSIS

As with linear regression, logistic regression is used to estimate
the association between one or more independent variables with
a dependent variable [7]. However, the distinguishing feature in
logistic regression is that the dependent variable (outcome) must
be binary (or dichotomous), meaning that the variable can only
take two different values or levels, such as "1 versus 0" or 'yes
versus no’ [2, 7]. The effect size of predictor variables on the
dependent variable is best explained using an odds ratio (OR) [2].
ORs are used to compare the relative odds of the occurrence of
the outcome of interest, given exposure to the variable of interest
[5]. An OR equal to 1 means that the odds of the event in one
group are the same as the odds of the event in another group;
there is no difference [8]. An OR > 1 implies that one group has a
higher odds of having the event compared with the reference
group, whereas an OR < 1 means that one group has a lower odds
of having an event compared with the reference group [8]. When
interpreting the results of a logistic regression, the key outputs
include the OR, Cl, and p-value for each independent variable
included in the model.

CLINICAL EXAMPLE

Sen et al. investigated the association between several factors
(independent variables) and visual acuity outcomes (dependent
variable) in patients receiving anti-vascular endothelial growth factor
therapy for macular oedema (DMO) by means of both linear and
logistic regression [9]. Multivariable linear regression demonstrated
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that age (Estimate —0.33, 95% Cl—0.48 to —0.19, p <0.001) was
significantly associated with best-corrected visual acuity (BCVA) at
100 weeks at alpha = 0.05 significance level [9]. The regression
coefficient of —0.33 means that the BCVA at 100 weeks decreases by
0.33 with each additional year of older age.

Multivariable logistic regression also demonstrated that age and
ellipsoid zone status were statistically significant associated
with achieving a BCVA letter score >70 letters at 100 weeks at
the alpha = 0.05 significance level. Patients >75 years of age were
at a decreased odds of achieving a BCVA letter score >70 letters at
100 weeks compared to those <50 years of age, since the OR
is less than 1 (OR 0.96, 95% Cl 0.94 to 0.98, p = 0.001) [9]. Similarly,
patients between the ages of 50-74 years were also at a
decreased odds of achieving a BCVA letter score >70 letters at
100 weeks compared to those <50 years of age, since the OR is
less than 1 (OR 0.15, 95% Cl 0.04 to 0.48, p =0.001) [9]. As well,
those with a not intact ellipsoid zone were at a decreased odds
of achieving a BCVA letter score >70 letters at 100 weeks
compared to those with an intact ellipsoid zone (OR 0.20, 95% Cl
0.07 to 0.56; p=0.002). On the other hand, patients with an
ungradable/questionable ellipsoid zone were at an increased odds
of achieving a BCVA letter score >70 letters at 100 weeks
compared to those with an intact ellipsoid zone, since the OR is
greater than 1 (OR 2.26, 95% Cl 1.14 to 4.48; p =0.02) [9].

The narrower the Cl, the more precise the estimate is; and the
smaller the p value (relative to alpha = 0.05), the greater the
evidence against the null hypothesis of no effect or association.

CONCLUSION
Simply put, linear and logistic regression are useful tools for
appreciating the relationship between predictor/explanatory and
outcome variables for continuous and dichotomous outcomes,
respectively, that can be applied in clinical practice, such as to
gain an understanding of risk factors associated with a disease of

interest.
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