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Purpose

e Combine information on predictive ability of risk models
across studies

e Assess how much a new risk marker aids risk prediction

Rationale

* G@Greater precision
 Reduced over-fitting

* Increased generalizability



Risk prediction models for multiple prospective studies

Cox proportional hazards model, stratified by study (s) and sex (k)

log(h,,; (| X)) =log(hy, (t))+ Z,BpoS,

1-stage approach; ignores heterogeneity of 5 across studies
— focus is on estimates rather than their uncertainty

— easier to get absolute risk predictions than from a 2-stage
random effects approach

Risk score = ZBpoS,- for individual i in study s
p



Risk discrimination in a single prospective study (i)

Harrell’s C-index = probability that the predicted order of
events is correct in a randomly selected pair of participants

C=n_/(n+n,) where
n. = # concordant pairs; ny = # discordant pairs
C ranges from 0.5to 1.0
The risk score is sufficient when ranking predicted risk

AC = change in C on adding a new risk marker

Variance of C and AC calculated by efficient jackknife estimator

Harrell, Stat Med 19964



Risk discrimination in a single prospective study (ii)

Royston-Sauerbrei’s D statistic
— quantifies the association between ranked predicted risk and

observed risk
— interpreted as log hazard ratio comparing top to bottom

halves of predicted risks
D ranges from O upwards

AD = change in D on adding a new risk marker
Variance of D obtained directly
Variance of AD obtained by bootstrapping

Stratified versions of C-index and D can be calculated
— e.g. stratifying by sex

Royston & Sauerbrei, Stat Med 2004



Overall scheme for modelling and assessment

model derivation Assessment of predictive ability
' N\ (il N\
2-stage approach: p@li&; study specific £ 2-stage approach: pooling study specific &,

N

D>

F

1-stage approach: stratified model 1-stage approach: stratified calculation

w; = study-specific weights for meta-analysis
6,=C, D, AC, or AD

Primary ERFC prediction analyses 6



Choice of weights in meta-analysis (1 & 2)

1. Inverse-variance (fixed effect)
2. Inverse-variance (random effects)

Meta-analysis of C-index and D
C, for model 1, C, for model 2, AC for difference
D, for model 1, D, for model 2, AD for difference

Inverse-variance weights leads to inconsistency between
pooled estimates of C,—C, and AC
pooled estimates of D,—D, and AD



Choice of weights in meta-analysis (3 & 4)
3. Number of events
Well matched to intrinsic weighting in stratified Cox PH model
4. Estimators stratified by study
For D, equivalent to option 3
For C, weights depend on number of informative pairs — large

studies can receive substantial weight despite few events

Prefer option 3



Example
Prediction of CHD (fatal and non-fatal)
37 population-based prospective studies, 8806 CHD cases

Conventional risk factors: age, sex, smoking, systolic BP,
diabetes, total chol, HDL chol

Investigate value of adding of log C-reactive protein (CRP),
an inflammatory marker



