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Definition of Screening

'The systematic application of a test 
or inquiry, to identify individuals at 
sufficient risk of a specific disorder to 
warrant further investigation or direct 
preventive action, amongst persons 
who have not sought medical 
attention on account of symptoms of 
that disorder’

National Screening Committee, Department of Health, 1998



Screening for what?

• Prevalent undiagnosed type 2 
diabetes

• High risk of

• incident diabetes

• incident cardiovascular disease

• kidney disease

• dementia



“If a patient asks a medical practitioner for 
help, the doctor does the best he can. He 
is not responsible for defects in medical 
knowledge.

If screening is initiated, he should have 
conclusive evidence that screening can 
alter the natural history of the disease in a 
significant proportion of those screened.“

Ethical Difference Between 
Medical Practice and Screening

Cochrane and Holland 1971
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Lead time bias

… could occur if early detection 
increased complication-free interval or 
survival only because detection is earlier 
not because treatment is effective in 
delaying or preventing morbidity or 
death
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Length-time bias

… could occur if individuals identified through 
screening have a longer pre-clinical phase, 
milder disease or lower morbidity and mortality 
regardless of when the disease is detected

incidence

prevalence pool

Diagnosis



The screening paradox

Screening is only 
worthwhile if the 
effectiveness of 
treatment for 
people diagnosed 
without screening is 
limited



Positive public perception of screening

• ‘A stitch in time saves nine’

• ‘Prevention is better than cure’

• Inflated sense of the benefits and discounted sense of the 
harms of mammography, cervical smears and PSA screening.

JAMA Intern Med 2015;175:274-87



Screening is a public health intervention

• Most individuals do not benefit

• A large benefit to the minority of individuals with screen-
detected disease may be outweighed by a small harm to 
the majority with negative screening tests



Screening influences our cause of death 
but may not reduce our risk of death

• Some (3/10) trials of cancer screening demonstrate 
reductions in disease-specific mortality rates but none 
showed reductions in overall mortality

• Studies are underpowered

• Screening can increase mortality due to conditions other 
than the cancer targeted by the screening test

BMJ 2016;352:h6080



Screening is always associated with harm, 
sometimes it is also associated with benefit

• Screening tests may be harmful

• Screening tests are imprecise leading to false 
positives and false negatives

• Diagnostic tests may be harmful

• Diagnostic tests are imprecise leading to false 
positives and false negatives

• Treatment may have adverse effects



Screening for Hypertension

• Screening and diagnosing hypertension in Canadian 
steel workers:

• significantly increased subsequent absenteeism from work (5.2 
days, p<0.025)

Haynes et al NEJM 1978:741-44

• significantly decreased subsequent annual income ($1093)

Johnston ME et al J Chron Dis 1984;37:417-23



“Medical science has made such 
tremendous progress that there is 
hardly a healthy human left.”
Aldous Huxley

“The medical establishment has become 
a major threat to health...”
Ivan Illich

Screening is always associated with harm, 
sometimes it is also associated with benefit



BMJ 2010;340:c2138

Attendance (%) at 
diabetes screening 
following receipt of an 
informed choice 
invitation or a standard 
invitation, grouped
by social deprivation 
tertiles

Attendance for screening: social patterning 
and informed choice 



Overdiagnosis and overtreatment
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"Governments seem to be 
promoting this against good 
evidence. Health Checks are 
pulling in an awful lot of people 
who have nothing wrong with 
them. And the very people you 
would want to be dragging in do 
not attend. We should be 
focusing on the hard-to-reach 
groups instead and policies like 
plain packaging for cigarettes 
and minimum pricing for 
alcohol."

Dr Clare Gerada
RCGP Chair

http://2.bp.blogspot.com/-X2VC25bnGAg/UdrzgzJfcUI/AAAAAAAAGf8/l6Nrg5vU4p0/s1600/clare_gerada_rcgp_logo.png


"Far from being useless, 
there is good evidence that, 
if properly implemented, it 
could prevent thousands of 
cases of Type 2 diabetes a 
year, as well as having a 
positive impact for heart 
disease, kidney disease and 
stroke.”

Barbara Young
Chief Executive Diabetes UK





Screening Criteria

 A well defined disorder with a known prevalence

 A burdensome disease with a long detectable pre-
clinical phase

Wilson JGM, Jungner G. Geneva: WHO, 1968
BMJ 2001;322:986-988



The Delay Between Disease Onset and 
Diagnosis May Be up to 10 Years

Harris et al. Diabetes Care 1992;15:815-8.

