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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

MRC | Medical Research Council



Screening for what?

e Prevalent undiagnosed type 2
diabetes

e High risk of
e incident diabetes
e incident cardiovascular disease
o kidney disease
e dementia

MRC | Medical Research Council
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Ethical Difference Between
Medical Practice and Screening

“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.”

Cochrane and Holland 1971

MRC | Medical Research Council
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The benefits of screening: treatment in the lead time
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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

MRC | Medical Research Counci



58 UNIVERSITY OF
P CAMBRIDGE J\Y/|2{all PP

Incidence

Undiagnosed prevalence pool
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MRC | Medical Research Council
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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
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MRC | Medical Research Counci
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The screening paradox

MRC | Medical Researc h Counci

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

e ‘A stitch in time saves nine’
e 'Prevention is better than cure’

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

MRC | Medical Research Council JAMA Intern Med 2015;175:274-87
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Screening is a public health intervention

e Most individuals do not benefit

e 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

MRC | Medical Research Council
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Screening influences our cause of death
but may not reduce our risk of death

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

e Studies are underpowered

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

MRC | Medical Research Council BMJ 2016;352:h6080
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Screening is always associated with harm,
sometimes it is also associated with benefit

e Screening tests may be harmful

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

e Diagnostic tests may be harmful

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

e Treatment may have adverse effects

MRC | Medical Research Council
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Screening for Hypertension

e Screening and diagnosing hypertension in Canadian
steel workers:

e significantly increased subsequent absenteeism from work (5.2
days, p<0.025)
Haynes et al NEJM 1978:741-44

e significantly decreased subsequent annual income ($1093)

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

MRC | Medical Research Council
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Screening is always associated with harm,
sometimes it is also associated with benefit

Epidemiology Unit

“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

MRC | Medical Research Council
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Attendance for screening: social patterning
and informed choice

Attendance
%o
70% -
Attendance (%) at
60% - diabetes screening
50% - following receipt of an
209 - informed choice
invitation or a standard
30% - invitation, grouped
0% by social deprivation
tertiles
10% -
0% -
Lower Social Middle Social Upper Social
Deprivation Deprivation Deprivation
Tertile Tertile Tertile

m Informed Choice Invitation OStandard Invitation

BMJ 2010;340:c2138
MRC | Medical Research Council



3 UNIVERSITY OF
4P CAMBRIDGE §)/|:le Epidemiology Unit

Overdiagnosis and overtreatment

—

L TOO MUCH
{_) MEDICINE

MRC | Medical Research Council
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What's key

IO surviving - | A Mot so

breast cancer?

Screening mammography dees not guarantee

that a woman will “survive™ breast cancer, The
Best evidence indicates that it decreases the
chance that a 5o year old woman will die from
breast cancer in the next 10 years raoughly fram
@.53% to 0.46% —a difference of o.07 percentage
points. Because breast cancer treatments are
much mane effective now than when trials of
sCreening wene dane, Some experts question
whether sCreening mammography has any benefil.
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Thee fiwe wear survival For early and late stage

cancers tells you nathing about the benetit of

e s screening. Because of biases caused by lead
time (the time from diagnosis by screening to
when a tumaur can be felt) and overdiagnosis,
fiwe year survival can improve regardless of
whether cancer mortality is increased, decreased,
ar unchanged by scregning
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1 =gy Obama and Romney
General health check-ups 'offer no benefit N in spiky debate
Visiting a doctor for a general check-up is
unlikely to lead to a condition needing

treatment being identified, but may cause

undue stress, say experts.

Charities voice benefits concerns

) Mantel sequel scoops Man Booker
The Danish researchers that carried out the

latest review, which involved more than 180,000
patients, say doctors should stop offering such
check-ups

RBS leaves toxic assets scheme

Ugly scenes mar England U21 win

Health MoTs check things like blood pressure and

cholesterol Features & Analysis

Innit, loo, skint...

And 27 more of your Britishisms
being used by Americans

Health MoTs did not reduce deaths overall or
deaths from cancer and heart disease,
according to their review

Related Stories
In England, people aged 40-74 are offered a free health check
The initiative, launched in 2009, is designed to spot conditions such as gz;ﬁ:s:r:eoc\;;mos
heart disease, stroke and diabetes by looking for silent risk factors such
as high blood pressure and cholesterol.

| Leap of faith

The youths trained to jump off
buildings by the Russian Church

Over 40s 'missing
heart checks'

Will health screening
work?

. Executive meltdown

Are the rewards worth the
excessive stress?

MRC | Medical Research Council
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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.”

