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This Talk

• What to expect in the future?

– Future inequalities in CHD 

mortality

• How to create our future?

– Exploring food policy options  

to reduce CHD mortality and 

inequalities with a model. 

• Summary & conclusions



What to expect How to create our future Conclusions

METHODS

Forecast

Bayesian Age-Period-Cohort Analysis 

to 2035

Socioeconomic measure: 

IMD

Absolute inequalities:

Variance of premature 

mortality probabilities

Relative Inequalities

Log odds of premature 

mortality probabilities

Allen et al International Journal of Cardiology, Vol. 203, p290–297

Future trends and inequalities in premature 

coronary deaths in England: Modelling study
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METHODS

Forecast

Bayesian Age-Period-Cohort Analysis 

to 2035

Socioeconomic measure: 

IMD

Absolute inequalities:

Variance of premature 

mortality probabilities

Relative Inequalities

Log odds of premature 

mortality probabilities

Allen et al International Journal of Cardiology, Vol. 203, p290–297



Exploring the potential of 

food & smoking policies 

to reduce inequalities 

in CHD mortality
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Agentic (individuals) & Structural (environmental) policies:

conceptual steps and effects on food intake

McLaren et al. (2010) Int. J. Epi

Tugwell et al. (2006) The BMJ

Diderichsen, Evans and Whitehead (2001) Ox. Uni

Press

Efficacy
• The largest potential effect

Coverage

• The spread of the intervention through the 
population

Impact

• If the interventions reaches its target, the 
size of outcome that results
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Salt Policy Options
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Are healthy eating interventions 

equally effective for all? 

Impact on socioeconomic 

inequalities- systematic review 

Rory McGill et al BMC Public Health 2015 15:457
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Smoking: Maximizing the 

Tobacco Control Scale for England

IMPACT Model methods

– IMPACTsec

– IMPACTfood policy

– Moving mortality 

baseline

Allen et al BMC Public Health (in press 2016)



Smoking: Maximizing the 

Tobacco Control Scale for England

IMPACT Model methods

– IMPACTsec

– IMPACTfood policy

– Moving mortality baseline

KEY RESULTS:

Improving all smoking policies to 
achieve a maximum score on the TCS 
might reduce smoking prevalence in 
England by ~15%  among adults aged 
35 – 74

Bigger reductions in deprived 
quintiles 

~3,000 fewer premature CHD deaths 

biggest benefits in most deprived 
groups. 

Allen et al BMC Public Health (in press 2016)



The Health Equity and Effectiveness of Policy Options to 

Reduce Dietary Salt Intake in England: Policy Forecast

What to expect How to create our future Conclusions

Gillespie et al PLoS ONE 10(7): e0127927

IMPACT Model methods

• IMPACTfood

• IMPACT SEC

• Moving mortality baseline

Inputs

Differential social effect of 

policy on salt intake

• Mason et al + McGill et 

al + Expert elicitation

Effect of Salt intake on CHD 

deaths

• Strazullo et al
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• IMPACTfood

• IMPACT SEC
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policy on salt intake
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Relative reduction in CHD mortality 

attributable to a Trans Fat Ban in England

What to expect How to create our future Conclusions

IMPACT Model methods

• IMPACTfood

• IMPACT SEC

• Moving mortality baseline

Inputs

• Differential social on trans-

fats intake

• Based on NDNS trans-

fats gradients

• Effect of Trans fats intake on 

CHD deaths

• Mozzafarian et al

Health Economics

• Societal perspective

Allen et al BMJ 2015;351:h4583



Costs : Transfats

13/02/2015 16



The Sugar Tax: Kcal and Health gains

13/02/2015 17

Reduction in Kcal per person per day Gains in QALYs



The Sugar Tax: Impact on diabetes, 

CVD and Cancer

13/02/2015 18

Modelling the Health Impact of an English Sugary Drinks Duty at National and Local Levels

Brendan Collins Simon Capewell Martin O’Flaherty Hannah Timpson Abdul Razzaq Sylvia 

Cheater Robin Ireland Helen Bromley Plos ONE 2015 10(6):e0130770



Summary and Conclusions

• Reduction in CHD mortality inequalities will continue to 

be an issue:

– Reduction in absolute terms  but more effort is needed to 

accelerate decline amongst more deprived. 

