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Learning Objectives

At the end of this session, participants will be able to:

1. Understand basic epidemiology concepts and methods (especially 
confounding, bias, and the counterfactual) and apply them to their 
own QI initiatives

2. Understand and interpret relevant publications and whether or not 
the results can be attributed to the interventions that were 
delivered

3. Apply core elements from successful public health initiatives to 
major projects and programs in their own organizations and 
systems.
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Roadmap

• Contributions of epidemiology to QI

‒ Suboptimal design and evaluation of QI projects and 
programs mars credibility and hinders success when scaled 
up

‒ Building confidence and evidence that the outcomes we 
observe are attributable to the changes we make and the 
programs we implement

▪ Causal inference: association versus causality

▪ “Hill’s criteria” for causality

▪ How we can get it wrong: bias, confounding, and counterfactuals

• Lessons from public health
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Many Scientific Disciplines can Contribute to the Rigor of 
Quality Improvement Projects and Programs

• Behavioral science and behavioral economics
• Ethnography, anthropology, qualitative methods
• Information and data sciences

- “Big data” analytics – machine learning and AI

• Network science
• Operations research
• Systems engineering
• Implementation science
• “Learning health system science” and “engagement science”
• Health economics 

- Determining cost and “value” requires “running the numbers”

• And most of all, the broader field of health services research, especially 
epidemiology
- What happened when I asked IHI improvement science students about bias and 

confounding….more in a minute about these terms



Building Confidence for What Works

• Improvers always should ask how confident they are that their 
theory (hypothesis), interventions, and implementation plan 
will improve outcomes. What is their “degree of belief” that 
they will be successful?
‒ How strong is the pre-existing evidence? (e.g., CLABI bundle vs. a 

lecture to improve bundle adherence)
‒ Or lacking strong evidence, do experience and expert consensus

support the theory?
‒ At the end of the day, will any improvement in outcomes be 

attributable to the program (“causal inference”)
‒ Rigorous QI involves continuous learning with the goal of improving 

the “degree of belief” that any improvements observed are in accord 
with the theory and attributable to the interventions made 

‒ To impress academics, tell them that QI essentially represents practical 
application of Bayes Theorem
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Seriously (with apologies for talking statistics) 

• In improvement, the “degree of belief” differs from the 
“degree of evidence” by incorporating Bayesian statistical 
inference

• Bayesian approaches combine prior (existing) “degree of 
belief” or probability with new data, to calculate an updated 
“degree of belief” in the form of a new posterior probability

• In other words, an existing probability of an outcome in a 
particular setting can be updated in the light of new data

• Constantly updating the degree of belief in one’s theory is the 
essence of quality improvement



• Highly publicized nurse-led program to find “hot spotters” 
(popularized by Atul Gawande) and improve their outcomes

‒ Implementation experts (including me) asked to plan for national 
scale-up based on several small before-after studies

• Meanwhile, a randomized controlled trial was in progress: 800 
patients with medically and socially complex conditions + at least 
one hospitalization within preceding 6 months

• Used real-time data on admission to identify “superutilizers”

– 30% Hispanic, 55% non-Hispanic Black

– 0.5% of Camden, NJ population; 11% healthcare costs

– 95% unemployed; 40% substance use disorder

One Example of Overly Enthusiastic Attribution of 
Better Outcomes to an Intervention: Camden 
Coalition of Healthcare Providers

Finklestein A, et al. N Engl J Med 2020;382:152-162 (MIT Joint Poverty Action Lab, J-PAL)



• Interdisciplinary mobile nurse-led care teams using a 
common customized data platform

– Individualized care plans, care management and 
coordination, medications management, enrollment in 
social services and behavioral health services, help with 
non-medical needs, education, frequent home visits

Camden Coalition of Healthcare Providers 
Program



• Readmissions within 180 days (primary outcome): 62.3% in intervention 
group, 61.7% control group – no difference

• “In contrast, a comparison of the intervention-group admissions during 
the 6 months before and after enrollment misleadingly suggested a 38% 
decline … related to the intervention because the comparison did not 
account for a similar decline in the control group”

– In other words, previously, there were only small before-after studies* 
without considering the counterfactual – what would have happened 
without the Camden Coalition intervention

