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Measures of association

® Epidemiology brief
® Association versus effect
® Measures of association
® Risk difference
® Vaccine efficacy
® Risk ratio
® Odds ratio
® Statistical significance
® Expert opinion exercise
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Epidemiology

Disease

Behavio
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Purpose of epidemiology

Determine the magnitude of disease in populations

Study the natural history and prognosis related to disease
Identify causes and predictors of health outcomes
Evaluate preventive and therapeutic factors

Collect quantitative data as the foundation for public policy

http://bojack.org/2006/05/
breaking_news_bi rd_flu_out!g rea.html
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orrelation/causation
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Association/effect

Int. I, Comcer: 10T, 283-284 {2003)
2 2003 Wiley-Liss, Inc.
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DOES PIZZA PROTECT AGAINST CANCERT?

Silvano GALLIE'", Cristing BrsETN', Eva NEoRt', Renato TALAMING, Masrizio MosmaLAY, Ettore o™, Silvie FRANCESCOH® and

Carbs LA VECOHIA™
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We analyzed the p-uc:mn]mleufpcmnnm:uml.
using data. from an i retwork of case-control stud-
iﬂ:mlhjmdmlulym I”I and 1000, Cancer sites

werer oral ca 598 cases) 304
cases), |m“?n ﬂm}. culnn {1,125 uewt
{T2B cases). Controls were 4,999 patients lnr-:u'b!
non-necplastic conditions to the same hospital nebwork as
cases. Odds ratios for lar pizza consumers were 66
{95% confidence inte 1 . 47-0.93) for oral and pha-
cancer, 041 (#5% Cl = 0.25-0.4! lnru
o (95% €1 = lss 1.19) for |-.-,mg£ n.u =
0.61-0.69 lw:nlﬂn.idﬂ."] (#5% C1 = 0.75- l][nrr'u:ﬂ]
a appears therefore to be a favorable indicator of
i tz;nt necplasms in this population.

Key words: digesiive fract cancers: lycopene: pica: risk factors

Pizza is ome of the best known and most widespread ltalian
foods, and it is said o be the most common generic commercial
sign of Italy worldwide. Investigating and quastifying any poten-
tinl role of pizza on cancer risk soems to be & curious issue, bat
may well have interesting implications in respect to dietary advice
in ltaly ms well s elsewhere.

Limited and inconclusive information is available on the poten-
tinl influence of pizza, however, os o food item or as an indicabor
of any specific dictary paticin, an cancer risk. An inverse read in
risk with increasing number of portions of piza was observed for

prostate cancer in the US. Heahh Professiomsls Follow-Up
Stld]r.'J In & case-coatrol study from southern Ikaly on 132 cases
of colorectal cancer, the odds rIIIn-:Dm-ﬂ:rﬁ'u\qumt comsamption
of pizra was 0.8% (35% confidence inberval, CI = 0.51-1.53)2

‘We analyzed data from . LI!! and mhgnbd. nehmck -uf-:l.z-

jocts” usual diet before diagnosis (or hospital sdmission) was
investigated using a validated 78-item food frequency question-
nmireS—9 that included a specific question an pizza. For the present
analyses, pirza eating was classified in 3 categories: non eaters
(=1 portion of pizraimonth), occasional eaters (1-3 portions’
month) and regulsr caters {1 portion of pirza o moreiweek k.

OR and the coresponding 95% Cl, for subsequent levels of
pizza enting were derived by wncondifional maltiple logistic re-
gression models, including terms for age, gesder, study cemter,
education, alcobol and tobacce consumption, energy intske, body
mass index and for colon amd rectam, 3 messure of physical
activity.

RESULTS
Tlhleldwwslhedlwmnufcm and controls according by
pizza and the cor ing multivariate ORs. Com-

pared 1o non-pizza-consumers, the multivarisle ORs for pizza
caters (=1 porfioa/month) were 0.73 for oral cavity and pharynx,
0.53 for esophagus, 0.85 for larynx, 081 for colon and 088 for
rectum. Corresponding ORs for regular pizza eaters (=1 portion/
week) were 0066 for oral and pharyngeal, 0.41 for cesophageal,
0.82 for laryngeal, 0.74 for colon and 0.53 for rectal cancer. The
trends in risk were significant for oral and pharyngeal, esophageal
and colon camcers.

Mo apprecishle difference was found sccording to gender for
colorectal cancer, the ORs of pizza consumiers being 0.78 (95% CI:
0.65-0.94) im men and D.B2 (25% CI: 0.66-1.02) in women for
colon cancer, and .91 {95% CI: 0.73-1.14) and 0.82 (95% CIL:
0.63—1.08) respectively for rectal cancer (mot shown in Table I).
The data were inadequste o analyze women oaly for upper diges-

control studies lealy, n
on pizza eating as well a5 on & large mlnber of p-uhml:ul con-
founding Faciors.