Royal College of

RC

General Practitioners

Dr Clare Gerada
RCGP Chair

MRC | Medical Research Council
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"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

MRC | Medical Research Council
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Screening Criteria

v" A well defined disorder with a known prevalence

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

Wilson JGM, Jungner G. Geneva: WHO, 1968
BMJ 2001;322:986-988
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The Delay Between Disease Onset and
Diagnosis May Be up to 10 Years

Percent with 90

g ——W.isconsin —Australia
retinopathy

T T - G T T T |

-10 -5 0 5 10 15 20
Time since diagnosis of type 2 diabetes (years)

MRC | Medical Research Council Harris et al. Diabetes Care 1992;15:815-8.
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Screening Criteria

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

Wilson JGM, Jungner G. Geneva: WHO, 1968
MRC | Medical Research Council BMJ 2001,322986-988
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Screening questionnaires and scores

Diabetes Risk Test

TYYPIN 2 DIABE
SAIRASTU ="~ —=-

Rengusin oiken waibioch Complete the questionnaire below to
1. 1ka

A~ alls ‘ flnd DUt_If you are at rISk Gf dEV'EIDPlng 4. Have you been diagnosed with high blaod pressure?
type 2 diabetes. Yes O 10

Brewer Tick appropriate box Soore

ip. Yl 64w

2. Painoindeksi Answer Tick appropriate baox Score N ] a0

taulukosta kainedy

5. Are you physically active in your leisure life?

1. How old are you? 44 & under e.g. 30 minutes of moderate physical activity, such as brisk walking,

4549 7 at least § days a week
3. Vyétdrdnympicys m Gi-5d 13 s D a0
alapuolelta (yvleensi = 8 . I:l E

MIEHET
6. fre either of your parents diabetic?

Was |:| 7
MNe L] 0

0
. TOTAL (max &0) |:|

1. What sex are you? Male
Op. Alle 94 cm
Fernale

3. What is your Body
Mass Imdex (BMI)T 24 & under

oo googog

25-29
Lt = SCORE RANGES

Use your height and weight to work out your Body Mass Index (BMI) using If you have & total score of 31 or more you may be at increased risk of

the graph below: eg. 4 ft10 ins 11 stone = obese class 1, i.e. BMI is over 30 having undiagnosed diabetes. Please consider following the advice below

therafore scora 15. and owverleaf to arrange a simple blood sugar test at a local pharmacy, or

Halght (Cantinet res) discuss the result with your practice nurse.
4. Sisiileyyks jokaiseen | n T Isln "im “iu ) . i
e N Gac_.c..}....-;"' et e i i
e Ident diabet I
0p ila L Ear=a T entl 1lapetes early
3 o5t e | - g
- . g ,Et,ﬁ L= - —#® g Diabetes causes elevated levels of sugar in the bload and may rum in
5- K‘."“““.";"*‘;" syoe kas £ - \3“5____ = ITw B families. Untreated diabetes may cause damage to the heart, eyes, kidneys

tai marjoja? z o -AL — -.E and feet. Early diagnosis and treatment can reduce the risk of complications.

L — LS — T
Dp.  Piivieain T E — + A
L p. Harvemmin kuin jo ‘ID J —w Some of the signs of diabetes include ahways feeling tired, being iritakbla,

I 1C b=ing thirsty, passing urine excessively and getting infections and numbness
. H5 in the feat.
. = See overleaf

£
HEdn Hilin KN MR SEtdin ME4n Mt En SE@n R I0n i &fin @Fidn HE N
Halght Mot and Inchies)
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Screening Criteria

® 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
;g 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
MRC | Medical Research Council BMJ 2001,322986-988



What determines the cost-effectiveness ;N
of diabetes screening?

CAMBRIDGE

Can be estimated Uncertain
from current data

prevalence of undiagnosed diabetes Vv

baseline cardiovascular risk v
utility/disutility of the diagnostic label

e magnitude of CVD benefit from v

intensive early therapy

o disbenefits of labelling v

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

MRC | Medical Research Council
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Ely Retrospective Study

MRC | Medical Research Council



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

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

MRC | Medical Research Council
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Sampling frame — whole population 40-65 y

Diabetes IGT Normal Refused

Phase | [§ 883 432
1990-92

1071 non-diabetic volunteers

Phase Il
1994-96 Re-screened

\4

Phase Il Re-screened
2000-02

MRC | Medical Research Council
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Sampling frame — whole population 40-65 y

Diabetes IGT Normal

1071 non-diabetic volunteers

l

\4

Phase Il

1994-96 Re-screened

v

\4

Phase I Re-screened
2000-02

Previously unscreened

MRC | Medical Research Council
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Results

e 689% initial attendance

e Non-attenders were more likely to be
male (p<0.001) and more deprived (p=0.005)

e 345 deaths over a median of 10 years

MRC | Medical Research Council



Kaplan-Meier Curves for the Ely cohort 1990-1999 MRC | corsemoroay omt

by Attendance at Screening 38 UNIVERSITY OF
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(adjusted for age, gender and social class)
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MRC | Medical Research Council DlabetOIOgIa 2011;54:312_319.