– However, if current rate of decline persists, reducing excess 

deaths in the more deprived will require more effort (low 

mortality)

• “Structural” policies consistently deliver :

– Reductions in mortality

– Reductions in inequalities in mortality

– Key question: Will the combination of population/structural with 

individual level interventions also reduce inequalities?
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Summary & Conclusions

• Our work highlights the need to consider 

how policies work might affect inequalities:
– Level: Differential exposure, differential vulnerability, differential 

outcomes (Diderichesen-Whitehead model)

– Place in the Structure-Agency/personal  continuum (Mc Laren)

– Policies  and decisions in the real world do not act in isolation! 

• WE SHOULD EMBRACE COMPLEXITY 

• Modelling offers a useful perspective to explore 

these issues in an explicit way to engage in a dialogue with researchers and 

policy makers
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Methods: Salt Modelling approach 

Upstream 

Risk 

Factor 

Change

Downstrea

m Risk 

Factor 

Change

Mortality 

Change
Policy 

Intervention

 salt intake
[1 g/day] 

blood 
pressure

4.6% stroke 
deaths

3.4% CHD 
deaths

salt in food

Strazzulo et al   

BMJ 2009;339:b4567

He & Mcregor et al 

Cochrane Database of Systematic 

Reviews 2004;3.

McGill et All (BMC Public Health 2015)

Little  on effect sizes  for inequalities
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2025 Forecast effects on salt intake – all policy 

options
X-axis: Change to average daily salt intake (g/day)

Y-axis: The differential (inequality) in this change by Index of Multiple 

Deprivation

Gillespie et al 2014 (in submission)

Ji & Capuccio BMJ Open 2014 14;4(8):e005683

Inequalities in salt intake are still there!!!!
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Experts
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2025 Forecast effects on salt intake – all policy 

options
X-axis: Change to average daily salt intake (g/day)

Y-axis: The differential (inequality) in this change by Index of Multiple 

Deprivation

Gillespie et al 2014 (in submission)
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Why Food and smoking Policies?

• ~60-70% of CHD burden can be attributed to diet & smoking

» GBD Lancet 2014. INTERHEART Circulation 2008

• Improving diets at the population level can results in massive 

reductions in mortality

» PREDIMED NEJM 2013, O’Flaherty  et al WHO Bull 

2012, Bibbins-Domingo et al NEJM 2012, Collins

et al Value in Health 2014

• Improving diets can result in rapid changes in mortality

» Bandoz et al BMJ 2012, O’Flaherty & Capewell 

Lancet 2012/EHJ 2012

• And might reduce inequalities

» Graham & Capewell Plos Medicine 2010
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What policies should we use? 

Structural policy 

approaches

Agentic policy 

approaches

Target the conditions in 

which behaviours occur

Work through legislative 

changes to our food-

environment

Potentially most effective 

and equitable

Potentially politically 

challenging to achieve

Target individual behaviour

Rely on providing 

information for healthy 

choices

Might widen health 

inequality

Capewell & Graham (2010) PLOS Med

McLaren et al. (2010) Int. J. Epi

Bromley et al. (2014) Euroheart II Work 

Package 5
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Salt Policy Options
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Modelling approach: 

Upstream 

Risk 

Factor 

Change

Downstrea

m Risk 

Factor 

Change

Mortality 

ChangePolicy 
Interventio

n

O’Flaherty WHO Bulletin 2012

O’Keefe BMJopen 2013
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What to Expect? 

Future inequalities in CHD mortality

• Forecasting future mortality 

– Bayesian Age-Period-Cohort model based forecast
– Guzman Castillo M, Gillespie DO, Allen K, Bandosz P, Schmid V, Capewell S, 

O'Flaherty M. PLoS One. 2014 Jun 11;9(6):e99482. doi: 
10.1371/journal.pone.0099482

• SEC measure: IMD

• We investigated the annual changes in SEC inequality and 
the contributions of changes in each IMDQ to the overall 
annual changes, using both absolute (probability) and relative  
(logit) scales. 

