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Objectives — Day: 1

Review! FElndamentals off Epidemiolegy.
» Measures of Disease Occurrence and Association
= Study Designs

= Epidemiologic Concepts
Bias
Confounding
Random! Variation

= Groups Exercise




Measures of Disease
Occurrence

PREVALENCE = NUMBER OF EXISTING CASES OF A DISEASE
TOTAL STUDY POPULATION AT THAT TIME

Synonym(s):  Prevalenceyate

Notes: Prevalences fnot ayate, It 1s & Unitiess proportion.
It lokes of valles rromi0ito 1 (€.g. 0.2, 0)7)
Coyll be thought oras al %

WNOL &l ImEasUe Of IEW, Cases), bUt dll cases
Prevalence afinction of iicidence) rate) and. disease. auraton.

Examples Ameng a sample off men aged 50-80 years in
Bangkok; 30 of 2400 men examined in 1986
had cancer

Pielzllaples = 2]0)/2410)0) = 10),0):125) = 110)0) = | 25%)




NUMBER OF NEW_CASES OF DISEASE FROM T, TO T,
NUMBER OF SUBJECTS AT RISK AT T,

2 = 0.50 * 100%) = 50%

4

i, = start of fellow-up I, = end of follow-up

RISK

Synonym(s): CUmuative Iiciaence), INCIGENCe Proportion

Notes: [nd/v[dé/a/’s Probability, of: deve/oplig! dISEase OVEl SpeCiied. e
PENO

A Unitiess proportion) 1ot a rate.
Ittakesion values irom O tor 1 (eq. 0.2, 0.7)
Cap berthought orias a. %,

Meastire. olnew. cases iiia. popUlanon) O previous)y d/sease.
ree subjects

Example: Among a sample offmen aged 50-80 years in
Bangkoek, 2370 'men of 2400 examined in| 1986 were
fireefofi cancer.

Freom 1986 to1 2006, 150 ofi them developed
cancer.

Risk = 1507/2370 = 0.021 = 100 = 2.1%




Problems with Risk

Competing risks
Subjects may: die of other disease early during the study,
and thus cannot develop! disease of interest. They.

cannot contribute to numerator. Yet, they: contribute to
denominator.

Loss to fiellow-up

Subjects may: move out off study area, or become non-
responsive, and! thus we dornet know:ift they developed
disease or'not. Therefore, they cannot contribute to the
numerator, but they do contribute to the denominator.

Incidence rate = Number of events that occur from Toto T,
Totall person-time of observation

Person-time = Sum) of' total time; spent: in' study, for all study: subjects

T, = start of follow-up 15, = end of; fellow-upi

Person-time=1 person * 3 years = 3 person-years

}(

Person-time=3 person-years

/

Person-time=2 person-years
O
(N

Person-time=4 person-years
1

1/2000 2001 1/1/2002 2003 1/1/2004

Total person-time=3 + 3 + 2 + 4 person-years = 12 person-years




INCIDENCE RATE
Synonym(s):  Hazard rate

WNOLESY 7 HEW. CESES OCCUITHG il POPLIGLONR PES UL OF PEFSO/I-LIMIE
fHas Umits (1:€., " PErSO-LImEL), /s alrate
Jakesion valuesiirom. 0to. oo

Exampler Amoeng| a sample of meniaged 50-80/years in' Bangkok,
2370 men; of 2400 examined in" 1986/ Were fiieel oifcancer.
From 1986, to) 2006, eachisubject was followed for 20 years,
and 150fmen| developed cancer.

