
Screening Tests
Martina Steurer, MD MAS 

Thomas Newman, MD MPH 

October 13, 2016

slide 1



slide 2



slide 3



slide 4



Definition of screening

Common definition: testing to detect asymptomatic 
disease 

Better definition*: application of a test to detect a 
potential disease or condition in people with no known 
signs or symptoms of that disease or condition. 
- Disease vs. condition 
- Asymptomatic vs. no known signs or symptoms 

*Common screening tests. David M. Eddy, editor. Philadelphia, PA: American College of 
Physicians, 1991 
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risk factor presymptomatic disease
unrecognized  

symptomatic disease
recognized  

symptomatic disease

Spectrum of screening

more people recognized and treated 

harder to demonstrate benefit 
more potential for harm 

fewer labeled and treated 

easier to demonstrate benefit 
less potential for harm 

hypercholesterolemia neonatal hypothyroidism

HIV

iron deficiency anemia

vision and hearing problems  
in young children

prostate cancer
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Harm from screening?
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harm to those not 
tested ?

harm to those with 
negative results

inappropriate reassurance 
leading to delay in 

diagnosis or unhealthy 
decisions

harm to those with 
positive results

follow up testing 
harmful treatment 

unnecessary treatment

harm to all tested

cost 
discomfort/pain

Harm from screening:  
Lipid screening in childhood

+ result

- result
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Harm from screening
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Excessive screening?

Nearly every body part susceptible to cancer 
now has an advocacy group, politician or 
athlete with a public awareness campaign to 
promote routine screening tests — even 
though it is well established that many of these 
exams offer little benefit for the general 
public. 

The New York Times 
FORTY YEARS' WAR; In Push for Cancer Screening, Limited Benefits  
By NATASHA SINGER 
Published: July 17, 2009
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Forces behind excessive screening

✦ Companies selling instruments to do the test  
✦ Companies selling the test itself 
✦ Companies selling products to treat the condition 
✦ Clinicians who treat the condition 
✦ Politicians who are (or want to appear) sympathetic  
✦ Disease research and advocacy groups 
✦ Academics who study the condition 
✦ Clinicians doing or interpreting the test 
✦ Managed care organizations 
✦ The public
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Enthusiasm for Cancer Screening in the US, Schwartz LM et al, JAMA 2004

Screening as an obligation ?
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Evaluating studies of screening 

Ideal study

screenednot screened

randomization guarantees 
that groups are 
exchangeable

compare mortality of ENTIRE 
screened group 

 and ENTIRE NOT screened group 

Observational study

screenednot screened

compare mortality between 
those screened and those 

not screened

symptoms screened

compare mortality between those 
diagnosed by screening and 

those diagnosed by symptoms

let’s randomize and 
screen one group

who got 
screened?

who was 
diagnosed by 

symptoms and who was 
diagnosed by 

screening?
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Mortality versus Survival

Mortality 

Survival 

Population 

Denominator is a 
POPULATION, most of whom 

never get the disease 

e.g. cancer deaths/100,000/
year

Denominator is patients 
with the disease 

e.g. 66% 5 year survival

beware of any 
studies evaluating 

screening tests 
using survival 
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Possible Biases in Observational Studies of 
Screening Test 

✦ Volunteer bias 
✦ Lead time bias 
✦ Length time bias 
✦ Stage migration bias 
✦ Pseudodisease
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people who volunteer for screening differ from those who do not

who volunteers to get a 
mammogram

people who volunteer might be more educated, 
more interested, healthier, etc., this group is not 

representative of the population 

e.g. woman who volunteer for mammograms 
have lower heart disease rates

Volunteer Bias

avoid volunteer bias: 
1. randomize or 

2. control for known factors (confounders) 
associated with screening and outcome
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Volunteer Bias

Screening Higher cure rate

family history 
health behaviors

?
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who volunteers to get a 
mammogram

Volunteer Bias

who volunteers to be in 
this RCT

randomization

result internally valid

lack of generalizability 
of internally valid 
results to other 

population 

people who volunteer are different 
from people who do not  

VOLUNTEER BIAS

sometimes also 
referred to as 
volunteer bias 

RCTObservational study
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lead time

survival time

no screening

time

survival time

deathtreatment 
is initiated

patient 
develops 
asymptomatic 
disease

screening 
picks up 
asymptomatic 
disease

screening

Screening identifies disease during a latent period before it becomes symptomatic. If survival is 
measured from time of diagnosis, screening will always improve survival even if there is no 

benefit of early diagnosis 

Lead Time Bias

patient develops 
asymptomatic 
disease

patient 
develops 
symptoms

treatment is 
initiated death

patient is  
diagnosed
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Lead Time Bias

avoid lead time bias
1. measure mortality, not survival 

2. count from date of randomization

lead time bias is only present when 
survival from diagnosis compared 
between diseased persons 

- screened vs. not screened 
- diagnosed by screening vs. by 
symptoms 
- diagnosed at different stages 

survival time

survival time

lead time
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screen 1 screen 2

Screen 1 and screen 2 
detect a total of 8 tumors: 5/8 
have a good prognosis, 3/8 have 
a bad prognosis. 

