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Parallel trends between cigarette consumption and lung cancer
in men (two curves on left) and in women (two curves on right),
in England and Wales.
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Information Bias:
Some Types and Sources of

* Misclassification Bias:
- Differential
- No differential
* Bias in abstracting records
* Bias in interviewing
* Bias from surrogate interviews
* Surveillance bias
* Recall bias
* Reporting bias
* Wish Bias

(Information bias) kML

Al 0 ol A Blal 9939 iagh 3,90 ol 8l diie) 5l ledbl (5,51 e ISl aS wdl o 5las]
gz ogs ;51 .00l Al g WAls o (59 2 L) rlen b aglse 3550 50 DLILI (S ol (e

P A (658 g S ey gt (g0t Al S yd a3l B el (S 0Bl s o MMl (g4
(20Ll5) wies Mis a5 ool 3l _cany (gamll 5,50 idgd <y o e gine slowl Misclassification
Sl b paass glo (alo)] Codgaze b Colar Jo 4 cll (nl gt (505 4kl 550 095 5
SLedbl ;5105 505 1,5 oLl 09,5 3 agalee yils a5l o3l Sae b oyl oo iy o 5o ST
0S5 i b adl Ml o 595 aglge jl owind axlas Wl Wed (55l mex alas L aglye 4 Ly e
ol il 0og ol b adl Sledbl canl (Sow il Sij slo 0dig 5l Dledbl F1.azilas apalse

il S5 90 @ 095 (5 S g

(Differential) ausl, 5230 =
(No Differential) azsl, 3128 &

Mo gy wlgs Sglite ¢ oy oot it 5lo 09,5 13 gty Al i ,0b e ¢ 1,28 gy dids o

Wigd ol sall fleie 4 6 xS dlasi 9 0,50 lgie A (6 s dlawd Cuwl S aglae gui a0

Page | 4




Gile bylg) Jundd )s (uwblb) sySew Med 99-A

oAl ol a5 b5 candllae Sy 50 ko ke 9l Sy S Slalllas o 1, sty Al g5 (pal gl
aib gl sl Sl ol o sl 093 (6,08,L e 0 Cighe SO (gyslol a4 ol Jaled axials
agzlge o181 51 gl olasi ols Jlaimlas g )sb 4y 0,10 0529 (g5lo L (ylyg0 Zishe b alaily )0 oLl (gus
yr ol il sl 09,5 o Wb oS Jb o wigd gus il alls aglae 09,5 10 ol 4y il
AL 392y (Ll iz a5 (J 0 sl las ) (a8l oliei 5 (o )lo,l cigas Jlenal (e bLS I 092
Ladly a5 bl b ol sgmg Ladly a5 ams ol |, bl )| wlgiee o 31,8l Lalé o aib 6 oS g

ol slad 1y ols vg>g

L agzlye S5s8 b bl slensl su aib go3 ol agiure slonl (a5l b arsls agalse vals b 3,)50)
S5y 05 5 Ygone 5,15 3535 DMl (5,51 moz KoKz 10 45 ol (USie aSL 5l aald 5 5,90 a8
Ol S G Byb s i | lhe 508 o5 nl s 0, i1 uild S U cons Hhas Jlade (08

i EalS Wil Al w2 092y ST S 1) bLa L o S oy Jleis] S0

Sop Sl b (Kb (s (LS lawss Oledlbl [Lal 5l cailes 51 o Sledbl (6,5 g ol Sae

Yo il 5,8 iy |y plie o3 b amlaae 51 56 Wilgiee pizad 053 sbg) ol b amlas bs, b

s Jlgm gl o b 10553 5l Lo e cnlaST 50 1A 590 58

Sl Glorm (SOt Gliee s planil ol ,SSL o s b BLS I 5o gaalls 0550 Gimghy S 0S8
Sgd UL 51 goload puiSin anxlie alas glp S8y ol Sow el 0 s yaile 003 ylog g 0k
9 el anln (o baaly jo Cledbl S gl cdls (pl jo asils 5985wl 4 0B L aslil 00,5
i eyl ol jlows W38 L juad 0)lge 5ST 50 aF (uiSw amlas lislgdl 51 (SO L s Sl e
= B ag>lae }lM’)li_o ansl asly jlew assle 5l 8o Sledbl ol S :le il S
S8 jlews a5 e ools lis wlgd a5 T pgo i @bl o lews yued Lo}.o.ﬁ o olasy,8 sl edb]

