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Implementing population based screening
programs

Based on
Integrated risk profiling

Dr. R.A. Kraaijenhagen
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Health expectancy

Life expectancy
e Men: 75,5
e \Women: 80,6

Health expectancy
e Men: 61,3 (last 14 years sickness)

e Women: 60,8 (last 20 years sickness)
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I Hiufige auslsende Ursachen der Angina pectoris:
e e Kt Raehes

=

A Charakteristische Schmerz-

ausstrahlun

g bei Angina pectoris

Waiting for symptoms inefficient

“A cardiovascular event must be
regarded as a medical failure
rather than the first indication for

treatment”.

Dr. William B. Kannel, a principal
investigator for the Framingham Heart
Study



 Disease as process

INvasive cancer

Pre-symptomatic

S cancer
call waith

genebc mutation

S 2
s

early late
diagnosti Intervention, snterventiog

prevention

e Symptoms are not the start of the disease

5» « Advantages in diagnostic testing enable early intervention
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{ InnerVision™

Tobhe C w go =7 “our Freanh

InnerVision Body Scans
Price List

Heart Scan $450.00
Lung Scan $400.00
Heart and Lung Scan $750.00

Full Body Scan $950.00

Brain Scan $200.00 *
Virtual Colonoscopy $950.00

INNerVision accepls major credit cards
(VISA and Mastercard), checks with
proper 1D, and cash

Gift Certificates are availlable. «all woll-free
SoU-S-BESUIRFE (ARR.527.7573) for more
information



Advanced diagnostics: how to apply?

Total body scanning
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Advanced testing in an unselected population
IS undesirable, cost-ineffective and could even
be ‘dangerous’

— false positive results

— overdiagnosis

— unnecessary treatment

— medicalization and stigmatization

- weighing risk versus benefit Is important

- adequate selection high-risk individuals is
essential
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Disease

Present Absent

True False
g’ Positive positives | positives
=
TR
b = False True
N Negative negatives negatives
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Disease No-disease

Test+

rue negative

Test -
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True negative (@@

Certificate of health effect !?
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Test+

Test -

Disease No-disease

Delayed intervention

Ignore / misinterpretation
symptoms

False negative

Z
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Disease No-disease

False positive

Anxiety

Test - Additional testing with risk
of complications
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Test+

Test -

Disease No-disease

True positive

Assumptions In screening:

Earlier detection =»
Stage shift =»

Survival benefit
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Validity of Screening Tests

Key Measures

« Sensitivity

« Specificity

* Positive Predictive Value
« Negative Predictive Value
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Disease
Present Absent
g Positive a b a+b
=l
> O
O
3 Negative ~ C d c+d
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Sensitivity

* Proportion of individuals who have the disease who test
positive (true positive rate)

« Tells us how well a positive test picks up disease

Disease
yes no
+ a b a+b  Sensitivity = ——

(@)
o

c+d

Screening
Test
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Specificity

* Proportion of individuals who don’t have the disease who
test negative (true negative rate)

 Tells us how well a normal test excludes disease

Disease
yes no
(@) - = =
£ + & b avb Specificity = ——
D
SF -l c d c+d
0P
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« Sensitivity
— the abillity of a test to correctly identify those who have
a disease

A test with high sensitivity will have few false negatives

« Specificity
— the abllity of a test to correctly identify those who do
not have the disease

A test that has high specificity will have few false positives
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» Measures whether or not an individual actually has
the disease, given the results of a screening test

« Affected by
— specificity
— sensitivity

— prevalence of preclinical disease

Prevalence = at+cC

at+b+c+d
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Predictive Value of a Positive Test (PPV): Likelihood that
a person with a positive test has the disease

Predictive Value of a Negative Test (NPV): Likelihood that
a person with a negative test does not have the disease

Relationship between Sensitivity, Specificity, and Prevalence of
Disease

If prevalence is low, even a highly specific test will give large numbers of
False Positives
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Prob=1% sens=90% spec=80%

Disease  No-disease

p FP
Test+ 900 19800
_ FN TN
est -
100 79200

1000 99000 100000
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Screening for 2 diseases

 Per disease:
Prob=1% sens=90% spec=80%

 Screen 100 000 individuals:

~ 35000 FPs
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Prevalence

99% 95% 5% 1% 0,5% 0,1%

= Pre-test
likelyhood

disease upon
posistive test

fesult 99,9% | 99,7% 50% | 16% 9% 2%

(= positive
predictive
value)

no disease
upon positive
test result

0,1% 0,3% 50% 84% 91% 98%

(false positive)

