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What is Stroke?

• Ischemic stroke is caused by a blood 

clot that blocks or plugs a blood vessel 

in the brain. 

• Haemorrhagic stroke is caused by a 

blood vessel that breaks and bleeds 

into the brain
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• Transient Ischemic Attacks or TIAs, are “mini-strokes” whereby the 

symptoms from the clot appear temporarily. TIAs are warning 

signs that should be taken seriously.
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Stroke is the biggest single 

cause of major disability in the 

United Kingdom. Almost two–thirds 

of stroke survivors leave hospital 

with disability.

Stroke burden is projected to rise 

from around 38 million Disability-

Adjusted Life Years (DALYs) globally 

in 1990 to 61 million DALYs in 2020.

Stroke Statistics
Stroke is the fourth single 

leading cause of death in the UK.



Stroke study: brief description 

• Objective: impact of 1st ischaemic stroke and transient
ischaemic attack (TIA) on longevity and morbidity risks.

• The study period is from 1986 up to 2017.

• Design: case/control 1:3

• Exclusion criteria: prior major cancers, dementia, chronic
kidney disease stages 3+ and haemorrhagic stroke.

• The primary outcome is all-cause mortality. The secondary
outcomes are further strokes, dementia (Alzheimer's and
vascular dementia), heart failure, myocardial infarction,
pulmonary arterial disease.

.
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Stroke study: brief description 

Variables of interest:

• Drugs: Antihypertensive drugs, Anticoagulant drugs, Lipid

regulating drugs and antidiabetic drugs.

• Medical conditions: Asthma, Atrial Fibrillation, CKD,

CHD, PAD, Hypothyroidism, COPD, Diabetes,

Hypercholesterolemia, Hypertension, Depression.

• Demographical and lifestyle conditions: Blood-

Pressure, Cholesterol, BMI, gender, date of birth, age at

entry, smoking status, alcohol status and IMD Decile.

.
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Patient numbers

IS dataset TIA dataset
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Full case dataset  

( N = 25,711)

Cases = 8,983

Controls = 16,728

Multiple Imputation dataset 

( N = 75,769)

Cases = 20,250

Controls = 55,519

Full case dataset  

( N = 24,797)

Cases = 9,377

Controls = 15,420

Multiple Imputation dataset 

( N = 74,037)

Cases = 20,633

Controls = 53,374



Unadjusted Kaplan Meier plot IS cases and controls
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Unadjusted Kaplan Meier plot TIA cases and controls
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Violations to Cox’s Proportional hazard assumption (α = 0.05)
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Comments

Covariates violating the 

Cox’s PH assumption :

Birth cohort, Age 

category, case/control, 

BMI, IMD, hypertension 

and antiplatelet.

The global test was 

highly significant 

providing evidence of 

non-proportionality.

…
.

…
.

…
.

…
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Graphical diagnostics based on the scaled Schoenfeld residuals.

Comments:

There is no 

distinct pattern 

of the residuals 

with time, so this 

covariate is not 

time-dependent.

A covariate which does not violate the Cox’s PH assumption
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Graphical diagnostics based on the scaled Schoenfeld residuals.

Comments:

A non-zero slope is evidence against 

proportionality.
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Distribution fitting : IS 



Parametric “Double-Cox” regression

Components:

• A baseline hazard function 
(which changes over time).

• The risk factors Z have a log-
linear contribution to the 
force of mortality which does 
not depend on time t. 

The Cox parametric regression model 

Weibull baseline hazard function with scale 
λ and shape k.  Shape k is modelled as k=k(Z). 

𝜇(𝑡|𝑍) = 𝜇0(𝑡|𝑍) exp(𝑍
Τ𝛽)

Baseline hazard 
function

𝛽 is a vector of unknown 
parameters for scale and 
Z is a vector of covariates 

𝜇0(𝑡|𝑍) =
𝑘(𝑍)

λ

𝑡

λ

𝑘(𝑍)−1

Additional regression 
model to allow varying 
shape  depending on  
covariates
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k(Z)=𝑘0𝑒
𝑍Τβ

𝑘



IS model 
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The scale model includes the following main effects  

and interactions : 

• Birth cohort

• IMD in Quintiles

• Body Mass index

• Antiplatelet therapy

• Chronic Pulmonary Disorder

• Chronic Kidney Disease ( stages 1-3)

• Heart Failure

• Myocardial Infarction 

• Peripheral Arterial Disease

• Atrial fibrillation 

• Diabetes

• Anticoagulant therapy 

• Smoking 

• Interaction of IS diagnosis with Antihypertensive 

treatment 

• Interaction of IS diagnosis with sex

• Interaction of IS diagnosis with age 

The shape model includes the following main 

effects : 

• Birth cohort

• Antiplatelet therapy



Overview of Multiple Imputation
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Source : Van Buuren (1999)

Incomplete 

data Multiple Imputation

Completed dataset                   Survival Analysis

Completed dataset                   Survival Analysis

Completed dataset                   Survival Analysis

Completed dataset                   Survival Analysis

Combined 

estimates

Step 1 : 
Generate multiple sets of 

imputed values to produce 

multiple imputed datasets.

Step 2 : 
Perform survival analysis 

on each dataset.

Step 3 : 
Pool the results using  

Rubin’s rules.



Hazard curves demonstrating the birth cohort effect : IS 

30/10/2019 Hazard curves for healthy  cases and controls, aged  39-60 years with IMD Quintile = 1 

across different birth cohorts and  APL( antiplatelet intake).
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Forest plot : IS
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Forest plot : IS model

39-60 years

61-70 years

71-76 years

77+ years
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Future Works:

• Write up two papers: on TIA and on IS

• Translation of models into actuarial analysis 



The Actuarial Research Centre (ARC)

A gateway to global actuarial research

The Actuarial Research Centre (ARC) is the Institute and Faculty of Actuaries’ (IFoA) 

network of actuarial researchers around the world.

The ARC seeks to deliver cutting-edge research programmes that address some of the

significant, global challenges in actuarial science, through a partnership of the actuarial 

profession, the academic community and practitioners. 

The ‘Use of Big Health and Actuarial Data for understanding Longevity and Morbidity Risks’ 

research programme is being funded by the ARC.

www.actuaries.org.uk/arc
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