Stratification (open cohort study)

Accurate or Valid

(bias) (efficiency) trade-off
Confounder bias
bias effect modification,
confounders, selection bias, information bias
bias valid efficiency (=accuracy, precise)
1
efficiency confounder validity

Not accurate not valid Accurate but not valid

Valid but not accurate Valid and Accurate



Open Cohort
open cohort study

exposed unexposed total

cases a b M1
person-time N, Ng T
confounder variable (stratify)
i=1,,,,1 strata stratum i

exposed unexposed total

cases a b; My,
person-time N Noi T,
confounder
British Doctors
Study revised
35-44 45-54 55-64 65-74 75-84
S ns S ns S ns S ns S ns
32 2 104 12 206 28 186 28 102 31
PY 52407 18790 43248 10673 28612 5710 12663 2585 5317 1462
S: smoker, ns; non-smoker PY. person-years
ns
630 101
PY 142247 39,220
IR 44.29 25.79
IRR 172
172



35-44 45-54 55-64 65-74 75-84
S ns S ns S ns S ns S ns
32 2 104 12 206 28 186 28 102 31
PY 52,407 18,790 43248 10673 28612 5710 12663 2585 5317 1,462
IR 6.11 1.06 241 112 72.0 490 1469 1083 1918 2120
IRR 576 215 1.47 1.36 0.90
IR: incidence rate, IRR: incidence rate ratio
IRR
effect modifier
confounder confounder

chi?>= (O - E)? / var
O: observed, E: expected, var.variance
Open cohort study confounding
chi’= [X — E(X/H,) J? / var(X/H,)
X = -a
E(X/H,) = confounder

= M,(N/T)

Var(X/Hg) = My(N/T)(1- N;/T)=M;N,No/T?2

(crude table)

= [630 - (142247 731/181467) 12 / (731 x 142247 x 39220/1814672) = 26.24

confounder (stratification)

crude table

chi?= [X,— SE;(X,/H,) 2/ =var, (X;/H,)
> |

Xi = = ai
Ei(Xi/Hj,) = confounder
= My;(Ny/Ty)



Var(Xi/Hy) = Myi(Nyi/ Ti)(1- N/ T)=MyNyNg/ T2

H,:
Ha

X, 630
E(X/H,) Var(Xi/Ho)

35-44 45-54 55-64 65-74 75-84
S ns S ns S ns S ns S ns
32 2 104 12 206 28 186 28 102 31
PY 52,407 18,790 43248 10673 28612 5710 12663 2585 5317 1462
IR 6.11 1.06 241 112 72.0 490 146.9 108.3 191.8 2120
IRR 576 215 147 136 0.90
Ei(Xi/H; 25.03 93.04 195.07 17772 10432
o)
Var(Xi/ 6.61 1841 3245 30.06 2250

Hoi)

> E,(X/H,,) = 595.2
> Var,(Xi/Ho) = 110.1

chi= [ZX,— =E,(X,/Ho) ?/ =var,(X,/H,)=(630 - 595.2)> / 110.1 = 11.02

Pr (chi?> 11.02) = 0.001

Ho
control ( control 10 1
confounder
:residual confounder) 10
confounder (residual confounder)
confounder ( ) selection bias, information bias

v? 2623 (confounder)

y? 1102 confounder
confounder crude data adjust
Effect modification

confounder



IRR (weight)
(weight)

1/var[In(RR))] = 1/(1/a; + 1/b;)}
strata

weights

w; = bN/Ti

effect modification

PY
PY

Inverse variance weights {w; =

aorb weight
Mantel-Haenszel

weight

RRyy = =w;”RR; / =w; 7 =>bN,/T(@/Ny)/(b/No) /(ZbN,/T;)

=(2alN,/ TN, /T)

35-44 45-54 55-64 65-74 75-84
S ns S ns S ns S ns S ns
32 2 104 12 206 28 186 28 102 31
PY 52407 18790 43248 10673 28612 5710 12663 2585 5317 1462
IR 6.11 1.06 241 112 720 490 1469 1083 1918 2120
IRR 576 215 147 1.36 0.90
INIRR 0531 0.093 0.041 0.041 0.042
aNy/ 8445 20.59 3427 3153 22.00
T;
bN,/ 147 9.62 2334 2325 2431
T,
>aN,;;/T=116.835
> b,N,/T,=82.09
RRyy = (=ZaN/T)/(=Zb;N,/T))=1.42
IRR 172 142 confounding, bias
42

value
INIRRy *£1.96Vvar(InIRRy,)

var(InIRRyy)= A/BC

95% confidence interval (CI)



A= SMN,;Ny 7/ T3
B= aN, /T,
C= =bN,/T,

var(InIRRy,,)= A/BC=0.01149

In(1.42) +1.9670.01149 = (0.141, 0.560)
e(0.141‘ 0.560)— (115, 176)

confounding bias confounder bias
known/unknown adjust confounder

confounder bias
15 75 95

IRR 172 positive confounding

rate difference (RD)

RD= >w,”RD,/ >w,~
Var (RD) = a/N;? + b/Ng? = (@aNg? + bN;%)/N;2N,?
w’; = 1/vari(RD;) = Nyi?No” /(Noia; + Ny”by)

