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TOPIC

Multivariate Analysis



FOUR LEVELS OF DATA ANALYSIS

Descriptive analysis

Univariate analysis of differences and associations

Stratified analysis (differences, associations)

Multivariate analysis
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STUDY GOAL

To assess prevalence and severity of respiratory distress syndrome
(RDS) in neonates with low birth weight

Descriptive Analysis (example)

Number and % of RDS in the whole group
Oxygen saturation level (%) in the whole group
Number and % of RDS in neonates with low and neonates with very
low birth weight
Etc.

Number and % of deliveries by Cesarean section in the whole group
Number and % of intrauterine infections
Distribution of birth weight
Etc.



STUDY GOAL

To assess prevalence and severity of respiratory distress syndrome
(RDS) in neonates with low birth weight

Descriptive Analysis 

Descriptive analysis is a complete presentation of the distributions of 
all variables (all measurements). Besides measures of central 
tendency and spread it also involves estimation of the population
prevalence of the central variable – here RDS.

95% Confidence Interval

Jerzy Spława-Neyman



ESTIMATION

<)              ‚x’ in the sample ‚X’ in the population

ESTIMATOR PARAMETER
(known, measured) (unknown, to be estimated)

95% Confidence Interval (95% CI)

The study showed that the occurrence of RDS in the examined group
was 5% (95% CI: 2-8%). It means that there is a 95% confidence

(probability), that in all similar neonates (population) the prevalence of 
RDS is 2-8%



ESTIMATION

<)              ‚x’ in the sample ‚X’ in the population

ESTIMATOR PARAMETER
(known, measured) (unknown, to be estimated)

95% Confidence Interval (95% CI)

The study showed that the occurrence of RDS in the examined group
was 5% (95% CI: 2-8%). It means that there is a 95% confidence

(probability), that in all similar neonates (population) the prevalence of 
RDS is 2-8%

Estimation is possible (and scientifically
justified) if the study group is representative

(probability sampling !)
and its size is big enough

(calculation of the required sample size !)



FOUR LEVELS OF DATA ANALYSIS

Descriptive analysis

Univariate analysis of differences and associations

Stratified analysis (differences, associations)

Multivariate analysis



STUDY GOAL
To assess prevalence and severity of respiratory distress syndrome (RDS) 

in neonates with low birth weight

Univariate Analysis : Y ~ X (example)
Difference in % of RDS between boys and girls
Difference in % of RDS between low and very low Tests: Chi2, Fisher
birth weight neonates
Etc.

Difference in oxygen saturation between low
and very low birth weight neonates
Difference in oxygen saturation between older Tests: Student-t, Anova, nonparametric
and younger neonates
Etc.

Association between oxygen saturation
and birth weight Tests: analysis of correlation (m. Pearson
Association between oxygen saturation and age m. Spearman)
Etc.

Charles SpearmanCarl Pearson



STUDY GOAL

To assess prevalence and severity of respiratory distress syndrome (RDS) 
in neonates with low birth weight

Univariate Analysis : Y ~ X (example)

Univariate analysis must include all pertinent differences and associations
(perinent = differences and associations that may have a potential role in 
explanation of the occurrence of RDS) 

Conditio sine qua non: All variables used in univariate analysis must be 
precisely described (descriptive analysis !) 
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STUDY GOAL
To assess prevalence and severity of respiratory distress syndrome (RDS) 

in neonates with low birth weight

Stratified Analysis : Y ~ X1 adjusted for X2 (example)

Two independent univariate analyses showed that occurrence of RDS depends
on body weight and on type of delivery. It is necessary to repeat univariate
analyses (RDS vs body weight) in neonates born by natural delivery (analysis
#1) and in neonates born by Cesarean section (analysis # 2). Then both
analyses in one run (RDS vs body weight adjusted / controlled for type of 
delivery) using stratified analysis:

Mantel-Haenszel Procedure (today: Cochran-Mantel-Haenszel)

William HaenszelNathan MantelWilliam Cochran
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STUDY GOAL

To assess prevalence and severity of respiratory distress syndrome (RDS) 
in neonates with low birth weight

RESULTS SO FAR (example)
Results of univariate analyses showed that RDS depends (p<0.05) on:

Age (duration of pregnancy)
Mother’s health during pregnancy

Type of delivery
Steroid treatment (last period of pregnancy)

! PROBLEM !