• We quantified SEC inequality using the statistical variance in 
the probability of premature death among deprivation 
quintiles.
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Diderichsen, Evans and Whitehead 2001. The Social Basis of Disparities in Health
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Structural-Agentic continuum
R

e
d

u
c
e
 I

n
e
q

u
a
li

ti
e
s In

c
re

a
s
e
 In

e
q

u
a
litie

s

Structural Agentic



Policy Layer : IMPACTSEC model

Diiferential SEC 

Effect on salt intake

Expert opinion

Other information

Effect on 

forecast CHD 

death rates

Policy Simulation Epidemiology Link





Smoking: Maximizing the TCS for 

England
POLICY TYPE UK STATUS (2013) 

[Additional modelled policies]

MAXIMUM EFFECT ON SMOKING 

PREVALENCE

SEC GRADIENT MODEL DECISION

Price 27 out of 30 

[20% retail price increase]

3.5% reduction for 10% price increase 

[19]

For each 10% price increase, prevalence 

relative decreases by  [18]:

Lowest SEC: 6.3% 

Highest SEC: 1.2%

20% price increase. The effect on 

prevalence was modelled from published 

price elasticities by SEC. 

Smoke-free places 21 out of 22

[Smoking in cars with minors 

banned as of October 2015 and 

extend ban to all public places]

Worksite total ban 6% reduction 

compared to 2% for partial ban;

Restaurant total ban 1% reduction [21, 

22]

Smoke-free workplaces generally favour 

higher SEC [9, 12]. Mixed evidence for 

other types smoke-free places [10, 12].

Additional 1% prevalence relative reduction 

possible because little room for 

improvement. Assume no SEC gradient.

Public information 

campaigns 

3 out of 15

[a five-fold increase to 2012 

government budget spending of 

~£20 million pounds]

Maximum annual effect 2% [26, 27] Often favour highest SEC [28] Additional 1% (average) prevalence relative 

reduction possible because moderate 

campaigns already in place. Assume 

Highest SEC twice as responsive as Lowest 

SEC.

Advertising bans 10 out of 13

[Point-of-sale and display ad ban 

in small stores as of April 2015]

Comprehensive ban 5% prevalence 

reduction; Total ban 3% reduction; Weak 

ban 1% reduction [21, 29]

No evidence of gradient [9, 10] Additional 2% prevalence relative reduction 

possible

Health Warnings 

(including plain 

packaging)

4 out of 10

[Plain packaging approved by 

Parliament, larger health 

warnings (>80% of the packet)]

Large bold graphic warnings reduce 

prevalence by 2%; Weaker warnings 1% 

reduction. Plain packaging has maximum 

effect similar to health warnings [33]

No evidence of gradient [9, 10, 35] Additional 3% prevalence relative reduction 

possible (1% from larger health warnings 

and 2% from plain packaging). 

Treatment 9 out of 10

[Full reimbursement of treatment]

4.75% reduction in prevalence (no 

details on individual components of 

treatment policy)

[21]

Low SEC may have lower success, but 

programs can be targeted to eliminate 

gradient [36]

Additional 0.5% prevalence relative 

reduction possible because most elements 

in place already. No SEC gradient

SEC denotes Socioeconomic circumstance

UK status for 2013 (2nd column) is based on Tobacco Control Scale [7]



The potential for further health gains from 

salt reduction is large

UNITED STATES:

3 g/day reduction in salt 

intake

Save 194,000 to 

392,000 QALYs

annually

Save 10 to 24 billion 

dollars in healthcare 

costs annually

CHD Policy Model. Bibbins-Domingo 2010 NEJM



How do you solve a problem like very busy experts?

– design a very short questionnaire 

For labelling and social marketing, we first anchored experts by 

asking them to assume, arbitrarily, that coverage was currently 10% in all 

deprivation quintiles

We then asked them to estimate the future coverage in 2020.

Differential effects by Index of multiple deprivation quintiles

If the value of your estimate was represented by 1.0 in the richest, 

what do you think would the value be in the poorest?

(Putting “1.0” would mean no different, “0.2” would mean just 20% of that in 

the richest.)

For reformulation, we asked for the population-average values of 

coverage and impact that would be expected by 2020. 



What did the experts’ estimates look like?



Our expert elicitation – a critique

Strengths

• Prior definition of policy 

model

• Thorough treatment of 

uncertainty

• Brief exercise – good 

response rate and rapid 

data

Limitations

• Lack of qualitative data 

showing experts’ 

reasoning

• Limited pool of experts –

public health academics

• No consideration of 

interactions among policy 

options 



TF Policies: Cost effectiveness Plane

Cost effectiveness of a legislative ban (1&2) or mandatory 
reformulation (3&4) on TFA, with equal (1&3) and unequal (2&4) 
intake across SEC quintiles.