518 UNIVERSITY OF
» CAMBRIDGE

Duration of lead time

Fasting ¢

lasma -
g.ucose 2° Prevention

Early detection/screening

Lead time

7.0 -
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A Randomised Trial of Screening
for Diabetes: Effects on Anxiety

1200 people aged 40-69 yrs without known diabetes

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

= V-

116 Invited 238 Not Invited
After 6 weeks postal questionnaires:
SF-Spielberger Anxiety, Self Perceived Health
/0% response rate

MRC | Medical Research Council BMC PUbIIC Health 2008,8350
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Results
Invited Not Invited p-value
Mean (SD) Mean (SD) (MWU test)
Anxiety 37.6 (12.2) 34.1 (12.1) 0.015
Self perceived 3.03 (0.86) 3.05 (0.87) 0.998
health

e Mean anxiety score in the 6 new patients was 46.7

e ICD-10 threshold for ‘clinical anxiety’ is 42

e Mean anxiety score in pregnant women who have just received an
abnormal test result for Down’s syndrome/Spina Bifida screening is 46.4

MRC | Medical Research Council BMC PUbIIC Health 2008,8350



ADDITION-Cambridge Study Design

60 practices in the Eastern Region

28 practices 27 practices 5 control practices
screening and intensive screening and
target driven management routine care

of risk factors

l l

1 year Assessment of CVD risk
among screen-detected diabetic patients

l l

5 years Assessment of CVD events and mortality
among screen-detected diabetic patients e
Hitchin ¢ ®Bish

BMC Public Health 2009;9:136.



No Evidence of Harmful Effects of
Screening For Type 2 Diabetes
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e Parallel group cohort study in 10 screening and five control practices
e Questionnaires sent to 6416 invited for screening and 964 controls

Between group differences

Self-reported health - baseline
Self-reported health - 3-6 months T
Self-reported health - 12-15 months -

HADS anxiety - baseline i
HADS anxiety - 3-6 months i
HADS anxiety - 12-15 months

HADS depression - baseline .
HADS depression - 3-6 months
HADS depression - 12-15 months

Worry about diabetes - baseline i
Worry about diabetes - 3-6 months
Worry about diabetes - 12-15 months i

L

| | | | | |
-75 -5 -25 O .25 5 .75

Favours screening Favours control

MRC | Medical Research Council

BMJ 2007;335:486-489.
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No Evidence of False Reassurance

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

e 964 controls and 4370 screening attenders were sent
questionnaires

e 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

MRC | Medical Research Council BMJ 2009,339b4535
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Cumulative incidence of death in the screening and
no-screening control groups (ADDITION-Cambridge trial)

Median follow-up 9.6yrs (184,057 person-years)

0.10 e
1909 deaths among 20184 participants R4

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

0.06

0.04

0.02+

————— Screening
0.00

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

MRC | Medical Research Council Lancet 2012,380 1741-1748
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Screen-detected patients have high but potentially
modifiable CVD risk

e 18.5% had pre-existing CVD

e 85.8% had hypertension (BP=135/85)
e 359% not prescribed drugs
e 42.0 % were sub-optimally treated

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

e 20.0% had microalbumiuria
e 18.1% were smokers

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

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

* Conservative scenario (no additive effect of therapies)

MRC | Medical Research Council Adapted from Diabet Med 2008,;25:1433-1439.



Change in Outcomes Over 1 Year
Among Screen-detected Routine Care Participants
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Baseline One Year
Mean (SD) Mean (SD)
HbAlc (%) 7.33 (1.65) 6.62 (0.95)
BMI kg/m? 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/1) 5.42 (1.18) 4.74 (0.96)

MRC | Medical Researc h Counci
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Prescribed treatment at baseline and
1yr follow-up

I Routine care
B Intensive treatment

BP-lowering Lipid-lowering Glucose-lowering
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= £
8 30 -
‘© 20 -
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MRC | Medical Research Council



Change in CVD risk factors in the 10 years
following diagnosis by screening

567 " Routine care 4 Intensive treatment ‘
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Cumulative incidence of composite
cardiovascular endpoint