MATERIAL AND METHODS

Case-control studies on digestive tract and laryngeal neoplasms
have been comducied between 1991 and 2000 in vanous regions of
morthern, central and southern Taly.*~" Our analysis included 598
patients (512 men, 836 women) with incident, hiswlogically con-
firmed cancer of the oral cavity and pharynx, 304 (275 men, 20
women) with squamous-cell cesophageal cancer, 460 (415 men,
45 women) with cancer of the larynx, 1,225 (688 men, 537
women) of the colom and 728 (437 men, 291 women) of the
rectum. The comparison group included 4,999 patients (1,724
men, 2,275 women)) admitted bo the same hospital network as cases
for acute, non-eoplastic discases. Twenty-five percent of controls
were admitted for traumas, 3% for other noo-traumatic orthopae-
dic condiions, 18% for scube surgical disorders and 27% for
miscellanecus other illnesses. Response rate was more than 95%
fior both cases and comtrols.

All subjects were interviewed using & standard questionnaire,
including information on sccio-demographic factors and lifestyle
hmhits, such as wnhacco smoking and alcohol consumption. Swh-

tive and mospi Y tract

DISCUSSION

The findings of this uniquely large and inkegried series of
casecontrol stadics from taly that pirza eafing is @
favomble indicator of sk for digestive tact neoplasms. In con-
trust, mujor sources of refined carbohydrates in Ialy, mainly bread
amd pastn, wene directly associated with the risk of colorectal
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Association/effect

Table I. Odds ratios (OR) and 95% confidence intervals (Cl) for various Neoplasms' According
to Pizza Consumption in Italy 1991-2000

Cancer Pizza eaters OR (95% u::I]2 X? trend
_ _ (of'
Non | Occasional Regulaﬁ Occasional Regulaﬁ All eaters
Oral cavity and 310 213 75 0.76 0.66 0.73 7.02
pharynx (0.60-0.95) (0.47-0.93) (0.59-0.91) (0.005)
Oesophagus 175 105 24 0.57 0.41 0.53 17.46
(0.42-0.78) (0.25-0.69) (0.39-0.72) («<0.001)
Larynx 236 167 57 (.86 0.82 0.85 1.71
(0.66-1.11) (0.56-1.19) (0.66-1.08) (0.191)
Colon 503 473 2490 (.84 0.74 0.21 10.97
(0.72-0.97) (0.61-0.89) (0.70-0.93) (0.001)
Rectum 301 260 167 (.85 0.93 0.22 074
(0.71-1.02) (0.75-1.17) (0.74-1.04) (0.390)
Controls 1,836 2,016 1,147 — — — —



Association/effect

® Epidemiological studies measure associations
® Mathematical relationship between two variables
® Correlation between an exposure and disease

® Correlation # causation; only a small subset of correlated
associations will be causal

® A causal relationship is when the change in one variable directly
“effects” the results in another variable

® Epidemiology is used to study population-level effects and it is
typically impossible to “look under the bed sheets” to see the causal
mechanisms

® Data are imperfect and people interpret data based on preconceived
beliefs

® If you start eating more pizza will your risk of cancer decrease”?
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Measures of association

® The strength of an association (magnitude) can indicate the relative
likelihood of a true causal relationship

® A minimum of four pieces of data are required; these data are
frequently entered into a 2x2 table for analysis

® The number exposed that developed disease

® The number exposed that did not develop disease

® The number not exposed that developed disease

® The number not exposed that did not develop disease
® Measures that can be calculated include

® Risk difference (measure of “impact”)

® Risk ratio (RR)

® Prevalence ratio (PR)

® Odds ratio (OR)
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Risk difference

The difference of two risks (probabilities)

Often referred to as the attributable risk (AR)

Values range between -1 and 1 with O being the null value
Calculated as: [a/ (a+b)] - [c/ (c+d)]

Use only when the study design allows calculation of probabilities

Interpreted as “how much of the total risk in the exposed group can
be attributed to the exposure itself”

A measure of impact rather than evidence for a causal association
RD = (75/475) - (25/525) = 0.11 Pancreatitis

Yes No
Overweight Yes| 75 @ |400 ®| 475
No | 25(© (500 @ | 525
100 900 | 1000




Vaccine efficacy

® The fraction (or percent) of disease in the unvaccinated group that
could be prevented through vaccination

® VE, = (Clinunvaccinated — Clin vaccinated)
Cl in unvaccinated

® Cumulative incidence (unvaccinated) = 3/5 = 0.6
® Cumulative incidence (vaccinated) = 1/9 = 0.11
® VE, = (0.6-0.11)/0.6 = 0.81 or 81% efficacious

Vaccine Exp + 1 8 9
EXp - 3 2 5
4 10 14




Risk ratio (RR)

Also referred to as the relative risk (RR)

The ratio of 2 risks (probabilities)

Values range from 0 to infinity with 1 being the “null” value
Range is asymmetric around 1

Interpreted as “how many more times likely is it to fall asleep in
class if the professor is boring?”