Meta-analysis of C

-iIndex

CHD SE %WT  %WT %WT %WT
Cohort n cases C-index (95% CI) C-index Events Pairs IV-FE IV-RE
i
MOGERAUG3 3150 16 TTTT 0.7665 (0.6747, 0.8584) 0.0469 018 007 031 1.97
NSHS 1324 19 1l —— 0.8583 (0.8086, 0.9079) 0.0253 0.22  0.03 1.05 2.69
HOORN 525 19 : : :: 0.6738 (0.5499, 0.7978) 0.0632 0.22 001 0.17 151
TARFS 1673 23 TG e 0.8411 (0.7708, 0.9113) 0.0358 0.26  0.04 053 2.34
LEADER 437 37 i 0.5459 (0.4486, 0.6432) 0.0497 0.42 002 027 1.88
ESTHER 4738 43 —-—:—:—:—:— 0.6739 (0.5985, 0.7493) 0.0385 049 025 046 2.25
FRAMOFF 2713 52 lin 0.7741 (0.7173,0.8310)0.0290 059  0.17 0.80 257
CAPS 816 52 0.6813 (0.6096, 0.7530) 0.0366 0.59  0.11 050 2.31
FINRISK97 1150 56 —_—— 0.6922 (0.6320, 0.7524) 0.0307 0.64 017 072 251
EAS 741 60 — 0.6460 (0.5827, 0.7093) 0.0323 0.68  0.05 0.65 2.46
BRUN 817 66 iy ——— 0.7903 (0.7455, 0.8351) 0.0229 0.75 006 129 276
MOGERAUG2 1265 74 ——— 0.7179 (0.6631, 0.7727)0.0280 0.84 023 0.86 2.60
HISAYAMA 2577 77 : : :: —_—— 0.7878 (0.7348, 0.8408) 0.0270 0.87 024 092 2.63
MOGERAUG1 873 79 —_—— 0.7327 (0.6854, 0.7799) 0.0241 0.90 018 1.16 273
BWHHS 2652 81 — 0.6786 (0.6221, 0.7352) 0.0289 0.92 057 0.81 2.57
MESA 6722 83 —— 0.7167 (0.6658, 0.7676) 0.0260 0.94 071 1.00 2.67
QUEBEC 1219 95 : : :: 0.6734 (0.6191, 0.7277) 0.0277 1.08 030 0.88 2.61
FINRISK92 891 104 1y ——— 0.7752 (0.7406, 0.8097) 0.0176 1.18 0.12 2.18 2.91
AFTCAPS 5613 106 —_——ti 0.6606 (0.6101, 0.7111) 0.0258 1.20 063 1.02 2.67
PREVEND 5819 115 :: :: — 0.7805 (0.7440, 0.8169) 0.0186 1.31 070 195 2.89
NHANESII 2359 127 00ir 0.8496 (0.8214, 0.8778) 0.0144 144 034 326 2.99
ULSAM 926 146 —_— 1 0.6373 (0.5921, 0.6826) 0.0231 1.66 030 127 276
WHITEI 7326 158 . 0.7396 (0.7001, 0.7791) 0.0202 1.79 203 166 2.84
RANCHO 1381 161 oy —— 0.7693 (0.7382, 0.8005) 0.0159 1.83 025 268 2.96
WHITEI 3808 202 — 0.6575 (0.6222, 0.6929) 0.0180 2.29  1.86 2.08 2.90
ROTT 4437 229 —a— 1 0.6507 (0.6146, 0.6868) 0.0184 2.60  1.18 199 2.89
[ WHS 23287 238 e —— 0.8036 (0.7773, 0.8300) 0.0134 2.70 1530 3.75 3.01
PROSPER 3180 262 —_— Ao 0.5767 (0.5419, 0.6115) 0.0177 2.98 052 215 2091
SHS 3112 281 —a— un 0.6524 (0.6187, 0.6861) 0.0172 3.19  1.11 229 2.92
USPHS2 10715 311 0.7012 (0.6726, 0.7299) 0.0146 353  8.85 3.16 2.99
WOSCOPS 5452 336 —a— :: :: 0.6447 (0.6168,0.6725) 0.0142 3.82 236 3.35 3.00
EPICNOR 15902 368 e 0.7476 (0.7246, 0.7707) 0.0118 418 690 4.89 3.05
ARIC 9326 387 —— 111 0.6510 (0.6208, 0.6812) 0.0154 4.39  3.74 285 297
KIHD 2020 395 —— 0.6758 (0.6490, 0.7027) 0.0137 4.49 184 361 3.01
COPEN 7772 458 ami —- 0.7872 (0.7691, 0.8052) 0.0092 520 410 7.95 3.09
CHS 4211 614 —|— 0.6571 (0.6345, 0.6798) 0.0116 6.97 279 505 3.05
REYK 14927 2876 ’ﬁ 0.7257 (0.7165, 0.7349) 0.0047 _32.66 _ 41.88_30.47 3.14
Overall (I-squared = 93.4%, p = 0.000) o
Overall # events WT 1 0.7080 (0.7027, 0.7133) 0.0027 100
Overall Informative pairs WT 1 0.7284 (0.7217, 0.7351) 0.0035 100
Overall IV fixed effect WT ': I:g' 0.7229 (0.7178, 0.7280) 0.0026 100
Overall IV random effect WT 0.7150 (0.6940, 0.7360) 0.0108 100

Random effect 95% prediction interval

(0.5906, 0.8394)

C-index with conventional CHD risk factors: age (sex), smoking, systolic BP, diabetes, total chol, HDLchol
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Meta-analysis of D