35-44 45-54 55-64 65-74 75-84
S ns S ns S ns S ns S ns
32 2 104 12 206 28 186 28 102 31
PY 52407 18790 43248 10673 28612 5710 12663 2585 5317 1462
IR 6.11 1.06 241 11.2 72.0 490 1469 1083 1918 2120
IRD 0.000504 0.001280 0.002296 0.003856 -0.002020
Var(RD 0.173 1.609 11.104 53502 181.113
)x107
RD = >w;”RD;/ >=w;~ =0.00061
Confounder, bias 10,000PY 6.1
RD =+1.96+/var(RD)
Var(RD) =1/ >w;
0.00061 =+1.96~/0.0000000154 =(3.7/10* PY, 8.5/10* PY)
RD e = 1.85/1,000PY (12.4/10° PY, 24.6/10* PY)
RDcrude RDadjusted RD



confounder



British Doctors Study

STATAG6
time  person-time
open cohort con condition
35—44 strata 45—54 55—64 65—74
75—84 exposed
cases 32
1 5247 end

input cases exposed con time

cases exposed con time

. 32 1 1 52407
.20 1 18790
104 1 2 43248
12 0 2 10673
206 1 3 28612
28 0 3 5710
186 1 4 12663
. 28 0 4 2585
102 1 5 5317
. 31 05 1462

. end
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incidence rate ratio, incidence rate difference 95%ClI
ir cases exposed time

ir cases exposed time

| exposed
| Exposed Unexposed | Total
_________________ e
cases | 630 101 | 731
time | 142247 39220 | 181467
_________________ Sy U S
] | |
Incidence Rate | .0044289 .0025752 | .0040283
|
| Point estimate | [95% Conf. Interval]
l------------—————————— e
Inc. rate diff. | .0018537 | -0012439 .0024635
Inc. rate ratio | 1.719823 | 1.39197 2.143531 (exact)
Attr. frac. ex. | .4185447 | -2815935 .53348 (exact)
Attr. frac. pop | -3607157 |

0.0000 (exact)

(midp) Pr(k>=630)
0.0000 (exact)

(midp) 2*Pr(k>=630)

142,247 person years 630
39,220 person years 101
incidence rate  1,000person-years 44
Incidence rate difference incidence rate
ratio Attributable risk attributable risk population

95



crude data

ir cases exposed time, by(con)

con | IRR [95% Conf. Interval] M-H Weight
_________________ e
1] 5.736638 1.463519 49.39901 1.472169 (exact)
2] 2.138812 1.173666 4.272307 9.624747 (exact)
31 1.46824 .9863626 2.264174 23.34176 (exact)
4 | 1.35606 .9082155 2.09649 23.25315 (exact)
5] .9047304 .6000946 1.399699 24.31435 (exact)
_________________ T
Crude | 1.719823 1.39197 2.143531 (exact)
M-H combined | 1.424682 1.154703 1.757784
_________________ e
Test of homogeneity (M-H) chi2(4) = 10.41 Pr>chi2 = 0.0340
95 CI 35—44 95 ClI

Mantel-Haenszel

weight
Crude data (RR. ) weight IRRuy
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British Doctor 55—64

35—44
confounder
Confounder (adjust) direct standardization
weight
PY
ir cases exposed time, by(con) es
con | IRR [95% Conf. Interval] Weight
_________________ T
1] 5.736638 1.463519 49.39901 18790 (exact)
2 ] 2.138812 1.173666 4.272307 10673 (exact)
3] 1.46824 .9863626 2.264174 5710 (exact)
4 | 1.35606 .9082155  2.09649 2585 (exact)
5] .9047304 .6000946 1.399699 1462 (exact)
_________________ A e
Crude | 1.719823 1.39197 2.143531 (exact)
E. Standardized | 1.428377 1.157184 1.763125
(standardized) (crude)
Mantel-Haenszel
Incidence rate ratio incidence rate difference
ir cases expose time, by(con) es ird
con | IRD [95% Conf. Interval] Weight
_________________ e e —————————————————————————————————
1] .0005042 .0002463 .0007621 18790
2 ] .0012804 .0004941  .0020667 10673
3] .0022961 .0002308 .0043614 5710
4 ] .0038567 -.0006767 .0083902 2585
5 ] -.0020201 -.0103612 .006321 1462
_________________ e
Crude | .0018537 .0012439 .0024635
E. Standardized | .0011032 .0007922 .0014141

incidence rate difference

11



incidence rate ratio

ir cases exposed time, by(con) is

_________________ o

con | IRR
1] 5.736638
2| 2.138812
3] 1.46824
4 | 1.35606
5] .9047304
Crude | 1.719823
I. Standardized | 1.417609

incidence rate difference

con | IRD

1] .0005042

21 -0012804

3 ] .0022961

4 | -0038567

5 | --0020201

Crude | .0018537
I. Standardized | .0013047
confounder

adjust

ir cases exposed time, by(con) is ird

[95% Conf. Interval]
1.463519 49.39901
1.173666 4.272307
.9863626 2.264174
.9082155 2.09649
.6000946 1.399699

1.39197 2.143531
1.146777 1.752403

[95% Conf. Interval]
.0002463 .0007621
0004941 .0020667
-0002308 .0043614
-.0006767 .0083902
-.0103612 -006321

-0012439 .0024635
-0009929 .0016165
bias
CHD 42

(exact)
(exact)
(exact)
(exact)
(exact)

(exact)
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