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Overview

1. Population interventions - effect sizes, reach and equity
2. The different approaches to evidence generation - two 

modes
3. Theorising the intervention
4. Principles and challenges of natural experimental 

evaluations
5. Examples of natural experimental evaluations of  

interventions
• Supermarket junk-free checkout policies
• The babyClear programme for pregnant smokers



Requirements for evaluation of population 
interventions

• Aim: to generate sufficient evidence to reduce critical 
uncertainties and give policymakers confidence that the 
intervention is worth commissioning

• This will require one or more of:
• Generation of clear evidence of need
• Sound theorising of intervention in context (logic model or 

system map and appropriate theories of change)
• Determining viability of evaluation supported by evaluability 

assessment
• Rigorous evaluation (prospective or retrospective, experimental, 

quasi- or natural-experimental)
• Convincing evidence synthesis
• Assessing potential impact on health using public health 

(simulation) modelling for health, economic and equity impacts



Targeting of interventions: population vs 
high risk

• A population intervention is one delivered to a whole 
population, irrespective of baseline risk for the condition 
of interest (e.g. mandatory wearing of seat belts, front of 
pack food labelling)

• A high-risk intervention is one delivered to individuals 
(sometimes in groups) according to their level of risk for 
the condition of interest (e.g. screening and brief 
intervention for risky alcohol consumption, or a weight 
loss intervention for people with a BMI over 30)
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Why some interventions may widen 
inequalities: targeting and agency 
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Low agency High agency

Social marketing & mass media 
campaigns

Front-of-pack nutrition labelling

Increased health insurance 
premiums for obese people

Weight loss pharmacotherapy & 
surgery

Referral to commercial weight 
loss programmes 

Dietary counselling for patients 
with type 1 diabetes

Fortification of flour with folic 
acid

Healthier frying practices in hot 
food take-aways

Decreasing portion sizes of 
convenience foods

School food & nutrient 
standards 

Vouchers for free fruit and veg 
for low income parents

New supermarket in previously 
underserved area

Artificial fluoridation of tap 
water

Cooking classes for older, single 
men

‘Fat camps’ for obese children, 
restricting dietary intake

Adams J et al. PLoS MED, 2016



The two modes of evidence generation

Ogilvie et al., 2019  JECH



Ogilvie et al, Milbank Quarterly, 2011



Assessing evaluability of interventions

Five questions for researchers, funders and policy-makers:

1. Where is a particular intervention situated in the evolutionary 
flowchart of an overall intervention program?

2. How will an evaluative study of this intervention affect policy 
decisions?

3. What are the plausible sizes and distribution of the intervention’s 
hypothesized impacts?

4. How will the findings of an evaluative study add value to the 
existing scientific evidence?

5. Is it practicable to evaluate the intervention in the time available?

Ogilvie et al, Milbank Quarterly, 2011



Importance of developing a ‘theory of change’ –
how and why the intervention works

Key functions of process evaluation and relations among them (blue boxes are the key components of a process evaluation. Investigation of 
these components is shaped by a clear intervention description and informs interpretation of outcomes) Moore et al, BMJ, 2015 
https://www.bmj.com/content/350/bmj.h1258

https://www.bmj.com/content/350/bmj.h1258


 

INPUT/RESOURCES 
 

ACTIVITY 

New take away/full 
service users choose 

healthier foods in 
diet from new outlet 

(in preference to 
alternative, less 
healthy outlets) 

OUTPUT 

Healthier take away 
and full service 
restaurant food 

consumed (less fat, 
less energy, less salt, 

less sugar, more 
F&V) 

SHORT TERM 
OUTCOMES 

  

Healthier diet 
consumed overall by 

customers 

MEDIUM TERM 
OUTCOMES 

  

Decrease in 
preference for 

unhealthier foods in 
customers 

LONG TERM 
OUTCOMES 

  

Change in local take 
away/restaurant 

food culture (more, 
healthier food 

outlets from other 
providers) 

Existing or new take 
away and full service 

restaurant 
consumers reject 

the new food offer 

New, healthy, 
Mediterranean food 

take away/full 
service restaurant 
opens in relatively 

disadvantaged area, 
run as a social 

enterprise 

Current take 
away/full service 
users substitute 

healthier foods in 
diet from new outlet 
(instead of current 
preferred outlets) 

Intervention fails 

More unhealthy 
foods consumed 
elsewhere in diet 
(compensation) 

No change in 
preference for 

unhealthy foods in 
customers 

  

Decreased diet 
related diseases 

New enterprise 
thrives and extends 
(new outlet(s) from 

same provider) 

New outlet provides 
employment & 
training locally 

Theories of change and logic models



Natural experiments and their evaluation

• Using natural experiments to guide population health 
interventions: guidance for producers and users of 
evidence. Criag P et al, MRC, 2011; Craig P et al, JECH, 
2011.