CHD SE %WT %WT  %WT
Cohort n cases D (95% CI) D Events IV-FE IV-RE
n
MOGERAUG3 3150 16 ) 1.6626 (0.8427, 2.4826) 0.4184 0.18 0.19 1.46
NSHS 1324 19 L] 2.0425 (1.2822, 2.8028) 0.3879 0.22 022 159
HOORN 525 19 :: 1.1455 (0.3939, 1.8970) 0.3834 0.22 022 1.60
TARFS 1673 23 ) 1.7322 (1.0897, 2.3748) 0.3278 0.26 031 1.86
LEADER 437 37 ] 0.2704 (-0.2338, 0.7745) 0.2572 0.42 0.50 2.24
ESTHER 4738 43 :: 0.9118 (0.4149, 1.4086) 0.2535 0.49 051 226
FRAMOFF 2713 52 T 1.6480 (1.1876, 2.1084) 0.2349 0.59 0.60 2.37
CAPS 816 52 —_— 1.0131 (0.5725, 1.4536) 0.2248 0.59 0.65 2.43
FINRISK97 1150 56 —_—— 1.0719 (0.6519, 1.4918) 0.2143 0.64 072 2.49
EAS 741 60 —-—:: 0.8309 (0.4239, 1.2379) 0.2077 0.68 0.76 253
BRUN 817 66 y —— 1.8052 (1.3903, 2.2202) 0.2117 0.75 0.73 250
MOGERAUG2 1265 74 —_—— 1.2734 (0.8949, 1.6520) 0.1931 0.84 0.88 2.61
HISAYAMA 2577 77 :: —_—— 2.0356 (1.6258, 2.4455) 0.2091 0.87 0.75 252
MOGERAUG1 873 79 e 1.2488 (0.8942, 1.6034) 0.1809 0.90 101 2.68
BWHHS 2652 81 —_—r 1.0298 (0.6786, 1.3811) 0.1792 0.92 1.03  2.69
MESA 6722 83 —_—— 1.2510 (0.8960, 1.6060) 0.1811 0.94 1.00 2.68
QUEBEC 1219 95 —-+ 1.0751 (0.7343, 1.4159) 0.1739 1.08 1.09 272
FINRISK92 891 104 —— 1.5366 (1.2181, 1.8551) 0.1625 1.18 125 2.78
AFTCAPS 5613 106 —_— 0.8360 (0.5297, 1.1423) 0.1563 1.20 135 2.82
PREVEND 5819 115 :: —_— 1.6603 (1.3545, 1.9662) 0.1560 1.31 135 2.82
NHANESIII 2359 127 i —_— 2.2162 (1.9069, 2.5255) 0.1578 1.44 132 281
ULSAM 926 146 — s 0.7873 (0.5223, 1.0523) 0.1352 1.66 180 2.93
WHITEIl 7326 158 —a— 1.4446 (1.1902, 1.6990) 0.1298 1.79 195 2.96
RANCHO 1381 161 :: — 1.6056 (1.3464, 1.8648) 0.1322 1.83 188 2.94
WHITEI 3808 202 —_— 0.9142 (0.6897, 1.1386) 0.1145 2.29 251 3.03
ROTT 4437 229 —_— | 0.8987 (0.6698, 1.1276) 0.1168 2.60 241  3.02
[ wns 23287 238 —— 1.8215 (1.6144, 2.0286) 0.1057 2.70 295 307 |
PROSPER 3180 262 —— ] 0.3795 (0.1838, 0.5752) 0.0998 2.98 330 3.09
SHS 3112 281 —— 1 0.9094 (0.7183, 1.1005) 0.0975 3.19 346 3.10
USPHS2 10715 311 —i— 1.2289 (1.0458, 1.4120) 0.0934 3.53 377 312
WOSCOPS 5452 336 —— :: 0.8194 (0.6475, 0.9914) 0.0877 3.82 428 314
EPICNOR 15902 368 —— 1.4425 (1.2720, 1.6131) 0.0870 4.18 435 315
ARIC 9326 387 —i— L] 0.8635 (0.6973, 1.0298) 0.0848 4.39 458 315
KIHD 2020 395 +:: 1.0447 (0.8802, 1.2092) 0.0839 4.49 468 3.16
COPEN 7772 458 N —i— 1.7177 (1.5645, 1.8709) 0.0782 5.20 539 3.8
CHs 4211 614 —— 0.9026 (0.7680, 1.0371) 0.0687 6.97 699 321
[ REYK 14927 2876 U = 1.4159 (1.3501, 1.4817) 0.0336 32.66 2924 329 |
Overall (I-squared = 91.2%, p = 0.000) .
Overall # events WT & 1.2528 (1.2171, 1.2885) 0.0182 100
]
Overall IV fixed effect WT g 1.2387 (1.2031, 1.2743) 0.0181 100
Overall IV random effect WT 1.2379 (1.1054, 1.3703) 0.0676 100
Random effect 95% prediction interval :: (0.4724, 2.0034)
I I I