Probability of falling asleep if boring

Probability of falling asleep if not boring 0.9 1

® The probability of falling asleep is X-times o5/
greater for students in classes with boring
professors

World Organisation s
for Animal Health ’ ) ) hih ) ) ) )
Founded as OIE 0.0001 0.001 0.01 0.1 1 10 100 1000 10000



Risk ratio (RR)

Fell asleep

Yes NoO
Boring Yes| 25@ | 35(M) | 60
Professor No 5 (c) 35 @) | 40
30 70 100

® Calculated as: [a/ (atb)]/[c/ (c+d)]

® Only use when the study design allows the calculation of
probabilities

® Boring must be defined (and measured) independent of whether or
not students fall asleep in class (!)

® RR = (25/60)/ (5/40) = 3.33
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Prevalence ratio (PR)

Pajamas
Yes NoO
Boring Yes | 25@ | 35®) | 60
e D ofessor  No 5@ | 350 | 40
30 70 100

® Calculated the same as the RR: [a/ (atb)]/[c /(c+d)]
® Appropriate for analysis of data from cross-sectional studies

® Interpretation: “The prevalence of pajama-wearing students is X-
times higher in the class of a boring professor”

® Prevalence is a proportion but not a probability
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Odds ratio (OR)

The ratio of 2 odds
Values range from 0 to infinity with 1 being the “null” value
Range is asymmetric around 1

Interpreted as “how many more times likely is it to fall asleep in
class if the professor is boring?”

Odds of falling asleep if boring

Odds of falling asleep if not boring

® The odds of falling asleep are X-times greater for students in classes
with boring professors

® Measure of association for case-control studies because it’s not
possible to estimate risks directly from such studies

o
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Odds ratio (OR)

Fell asleep

Case  Control
Boring Yes | 40@ | 20® | 60
Professor No 10 () 30 @ | 40
50 50 100

http://i2.cdn.turner.com/cnn/dam/assets/
120815025533-dull-and-boring-story-top.jpg

® Calculated as: [a/b]/[c/d]; [a/c] /[b/d] -0fr-

® \When the outcome is rare in the source population (rule of thumb is
5% or less) then is a good approximation for the risk ratio

al/(a+b) = al/b when ais small relative to b (in source population)
c/(c+d) = c/d whenc is small relative to d

® The OR is mathematically the same irrespective of how it is
calculated and only the theoretical interpretation varies
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P value
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World Organisation
UNIVERSITEIT VAN PRETORIA

for Animal Health UNIVERSITY OF PRETORIA
Founded as OIE YUNIBESITHI YA PRETORIA

Faculty of Veterinary Science




Significant associations

Evalu8

shun

MY BOYFRIEND GOTA
JOB AS AN EVALUATOR!

\

IM NOT YOUR
BOYFRIEND!

[ You ToTALY ARE.

TM CAsvALLY
DATING A NUMBER
OF PEOPLE.

29

BUT YOU SPEND TWICE AS MUcH
TIME WITH ME AS WITH ANYONE.
ELSE. ITM ACLEAR OUTUER.

HH -

/ -
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IRREFUTABLE.

( FACE IT=IM

s

YOUR STATISNICALLY
SIGNIFICANT OTHER.

Addapted by Kistler Kreatives with permission form xked.com
https://za.pinterest.com/pin/189291990559151462;
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® A P-valueis the

probability of observing
the current data, or more
extreme, when there is no
association

P-values that are large are
consistent with “no
association” or no effect

Small P-values suggest a
true association and are
considered “significant”
when P < 0.05

The purpose is to provide
an objective criterion that
does not vary from
individual to individual
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Chi-square distribution

06 -

05

04

03

02

01

o

Oberved
Outcome
Yes No
Exp + 20 30 50
Exp - 10 40 50
30 70 100
Expected
Outcome
Yes No
Exp + 15 35 50
EXp - 15 35 50
30 70 100
X2=3.84,P=0.05
6 8 10



Expert opinion elicitation

® Epidemiological studies collect data to estimate effects and risks of
disease

® Data are often not available when performing risk assessments

® Probabilities therefore cannot be estimated directly and must be
generated from expert opinion

® Can be generated via:

® Delphi method —a process used to arrive at a group opinion or decision
by surveying a panel of experts. Experts respond to several rounds of
guestionnaires, and the responses are aggregated and shared with the
group after each round.