• What is a natural experiment?
• Something that happens that can be evaluated
• Not a study design or method of analysis as such
• Not controlled by evaluator
• Usually not randomised



Some key principles of natural experimental 
evaluation of population interventions

• Change in exposure not manipulated by researcher – usually 
new policy or other intervention ‘naturally occurring’ 

• Timescale of policy implementation often precludes 
prospective evaluation

• Implementation/fidelity may be variable over time, place and 
persons

• Usually demands high quality and comprehensive routinely 
available data on exposures, outcomes and confounders

• May be small changes in exposure at individual level, but may 
yield worthwhile effect for population. 

• Range of statistical methods, including difference in 
difference, regression discontinuity, Interrupted time series, 
etc.



What does a natural experimental 
evaluation look like?
• Development of theory of change to hypothesise 

intervention impacts
• Observation of outcomes (and perhaps intermediates) 

over time –often prolonged
• Comparison with counterfactual (e.g. pre-intervention 

trend)
• If viable, comparison with control – an outcome in the 

same population, NOT affected by intervention – over 
same time period

• May require simulation modelling of longer term 
outcomes

• Process evaluation – quantitative and qualitative
• Triangulation and evidence synthesis







Supermarket checkouts: overview of methods

1. Clarify checkout food policies of major UK supermarkets
• Desk-based research

2. Determine supermarket’s adherence to their checkout food 
policies

3. Compare checkout foods in supermarkets with and without 
policies
• Survey of 69 supermarkets in East of England

4. Compare purchases of common ‘less healthy’ checkout foods 
from supermarkets with and without, and before and after 
introduction of policies
• Interrupted time series analysis of household purchase 

data



Supermarket checkouts: data source

• Kantar WorldPanel UK – Take-home panel
• Large commercial household purchase panel of all foods 

brought into the home, n=30,000
• Number of purchases of common checkout food brought home, 

by supermarket, 4-weekly
• Sugar confectionery ≤ 225g
• Chocolate confectionery ≤ 125g
• Potato crisps and other savoury snacks, ≤ 50g

• 12m before to 12m after implementation in each supermarket 
(26 time points in total)

• Weighted and gross-up by Kantar to reflect all UK households



Data structure

Ejlerskov K et al, PLoS Med, 2018 (in press)



Supermarket-level results

Broken Black = intervention Blue = purchases in control store Red = purchases in intervention store   
Broken red = estimated purchases in intervention store without intervention

Intervention=1, Comparator=9 Intervention=3, Comparator=mean 7-9

Intervention=4, Comparator=9 Intervention=5, Comparator=none

Intervention=6, Comparator=mean 7-9

Intervention=2, Comparator=8

Ejlerskov K et al, PLoS Med, 2018 (in press)



Change in purchases in 4 weeks post-implementation

Overall  (I-squared = 46.0%, p = 0.099)

4 (2014)

3 (2015)

2 (2015)

Vague or inconsistent

ID

5 (2015)

1 (2014)

Study

Clear and consistent

6 (2016)

-157.7 (-242.8, -72.7)

-178.7 (-294.0, -63.3)

-435.8 (-690.0, -181.5)

-108.7 (-137.1, -80.4)

ES (95% CI)

-54.2 (-274.8, 166.4)

-461.6 (-1016.3, 93.1)

-118.1 (-326.9, 90.7)

100.00

24.20

8.91

41.56

Weight

11.09

2.23

%

12.02
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-54.2 (-274.8, 166.4)

-461.6 (-1016.3, 93.1)
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%

12.02

  0-1500 -1000 -500 0 500

Intervention supermarket

Level change (in 1000) 
/percentage market 

share (95% CI)

Ejlerskov K et al, PLoS Med, 2018
Overall 157,700 fewer units purchased/% market share (95% CI: 

72,700 to 242,800), a -17.3% change at 4 weeks



Change in purchases at 12 months post-intervention 

Overall  (I-squared = 0.0%, p = 0.625)

ID

4 (2014)

6 (2016)

Vague or inconsistent

2 (2015)

1 (2014)

3 (2015)

5 (2015)

Clear and consistent

Study

-185.1 (-248.5, -121.7)

ES (95% CI)

-205.7 (-370.4, -40.9)

-158.3 (-538.3, 221.6)

-194.0 (-270.9, -117.1)

-486.6 (-994.2, 21.1)

-212.2 (-549.0, 124.6)

-37.3 (-243.4, 168.9)