2
D (95% Cl)

D with conventional CHD risk factors: age (sex), smoking, systolic BP, diabetes, total chol, HDL chol



Meta-analysis of C-index change

CHD %WT  %WT %WT %WT

Cohort n cases C-index change (95% CI) change Events Pairs IV-FE IV-RE
n
MOGERAUG3 3150 16 ™ -0.0089 (-0.0339, 0.0162) 0.0128 0.18 0.07 0.28 0.28
NSHS 1324 19 i 0.0080 (-0.0033, 0.0192) 0.0058 0.22 0.03 137 137
HOORN 525 19 : : -0.0019 (-0.0281, 0.0244) 0.0134 0.22 0.01 0.25 0.25
TARFS 1673 23 T 0.0167 (-0.0034, 0.0368) 0.0103 0.26 0.04 043 043
LEADER 437 37 s > 0.0205 (-0.0099, 0.0509) 0.0155 0.42 0.02 0.19 0.19
ESTHER 4738 43 : : 0.0075 (-0.0179, 0.0328) 0.0129 0.49 0.25 0.27 0.27
FRAMOFF 2713 52 T 0.0013 (-0.0154, 0.0181) 0.0086 0.59 0.17 0.62 0.62
CAPS 816 52 ™ 0.0046 (-0.0143, 0.0236) 0.0097 0.59 0.11 049 049
FINRISK97 1150 56 -~ 0.0095 (-0.0141, 0.0331) 0.0120 0.64 0.17 0.31 0.31
EAS 741 60 : : -0.0046 (-0.0239, 0.0148) 0.0099 0.68 0.05 047 047
BRUN 817 66 ™ 0.0024 (-0.0086, 0.0135) 0.0056 0.75 0.06 143 143
MOGERAUG2 1265 74 i 0.0118 (-0.0043, 0.0279) 0.0082 0.84 0.23 0.67 0.67
HISAYAMA 2577 77 : : 0.0087 (-0.0034, 0.0208) 0.0062 0.87  0.24 120 1.20
MOGERAUG1 873 79 T 0.0052 (-0.0083, 0.0187) 0.0069 0.90 0.18 0.96 0.96
BWHHS 2652 81 T 0.0058 (-0.0157, 0.0274) 0.0110 0.92 0.57 0.37 0.37
MESA 6722 83 : : -0.0048 (-0.0171, 0.0076) 0.0063 0.94 0.71 115 1.15
QUEBEC 1219 95 ] 0.0016 (-0.0171, 0.0204) 0.0096 1.08 0.30 049 049
FINRISK92 891 104 L | 0.0014 (-0.0124, 0.0152) 0.0070 1.18 0.12 0.92 0.92
AFTCAPS 5613 106 T— 0.0009 (-0.0149, 0.0166) 0.0080 1.20 0.63 0.70 0.70
PREVEND 5819 115 _—ﬂ_ 0.0040 (-0.0038, 0.0118) 0.0040 1.31 0.70 285 285
NHANESIII 2359 127 T 0.0052 (-0.0001, 0.0104) 0.0027 1.44 034 6.29 6.29
ULSAM 926 146 L i 0.0140 (-0.0038, 0.0318) 0.0091 1.66 0.30 055 055
WHITEI 7326 158 LL i 0.0140 (0.0017, 0.0262) 0.0062 1.79 203 117 117
RANCHO 1381 161 _—*:_ 0.0036 (-0.0062, 0.0134) 0.0050 1.83 025 181 181
WHITEI 3808 202 ™ i 0.0159 (0.0019, 0.0299) 0.0071 2.29 1.86 0.89 0.89
ROTT 4437 229 -1 0.0053 (-0.0026, 0.0132) 0.0040 2.60 118 279 279
WHS 23287 238 —TlG— :: -0.0043 (-0.0114, 0.0028) 0.0036 _2.70 1530 3.46 _ 3.46 |
PROSPER 3180 262 ™ L 0.0083 (-0.0050, 0.0216) 0.0068 2.98 052 0.99 0.99
SHS 3112 281 —_—tl— 0.0042 (-0.0040, 0.0124) 0.0042 3.19 111 260 2.60
USPHS2 10715 311 __.I_ 0.0043 (-0.0038, 0.0124) 0.0041 3.53 8.85 2.68 2.68
WOSCOPS 5452 336 _—4|_ 0.0031 (-0.0061, 0.0123) 0.0047 3.82 236 206 2.06
EPICNOR 15902 368 —l— 0.0060 (0.0003, 0.0117) 0.0029 4.18 690 539 5.39
ARIC 9326 387 —— 0.0022 (-0.0061, 0.0105) 0.0042 4.39 3.74 256 256
KIHD 2020 395 —P—I— 0.0095 (0.0015, 0.0174) 0.0040 4.49  1.84 278 278
COPEN 7772 458 + 0.0049 (0.0019, 0.0079) 0.0015 5.20 410 19.86 19.86
CHS 4211 614 _._H_ 0.0010 (-0.0063, 0.0084) 0.0038 6.97 279 322 322
REYK 14927 2876 '.' 0.0053 (0.0027, 0.0079) 0.0013 32.66 _ 41.88 2548 25.48 |
Overall (I-squared = 0.0%, p = 0.911) 1
Overall # events WT é 0.0051 (0.0035, 0.0066) 0.0008 100
Overall Informative pairs WT Q) 0.0038 (0.0020, 0.0057) 0.0010 100
Overall IV fixed effect WT g 0.0048 (0.0034, 0.0061) 0.0007 100
Overall IV random effect WT 0.0048 (0.0034, 0.0061) 0.0007 100
Random effect 95% prediction interval —q (0.0034, 0.0061)
11
| | | |