– One might ask what accounted for the very large improvement in both 
groups …

Camden Coalition Cluster Randomized 
Controlled Trial (cRCT)

*Except for one small study with a matched comparison group



• Program engagement was high, but goal of home visit within 5 days 

and MD visit within 7 days achieved <30% of the time

• This does not mean that Camden model is a “failure,” but it did not 

achieve its primary outcome … and the innovators had the courage 

to rigorously evaluate their program

‒ Jeff Brenner, founder of the Camden Coalition, noted that there is only 

so much an initiative like this can do to deal with serious mental illness 

and homelessness because society in the United States has not 

provided a systematic approach to help these people

Camden Coalition Cluster Randomized 
Controlled Trial (cRCT)



Critical Learning from the Camden Coalition: 
Association is not the Same as Causation

• When we act based on findings of our improvement 
programs, we tend to base our actions of association, not 
causation – in the case of the Camden Coalition’s initial 
pilot programs, weak study designs prone to bias and 
confounding and without comparison groups

• Typical examples of association vs. causation:

‒ Increased crime rates are statistically associated with ice cream 
sales, so does buying ice cream increase the crime rate?

‒ More seriously, smoking is associated with a higher probability of 
getting lung cancer. Is this an association or an actual cause of lung 
cancer? (more in few minutes about this)
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Whenever we infer cause from association, we can be 
wrong – in three ways

Association and Causation in Improvement 
Science

Be careful attributing improved outcomes to your 
interventions without formally considering how the 
improvements you are claiming may not be causal and 
could be misleading or even wrong



When we act based on associations, we 
can be wrong in three ways…

Bias

Chance
(Random Noise)

Confounding

Generalizability

Association

Causation

?

?



Confounding

Confounder
(e.g., Patient Case Mix,

Severity of Illness)

Outcome
(mortality, 
readmission rate)

Exposure
(QI Intervention

or treatment)

ConfoundingAssociation

Confounding variables distort an apparent association 
between an intervention and an outcome



Properties of Confounders

• A confounder must be a cause (or be a risk factor for) 
the outcome

• The confounder must be related to the exposure
• The confounder must not be on the causal pathway 

between the exposure and outcome (not an “effect 
modifier” or “mediator”). 

Epidemiologists often use Directed Acyclic Graphs to show causal inference,
including potential confounding variables and effect modifiers
Highly recommended reading: The Book of Why, Judea Pearl



Effect Modification: Strong v. Weak 
Hospital Leader

CEO is uninvolved

Harm Rate

Implementation
of New Patient
Safety Program

CEO intervenes

Harm Rate



Effect Modification: Genetics

Effect modifiers reflect underlying differences in the 
mechanism of effect on a 3rd variable/outcome

Modifier Absent
(genotype YY)

Outcome

Exposure

Modifier Present 
(genotype XX)

Outcome



Conclusion: Arguably, the biggest disservice of traditional statistics to 
science was to make “causal” into a dirty word, the C-word that 
researchers have learned to avoid. Glossing over associational and causal 
goals in many statistics courses and textbooks has led to widespread 
confusion among users of statistics.



Smoking and Lung Cancer: 
Association versus Causation: Hill vs. Fisher

• Whether smoking was associated with or caused lung cancer used to be 
controversial

• R.A. Fisher (architect of the randomized controlled trial (RCT) as the “gold 
standard” of evidence), argued that a “confounding factor” – a lung 
cancer gene – explained the apparent effect of smoking

• A RCT was impossible, but a 1950 case-control observational study by 
Richard Doll and Austin Bradford Hill showed a clear association between 
smoking and cancer

• Surgeon General convened an advisory committee that developed 5 
criteria suggesting causation in observational studies like Doll’s
– These criteria were refined by Hill in a 1965 paper: “Hill’s 9 Criteria”

– Hill regarded his “criteria” as “viewpoints:” “None my nine viewpoints 
can bring indisputable evidence for or against the cause-and-effect 
hypothesis, and none can be required as a sine qua non”

Hill, Austin Bradford 1965: Proceedings Royal Soc of Med 58 (5): 295–300



Hill’s Criteria – From Association to 
Causality

Plausibility Does the postulated causal relationship make sense?

Strength What is the size of the effect?

Consistency of association Has the same effect been seen in other settings/studies?