® Personal interview
® On-line, mail questionnaire
® Extraction and summarization of information from the literature — meta-
analysis
® Should account for uncertainty by modelling using distributions

y
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Quantitative assessment

® Mathematical structure of the problem must be defined
® All inputs must be quantified
® Fixed

| Initiating Event Event 1 | Event 2 Event 3 Event 4 Outcome
® Stochastic
® Statement of the scesse)
acce p t ab | e | eve| s Pa=( Pe) ( P1s) ( Pzs) ( P3s) ( Pes)
of risk
. Success (2s) Fallura (af Failure Qutcome B
® An example mlght o PP (P) (P2) (P) (Pa)
ag s Success (4s)
be a probability of Success (1) ————— SucamOucomec
I t h 1 . n Failure (3f) Pc=( Pie) { P1s) ( P2) ( Paf) ( Pas)
e-SS- an I a Initiating event (IE) '
million —
® Can be based on s Pom( Pe) (Pu) (Pa) (P (Pa)
extrapolation from o I
laboratory studies Foure 4

Failure Outcome F

http://en.wikipedia.org/wiki/File:Event_Tree_Diagram.JPG  e=(rPq) (P
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World Organisation ﬁ UNIVERSITEIT VAN PRETORIA
for Animal Health 0 @ U/VERSITY OF PRETORIA

Founded as OIE ECEN L/ YUNIBES!THI.YA PRETORIA
Faculty of Veterinary Science

—
o

=




Quantitative assessment

® Mathematical structure of the problem must be defined
® All inputs must be quantified

FIG 1: Scenario pathway for the risk of contaminating pork with FMD virus

® Fixed
. Event 1 Pig_s come from - No risk
an infected her.
® Stochastic  ——
Yes (Pq)
. Statem ent Of th e Pigs for slaughter No (1-P2) _
b I e I evel Event 2 i) No risk
accepta
Of Fs k Infection jnot detected at No (1-Ps) No risk
. A I ) ht Event 3 ante-mortem inspection
n exampie mig
b €a p ro b ab I | Ity Of Infection not detected at No (1-Py) No risk
I eS S th an 1 | n a Event 4 post-mortem examination
ayy- Yes (Py)
million e _
irus survives No risk
Event 5 post-mortem changes in pH

® Can be based on
extrapolation from | ‘
Iaboratory StUdIeS Fresh & frozen carcasses Meat & meat products

Risk assessment on Foot-and-Mouth Disease (FMD)

o in pork from vaccinated animals .
@)) ford Organisation E. LOPEZ, A. DEKKER, M. NIELEN 10 i‘;“i
— =t
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Expert opinion

® Amount of virus In affected muscle

® The pH drop that is expected to occur in FMD microlesions relative to
the surrounding muscle mass (eg. 50% drop would be pH =6 if the
rest of the muscle dropped to pH =5)

® Mass of affected muscle tissue in each individual lesion
® Number of lesions per affected carcass
® Probability that an infected animal will develop such lesions

® Best guess:
95% sure that it is less than:
® 95% sure that it is greater than:

World Organisation
for Animal Health
Founded as OIE



Modeling uncertainty

Number of cattle within

. Normal(147,26.6) 96.8 -0 +0
quarantine percycle
Biosecurity at quarantine 1
station (camps, doublefence) Beta(5.3,2) 0.73 0
Basic reproductive number - 0
for subclinical cattle Exponential(1) 1 0 ¥
Effect of ante and post- Beta(5.6,30) 0.16 0 1
mortem inspection o ]
Trimmings (probability of LN) Beta(2.3,23) 0.09 0 1
Concentration of FMDV

=20 (0]

(PFU/g) in LN Normal(5, 1.8) 5.0 +
Doselinfection constant; 'r’ Normal(4.1,1.8) 4.1 -0 +°0
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Expert opinion elicitation

Cattle Proximity to a game Human
population reserve population

Cattle population
Proximity to a game reserve
Human population

Proximity to a road network

Permitted cattle movement
into a village/location

Permitted cattle movement
outside a village/location

World Organisation
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Proximity to
aroad
network

Proximity to
rivers

Vaccine matching

Vaccination
coverage

Vaccination
interval

Cattle inspection

Permitted cattle
movement outside a
village/location

Permitted cattle
movement into a
village/location
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Expert opinion elicitation

Cattle Proximity to a game

population

Cattle population

Proximity to a game reserve

Human population

Extremley

16:1

Proximity to a road network

Proximity to rivers
Vaccine matching

Vaccination interval
Cattle inspection

Permitted cattle movement
into a village/location

Permitted cattle movement
outside a village/location
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reserve

Very Strongly
8:

1

Proximity to
aroad
network

Human
population

More Important

Strongly

4:1

Proximity to
rivers

Moderately

2:

1

Vaccination Vaccination
coverage interval

Cattle inspection

Less Important

Moderately Strongly

1:2 1:4

Permitted cattle
movement into a
village/location

Very Strongly

Permitted cattle
movement outside a
village/location

Extremley

1:8 1:16
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