Methods

• Estimated the population benefits, and cost effectiveness from 

2011-2020 of:

– Legislative ban on TFA (0% intake)

– Mandatory reformulation (0.4% intake)

• First modelling equal TF intake

• Second modelling unequal TF intake

• Modelling approach

• Mortality counterfactuals

• Beta coefficient for risk factor intervention

• Stratified by age, gender, SEC



Methods: Costs

• Govt costs - Initial legislation + Annual monitoring

• Industry costs – reformulation + annual cost

• Savings:

– Direct healthcare savings – reduction in hospital 

admissions

– Informal care savings

– Averted productivity loss

• All outputs discounted at 3.5%



Methods: Outputs

•Hospital admissions averted over 10 year period
•Life Years Gained & QALYs
•Total costs
•Cost effectiveness 

•Cost/LYG

•Results tested in Probability Sensitivity Analysis



Results

• Legislative ban:

– 27,200-29,000 life years

– 17,700-19,300 QALYs

– 68,000-72,000 hospital admissions averted

• Costs: 

– Govt: £22m - £27.2m

– Industry: £0- - £140m



Cost Savings

• Savings:

– Direct healthcare - £190m-£200m

– Informal care - £560m-£730m

– Averted productivity loss - £580m-£610m

– Net Saving

• Mandatory reformulation would half health gains and economic 

savings



Results: Cost effective?
• Cost effective:

– Cost saving + QALYs = dominant scenario

– £1,400-£1,600/LYG (conservative cost only)

• Statins £27,000/LYG 1° prevention

– $0.7 - $7 per capita (PPP) 

• WHO ‘extremely cost effective’ < 1 x GDP per 

capita = $16,000 PPP



Cost effectiveness Plane

Cost effectiveness of a legislative ban (1&2) or mandatory 
reformulation (3&4) on TFA, with equal (1&3) and unequal (2&4) 
intake across SEC quintiles.



Inequalities

• Unequal TFA intake yields even greater gains:

– Five times as many LYGs

– One fifth cost per LYG

– In the most deprived, compared to most affluent

– Wider societal SEC effects could be greater still



Cost Effectiveness of TFA policies

• Cost per LYG of TFA ban (1&2), and mandatory reformulation (3&4) 

from 2011-2020. Stratified by SEC (equal intake 1&3, unequal intake 

2&4)



Would a TFA ban be equally cost effective 

across SEC quintiles?

Cost per LYG in men, of a legislative ban on TFA achieving TFA 

intake of 0% daily energy. LYG  stratified  by age, and SEC over the 

period 2011-2020.  (State costs only, no savings included)



Strengths & limitations

• Consistent with previous estimates

• Entire adult population + reliable datasets

• Novel modelling and stratification of population level intervention

But

• Area level SEC categorisation

• Assumes instantaneous effect

• Implementation strategies?

• Doesn’t account for community costs



Conclusions

• Reducing dietary Trans Fats consumption in UK could:

– Yield substantial health gains

– Be cost saving

– Be ‘extremely cost effective’

• Further research outlining cost effects upon community prevalence 

required

• Case for population level, primary prevention policies has never 

been stronger



Cost Effectiveness of TFA policies

• Cost per LYG of TFA ban (1&2), and mandatory reformulation (3&4) 

from 2011-2020. Stratified by SEC (equal intake 1&3, unequal intake 

2&4)



Ongoing Work: Developing a policy decision 

space with equity at its center

Kypridemos et al 2016 (submitted to BMJ) Funding: HeRC,In part supported by SPHR

Entry

CHD (1st 
episode)

Death from CHD 
(in the first 30 

days)

Death from CHD 
(post 30 days) 

Stroke (1st 
episode)

Death from 
stroke (in the 
first 30 days)

Death from 
stroke (post 30 

days) 

Age, sex, QIMD

Behavioural risk 
factors

Biological risk 
factors

Give birth

Death

(all other 
causes)

Microsimulation model.

Allows:

taking into account differential 

exposure

differential vulnerability (risk factor 

clustering)