Irieielaiplgs reticsi= L5 0) A(ZS0) o rsanls « 20 \ezlfs)
= (0. 0082 CASES| OIfCANCEr/ L PErSPREYEar:
= 3.2 CASES Off Cancer/1000I pErSeR-YEars

Prevalence isia function of both incidence rate and duration
Prevalence = Incidence Rate * Duration
1-Prevalence

Exanmpler
Prevalence=5%
Incidence, rate=10 cases; off disease/ 10, person-years
DUratienr=: 2Vears

0.05 = 10/cases * Duration|years
(1-0.05) 10/ person-years
Durationt = 0:52Vears

If* prevalence < 0:10ror 10%) then:
Prevalence ~ Incidence Rate * Duration

= 10 cases + Duration|years
10/ person-years
Duration = 0.5 years




Measures of Disease
Association

Rate Ratio = IRg,;0seq /' 1Runexposed

Syronyim:: Relative risk

Notes; Ranges irom. 0. to) oo
Wihen. o, associaLion) between: Exposure. and disease) RR=1
RR' <1 /[dIcates; EXPoSUIe Gecreases Iciaence rate
RR > 1 /[dICates; EXPOSUIE JACHEGSES CIAENCE fate.
Al ratio. measures are. Uniess

Examples Radiation NorRadiation
Breéast Cancer Cases 41 15
Person-years 28,010 19,017

RR = (41/28,010 PY) / (15/19,017'PY) = 1.85

Radiation’ exposurelresults infan 856 Increase i the
cidence rate i lreast Cancer, compared tormo
radiation) exposure.




Risk Ratio = RiSkExposed / RiskUneXposed

Syronyms:  CumuiaLye Incidence ratio, relative risk:

Notes: Ranges om0 to) o
YWIhEn. 1o, 550CIaLion DELWEEN. EXPOSUIE arid.
disezse, RR=1
RR' <1 /fd/cates EXposure /s Protective
RR > 1 11G/Cales EXPOSUIE IICIEEa5Es 1Sk
Al ratio) measures are Uiitiess,

Example: Radiation. No Radiation
Breast cancer cases 41 15
INon-breast: cancer 17 27
Subjects at risk 58 42

RR =(41/58) /[ (15/42) = 1.98

SUBjectshWIthiadiatiRIEXPOSUINE hiaVe 986 diicater;

sk el develeping breast Cancel, thian SUBJECLS
WitheUt radiationt EXPOSUNE:




Rate Difference = IR IR

Exposed Unexposed

REnges 1o, -0 Lo, +-00.
Wihen, o) association) betwWeen: EXposure. and. disease), RD=0.
RD) <0} /ndIcatesi EXPOsUIE. decieases: Incideice /ate.

RDI> 0, /ndlcates; EXposuieiceases incidence. rate.
RDYJs /i Units of PErson-time

Examples Radiation No Radiation
Brieast Cancer Cases 41 15
Person-years 28,010 19,017

RDI = (41/28,010 PY) - (15/19,017 PY) = 0.000675 cases/1 PY
= 6./5 cases/10,000 person-years

Radiationexposuie resultsiin anincrease 06, 75 ieast Cances
cases) 10,000 persen-years, compared terno; riadiation
Exposure.

Risk Difference = Risk -ClI

Exposed Unexposed

SYnonyms: Attributablel sk, atiibutabIe sk amoig the EXPosed

Notesy Ranges irom -1 to) +1
WIhEn! 1o, a550C/at0) DELWEER, EXPOSUNE arid dISEase), RIPD=0U.
R <ONRGICALES EXPOSUIE AECIEaSES 115k
R >0NRdICatES EXPOSUIE CIEFSES 5K
Unitess,

Examples Radiation No Radiation
Breast cancer cases 41 15
Non-breast cancer 17 27
Subjects at risk 58 42

RD = (41/58) - (15/42) = 0.35 * 100% = 35%

Jihene isia 55% Increaseiin: therrisk el breast cancer
asseciated withrradiation expesure, compared to) therrisk
foundiin subjectsiwithout radiation exposure.