S USG5 ot Jrsgs B 5 JSI G pae i b as ogla 360 45 55 5 YL

anal> ol 3151 solows 5T .l (Surveillance bias) cudlo (.8 g oMbl ¢ nS g 51 6,500 £45

Page | 5




Gile bylg) Jundd )s (uwblb) sySew Med 99-A

39l o e 45 0,18 8929 (6 S g (ol Sl el S yge ol jo bl axsl> IS5l s lews T Sledol
L )l Bran o BL3) g2y Jloaol & 1 Lo Jlo dite 09 uild Gl b (oond jla3 ol ol
ool 3aS 1 og 3 hlew 5l 29,5 (b3 09 0o 5oL ax¢5 thrombophlebitis 4 ¢ ,lo,bL oo
ol assls S 8w, 0,90 thrombophlebitis o Mol s 51 6 i <o b ais S solaul s 4l
B,ae g,l0,L oo o, 845 b; 0 thrombophlebitis jaseis Jlos! as ai el g9l i
Py cdigeg i gl o, 8l Brae o (235 bLS | cplpls all op plo 5l i wis S

ol AL s Sl S a5 >

2oLl 8,50 Sladlae o logases 45 coul 5,518k (5 pSgus b recall bias (oledbl s 5o 5 6,50 £55
b 4 o wals 5l i 1) By 1o 0)50 (65055 g5 (nl jo o o)lal (T s oo 15 Sl 50 5 amae )
o aals g 5,5l oo Hbls 4| asl atsls Ly, asbly a4 waae Jlasl as |, Sledlbl da )] o ai gl oo
Mot sl oo 2 A G e 955 3l 5 WiSe S0 ALBIS 4y el Die 058 (57 aiSee (gelid | sl

S 90 |y @By pled

5 —azd S50l g 6,8, Blogas by ol 8l cwl (Ses : (Reporting bias) aas |38 (.8 g
i b T 5l Al b ol anslas 1) andly S Lo, 4 Jled Slolizel

"oosi lew e Lo Jlgw o gealy 40 0l 8l S csl (6 1S g 5l 29 1 (Wish bias) coulgs (5,5 g
ogeds b bl )l )0 a5 Slazlse (5 WS (o g S pale 395 (Sl )0 a5 aims (LAS aslge
FRE-CEER PR R S {PREE S N @S RRRWEL L R L ROMESA RS

e dayy LS ase 4 1) (6 lews 4 MLl 0l s Conl (a0 €0 s
1 0T L medony 2olS 1) o] Jlacie 5 oS (o0 sl 5 ol asliyg szl 5 2yb 4 ol ascs o Bias
el 0l Azgi 050 il o ol U B 09l i DAl cules 5o Al b ey e 5l S0

ol ools 136 el p bias jlaae 25,5 s o g awkis slp p3Y Sledbl dien Col (Koo a5 0,5 a4

.ML.: uo).wé O ‘Q‘“‘Q9JJ LSLQ’ d.».Bl.: 5o

295 5l (6 ks yo .ol (Confounding) u—s gusee cldllas glgl b o ape 4355 uagd

aS o 0 il sode s S ol shas woyls bled g oo lag s bl )l G o So5edgunan] sl

Page | 6




Gile bylg) Jundd )s (uwblb) sySew Med 99-A

| 6‘ odaliw Lchb LJ""'“?)"