Temporality Did the exposure (intervention) precede the outcome?

Biological gradient Does more exposure or higher fidelity of the intervention lead to a
more effect?

Coherence Is the association consistent with existing theory and knowledge?

Experiment Does modification of the intervention lead to a difference in 
outcome? (Was the experimental method used?)

Analogy Did analogous interventions in other settings yield similar results?

Specificity of association Could anything else have produced the observed result?

Updated by Fadek, E et al: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4589117/

Hill, Austin Bradford 1965: Proceedings Royal Soc of Med 58 (5): 295–300



It’s not just about the p-value!

• Bradford Hill did not emphasize p-values

• We face an epidemic of misunderstanding the meaning of 
p-values.

• The American Statistical Association (2016) says:
Practices that reduce data analysis or scientific inference to mechanical “bright-line” 
rules (such as “p < 0.05”) for justifying scientific claims or conclusions can lead to 
erroneous beliefs and poor decision-making. A conclusion does not immediately 
become “true” on one side of the divide and “false” on the other. Researchers should 
bring many contextual factors into play to  derive scientific inferences, including the 
design of a study, the quality of the measurements, the external evidence for the 
phenomenon under study, and the validity of assumptions that underlie the data 
analysis. Pragmatic considerations often require binary, “yes-no” decisions, but this 
does not mean that p-values alone can ensure that a decision is correct or incorrect.

ASA Statement on Statistical Significance and P-values
February 5, 2016



Reflections of Hill’s Criteria in 
Improvement Science

• Plausibility (credible causal theory in a driver diagram)

• Strength (magnitude of change and “special cause”)

• Consistency (changes produce results when implemented in 
different settings and contexts)

• Temporality (annotated run charts and statistical process control 
charts)

• Biological gradient (dose of an implementation activity delivered, 
dose received, magnitude of observed effect) 

• Experiment (PDSAs along hypothesized causal pathway)

• Analogy (If Michigan Keystone CLABSI collaborative worked, 
maybe this approach will work for SSIs in Michigan, or for CLABSIs 
in England – spoiler alert: it did not!)



Cross-Walk with Pronovost Catheter-Related 
Bloodstream Infection (CLABSI) Keystone Study

Plausibility Plausible based on logic and evidence

Strength Large (66% reduction in mean rate, median reduced to 0)

Consistency of association Reductions seen in all 103 participating ICUs

Temporality Yes, based on “generalized linear latent and mixed model” in six 3-
month periods; data in table, not displayed graphically over time

Biological gradient Not specified

Coherence Consistent with available evidence; alternative theories not 
persuasive

Experiment Natural experiment in which different centers activated components 
of intervention in different orders and times

Analogy When applied in England or SSIs in Michigan, no effect observed

Specificity of association There was no comparison group or “COUNTERFACTUAL”

Pronovost P, et al., An intervention to decrease catheter-related bloodstream infections
In the ICU. N Engl J Med 2006;355:2725-32



So What’s a “Counterfactual” – And Why is 
it Important in QI Design and Evaluation?

• A comparison between what actually happened and what 
would have happened in the absence of the intervention

– “What if” statements:

• What if I had not intervened?

• What if I had not taken aspirin for my headache?

• What if I had not smoked?

• My personal problem with “bright spotting.” 

- Consider whether there were “bright spots” where you did not
intervene, not just where you did. 

- And were there comparable numbers of “dark spots” in 
intervention and non-intervention sites?
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Bias

Systematic error, or deviation from the “truth,” introduced 
during design, subject selection, project implementation, data 
collection, or analysis

Bias Association



Do You Have a Bias 
Checklist for your Project?

