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Outlines

● Introduction
● Simple Linear Regression
● Multiple Linear Regression
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Learning outcomes

● Understand the concept behind simple and multiple 
linear regressions

● Understand and able to interpret the results of 
simple and multiple linear regressions
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Introduction
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Introduction

● Linear regression is a statistical method to model linear 
relationship between:

– outcome: a numerical variable

– predictors / independent variables: numerical, categorical 
variables

● Common in medical and health sciences

● Associated factors of cholesterol level, fasting glucose, 
BMI, stress level etc
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Introduction

● Model the linear relationship

numerical outcome = numerical predictors +
categorical predictors
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Simple Linear Regression
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Simple Linear Regression

● Linear regression is a statistical method to model linear 
relationship between:

– outcome: a numerical variable

– ONE predictor / independent variable: a numerical / 
categorical variable
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Simple Linear Regression

● Model the linear relationship

numerical outcome = intercept + coefficient × predictor
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Simple Linear Regression

Research objective:

To determine the associated factor of cholesterol level

Research question:

Is this factor associated with cholesterol level?
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Example

● Sample size: 200
● Outcome: cholesterol level in mmol/L
● Independent variable: DBP in mm/Hg
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Results

coefficient P-value

Confidence Interval
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Model Fit

R2 = 0.18

0%: the predictor does not explain 
the outcome at all

100%: the predictor explains the 
outcome perfectly

Assumptions:

● linear – straight line trend

● normality – oval shape

● equal variance – equal scatter of 
dots above and below the line

Positive linear relationship – slope upwards
Negative linear relationship – slope downwards

Scatterplot: Cholesterol vs DBP
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Scatter Plot Patterns

Guess the 
patterns
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Results

Cholesterol Level = 3.00 + 0.04 × DBP

1 mmHg increase in DBP = 0.04 mmol/L increase in Cholesterol level

10 mmHg increase in DBP = 0.4 mmol/L increase in Cholesterol level (10 x 0.04)
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Multiple Linear Regression
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Multiple Linear Regression

● Linear regression is a statistical method to model linear 
relationship between:

– outcome: a numerical variable

– MORE than one predictors / independent variables: 
numerical and categorical variables
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Multiple Linear Regression

● Model the linear relationship

numerical outcome = intercept
  + coefficients × numerical predictors
  + coefficients × categorical predictors
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Multiple Linear Regression

Research objective:

To determine the associated factors of cholesterol level

Research question:

Are these factors associated with cholesterol level?



Dr. Wan Nor Arifin (7) Linear Regression Analysis 20

Example

● Sample size: 200
● Outcome: cholesterol level in mmol/L
● Independent variables:

– DBP in mm/Hg

– Race: Malay, Chinese, Indian
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Results

coefficients P-values

Race: Malay, Chinese, Indian →

Race = Malay as baseline comparison
RaceChinese: Yes =1 / No = 0
RaceIndian: Yes = 1 / No = 0

Dummy variables / coding

Confidence interval
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Model Fit

Adjusted R2 = 0.22

0%: the predictors do not explain 
the outcome at all

100%: the predictors explain the 
outcome perfectly

Assumptions:

● Normality of residuals
● Histogram
● Boxplot

● Linearity
● Normality
● Linear pattern
● Equal variance

Histogram: Raw residuals

*residuals = predicted line values  – true observations 
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Model Fit

Adjusted R2 = 0.22

0%: the predictors do not explain 
the outcome at all

100%: the predictors explain the 
outcome perfectly

Assumptions:

● Normality of residuals
● Histogram
● Boxplot

● Linearity
● Normality
● Linear pattern
● Equal variance

Boxplot: Raw residuals

*residuals = predicted line values  – true observations 
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Assumptions:

● Normality of residuals
● Histogram
● Boxplot

● Linearity
● Normality
● Linear pattern
● Equal variance

Model Fit
Scatterplot: standardized residuals vs standardized predicted values 

Adjusted R2 = 0.22

0%: the predictors do not explain 
the outcome at all

100%: the predictors explain the 
outcome perfectly

*residuals = predicted line values  – true observations 
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Model Fit
Scatterplot: raw residuals vs DBP (numerical predictor) 

Adjusted R2 = 0.22

0%: the predictors do not explain 
the outcome at all

100%: the predictors explain the 
outcome perfectly

Assumptions:

● Normality of residuals
● Histogram
● Boxplot

● Linearity
● Normality
● Linear pattern
● Equal variance

*residuals = predicted line values  – true observations 
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Results

Cholesterol = 3.30 + 0.03×DBP + 0.36×Race (Chinese) + 0.71×Race (Indian)

● 1 mmHg increase in DBP = 0.03 mmol/L increase in Cholesterol level, keeping other variables 
constant

● If Chinese = 0.36 mmol/L higher Cholesterol level as compared to Malay, keeping other 
variables constant

● If Indian = 0.71 mmol/L higher Cholesterol level as compared to Malay, keeping other variables 
constant
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Quiz

● Describe the purpose of analysis by linear regression
● Compare simple and multiple linear regression 

analyses
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Quiz

Jusoh, Z., Tohid, H., Omar, K., Muhammad, N. A., & Ahmad, S. (2018). Clinical and sociodemographic predictors of the quality of life among patients with type 2 
diabetes mellitus on the east coast of Peninsular Malaysia. The Malaysian journal of medical sciences: MJMS, 25(1), 84.
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Quiz

Nik Adib, N. A., Ibrahim, M. I., Ab Rahman, A., Bakar, R. S., Yahaya, N. A., Hussin, S., & Wan Mansor, W. N. A. (2019). Predictors of caregivers’ satisfaction 
with the management of children with autism spectrum disorder: A study at multiple levels of health care. International journal of environmental research and public 
health, 16(10), 1684.
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Thank You
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