w5b I3 p gy lulpd a5 Gige 0 wygl e 352 [ B ilen A le a5 358 (asiine (gl ST 0 ST

el B g los slmil sl s ol S X Juls
gas slul A ele (36 o 0 Jy enl A ole ol pon atan X ole %

as Myl Jlazs! il el g8 G ial33l 45 3gs oyl axlllas 550 4y caxdllas K 50 Jlie lsiny

)_i{o),,.b.ag_iio\famio&b&}l@dgb)omTw.\gMdﬁj@ywjjos@w\)ﬁgd&ﬂ

dsllas ol o 0 ouis 48,5 Llas 15 0 owiS w45 X ke g Sl 0929 B g A e Gudsd (o
Ml sl )55 Sy 5l 9 Sgdtue 48,5 LLa5 0 Wb 4 0 00ilS hgase Jele SO aiS K
30 bl sl b oged (owdsl 9 (oS K aSl 090 9 (6,5 (hgaee Jgl b pb) sl ol ,SSL Gl 5
0943 (g 4o (6 idon Joled (6w ol Bl asly Wgied (6,0 0ged anigs b L"BJ“ al,8 Jy

(3518
d#&j‘uou]bpyww&kk&w‘hfWLu)|ﬁ%w)J%m‘ﬁ)é

LLs ) o agalee b oo B,k SO 5l Mol Sy, oyls 100 ansS K S cnl (6 ko ol Jele

Page | 7




Gile bylg) Jundd )s (uwblb) sySew Med 99-A

Confounding in an Unmatched Case-Control Study: I.
Numbers of Exposed and Non exposed Cases and Controls

Exposed Cases Controls
Yes 30 18
No 70 82
Total 100 100
30«82
Odds ratio = ——=1.95
70x<18
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Distribution of Cases and Controls by Age

Age (yr) Cases Controls
<40 50 80
>40 50 20
Total 100 100
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€500 il by sl agzlge dy sy cy LT a5 sl oyl gans lges

Not %
Age (yr) Total Exposed Exposed Exposed
<40 130 13 117 10
>40 70 35 35 50
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A. Causal B. Due to Confounding
‘ Exposure I Exposure ‘

/

I Older Ase !

| Disease

Observed Association
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Age
(yr) Exposed Cases Controls Odds Ratio

<40 Yes 5 8 ' 5%72 360
. _ 3 — =1.0
No 45 72 | 45%8 360
Totals 50 80

>40 Yes 25 10 25x%10 250
. & = =1.0
No 25 10 ¢ 25%10 250
Totals 50 20 |
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Apparently healthy Population
}
Screening test
Identifies the screened people as

Positive Negative
High risk population Low risk population
iagnostic/confirmatory test
{
! l . ¢
Disease present No disease Disease present No disease
true positive a false positive b false negative € true negative d
Disease
.
Test a b
.
c d
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TRUE CHARACTERISTICS
IN THE POPULATION

Results of Have Do Not Have
Screening the Disease the Disease Totals
Positive 80 100 180
Negative 20 800 820
Totals 100 900 1,000

Sensitivity: Specificity:
80 800
— = 80% —— = 89%
100 900
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TRUE CHARACTERISTICS IN THE POPULATION

Test Have Do Not Have
Results the Disecase the Disease
True Positive (TP): False Positive (FP):
Positive Have the disease Do not have the disease
and test positive but test positive
False Negative (FN): True Negative (TN):
Negative Have the disease Do not have the disease
but test negative and test negative
™ TN
Sensitivity Specificity = ———
TP +FN TN+ FP
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Trade-Off between Sensitivity and Specificity when Diagnosing Diabetes”

Blood Sugar Level

2 hr after Eating Sanstivity Specificity
{mg/ 100 mL} (%) {%)

70 || 98 6 88
E] 80 & 7.1 25.5
. Q0 } Gk 843 476
= 100 S 88.6 698
110 ;I 85.7 84.1
aza |} 71.4 925

130 g _QLS_I lﬁ.g_l
140 S creen 8579 994
150 P 500 99.6
Jar 1160 ] | *] a7 1 00.4
170 42.9 100.0
180 38.6 100.0
190 34.3 100.0
200 7.t 1000