Sensitivity and Specificity both 95%



Enthusiasm for Cancer Screening
in the United States

]__'i.ii‘l-!l- Srhwartz MDD, M=

Steven B olekin MDY JAMA Eﬂm. 291:71-78

Flasdl 1. Fowlir. Jr. Phid
H. Gilbert Welch, MIN MPH

able 4. Experisnce of Persons Who Have Had False-Fositive Screening Hesults
No." for Papanicolaou Test  No.® for Mammography  No.” for Prostate-Specific

Whaighted 1) (Wesghied %4 Antigen Test (Weighted %
n =103 i = 10) tn =10)
fow rramy [best] results have pou had that redguined futhes
besting 7t
1 R IR 1 (BE) & ¢80)
2 30 ) 24 [(24) 1 {12)
=T 15 {16] g (5 2 (20)
fow mamy days or waeks wen thers Defween whan you
got the onginal Bost]) rasult and wihan you found ol you
i rt Rdvel CANG B
=1 wk 24 23] =4 (36) 17
12 wik 26 30| <1 (33 2 &27]
3wk 20 22 17 (1E) 1 €20
=1 i 26 25] 13 (1 3 4]
fow scany was that ime tor you?
Scanest ima ol my fa 101 1) am e Lo
Wiry stiry 33 22 32 (29) 3 (29

Somenhal scany 24 {25] 54 (35) 4 {d1)
. A little scary 2024 Eﬂ@ (¥}
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Eelation Between Number of Tests Ordered and Percentage
of Normal People with at Least One Abnormal Test Result?

Number People with at least one
of tesis abnormality, percent
1 ]
= 23
20 =L
100 93 4

TData from Sackett, DL, Clin Invest Med 1978 1 :27.



niped Issues in Screening

Disease

-Disease/disorder should be an important public health
problem

High prevalence

Serious disabling

-Early Detection in asymptomatic (pre-clinical) individuals is
possible

-Early detection and treatment can affect the course of
disease (or affect the public health problem?)



<D

needNatural History of Disease

Detectable subclinical disease

Susceptible
Host

—]
1
Subclinical Clinical Stage of Recovery,
Disease Disease Disability, or Death
Onset of
symptoms

Screening
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Sources of Bias in the Evaluation
of Screening Programs

 Lead time bias
* Length bias
* Volunteer bias
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Lead time

« Lead time: interval between the diagnosis of a disease at
screening and the usual time of diagnosis (by symptoms)

Diagnosis Diagnosis
by screening via symptoms
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Lead time bias

« Assumes survival Is time between screen and death

* Does not take into account the lead time between diagnosis
at screening and usual diagnosis.

Diagnosis Death

by screening In 2008
In 1994
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Diagnosis Based
on Symptoms ‘
1985 1994 2000
Early Survival
Diagnosi 6 years
B (Screening)

1985 1992 2000

Leadtnne.w' Survival
(2 years) 8 years
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Diagnosis
based on
symptoms
A
| |
| 0
Early 1994 2000
Diagn. | ead ﬁ_/
B ime i | Survival: 6 years Gain=

Survival: 8 years
“

Survival:10 years
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Length Bias

* Most chronic diseases, especially cancers, do not progress
at the same rate in everyone.

« Screening will preferentially pick up slowly developing
disease (longer opportunity to be screened) which usually
has a better prognosis
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onset of detectable Begin
disease via screening
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Volunteer bias

* Type of bias where those who choose to participate are
likely to be different from those who don't

* Volunteers tend to have:
— Better health
— Lower mortality
— Likely to adhere to prescribed medical regimens



Screening

the systematic testing of risk factors
for some target disease

to prevent,

interrupt,

or delay

the development of this disease
through early detection and treatment.