Time since diagnosis of type 2 diabetes (years)
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Screening Criteria

 A well defined disorder with a known prevalence

 A burdensome disease with a long detectable pre-
clinical phase

 A simple, safe, accessible, feasible, sensitive/specific 
screening test/programme

Wilson JGM, Jungner G. Geneva: WHO, 1968
BMJ 2001;322:986-988



Screening questionnaires and scores



Screening Criteria

 A well defined disorder with a known prevalence

 A burdensome disease with a long detectable pre-
clinical phase

 A simple, safe, accessible, feasible, sensitive/specific 
screening test/programme

• Absence of significant harm associated with screening

• An efficient intervention that is more effective earlier in 
the disease process

• Trial evidence of cost-effectiveness of screening

╳ All primary prevention interventions should be in place

╳ Clinical management of the condition should be 
optimised prior to screening

Wilson JGM, Jungner G. Geneva: WHO, 1968
BMJ 2001;322:986-988



prevalence of undiagnosed diabetes

baseline cardiovascular risk

utility/disutility of the diagnostic label
• magnitude of CVD benefit from 
intensive early therapy

• disbenefits of labelling

Can be estimated
from current data

Uncertain









Diabetologia 2006;49:1536-1544
BMJ 2001;322:986-988

What determines the cost-effectiveness 
of diabetes screening?



Ely Retrospective Study



10

20

30

2 4 6 8 10 12 14 16 18 20 22

4.5%
diabetes

16.8%
IGT

2 hour plasma glucose (mmol/l)

% of population

Population Distribution of 2-Hour Glucose in a 
Previously Unscreened Population: Ely Study

Williams DRR, Wareham NJ et al. Diabetic Med 1995;12:30-5



Ely Retrospective Study Design
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Sampling frame – whole population 40-65 y

Previously unscreened

Diabetes IGT Normal 

1071 non-diabetic volunteers

Phase II

1994-96

188 883 43251

Refused 
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1990-92
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Re-screened

1990
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Ely Retrospective Study Design



Results

• 68% initial attendance

• Non-attenders were more likely to be

male (p<0.001) and more deprived (p=0.005)

• 345 deaths over a median of 10 years



Kaplan-Meier Curves for the Ely cohort 1990-1999
by Attendance at Screening
(adjusted for age, gender and social class)
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A Randomised Trial of Screening
for Diabetes: Effects on Anxiety

After 6 weeks postal questionnaires:
SF-Spielberger Anxiety, Self Perceived Health

70% response rate

1200 people aged 40-69 yrs without known diabetes

354 in the top 30 % of risk for having undiagnosed diabetes

116 Invited 238 Not Invited

BMC Public Health 2008;8:350.



 Invited 

Mean (SD) 

Not Invited 
Mean (SD) 

p-value 

(MWU test) 

Anxiety 37.6 (12.2) 34.1 (12.1) 0.015 

Self perceived 

health 

3.03 (0.86) 3.05 (0.87) 0.998 

 

 

Results

BMC Public Health 2008;8:350.

• Mean anxiety score in the 6 new patients was 46.7
• ICD-10 threshold for ‘clinical anxiety’ is 42
• Mean anxiety score in pregnant women who have just received an 
abnormal test result for Down’s syndrome/Spina Bifida screening is 46.4



60 practices in the Eastern Region

28 practices
screening and intensive 

target driven management
of risk factors

27 practices
screening and 
routine care

5 control practices

Assessment of CVD risk
among screen-detected diabetic patients

1 year

ADDITION-Cambridge Study Design

Assessment of CVD events and mortality 
among screen-detected diabetic patients

5 years

BMC Public Health 2009;9:136.



BMJ 2007;335:486-489.

No Evidence of Harmful Effects of
Screening For Type 2 Diabetes

Self-reported health - baseline

Self-reported health - 3-6 months

Self-reported health - 12-15 months

HADS anxiety - baseline

HADS anxiety - 3-6 months

HADS anxiety - 12-15 months

HADS depression - baseline

HADS depression - 3-6 months

HADS depression - 12-15 months

Worry about diabetes - baseline

Worry about diabetes - 3-6 months

Worry about diabetes - 12-15 months

Favours screening  Favours control 

0
-.75 -.5 -.25 0 .25 .5 .75

Between group differences

• Parallel group cohort study in 10 screening and five control practices

• Questionnaires sent to 6416 invited for screening and 964 controls



No Evidence of False Reassurance

• Parallel group cohort study in 10 screening and five 
control practices

• 964 controls and 4370 screening attenders were sent 
questionnaires

• No significant differences between controls and screen 
negatives for perceived personal risk, behavioural 
intentions, or self-rated health after first appointment, 
at 3-6 months or 12-15 months later

BMJ 2009;339:b4535. 