No single determinant (explanatory variable) of RDS! Which one plays the 
most important role ? Are there any other variables (factors) that increase a 

risk of RDS (clinical status ?, interactions between variables ? …)



STUDY GOAL

To assess prevalence and severity of respiratory distress syndrome (RDS) 
in neonates with low birth weight

RESULTS SO FAR (example)
Results of univariate analyses showed that RDS depends (p<0.05) on:

Age (duration of pregnancy)
Mother’s health during pregnancy

Type of delivery
Steroid treatment (last period of pregnancy)

! SOLUTION !

RDS 
= 

Age (duration of pregnancy) + Mother’s health during pregnancy + Type of 
delivery + Steroid treatment (last period of pregnancy)



MULTIVARIATE ANALYSIS MODEL
(basic terminology)

MODEL: Y = b1X1 + b2X2 + b3X3 + … bkXk

Y = dependent variable Xs = independent (explanatory) variables (predictors)

b1, b2, b3 …: regression coefficients

p – statistical significance level of regression coefficient

R2 – coefficient of determinantion

logOR – logistic odds ratio 



KEY TO INTERPRETATION 
OF MULTIVARIATE ANALYSIS

Back to simple regression model: Y ~ X

Does body mass depend on height ?

Subject ID               Weight (kg)=Y                 Height (cm) = X

Solution: Y = b*X +E

Coefficient of regression explaining how much Y depends on X
Intercept (what has not been explained) 



REGRESSION ANALYSIS MODEL
(graph)

Apparent association of Y with X 

b not equals zero !
Y=b*X + E



REGRESSION ANALYSIS MODEL
(graph)

No association of Y with X 

b = 0 !
Y = b*X + E → Y = 0*X + E  → Y = E (always): removed impact of X ) 



REGRESSION ANALYSIS MODEL
MORE ON INTERPRETATION

Null Hypothesis of no effect: b equals zero 
Alternative hypothesis: b not equals zero (effect of b proved)

Question: Does ‚b’ differ from zero ?

In mathematics answer is easy: 0 = 0

In statistics, because of uncertainty, probability etc.:

b = 0 if b does not differ from zero in a statistically significant way

‚p’value of a given ‚b’ is the answer



REGRESSION ANALYSIS MODEL
MORE ON INTERPRETATION - EXAMPLE

Y = b*X +  E
Y = 0.83*X + E

The value of ‚0.83’ differs from ‚0’ if the ‚p’ value of ‚b’ is
statistically significant (p<0.05)

Scenario A: b=0.83, p=0.4
Value of ‚b’ does not differ from ‚0’ in a statistically significant way; 

ergo: ‚b’ in scenario A is ‚0’ and ‚X’ does not explain ‚Y’

Scenario B: b=0.83, p=0.01
Value of ‚b’ differs from ‚0’ in a statistically significant way; ergo: ‚b’ in 

scenario B is ‚0.83’ and ‚X’ explains ‚Y’
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Scenario B: b=0.83, p=0.01
Value of ‚b’ differs from ‚0’ in a statistically significant way; ergo: ‚b’ in 

scenario B is ‚0.83’ and ‚X’ explains ‚Y’

! IMPORTANT !

In multivariate analysis (more than one X in a model) 
the criterion of statistical significance is more liberal
and p<0.1 is usually accepted as a proof of the 
statistically significant role of a given ‚X’

„marginal statistical significance”
(decision regarding such an approach to p<0.1 must

be defined ‚a priori’ in the section ‚methods’)



REGRESSION ANALYSIS MODEL
MORE ON INTERPRETATION - EXAMPLE

Y = b*X1 + b*X2 + b*X3 +b*X4 +  E

RESULTS (SIMPLE PRESENTATION)

Interpretation

Y depends in a statistially significant way on X1 and X2, and in a 
marginally statistically significant way on X4. X3 does not explain Y 

Independent  Variable Coefficient of Regression ‚b’ Value of ‚p’

X1 0.83 0.03

X2 3.15 <0.001

X3 1.24 0.1

X4 -13.2 0.08



TWO PRINCIPAL MODELS (TECHNIQUES)
OF REGRESSION ANALYSIS

Y is a quantitative variable: linear regression analysis

Bilirubin level (mg%) = body mass + GGTP + …

. . . . .