• Systematic error, or deviation from the “truth,” introduced during design, 
subject selection, project implementation, data collection, or analysis
- Selection bias (includes volunteer and “enthusiast” bias in QI)
- Performance bias (“trying harder” when blinding is not possible)
- Detection/Ascertainment bias

- Interviewer bias

- Reporting/publication bias (just the good news, please, preferably with a small p-
value)

- Protopathic bias (disease already underway) (mitigated by inserting a lag time 
before the outcome)

- Indication bias (existing risk factor or condition influences both a decision to treat 
and the outcome of interest) (mitigated by propensity scoring)

- Misclassification bias
- Attrition bias (people drop out) (not fully mitigated by “intention to treat” analysis)
- Lead time bias (early screening picks up a condition before it would be manifest 

clinically)(distort incidence estimates and outcomes)

- Immortal time bias (subjects could not have died during study timeframe)

Cochrane Handbook for Systematic Reviews of Interventions

http://handbook.cochrane.org/

AssociationBias



Most published studies of QI interventions are low quality 

and do not meet publication standards promulgated by the 

Cochrane Collaboration or SQUIRE 2.0*

Are quality improvement collaboratives (QICs) effective? A 

systematic review. Wells S, Tamir O, Gray J, Naidoo D, Bekhit M, 

Goldmann D. BMJ Qual Saf. 2017 Oct 21. doi: 10.1136/bmjqs-2017-006926.

Conclusions:

QICs have been adopted widely as an approach to shared learning and 

improvement in healthcare. Overall, the QICs included in this review 

reported significant improvements in targeted clinical processes and patient 

outcomes. These reports are encouraging, but most be interpreted 

cautiously since fewer than a third met established quality and reporting 

criteria*, and publication bias is likely.

* http://squire-statement.org/index.cfm?fuseaction=Page.ViewPage&PageID=471

Cochrane Handbook for Systematic Reviews of Interventions: 

http://handbook.cochrane.org/



Public Health Holds Powerful Lessons for 
Quality Improvement

There are many examples of high impact public health 
interventions that make no reference whatsoever to 
improvement science and its founders (Deming, Juran, 
Shewhart, etc.)

You will not find terms such as PDSA cycles, driver 
diagrams, or run charts and statistical process control 
charts!



For centuries, infectious diseases were 
believed to be spread by “miasmas”

31

Mask to ward off plague miasmas



Cholera in London blamed on miasmas 
from polluted Thames River 



Florence Nightingales Groundbreaking 
Analysis of Infections in the Crimean War
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• Eminent statistician
• Ally of Florence Nightingale who used flawed statistics about hospital mortality to 

advocate for reform
• Analyzed 8 “explanatory variables” (e.g., crowding, house value, elevation)
• Correlation of cholera mortality with elevation above putrid Thames

William Farr’s Cholera Miasma Theory for 
Soho, London Epidemic of 1854

“This made it probable that a certain relation existed between elevation and the power of cholera to destroy life. The 
more exact information which we possess respecting the London districts establishes this connexion beyond doubt. 
The relation may not be expressed by the same figures in other places, or in London at other times, but it will always 
be the general rule that the mortality of cholera is inversely as the elevation of the people assailed above the sea 
level.”
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John Snow
The “Father of Epidemiology”



Snow’s Diagrams based on “Shoe 
Leather” Epidemiology
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Spot Map
Voronoi Diagram



Taking the Handle off the Broad Street 
Pump

Note that Snow only looked for 
cholera cases.

Reverend Henry Whitehead, who 
knew the neighborhood, looked 
at both infected and non-infected 
households and did a more 
definitive “case control study” –
still the most efficient way to find 
the cause of epidemics



Public Health Milestones in Combatting 
Communicable Diseases

• Smallpox

• Guinea worm

• Malaria

• (If we had the time, we could discuss other examples, such 
as polio, which has been on the verge of eradication)

38

All of these amazing achievements were made without reference to 
improvement science per se, or its Deming and other founders. A 
key question: Were they using similar methods but with different 
terms, and/or are there different concepts we should consider?



Smallpox Eradication

• By the end of Word War II, smallpox had been all but eliminated in 
many parts of the world. Could it be eradicated?
– Smallpox uniquely has only one host and reservoir – humans
– Rash easily recognized
– Long incubation period
– No asymptomatic or pre-symptomatic transmission
– Wide availability of highly effective, standardized smallpox vaccine
– (COVID has none of these properties)

• WHO resolved to eradicate smallpox in 1959
– At first, the program  moved slowly.  