Attributable Risk % = ((RR = 1) / RR ) * 100

Synonyms: ELioIogic fraction), relative eXcess incidence, attrmbutable
Proportion

NoLesy Fraction) or: disease. BUrden) among el EXposed. thal: Carn. DE
glirpUted. to) EXposue)

Examples Radiation.  No Radiation
Breast cancer cases 41 15
Non-breast cancer 17 27
Subjects at risk 58 42

RR = (41/58) [ (15/42) = 1.98
AR% = (1.98 = 1) / 1.98/ * 100 = 49%

Approximately 496 of the breast Cancer Hskin these eExposed
Lo radiation Is dUE te radiation exposures

Population Attributable Risk 9

PARYG = (( RiSkTOTAL - RiSkUnexposed) / RiSkTOTAL) * 100

Notes:: Fraction; or: diseaseliathe) population that /s dtbutan/e to,
EXPOSUIE), and thils colld be eliminated i exposuie
were eliminated.

Example: Radiation INe Radiation Tiotal
Brieast Cancer cases 41 15 56
INon-breast cancer 17 27 44
Subjects at risk 58 42 100

PAR% = ((56/100) — (15/42)) / (56/100) * 100 = 36%

Approximately 866 o NEW Breast Cancer Cases Would be
eliminatediin thistpepulation i radiation Exposule Was
eliminated




Note: The;principlesiand interpretation of attributable
ratel percent, and population attibutable rate areisimilar

to those given for risks

They: are just calculated with incidence rates rather than
risks

Odds Ratio = ad/bc
Used in' both case-control and cohort studies
Due to common use off logistic regression

Used to approximate the: rate: ratio or risk ratio

Exposed  Unexposed

Disease
Nor Disease
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Review/Examples

If we want to)quantify: # off existing cases inithe population

= Prevalence = # of existingl cases of disease
# off people in the population

I we want torquantify/ the # of new! cases inia population
= Risk'= # off new cases of disease sinceil,
# Off people at risk in' the populationiat I,

= Incident Rate = # of new.cases of disease since Ty
# Off Person-years accrued by population
at risk since T,

Review/Examples

If you want: to) compare the burden of disease! injan exposed population
to) that off an’ unexposed! population:

/s exposure assocliated Wit a. greater/Iower risk/rate ofr disease?
Rate Ratio (RR) & IRExposed / IRUnexposed
Risk Ratio (RR) = RisKe,,qceq / RiSKyneyposed
©dds Ratio) (OR)I = ad/be
Exposed  Unexposed
Disease
NorDisease

Rate Difference = IRg,;0ceq = IR ynexposed
Risk Difference = RiSKe,ceq = RISK{jnexposed
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Hanvard Six Cities Mortality

Study/
Deckeny et al;, NEJMI 1993

Prospective study of Cities selected to
effects of air pellution reEpresent range of
on| respiratory disease exposures to air

8111 subjects randomly pollution flom fossil
selected 1974-77 in| six fuels

communijties Community: air
Queestionnaire on risk monitors:in each city
flactors for respiratorny. = TSP, PM,,, PM, ., SO,
disease, PE test = SO,, NO,, O,
Martality fellow-up

through 1989

Incidence rate = Number of events that occur from Toto T,
Totall person-time of observation

Person-time = Sum) of' total time; spent: in' study, for all study: subjects

T, = start of follow-up 15, = end of; fellow-upi

1/1974 1/1 1977 1/1/1986
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Calculate incident mortality with person-years denominator
Deaths

Yes No Person- Deaths/1000 Relative Risk (95% ClI)
Years p-yrs

Portage, WI 232 21,618 10.73 1.00

Topeka, KS 156 16,111 9.68 0.90 (0.74,1.11)

Watertown, MA 248 19,882 12.47 1.16 (0.97,1.39)

Harriman, TN 222 17,836 12.45 1.16 (0.96,1.39)

St.Louis, MO 281 17,715 15.86 1.48 (1.24,1.76)

Steubenville,OH 291 17,914 16.24 1.51(1.27,1.80)
1430 111,076

Next:

Epidemiologic Study:
[DEsIgns