Screening picks up prevalent disease, benign courses of disease have a greater 
prevalence 

Prevalence = incidence x duration 

Slower growing tumors have 
greater duration in the pre-
symptomatic phase, therefore 
greater prevalence 

Screening picks up prevalent 
cases, which therefore will be 
disproportionately slower growing

Length Bias

detected by 
symptoms

Symptoms lead to detection of 
2 tumors - both of them had a 
bad prognosis.
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Early detection Higher cure rate

slower growing tumor  
with better prognosis

?

Length Bias
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Length Bias

screen 1 screen 2

avoiding length bias:
compare mortality in the ENTIRE screened group 

to the ENTIRE unscreened group 

length bias is only present when 
survival from diagnosis is compared 
AND disease is heterogeneous 

lead time bias usually present as well 

slide 28



“Even if you are on the right track, you will get 
run over if you just sit there”
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Will Rogers Phenomenon

When the Okies left Oklahoma and moved to 
California, they raised the average intelligence 
level in both states. 

- Will Rogers

The Will Rogers phenomenon: Stage migration and new diagnostic techniques as a 
source of misleading statistics for survival in cancer, Feinstein AR et al, NEJM 1985
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Normal birth 
weight

Low birth 
weight

Very low 
birth weight

Factor X absent

Mortality 1%

Mortality 3%

Mortality 5%

Mortality 0.5%

Mortality 2%

Mortality 4%

Factor X presentBW strata

What happened? Is factor X good or bad? 
Mortality numbers are mock up numbers

Birth weight strata and Factor X
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Newer tests classify people into more advanced stages. Stage specific 
survival improves. 

Stage Migration Bias

healthy

stage 1

stage 2

stage 3

stage 4
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Stage Migration Bias

avoid stage migration bias
1. beware of stage migration in any stratified 

analysis: check OVERALL survival in screened vs. 
unscreened group 

2. more generally do not stratify on factors distal in a 
causal pathway to the factor you wish to 

evaluate

the harder you look for disease, and 
the more advanced the technology the 
higher the prevalence, the higher the 
stage, and the better the 
(apparent)outcome for the stage 
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Lead time bias
screening identifies 
disease during a latent 
period before it becomes 
symptomatic - screening 
appears to improve 
survival 

how to avoid

✴ measure mortality and not survival 
✴ count from date of randomization 

Stage migration bias
newer tests classify 
people into more 
advanced stages - 
stage specific 
survival improves.

healthy

stage 1

stage 2

stage 3

stage 4

how to avoid
✴ beware of stage migration in any stratified 

analysis 
✴ check OVERALL survival in screened vs. 

unscreened group

Length bias
screening picks up 
prevalent disease and 
benign courses of 
disease have a greater 
prevalence 

how to avoid

✴ compare mortality in the ENTIRE screened group 
to the ENTIRE unscreened group

Volunteer bias
people who volunteer 
for screening differ 
from those who do 
not

how to avoid

✴ randomize people to screened and unscreened 
✴ otherwise, try to control for factors (confounders) 

associated with both screening and outcome  

Summary
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A special case of Length Bias!

Pseudodisease or Overdiagnosis

Length bias
screening picks up 
prevalent disease and 
benign courses of 
disease have a greater 
prevalence 

how to avoid

✴ compare mortality in the ENTIRE screened group 
to the ENTIRE unscreened group

Overdiagnosis is sort of like length bias.  That is, the disease would NEVER have become 
symptomatic if it had not been diagnosed by screening. 
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Pseudodisease or Overdiagnosis
no screening

time

patient develops 
asymptomatic 
“disease” death

deathpatient 
develops 
asymptomatic 
“disease”

I feel great!
I am very old! 

Like 95!

screening

screening 
picks up 
asymptomatic 
“disease”

treatment 
is initiated

I am so lucky that 
this “disease”  got picked up by 

screening, this treatment is working 
great!

Without screening, I 
would have died of that “disease” 

way earlier! I am so grateful for this 
screening.

