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Today’s Agenda
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1. Introduction to Proportional Hazard Models
1) What are Proportional Hazard (PH)  Models?
2) Applications of PH Models
3) Common PH Models

2. The Cox PH Model

1. Covariates
1) What are covariates?
2) The coefficients of covariates

2. Ratio of Hazards

1. Partial Likelihood
1) Maximizing Partial Likelihood
2) Breslow’s Approximation



Introduction to Proportional Hazard Models
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1

Proportional hazards models are a class of survival models in statistics.

What are Proportional Hazard Models?1.1

PH model consists of two parts: the underlying baseline hazard function, describing how the risk of event per time 
unit changes over time at baseline levels (hence the name proportional hazard); and the effect parameters, 
describing how the hazard varies in response to explanatory covariates.

A covariate is any quantity recorded in respect of each life, such as age, sex, type of treatment, level of 
medication, severity of symptoms and so on.

The most widely used regression model in recent years has been the proportional hazards model. Proportional 
hazards (PH) models can be constructed using both parametric and non-parametric approaches to estimating the 
effect of duration on the hazard function.



Applications of PH Models
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1.2

• The proportional hazard models have good applications and inferences. The inferences about how each 
covariate affects the individual’s mortality, gives information that can be used in different ways.

• Survival data is generally heterogeneous, and hence PH models prove effective in analyzing data for various 
groups. The model can be used to check the effects of gender, smoking habits, patients given treatment and 
patients who did not receive the treatment, geographical location etc. The effects of these covariates or factors 
can be assessed, in various combinations also to understand the various trends and effects on rate of mortality, 
morbidity and other sectors.

• Example: A life insurance company may wish to know how certain covariates affect mortality, so that it can 
charge premiums that accurately reflect the risk for an individual, eg higher premiums for smokers.



Introduction to PH Models

5

1



Common PH Models
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1.3

Fully Parametric models for the Hazard Function.
Here, strong assumption is made about the lifetime distribution and the hazard. We have already seen these 
models in the earlier chapter. They are:-

1. Exponential model ( constant hazard )
2. Weibull model ( monotonically decreasing hazard )
3. Gompertz-Makeham model ( exponentially increasing hazard )
4. Log – logistic model ( humped hazard )



The Cox PH Model
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2

The Cox PH model (Cox, 1972) is essentially a regression model commonly used statistics in survival analysis for 
investigating the association between the survival time of patients and one or more predictor variables. It is a 
semi-parametric model. It allows us to examine how specified factors influence the rate of a particular event 
happening (e.g., infection, death) at a particular point in time. 

The Cox model is expressed by the hazard function denoted by h(t). It can be estimated as follow:



Covariates
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3

A covariate is any quantity recorded in respect of each life, such as age, sex, type of treatment, level of 
medication, severity of symptoms and so on.

The covariates or the predictors can be of different types:-
• Direct Measurements [eg. Age]
• Indicator or Dummy Variables [eg. 0 for vaccine received and 1 for vaccine not received]
• Qualitative measurements that will be represented quantitatively. [eg. 1 to 10 ranking given to patients based on 

severity of symptoms]

Consider an example where three factors weight, place of residence – Mumbai or Delhi and the severity of 
symptoms from 1 to 5 are taken.
Then the covariates will have values like, Direct measurement for weight, Indicator for place of residence – 0 for 
Mumbai and 1 for Delhi and ranking based on the severity of symptoms being 1 for very mild increasing to 5 for 
extreme.

What are covariates?3.1
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1. State whether the following co – variates can be Direct measurements, Indicator variables, or Qualitative 
aspects that can be represented quantitatively: 
• Weight of a Person
• Profession of a Person
• Semester III Exam Grade scored by a Student
• Marks scored by a student in Semester III Exam
• Martial Status of a Person
• Numbers of Hours that a Person works on average in a day
• Severity of COVID Symptoms in a Patient 

2. Should Gender as a co – variate be used in pricing life insurance or would that be gender discrimination? 

Class Practice
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3.2 The coefficients of covariates



Ratio of Hazards
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4

The ratio is finally independent of time t. Thus ratio is constant over time.
For example: If an individual has a risk of death at some initial time point that is twice as high as that of another 
individual, then at all later times the risk of death remains twice as high.



Question
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Solution
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Partial Likelihoods
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Maximizing Partial Likelihood
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5.1



Breslow’s approximation to the partial likelihood
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5.2
If there are ties in the data, ie the death times are not distinct, then Breslow’s approximation to the partial 
likelihood can be used:



Question 

17

Placebo Treatment X

3 (83) 6*(58)

9 (68) 11 (73)

14 (75) 14 (68)

16 (86) 14* (49)

Observations with an asterisk represent censored observations.
Using Breslow’s assumption, determine the contribution to the partial likelihood that is made by the deaths at time 
14.



Solution 
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Recap
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Homework Question
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