Hillman ot al. JACR 2004; 1{11): 861 -4
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[ Risk Factors ]
| | | |

Calculation individual risk (risk algorythms) - diagnostic and therapeutic strategy (thresholds)
Decreasing risk by riskfactor intervention - tailor made approach

} } } }

istological or functional lhanges

' i
Selective [ Indicated i >
prevention I prevention [ Time

(risk profiling (early diagnostics
and tailored advise) and interventions)



Age-adjusted CHD death rates par 10,000 person-years

L2811 182-202

118-124
<118
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Riskprofiling cardiovascular disease

Oddsrato (6% C1)

ra | 2.4 L= 33 130 gdi-3 (= o LE3.9 333-F
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Yusuf et al. INTERHEART Lancet 2004
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Positive effect riskprofiling

» Less false positive results

« Less false normal results (certificate of health effect)

 Awareness
« Tallored advice
* Informed - and shared desicion making

e Commitment
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The Eurcpean Strategy for the Prevention and Control of
Moncommunicable Diseases

D"\_O H _?{_A
f + - -
ﬁ‘%}; Regional Committee for Europe
CamiZA Fifty-slein sasalon
EUROPE
Regional Committee for Europe Copepbagen, 11-14 Saplamber 2008

Flrty-zl=th sagalon

Copenhagen, 19-14 Sapbamber 2008

The greatest disease burden in Europe (= 86% of deaths and 77% of the disease burden)
comes from non-communicable diseases (NCD); a group of conditions that includes
cardiovascular disease, cancer, mental health problems, diabetes mellitus, chronic
respiratory disease and musculoskeletal conditions. This broad group is linked by common
risk factors, underlying determinants and opportunities for intervention.

Almost 60% of the disease burden in Europe, as measured by DALYS, is accounted for
by seven leading risk factors: high blood pressure (12.8%); tobacco (12.3%); alcohol
(10.1%); high blood cholesterol (8.7%); overweight (7.8%); low fruit and vegetable intake
(4.4%:;) and physical inactivity (3.5%).

Anon-communicable disease is a disease which is not contagious
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The western society syndrome

On age 50 in Holland:

- 30% smoking

- 90% eating too much fat

- 50% lack of exercise

- 40% obese

- 15% hypertension

- 20% hypercholesterolemia

- per year 65.000 new diabetes patients

RIVM: Gezondheid op koers. 2002
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Causes of cancer

roughly speaking:

33%: smoking
(risk lungcancer 20x)

33%: poor food and lack
of exercise

33%: other causes

like genetic predisposition,
UV-light, pollution
(pesticides, radon, asbest)

Based on 500.000 papers,
which were whittled down to
7000 relevant ones.

World ' American
Cancer & Institute for
Research Fund ) Cancer Research

SUMMARY

Food, Nutrition,

Physical Activity,
and the Prevention
of Cancer:

a Global Perspective

& 2007 '‘World Cancer Reswarch Fund Intamatioral
&ll fghts rasersed
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Riskprofiling algorythms for cancer

Riskprofiling is more adequate to estimate pretest likelihood of disease
than considering just one or two riskfactors

— Breastcancer: riskprofiling algorithms

Claus E.B., et al. Cancer 73, 643-651 (1994).

Gail M.H. et al. J. Natl. Cancer Inst. 81, 1879-1886 (1989).
Amir E. et al. J. Med. Genet. 40, 807-814 (2003).

Tyrer J., et al. Stat. Med. 23, 1111-1130 (2004).

— Coloncancer: multifactorial approach

Lieberman D.A., et al. JAMA 290, 2959-2967 (2003).
Betes M. et al. Am. J. Gastroenterol. 98, 2648-2654 (2003).
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Integrated risk assessment

Atherosclerosis

gt =il =ty B =]

Malignancy

=l e

meTnerbie rrru tErkEo s By 1 iz

| ==

= = E-.ﬂ_a-—a.
R

Family, medical history and lifestyle

combination RF evaluation + intervention _(too) Iatg
interventiQyg



<D
niped Coloscopy screening Norway

Population registry

 Random sample: coloscopy and polypectomy

« Controles: no screening

Results:

— 5x less colorectal cancer, despite more riskfactors

— Overall mortality significantly higher in coloscopy group
— Due to CVD

Riskfactors CVD and cancer overlap !