-0.04 -0.02 0.02 0.04

0
C-index change (95% CI)

C-index change with addition of log CRP



Meta-analysis of D change

CHD SE %WT %WT  %WT
Cohort n cases D change (95% Cl) change Events IV-FE IV-RE
MOGERAUG3 3150 16 11 -0.1237 (-0.2845, 0.0372) 0.0821 0.18 0.37 0.60
NSHS 1324 19 0.0967 (-0.0400, 0.2333) 0.0697 0.22 051 0.82
HOORN 525 19 ::: -0.0387 (-0.2284, 0.1511) 0.0968 0.22 027 044
TARFS 1673 23 o0 3> 0.2407 (0.0521, 0.4293) 0.0962 0.26 027 0.45
LEADER 437 37 T 0.0968 (-0.0434, 0.2370) 0.0715 0.42 049 0.79
ESTHER 4738 43 " 0.0371 (-0.0874, 0.1616) 0.0635 0.49 062 098
FRAMOFF 2713 52 e 0.0021 (-0.1170, 0.1212) 0.0608 0.59 067 1.06
CAPS 816 52 ::: 0.0545 (-0.0706, 0.1797) 0.0638 0.59 061 097
FINRISK97 1150 56 m 0.0731 (-0.0628, 0.2090) 0.0693 0.64 052 0.83
EAS 741 60 s -0.0339 (-0.1505, 0.0826) 0.0595 0.68 070 111
BRUN 817 66 0.0610 (-0.0387, 0.1607) 0.0509 0.75 0.96 1.47
MOGERAUG?2 1265 74 ::: 0.0620 (-0.0571, 0.1811) 0.0607 0.84 067 1.06
HISAYAMA 2577 77 T 0.0258 (-0.0885, 0.1402) 0.0583 0.87 073 115
MOGERAUGL 873 79 1 0.0336 (-0.0462, 0.1134) 0.0407 0.90 150 2.16
BWHHS 2652 81 0.0558 (-0.0601, 0.1716) 0.0591 0.92 071 112
MESA 6722 83 L -0.0164 (-0.0894, 0.0566) 0.0372 0.94 1.79 251
QUEBEC 1219 95 - ::: 0.0231 (-0.0822, 0.1284) 0.0537 1.08 0.86 1.33
FINRISK92 891 104 L) 0.0311 (-0.0883, 0.1505) 0.0609 1.18 067 1.06
AFTCAPS 5613 106 T 0.0187 (-0.0799, 0.1173) 0.0503 1.20 0.98 150
PREVEND 5819 115 H—t— 0.0066 (-0.0472, 0.0603) 0.0274 1.31 331 4.00
NHANESII 2359 127 = Ll -0.0037 (-0.0749, 0.0676) 0.0363 1.4 189 261
ULSAM 926 146 ::: - 0.1003 (-0.0025, 0.2030) 0.0524 1.66 091 1.39
WHITEII 7326 158 T - 0.1047 (0.0215, 0.1880) 0.0425 1.79 1.38  2.01
RANCHO 1381 161 1+ 0.0528 (-0.0216, 0.1271) 0.0379 1.83 1.73 243
WHITEI 3808 202 1 = 0.1362 (0.0550, 0.2174) 0.0414 2.29 145 2.0
ROTT 4437 229 — i 0.0282 (-0.0268, 0.0832) 0.0280 2.60 316 3.87
WHS 23287 238 —— -0.0212 (-0.0668, 0.0245) 0.0233__2.70 459 497 |
PROSPER 3180 262 i 0.0612 (-0.0039, 0.1263) 0.0332 2.98 225 301
SHS 3112 281 —H— 0.0425 (-0.0023, 0.0873) 0.0228 3.19 477 510
USPHS2 10715 311 —_—u -0.0084 (-0.0629, 0.0461) 0.0278 3.53 322 3.92
WOSCOPS 5452 336 —i 0.0310 (-0.0177, 0.0798) 0.0249 3.82 402 457
EPICNOR 15902 368 0.0420 (0.0038, 0.0803) 0.0195 4.18 6.54 6.13
ARIC 9326 387 —il—n -0.0072 (-0.0513, 0.0370) 0.0225 4.39 492 519
KIHD 2020 395 —_—H— 0.0458 (-0.0094, 0.1011) 0.0282 4.49 313 3.84
COPEN 7772 458 JI:-:—I— 0.0583 (0.0287, 0.0879) 0.0151 5.20 10.93 7.86
CHS 4211 614 —ii—= 0.0113 (-0.0303, 0.0528) 0.0212 6.97 554 558
REYK 14927 2876 n-— 0.0547 (0.0340, 0.0754) 0.0106 _32.66 22.33_10.01_|
Overall (I-squared = 25.6%, p = 0.081) I
Overall # events WT # 0.0414 (0.0309, 0.0520) 0.0054 100
Overall IV fixed effect WT é 0.0369 (0.0271, 0.0467) 0.0050 100
Overall IV random effect WT <> 0.0342 (0.0214, 0.0470) 0.0065 100
Random effect 95% prediction interval i {1} (-0.0042, 0.0725)
([N
| | | |
-0.24 -0.12 0 0.12 0.24
D change (95% CI)