• Then WHO ramped up an “intensified eradication program” in 1966
– Extensive international fund raising
– Scaled-up use of the proven potent vaccine
– Donald Henderson put in charge (authoritative, dogged champion)
– Intensive surveillance and “ring” vaccination when cases detected
– Teams using standardized approach but with adaption for local context (culture, 

religion, conflict
– Innovation: bifurcated needle



Simple, but Critical Innovation: The Bifurcated 
Needle



Smallpox Control Timeline



The 
Last
Case
1978



Dracunculiasis (Guinea Worm)
43

1986: 3.5 million cases, 21 countries Africa and Asia



44Dracunculiasis (Guinea Worm) Life Cycle

Copepod is a
small crustacean
in fresh or salt water



49 cases in 2019, mainly in Chad; other endemic countries S. Sudan, Ethiopia, Angola, Mali. 24 cases 
2020, 14 as of 11/2021. Eradication target 2030 now that dog-human transmission verified.



Key Program Elements

• Ministry of Health support
• Funding from Carter Center and others
• Facilitated detection (pictures of the distinctive clinical findings, 

name for the disease in many local languages)
• Surveillance and real-time data review
• Education and mobilization: community-based volunteers and 

field supervisors (strong dose, large reach, good fidelity, contextual 
adaptation)

• Frugal innovation: cloth filters for drinking water; protected wells; 
water from streams

• Avoiding emersion in bodies of water when worm emerging
• Abate (temephos, larvicide for contaminated bodies of water
• Deworming animals

46



Education– Don’t Go in the Water! 47

Also education to bury discarded fish and entrails 
(contaminated with guinea worm larvae)



Behavioral Economics

• Leveraging behavioral economics rarely done in QI, 
but increasingly used in public health

• Dogs remain a reservoir for guinea worm, especially 
in Chad

– Cash rewards (“cash transfer”) for reporting infected dogs 
and keeping them way from water sources
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Malaria 



Malaria is a Plasmodium

• A unicellular protozoan (others include ameba, giardia, 
etc.)

• An obligate parasite of vertebrates and insects

• Typically, an infected insect (mosquito) takes a blood 
meal from a vertebrate and concurrently injects the 
parasite, which replicates in the host and completes its 
life cycle when another insect takes a blood meal

• Parasitizes red blood cells, where it multiples and 
ruptures red blood cells, leading to “hemolytic” anemia



Anopheles Mosquito

40 species can transmit malaria
Most active dusk and dawn



Blood Smear with P. falciparum 
Ring Forms in Red Blood Cells

More convenient than microscopy: 15-minute rapid point-of-care 
diagnostic test detects Plasmodium antigens in blood. Suitable for 
use in the field



Concerns about DDT

• DDT discovered as insecticide 1939, first 
used late in WWII

• Persists and accumulates in the 
environment through food chains

• Toxic, especially to birds (eagles)

Larva Control
Larvivorous fish

“Paris green”, petroleum smothering, 
Bacillus bacteria

Adulticides
DDT

Indoor residual DDT spraying 
(Anopheles mosquitoes rest indoors)

Genetically altered
mosquitos?

Direct Mosquito Control Usually is the Most 
Effective Measure to Prevent Malaria Transmission

Gambisoa



Indoor residual spraying (DDT)

Indirect Mosquito Control is a Critical Companion to
Direct Methods, Drug Treatment, Vaccines

Bed Nets

Insecticide-Treated Nets (ITNs)
Now double insecticide due to 
resistance

Avoiding outdoor activities 
dusk to dawn for night biters like 

Anopheles

Secure housing, screens

Protective clothing, 
Repellants



Early Treatment of Malaria

• Jesuit Brother Agostino Salumbrino
(1561–1642) observed Peruvian 
natives use of bark of the cinchona 
tree for shaking chills; “fever tree 
bark” - quinine

– Highly valued Cinchona powder 
taken from Peru

– Eventually Cinchona “plantations” 
established

in Indonesia and elsewhere

– Availability of quinine restricted 
when Japanese occupied 
Indonesia in World War II



Malaria Elimination Campaigns: What 
was Learned in Italy

• Pre WWI: The failed quinine treatment strategy

• Post WWI and lessons learned and not learned



Pontine Marshes 1860s

Malaria in Italy



Italian Eradication Efforts Early 19th Century

• Unification of Italy led to massive infrastructure projects (railroads), 
deforestation 
– Driven by Northern Italy (vivax predominant); Southern Italy poorer and agricultural 

(mainly falciparum)