Thiis-Evensen E, et al. Scan J Gastro. 1999;34(4):414-20.
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ACS/ADA/AHA Scientific Statement

Preventing Cancer, Cardiovascular Disease, and Diabetes

A Common Agcenda for the American Cancer Society, the American
Diabetes Association, and the American Heart Association

Hammon Evre, MDD, Chiet Meadical Officer, Amencan Cancer Sociehy:
Rchard Kahn, Phl), Chiel Scientific amd Medical Oificer, Amencin Disbotes Assaciation:
Keme Mane Roberizon, MO, FAH A Chiel Science Officer, Amencan Heart Assccmbon: and the
ACEADAAHA Collabomtive Winiting Commitbes

ACSADAAHA Collaborative Writing Commitiee Members
Mattame] G, Clark, MO, M2, BRI, Mahonal Vice Presdant for Chmeal Affirs, Amencan Dhabetes Assocmtion:
Colleen Dovle, M5 BRI, Dircctor, Mutrition and Physical Actnity, Amencan Cancer Sociohy;
Yulng Hersg, MO, PR, FAHA, Dircctor of Biostatstics and Epdanioklgy, Amencan Hant Association;
Ted Gansler, MDY, Dinector of Medical Conlent. Amencan Cancer Saciehy:
Thomas Glyrin, PhIY, Senior Dirsctar, Inkematiom] Tobsceo Cantrol, American Cancer Socichy;
Riober AL Smuth, PhLY, Dhrector of Cancer Screening, Amercan Cancer Sty
Bathryn Tanbert, Phly, FAHA, Vice Presdant of Science and Medwme, Amencan Heat Association;
MBichacl 1. Thun, MDD, Vice President, Epidamiokgy and Soreaillance, American Cancer Society

2004: Circulation, Stroke, Diabetes Care, CA: A Cancer
Journal for Clinicians



DALY
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Disability Adjusted Life Years (DALY)

400.000 -
Cardiovascular diseases
350.000 1= Common mental disorders
COPD
300.000 -
Diabetes
o Dementia
_ Lung cancer
200,000 H - — Breast cancer
1 Colorectal cancer
150.000 H —{ — — H — Prostate cancer
100.000 H — — H H H H —
50.000 H H H H H H H —
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kel The NIPED concept for prevention

Focus on the most relevant diseases (DALY) with intervention options

Integrate risk profiling for multiple disease processes

Early diagnostics based on stepped approach:
- high-risk identification by integrated risk profiling (pretest likelihood)

- advanced diagnostic as threshold is passed (threshold approach)

Prevention through personalized intervention strategies

- based on personal risk profile

Boost research in preventive medicine
- health information banking
- dynamic guideline development



e Population based screening for risk factors
niped Personalized Prevention

Gezondheidskoers Gezondheidsadviezen

>’ .\'\"Q\/ Labonderzoek r . e : —tid | [ S,
Q&’{. \ '&; . il e e " ' S
% o /;j @ ’ L 7) 1

— =P R = e S |y oo 0
-——8
Assessment ' Awareness ..
N
Vragenlijst
v
Gezondheidsprofielen
Action

Verwijzing naar

Zelthulp of ./ _ )
Professionele begeleiding

begeleiding naar keuze
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PreventieKompas®
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niped How does it work?

Online questionnaire

CheckList invullen
s (O R * Lifestyle
. * Mental wellness
y

* Physical wellness
* Medical History

* Family history

* Medication use

T — Self measurement or CheckPoint / GP

Volg de instructiekaarten en vul de metingen in
van:
- Lengte
- Gewicht
Buikomvang - ° Bl d p
- Bloeddruk o ; OO reSSUI'e
P <
7]

* Waist circumference
* Length
» Weight

LabCheck uitvoeren Laboratory testing

Na ontvangst van de LabBox bezoekt u een
PrikPost. U laat bloed afnemen en levert
gelijktijdig uw labmonster(s) in
= A Blood
- 2y * bloO
y - v
y
£

* Urine
* Faeces
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@home Box
Self management alternative for CheckPoint visit

@home biometry box

@home lab. box -
(uritainer)
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Preventieompas®

Health Course

Hot PreventioKompas

Uw huldige koers
g LISy, oy,
. v

w a
\ kunt gezongheldswinst boeken door b te sturen. Kiik op Velgende en ontdek welke

factoren uw koers bepalen. Het PreventieKompas geeft u vervaigens cancrete adMiezen voor
het bijsturen van uw gezondheld

Is your health ‘on course’ or
should you take some action?

Integrated Health Profile

02
PreventieXorpac®

Gives you per health aspect infor-
mation and educates about the
effect on your health and on the
interaction with other risk factors.

It shows were health improvement
is possible

Communication of results

Health management plan

b

=
fe— ) s g i

U persooniik voedings advies

De nungeweren stiategie
U iegnde A O oo 2. || |

£ Catbow, oo de 0 50 v wite B Sugesties

4 P Laggestes ‘
[ e ||
7 Ty vt ko conge vt e | |
7 e
| Zigvoor votoen cacum v Voot [ sopgestes | 0
CEnl @D qTTD

Provides a concrete and tailored
health management plan, based
on disease risk, motivation, prefe-
rences for of intervention methods.