100.00

Weight

14.79

2.78

67.88

1.56

3.54

9.45

%

-185.1 (-248.5, -121.7)

ES (95% CI)

-205.7 (-370.4, -40.9)

-158.3 (-538.3, 221.6)

-194.0 (-270.9, -117.1)

-486.6 (-994.2, 21.1)

-212.2 (-549.0, 124.6)

-37.3 (-243.4, 168.9)

100.00

Weight

14.79

2.78

67.88

1.56

3.54

9.45

%

  0-1500 -1000 -500 0 500

Intervention supermarket

Predicted - counterfactual at 
12 months (in 1000) 

/percentage market share 
(95% CI)

Ejlerskov K et al, PLoS Med, 2018
Overall 185,100 fewer units purchased/% market share (95% CI: 

-248,500 to -121,700), a -15.5% change at 12 months







babyClear care pathway



High levels of sm
oking in pregnancy in the region and consequent adverse outcom

es
Im

plem
entation of evidence-based N

ICE 2010 guidance incom
plete

RESOURCES ACTIVITIES

Usual care

babyClear©

pathway

Alterations 
to service 
systems

Training for 
HCPs in 
babyClear©

pathway

STRATEGIES

Increased contact with pregnant 
smokers by the SSS

Making a total quit the only acceptable 
result

Opt-out referral from maternity services

Offering a variety of accessible SS follow 
up options

Increased speed/strict timeframes 
within which contact is pursued at each 
point by the SSS

Increased speed of referral by the 
midwife to the SSS

Introduction of a new CO monitor and 
lower acceptable level of CO

Routinising CO monitoring

Increased prioritisation of the SS 
message

Introducing the risk perception 
intervention

Increased communication between SSS 
and maternity services/ integration

Increase buy-in of HCPs and change to 
the language/tone of the SS message

Providing sufficient resources/logistics to 
deliver the babyClear© pathway

PRE-Evaln.

M
aternity services

Stop Sm
oking Services

Fresh N
orth East Tobacco Control

Funding

SHORT MEDIUM LONG

OUTCOMESINPUTS OUTPUTS

HCPs 
consistently 
deliver SSS in 
line with the 
babyClear©

pathway

babyClear©

pathway 
‘normalised’

More pregnant 
smokers 
attempt to quit 
within first 16 
weeks of 
pregnancy

Reduced 
smoking-related 
adverse 
outcomes for 
mothers and 
babies

babyClear©

pathway 
sustained

More pregnant 
smokers 
succeed in 
quitting within 
first 16 weeks 
of pregnancy

Further 
reduced 
smoking-
related adverse 
outcomes for 
mothers and 
babies

Smoking 
in 
pregnancy 
rate is 
equal to 
the 
national 
average

Smoking-
related 
adverse 
outcomes 
for 
mothers 
and 
babies is 
equal to 
the 
national 
average



Evaluation of a modified care pathway to promote 
increased smoking cessation rates among pregnant 

women (babyClear): randomised stepped wedge trial

2012 2013
Allocation 
blocks

Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Area 1 (2 
hospitals)

Area 2 (3 
hospitals)

Area 3 (1 
hospitals)

Area 4 (2 
hospitals)

Control steps: full data collection, no intervention
Initial intervention delivery: training and implementation, leading to full fidelity
Full intervention delivery  at full fidelity



babyClear 
Impacts

Bell R, et al. Evaluation of a complex 
healthcare intervention to increase smoking 
cessation in pregnant women: interrupted 
time series analysis with economic 
evaluation. Tobacco Control, 2017 Online 
First. doi: 10.1136/tobaccocontrol-2016-
053476

• Overall, 2.47 fold increase in referral 
[95% CI 2.16 to 2.81 ] beyond the 4th

month
• Probability of quitting by delivery 

nearly doubled (aOR 1.81[1.54 to 
2.12])

• Significant increase in birthweight 
among quitters (6.53% higher 
birthweight; [5.83 to 7.24%]).



Examples - key challenges and lessons

• Checkouts

o Variable fidelity and multiple timeframes 

o Using commercial data

o Novel use of meta-analysis

• babyClear

o Failed Cluster RCT -> Natural experimental analysis

o Creative use of health care data and linkage



Conclusions
• Natural experimental evaluations – increasingly important 

for population health
• About generating best available, not necessarily definitive 

evidence of effectiveness
• Require:

• Theory of the intervention – often as event(s) in a 
complex system (including ‘dark logic’)

• Data from routinely available sources for exposures, 
confounders and outcomes

• Suitable counterfactual(s), based on time, place or 
persons

• A robust statistical method to model (estimate) 
impacts

• Ideally replication and synthesis
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