“ Pubkc Health Scrvice. Disbetes program guide. Publication no. 506 Washington, DC: U.S. Govermniment
Printing Office, 1960,

12
Cnd gl 5l (S5 1S Sl 0 (gylo)b cdle SIS SO o 1y 6,80 e Comer G Jle lgie 4
o ol 20,0 Ar Fhg 5 0u0,0 A0 Sl iolosl j0 a5 guols J18 olesl 050 1) L5 e Lo g ol
A0 5> 9 i plosil 1) iolel soiiva oIl 125 AAD ¢ Mwe Lol 51,85 V0 a5 e ol 51 cpl b
:M'LS

VEE (V) S NY e g L3 )
AF = (Y + AAP) = 9.4 ate 5,L31 35

L;L:ac;_félﬁng_i)ol)HlVWu:%Lo}TLaJ{éJt;o)o.a)loL;};Uqaﬁwm
Lo )lem pamts S_ds SO o HIV e is ol iolel malys (oo Yl o )57 4 (sl )b
8l cpl o HIV (6 jles Egnd S dnxl o SGdS pl 4y aST (gol)8l 51 45 e j0 e 5 @ (o )lee
A 5 o) ol g ol (L3 iolosl Glea ialejT cpl wuylo HIV @ Sl a5 8+ Lo ol oo yo # 31
5 om8ly cue | La3 OV wyls cusa HIV a5 (6,5 £+ 50 ooyl cpl (plplo canl o j0 0 S5g 9 ol
Cotal 5 A0 5 (geily hie |, 5 ATF (plliy 300 A0 1 (S o 5 3y (o 015 305 ke s
Negative predictive value positive predictive o plss o Y sas o jlis SIS
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Jgaz Jgl sy 5l ciie )L o5, dwlone (gl 00iS oo low (5 s 4> 8 e & < ValUE

OY + (AF + 0V) = %YV.V0 a5 axiws true positive ,a 57 w8 o ool

AfP + (Af# + ¥) = 24.# true negative

silesl ples Jls cpl 5o 35, 99.9% e L3 855l g 09 1 12,4 LS s o cute 5L 35
S J=8 b 4 Cond (glom £t Jlo cpl po bl 485 O js0 (Shs ples § Conles lea L LS
sl il alS e 6 Ll 35, s 4l Ltal3dl LS e 4y Coms e (g 3 gl ol iy !
@ anal> ;0 (g ke £l 4> 2 dmawe yLis |, predictive value 4 pre valence (. alal; jloges oy
gy ;5 Y ot azye g dsdne 035 100 @ oo cute L3 35 0sd (o0 S0 7.100
e (53 (03,] g e adal) cie (6 LS (055 05d (0 S5 o 4 dite )L L5
(3, wsSae alayl,

09w = OS5 an b el pl oS ol S 5o gilem 90l (LS 555 2 e Jalss 5l (S
Solae calizes sl (Lo 10 30 g Ll 55,0 ol ply ccwl Oglate calizes sl 56,0 (6 )lew Eauis

|

Predictive Value and Prevalence
(in test with 98% sensitivity, 92% specificity)

100%

80%

w—P\/P
60% PVN

40%

Predictive Value

20%

0% !
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Simultaneous | sequential (two stage) L s, )5 & JS& g0 @ lys oo |y Slisle;]

w23 oo a1 gom GaalejT wil cuie Jol LiulesT ST Jlgie- sl al> 0 Sequential =&

weps oo plnl | iolesT i lejen m : olejen - Simultaneous 4

Syige Gles] (T g Camlas 5 SS90 oyl

Voo Cmenx SO (g9, 0 SEQUENtIAl &y dan ialej] plil jo ( g g Comlas k5 o)

Ar ooz g Ae L (S35 50 4 L cesl pln il £50d spdie plosl | LSb (95 03 Gialojl (654
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Sequential (Two-stage) Testing: Net Sensitivity & Specificity