Cumulative incidence of death in the screening and
no-screening control groups (ADDITION-Cambridge trial)
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Median follow-up 9.6yrs (184,057 person-years)

1909 deaths among 20184 participants

Adjusted HR 1.06 (95%CI: 0.90 to 1.25)

Lancet 2012;380:1741-1748

0.00

0.02

0.04

0.06

0.08

0.10

C
u
m

u
la

ti
v
e
 p

ro
b

a
b

ili
ty

 o
f 
d

e
a

th

16047 15798 15501 15173 14814 2619 

4137 4071 3999 3920 3822 422 

Number at risk

0 1 2 3 4 5 6 7 8 9 10
Duration of follow-up (years)

Control Screening

Control
Screening



Screen-detected patients have high but potentially 
modifiable CVD risk

• 18.5% had pre-existing CVD

• 85.8% had hypertension (BP≥135/85)
• 35% not prescribed drugs
• 42.0 % were sub-optimally treated

• 72.5% had dyslipidemia (tot chol>5.0mmol/l)
• 67.9% not prescribed medication

• 20.0% had microalbumiuria

• 18.1% were smokers

• Median 10-year CVD risk
• UKPDS: 34.0% in men and 21.5% in women
• Framingham: 38.6% in men and 24.6% in women

• Numbers needed to treat* were 11-20 and 10-19

* Conservative scenario (no additive effect of therapies)

Adapted from Diabet Med 2008;25:1433–1439.



Change in Outcomes Over 1 Year
Among Screen-detected Routine Care Participants

Baseline

Mean (SD)

One Year

Mean (SD)

HbA1c (%) 7.33 (1.65) 6.62 (0.95)

BMI kg/m2 33.6 (5.9) 32.6 (6.0)

Systolic BP (mmHg) 142.1 (20.0) 138.0 (18.6)

Diastolic BP (mmHg) 81.4 (10.3) 79.6 (9.9)

Cholesterol (mmol/l) 5.42 (1.18) 4.74 (0.96)



Prescribed treatment at baseline and
1yr follow-up
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Under review Lancet Diabetes Endocrinol 

Change in CVD risk factors in the 10 years 
following diagnosis by screening
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Cumulative incidence of composite 
cardiovascular endpoint

Lancet 2011;378:156-167. 

HR: 0・83 (95%CI: 0・65–1・05) p=0・12



Michigan model simulation of incidence of the 
composite CVD outcome by treatment group with 
and without delays in diagnosis and treatment in 
the ADDITION-Europe trial
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Number at risk
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ADDITION-Denmark study design

153,107 people aged
40-69 years in 181

screening practices

1,759,285 people aged
40-69 years in 2,247

no-screening (control)
practices



Intervention: invitation to screening 
for diabetes and CVD risk



Effect of screening on risk of cardiovascular disease and 
mortality among 150,115 individuals with diabetes in Denmark



Cumulative incidence of death among people with diabetes 
in the screening and no-screening control groups

Control: 22,132 deaths in 865,994pyrs = 25.6/1000pyrs
Screening: 1,890 deaths in 102,126pyrs = 18.5/1000pyrs

*Adjusted HR 0.79
(95% CI: 0.74 to 0.84)

*Adjusted for age, sex, education, and prevalent chronic disease (IHD, stroke, cancer); baseline 
hazards were stratified by county

Diabetologia 2017;60:2192–2199.



• Population-based screening for type 2 diabetes is 
probably feasible…..just

• Screening identifies individuals with high but 
modifiable cardiovascular risk which is reduced 
following diagnosis, particularly by early intensive 
treatment

• The harmful effects of screening appear to be 
minimal

• The benefits of detection of diabetes and 
treatment earlier in the disease trajectory appear 
to outweigh the harms

Take home messages:
early detection of people with diabetes



However….

• Uncertainties remain, particularly concerning cost-
effectiveness

• Screening does not reduce overall population mortality 
but may reduce mortality in those with undiagnosed 
diabetes 

• Given the uncertainties screening should be targeted at 
those at increased risk

• If screening for diabetes is undertaken it should be 
combined with screening for other CVD risk factors and 
prevention among those at risk of diabetes

• Data are from high income countries, the benefits and 
costs of screening may be different in low income 
countries with higher prevalence of undiagnosed 
diabetes



Thank you for
your attention