144 —— Routine care
— Intensive treatment
12—
10— HR: 0-83 (95%CI: 0-65-1-05) p=0-12
£
8
5
E
0 I I | I T é. I
i 1 2 3 4 5 7
Number at risk Duration of follow-up (years)
Routine care 1377 1354 1321 1278 1093 879 535 138
Intensive treatment 167 8 1654 16232 1564 1348 1058 624 208

MRC | Medical Research Council Lancet 2011;378:156-167.
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Michigan model simulation of incidence of the

composite CVD outcome by treatment group with
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and without delays in diagnosis and treatment in
the ADDITION-Europe trial

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

MRC | Medical Research Council

9.4% ARR, 41% RRR

4.9% ARR, 36% RRR

// 1.3% ARR, 17% RRR

/// —6 yr delay in routine care

—3 yr delay in routine care

Routine care

—|ntensive treatment

7 8 9 10
Diabetes Care 2015;38:1449-1455.
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Cumulative incidence of composite
cardiovascular endpoint

Routine Care
————— Intensive Treatment

Incidence (%)

HR 0.87 (95%CI 0.73-1.04), p=0.14

I I I
o 1 2 3 4 5 6 7 8 9 10 11 12
Number at risk Duration of follow-up (years)

Routine Care 1379 1322 1255 1185 1091 786 261
Intensive Treatment 1678 1623 1543 1474 1391 1001 309

MRC | Medical Research Council
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ADDITION-Denmark study design

N

< 1,759,285 people aged
40-69 years in 2,247
no-screening (control)
practices

MRC | Medical Research Council
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Intervention: invitation to screening
for diabetes and CVD risk

HAR DU FOR@GET RISIKO FOR SUKKERSYGE?

Du kan se om din risiko for at have sukkersyge er hojere end normalt ved at besvare de
felgende 7 sporgsmal. Ved hvert spargsmal kan du skrive dit point-tal i kolonnen til hajre
og til sidst lazgge alle pointene sammen. Hyis du har 5 point eller mere, er din risiko for
at have sukkersyge foreget, og du opfordres til at bestille tid ved din laege til undersogel-
se for sukkersyge.

Er du mand eller kvinde?

Skriv point
Mand giver 1 point
Kvinde giver O point
2. Hvor gammel er du?
Yngre end 45 &r giver O point
Tmellem 43 og 49 Gr giver 1 point
Imellem 50 og 54 &r giver 2 point Skriv point
Imellem 55 og 59 ér giver 3 point
60 &r og aeldre giver 4 point
3. Har du tidligere haft sukkersyge, som svandt igen? o
Skriv point
Ja giver 2 point Cornnasa | au Dk Mhae
Nej giver O point tURoDE2N LOW Xk Lhart
e -
4. Har eller havde dine forzeldre eller soskende sukkersyge?
"Ingen of mine seskende eller forceldre har/havde sukkersyge" giver O peint  Skriv point
*En af mine saskende eller en af mine forceldre har/havde sukkersyge” giver 1 point
“2 eller flere of mine sezkende eller foresldre har/havde sukkersyge" giver 2 peint
“Ved ikke" giver 0 point
5. Har du nogensinde faet at vide, at du har haft hejt eller forhajet blodtryk?
Ja giver 2 point Skriv point

Nej giver 0 point
Ved ikke giver O point

.~

I e S
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Effect of screening on risk of cardiovascular disease and

mortality among 150,115 individuals with diabetes in Denmark 8 UNIVERSITY OF
4% CAMBRIDGE

All men and women aged 40-69 years without known diabetes in
Denmark in 2001; n=1,912,392

v v

153,107 individuals registered 1,759,285 individuals registered at
at 181 practices taking part in 2,247 practices not taking part in
screening (2001 to 2006) screening

2001 _

© C ®
w100 g% ©

®
© 5 0 ©@

2006 — ® @®
) @G ®© o ° ® ® ® ® ©
®©@ ®®@ © ® @ ®
2009 Screen cases: 1,406 Screen cases: 0
Clinical cases: 13,257 Clinical cases: 135,452

2012 Followed up for mortality and incident CVD outcomes until 31/12/2012
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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

0.284
0.26
0.244
0.224
0.204
0184
016
0.144
0124
0104
0.058+
0.06
0.04
0.024
0.00+

g_ UNIVERSITY OF
; CAMBRIDGE

Lnscreened group . ————- Screened group

Cumulative prohbahility of death

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

a 1 2 3 4 ] 3] 7 a = m 11 12
Cuuration of follow-upiyears)

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

MRC | Medical Research Council

Diabetologia 2017;60:2192-2199.
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Take home messages:
early detection of people with diabetes

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

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

e The harmful effects of screening appear to be
minimal

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