Assume A Population Of 10,000 People
With A Diabetes Prevalence Of 5%

TEST 1 (Blood Sugar) DIABETES

Sensitivity = ~

Test + | 350 |1.900
RESULTS

= | 150 |7.600

A | 500| 9,500

2,250

7,750

10,000

ala s 315
Net Sensitivity = s00 ¥ 100 =63 %

DIABETES
+ -
+|| 350 |1.900] 2,250
TEST
RESULTS
N
150 (7,600 7,750
500 9,500 10,000
TEST 2 (e.g., Glucose Tolerance Test)
Sensitivity = 90% DIABETES
Specificity = 90% + -
+| 315 190 505
TEST
RESULTS ]
—| 35 ({1,710) 1,745
e
B [350 1,900 2,250
Net el 7600 + 1710 100 98 %
et speciricr =X =
pecificity 9500 0
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+ <ol - <abo

Test + 315 190 =06-0

4= Resault Yo INAREARA N
315 e
e X 100 = 63% L el 5l net sensitivity

el ioleyl 98 o 50 S i Hlows OlaS S pl O ygo OS A g
(7600+1710)/9500x100 =98% net specificity

Sinleyl 98 s S i jlews Ol 485 saias jlis Net sensitivity S & ge asSs sdalie 45 jshiles

net sequential lisle;l o 5 b oo (2els sequential wlisl;l o net sensitivity @ axs

b e ;8! specificity

4oty Gulasl g0 Lo o Mo ;a5 Vo v g Gl 200 Vo (glows E5uds a5 (6,85 Vo v v Camar SO 0

S S
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Simultaneous Testing: Net Sensitivity Using Two Simultaneous Tests

POPULATION POPULATION
Results of Results of
Screening Disease No Disease Screening Disease No Disease
Positive (360) 320 Positive (380) 80
Negative 40 480 Negative 20 720
Totals 200 800 Totals 200 800
Test A [Sensitivity = 80% _Specificity = 60% | Test B [Sensitivity = 90% _ Specificity = 90%

Test A : Disease = 200, Sensitivity = 80% ™= Dis = 160

Test B : Disease = 160, Sensitivity = 90% === Dis = 144, Test A & B Positive

160 - 144 = 16 Dis, Only Test A Positive . 16+144+36 196
s NEL sensitivity = =
180 — 144 = 36 Dis, Only Test B Positive

20

Voo sl 18 Gialosl ol e cal 807 0T Soag g A/ Jol aaleg] comnles"  aals Koo Jlio 5o
1, - A ‘°)‘°7’Z SR8 05 9 S (a5 QIS e 1y 585 T g deane lis Cue | M )4
Pl plejed Sj50 a1y (6,500 Giale Vo L amae lis QS Coe Sjgo 1) a3 VY 5 dly e
o |y i Ae g odly cue |y i VAL bl el e )8 407 Shg 9 40/ Culus a5 eaiie
e HLits OILS cuta |y i A g aly it |y a5 VY- o)ls A0 X (S ez g dadee olis L3S
oo ol 790 590 a3l Gl a5 Lx] 5l i lo oS Cla 1) NEt sensetivity walgsy 31V

-7 501,160) ainl oo clas @ Jlows bxil o wivgs Jlow A Jiolejl 4 as g L aS (6,5 18+ 5l ,ai VFF

Ll cuie A cus baid oS 14316 a5 VP =V FY sl P

A ,0 WLl Cude B ls add a5 145 36 a5 YF =V FY sl VA

net specificity %98 = 200/196  Or 200/(36+144+16)
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Reliability And Validity

Random error — measurement not reliable
Systematic error — measurement biased (not valid)
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Biases in Screening

Lead time bias resulting from screening 3 years earlier

Detected Usual
Biological ba Screening: Time of
Onset of iagnosis Diagnosis &
Disease Treatment Treatment Death
| 1 | 1
' LEAD | I
2000 2005 TIME 2008 2010
[
» BIAS '
. SURVIVAL
e _—

C su RVWAL
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