It links to best-practice follow-up
providers.




YO Intervention Matching

niped
Risk profiling & health advice

Participants health management A

MMMMMMMMMM

Intervention selection & ranking

-

Advised health actions
- (Medical) health profile
- Preference (i.e. group,

(S

Follow-up providers

L ‘ I el ‘I'I: mhndu‘mml\m i ‘p

A\ A \_ \ _

' adf i oeN oo s Trimb
L 4 i\ = ‘1 Q l. rll:?ltﬁlsn
%, nederland
A \ _ h _
| FoNDs
PSYCHISCHE

sT1VOROJ | CEZONDHEID ) @

&

Intervention mapping

- Effectiveness

- Costs (compensation

internet, guidance)
- Insurance/company
- Location

Individual intervention
Matched for individual

to increase success

- Evaluations
- Location

insurance/company)
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combined Cardiometabolic and Psychological

risk
9083 participants o Medi
. Verv highl edical or
59% man, mean age 48 jaar evatod osychological
7B intervention

¢ Paramedical
interventions

PreventieKompas portal

e Guided lifestyle
interventions
and self help
interventions

Slightly or no
elevated risk e Self help
interventions




n.,;‘é?d Health promoting behavior

Follow-up questionnaire: 6 months after participation

More motivated for healthy behaviour

80%
70%
60% +

50% 1

40% 7 M fore motivated for healthy

- behawviour
0% 47

20% +

10% <4

0%

Yes Mo Mot
applicable
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Follow-up questionnaire: 4-6 weeks after participation

Table 3

Self-reported initiation of health-behaviour-change of 638 employees who completed the HRA and responded to the satisfaction and
health-behaviour change questionnaire.

Initiation of health-behaviour-change after receiving health advices

Yes No nat

Initiated overall health-behaviour-change
368 (58%) 243 (38%) 27 (4%)

From applicable

after receiving tailored health advices

More physical activity 242 (38%) (53%) 212 (33%) 184 (29%)
Quit smoking 20 (3%) (14%) 125 (20%) 493 (77%)
Reduced alcohol intake 64 (10%) (24%) 198 (31%) 376 (59%)
Improved diet 282 (44%) (64%) 158 (25%) 198 (31%)

Values are expressed as number of participants (%).
na’: Questionnaire responders who stated that health-behaviour change on item of interest was not applicable.

Colkesen et al. Journal of Occupational Medicine and Toxicology, 2011;6(1):1-5.



10-year CVD risk reduction

X Effect CV risico

In 7 months

Relative reduction in 10-year CVD risk

ﬂlaﬂ_ ---------------------------------------------------------------------------------------------------------
s e
4%
1 25%
0,00
-0,1 - T T
10-year CVD risk < 10% 10-year risk 10-20% 10-year CVD risk 2 20%

Framingham 10-year CVD risk category

Significant mean decrease in systolic blood pressure (5 mmHg) and 30% decrease in proportion with

increased blood pressure
Significant increase in HDL
Significant decrease in total cardiovascular risk

B.E. Colkesen et al., Vascular Health and Risk Management, 2011;7:67-74



n‘.;‘e’d Overall 20% reduction in absenteeism (p< 0.0001)

Subgroup with at least 1 day of absenteeism -
25% reduction in absenteeism
2,4
2,2 //
2
1,8
Attendees
1,6
Controls
1,4
1,2
1
baseline >0 absence days FU

Figure: Mean monthly days of absenteeism for health program participants and controls who had
at least one recorded day of absence during the baseline period and no absenteeism at the start of participation

MAJ Niessen et al. EuroPrevent 2010
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Overall participant satisfaction

xxfx
o
P
e
xxx "
90% o
e
.-'"-.--. -
20%
-
-__.-"-.-. -.-__.-'
70%
-__.-"-.-. -.-__.-'
60%
xxfx ~
50%
#xfx -
40% -
x!x
- -
30% o~
e
#!xf -
20% -
e
o~
o -
- ;x xf
0% |7~ A
-
xxf 33’3
- P

0%

good , very good, satisfactory not-satisfactory,
outstanding bad

Colkesen et al. Journal of Occupational Medicine and Toxicology, 2011;6(1):1-5.