Pseudodisease is a condition that looks just like the disease, but never would have bothered 
the patient 
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Pseudodisease or Overdiagnosis

two types of pseudodisease: 

Type 1: disease which would never cause symptoms 
Type 2: preclinical disease in people who will die from 
another cause before disease presents in an INDIVIDUAL TREATED PATIENT 

it is IMPOSSIBLE to distinguish pseudo 
disease from successfully treated 

asymptomatic disease

1. Treating pseudo disease will 
always be successful

2. Treating pseudo disease can only cause 
harm
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Pseudodisease or Overdiagnosis
Moynihan et al., BMJ 2012;344:e3502 
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Pseudodisease or Overdiagnosis
Moynihan et al., BMJ 2012;344:e3502 
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Mayo Lung Project: an RCT

20 years

standard group

intervention group

6 yearsrandomization

follow up

follow up

Marcus et al., JNCI 2000;92:1308-16 
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Mayo Lung Project: Results
Marcus et al., JNCI 2000;92:1308-16 

What happened?
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Mayo Lung Project: Results
Marcus et al., JNCI 2000;92:1308-16 
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Bias of screening tests in RCT

✦ Poor quality of randomization 
✦ Poor choice of outcome variable: 

cause specific mortality
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Poor quality of randomization
Edinburgh Trial 

Br J Cancer. 1994 September; 70(3): 542–548

✦ Randomization by practice (N=87?), not by 
woman 

✦ 7 practices changed allocation status 
✦ Highest SES 

✦ 26% of women in control group 
✦ 53% of women in screening group 

✦ 26% reduction in cardiovascular mortality in 
mammography group
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I screened these 
patients. Patient A, C, D and E 

have cancer.

These patient are all 
completely asymptomatic, I will 

follow them clinically

symptomatic

symptomatic

found dead in bed, no 
autopsy

Patient A and E died from 
cancer. I have no clue what 
patient C and F died from.

Cause specific mortality is 2/6

Overall mortality is 4/6

Patient A and E died from cancer. 
Patient C also must have died from cancer, since he 

was diagnosed with it previously. I have no clue 
what patient F died from.

Overall mortality is 4/6

Cause specific mortality is 3/6

A

B

C

D

E

F

Overestimation of cause-specific mortality due to incorrect assignment of cause of death. Can be avoided 
by measuring all cause mortality. 

Cause-specific mortality: Sticky diagnosis bias

found dead in bed, no 
autopsy
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Underestimation of cause-specific mortality due to incorrect assignment of cause of death. Late 
deaths due to complications of screening or treatment will not be counted in cause-specific mortality. 

Can be avoided by measuring all cause mortality. 

A

B

C

D

E

F

Patient A died from cancer despite 
treatment, patient C’s cancer was gone at the end, 

he died from something else, no clue what it is. 
Patient F died in an accident.

Overall mortality is 3/6

Cause specific mortality is 1/6

Actually, patient C might not 
have had the heart attack except for 

the radiation

Overall mortality is 3/6

Cause specific mortality is 2/6

I screened these 
patients. Patient A, C, D and E 
have cancer, we need to start 

treatment.

Cause-specific mortality: Slippery linkage bias
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Cause-specific mortality: Slippery linkage bias
Early Breast Cancer Trialists Collaborative Group 

Meta-analysis of radiotherapy for early breast cancer 
Lancet 2000;355:1757

✦ Meta-analysis of 40 RCTs 
✦ Central review of individual-level data; N = 20,000 
✦ Breast cancer mortality reduced (20-yr absolute risk 

reduction 4.8%; P = .0001) 
✦ Mortality from other causes increased (20-yr absolute risk 

increase 4.3%; P = 0.003)
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Summary: Outcome variable and biases

stratified survival overall survival overall mortalitycause-specific  
mortality

lead time bias

length bias

stage migration bias

survival mortality

sticky-diagnosis bias

slippery-linkage bias
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Lead time bias
screening identifies 
disease during a latent 
period before it 
becomes symptomatic 
- screening appears to 
improve survival 

Stage migration bias
newer tests classify 
people into more 
advanced stages - 
stage specific 
survival improves.

healthy

stage 1

stage 2

stage 3

stage 4

Length bias
screening picks up 
prevalent disease and 
benign courses of 
disease have a greater 
prevalence 

Volunteer bias
people who volunteer 
for screening differ 
from those who do 
not

Summary
Pseudodisease
condition that looks 
just like the disease, 
but never would 
have bothered the 
patient

Slippery linkage bias
underestimation of cause-
specific mortality due to 
incorrect assignment of cause 
of death

Sticky diagnosis bias
overestimation of cause-
specific mortality due to 
incorrect assignment of 
cause of death
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