Y is a qualitative variable: logistic regression analysis

Dyspnea (yes/no) = age + sex + FEV1 + …



LINEAR REGRESSION ANALYSIS
EXAMPLE

FEV1 = sex + height + smoking habit + exposure to dust

RESULTS

R2 of the model = 0.60: The above model explains 60% of 
variability in FEV1. Not too bad, but addition of other Xs (allergy ?, 
pneumonia in the past ?) could improve prediction (increase in R2)

Independent  Variable Coefficient of Regression ‚b’ Value of ‚p’

Sex (M/W) 1.88 0.04

Height (m) 2.01 <0.001

Smoking (Yes/No) -0.82 0.01

Dust exposure (Yes/No) -0.30 0.09



LOGISTIC REGRESSION ANALYSIS
EXAMPLE

COPD = sex + height + smoking habit + exposure to dust
(COPD = Chronic Obstructive Pulmonary Disease)

RESULTS

Sex and smoking and dust exposure explain the presence of COPD. 
Logistic regression analysis does not deliver R2 – instead it gives
logistic odds ratios with 95% CI  for each independent variable.

Independent  Variable Coefficient of Regression ‚b’ Value of ‚p’

Sex (M/W) 0.32 <0.001

Height (m) 0.01 0.2

Smoking (Yes/No) 0.22 <0.001

Dust exposure (Yes/No) 0.78 0.07



LOGISTIC REGRESSION ANALYSIS
EXAMPLE – FOCUS ON logOR % 95%CI

COPD = sex + height + smoking habit + exposure to dust
(COPD = Chronic Obstructive Pulmonary Disease)

RESULTS

The risk of COPD is the largest in relation to sex (men are twice as 
likely to have COPD compared with women – or even 2.39) 

Independent  Variable Logistic Odds Ratio 95% CI

Sex (M/W) 2.02 1.51-2,49

Height (m) 0.98 0.96-1.03

Smoking (Yes/No) 1,12 1,02-1,24

Dust exposure (Yes/No) 1,34 0.98-1.70



SELECTION OF INDEPENDENT VARIABLES

Method 1: biological meaning of candidate variables is
decisive (assumptions based on knowledge
and study hypothesis)

Method 2: statistical meaning of candidate variables is
decisive – only variables shown as 
statistically significant by earlier univariate
test are included in the model

Number of independent variables ? A helpful rule:
Number of Xs = N/10, where N = number of observations



WARNING

Independent variables that are mutually correlated must
not be included in the same model. Mutual correlation
of two or more Xs may produce unreliable results – the 
problem known as multicollinearity. Example:

FEV1 = sex + body mass + height + smoking + …

Body mass is associated with height (correlation).
Solution: either body mass or height left in the model



OTHER TECHNICS OF MULTIVARIATE ANALYSIS
BEYOND LINEAR/LOGISTIC REGRESSION

Depending of the distribution of Y the model may follow Poisson 
distribution or Bernoulli distribution (seldom use in clinical research). 
Also some universal techniques – General Linear Model etc.
Other applications/methods of multivariate analysis include:
- Discriminant analysis
- Factor analysis
- Cluster analysis
…

IMPORTANT
Multivariate analysis allows control of confouning variables. For 

example, if focus is on the impact of dust exposure (X1) on COPD (Y) 
the potential impact of other known determinants (X2 = smoking, X3 = 

age, X4 = history of respiratory infections ..) is controlled. 



MULTIVARIATE ANALYSIS – CONCLUSIONS

Results of multivariate analysis refine the results or earlier univariate
and stratification analyses, allow adjustment for and control of 

confounders, provide assessment of relative impact of each
independent variable on dependent variable, allow identification of 

interactions. 

! NO REPLACEMENT FOR UNIVARIATE OR STRATIFICATION ANALYSES !

APPLICATIONS
1. Open-ended search for associations of Y with a set of Xs
2. Testing hypotheses on dependence of Y on X, controlled for other

Xs
3. Examining effect of interactions between Xs on Y
4. Prediction of Y based on Xs’
5. Between-group comparisons of a given effect



END OF LECTURE 1