• Lots of mosquito-breeding areas: marshes, rice fields

• Innovative research by Giovanni Battista Grassi, including human 
research at Santo Spirito and discovery of malaria life cycle

• Campaign launched by Prime Minister Giovani Giloitti
– At first reliance on mass quinine treatment

– But poor access to care, complex regimen with side effects, poverty, illiteracy, lack 
of understanding

– Transitioned to education, better housing, trade union support, social programs to 
address poverty

– From “magic bullet” to a comprehensive population-based approach, leading to 
dramatic decline in malaria

– All undone by WWI



Mussolini’s Malaria Eradication Campaign

• Decided on demonstration project in Pontine Marshes 
even though only 1000 people lived there
– Drainage

– Settled the land

– Bult better housing with screens

– Education starting with youth

– Propaganda

– Massive decrease in risk (baseline was 80% risk of malaria 
spending one unprotected night in the Marshes



Impact of Malaria on the War in the 

Pacific and North Africa, 1941-45



Key Issues in WWII Pacific Theater and 
other Malarious Conflict Regions

• More troops out of commission from malaria than wounds

– 60-65% of troops in Pacific Theatre experienced malaria

• Key logistical and supply hubs, such as Accra, Ghana and 
Fisherman’s Lake, Liberia incapacitated, with virtually 100% of 
Pan Am employees and military infected

• Treatment challenges (Dutch East Indies occupied by Japan so 
quinine scarce), one available drug, atabrine, quite toxic

• “The Malaria Project” (like the Manhattan Project) 

– Controlling mosquitoes and protecting troops

– Developing new, more effective, less toxic drugs



Discussion with Neighbors…

• You are summoned to design a program to control 
malaria in Ghana and Liberia because you are 
experts in improvement science

• Assuming what was known in the early days of WWII 
(no DDT, only treatment toxic atabrine), how would 
you design this control program?

– You may want to discuss the main “drivers” that you 
think will reduce transmission

– Who would be on your team?



Mosquito Control

• Lowell Coggeshell, training programs, mosquito squads

• Success in Accra (virtual elimination):

– Randomized controlled trial, Pan Am v. British
• Quinine v. bed nets, screens, permethrine spraying

• 87/100 v. 1/60 (he sneaked out at night)

– Education and behavioral science

– African workers in separate quarters >1 mile away (same for sex 
workers)

– Protective clothing

– Screens and bed nets

– Drainage

– Larva mitigation (engine oil, kerosene, Paris Green dye)

• Similar strategy to eliminate imported A. gambiae in Brazil



Behavior Change

• Dr. Seuss (Theodor Geisel) and other “marketing” 
campaigns

• Adapated to context ( Liberia v. Ghana)

Private Snafu vs. Malaria Mike
Snafu (situation normal all “fouled” up)
https://www.youtube.com/watch?v=y9mLM1K3U2s

https://www.youtube.com/watch?v=y9mLM1K3U2s


Sustainability Issues

• Rapid deterioration in Liberia 

• Disciplined approach to mosquito control and personal 
protection abandoned

• Venereal disease rampant as a result of relations with local 
women (“bush girls”), usually at night

– Controlled villages, Shangri-La and Paradise, established 
more than 1 mile away and with rigorous checking for 
venereal disease

• Malaria largely controlled again

https://www.lastwordonnothing.com/2014/10/22/8696/



Public Health Applied the 4 Pillars (Deming’s 
Profound Knowledge “Lenses”) of QI without the 

Terminology

• Epistemology: Rapidly learning through testing and 
experimentation

• Appreciation of Systems: Where they are vulnerable, 
need monitoring, and need to be highly reliable

– AKA, failure mode and effects analysis

• Variation: Looking at data over time to gauge 
improvement and variation in outcomes

• Psychology and behavior change



What was Unique or Rigorous 

• Widely acknowledged burning platform

• Very ambitious, widely embraced, goals

• Strong, broad will to succeed

• Adequate, consistent funding

• Charismatic (or at least very effective) leadership/champions

• Command and control with consistent messaging

• “Hard edges” and accountability

• Population-based approach

• Planning for scale-up from day 1

• Clear, standardized core elements coupled with agile adaptation to 
context

• Real time data

• Sophisticated, diverse behavior change approaches



ME Forum 2019 Orientation 
Thank you
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