D change with addition of log CRP



Study-level relationship between C-index & D, AC & AD

r (95% CI) = 0.98 (0.97, 0.99) r (95% CI) = 0.87 (0.76, 0.93)
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Between-study heterogeneity in absolute values of C-
Index or D is largely explained by age distribution

C-index

C-index change
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Examination of subgroup effects — restricted to studies
with all levels observed

Variable\ No. of No. of CHD P-value for P-value for
Subgroup studies participants cases heterogeneity heterogeneity
Sex

Male 24 53037 4189 - <0.0001 <0.0001
Female 24 58199 2515 ™ ' —

Smoking status
Other 36 128676 5403 —= e 0.004

- 0.004
Current 36 35507 3380 =

History of diabetes
No 36 144353 7491 - - 0.173

0.752
Yes 36 10788 1004 T —+——

Framingham 2008 10-yr CVD risk

0%-<10% 30 62715 932 =
10%-<20% 30 47161 2527 = 0.027 —s——— 0147
>=20% 30 47069 4808 e ——
Overall 37 165856 8806 —=- NA = NA
1 1 1 1 1 1 1 1 1 1
-0.005 0 0.005 0.010 0.015 0.020 0.08 -0.04 0O 0.04 0.08 0.12

C-index change (95% CI) D change (95% CI)



Case-control studies are particularly problematic

because of matching on predictive covariates

Study design \

Base model variables C-statistic (95% ClI) C-statistic change (95% CI) Z P-value
Cohort (37 studies, 8806 CHD cases)

Age " 0.6441 (0.6383, 0.6499) - 0.0224 (0.0191, 0.0258) 13.2 <0.0001
Above + smoking status . 0.6614 (0.6558, 0.6671) - 0.0153 (0.0126, 0.0180) 11.1 <0.0001
Above + systolic BP " 0.6789 (0.6733, 0.6844) - 0.0103 (0.0081, 0.0124) 9.2  <0.0001
Above + history of diabetes " 0.6863 (0.6807, 0.6918) - 0.0087 (0.0067, 0.0107) 8.5  <0.0001
Above + total cholesterol . 0.6977 (0.6923, 0.7030) - 0.0083 (0.0063, 0.0102) 8.4 <0.0001
Above + HDL cholesterol . 0.7080 (0.7027, 0.7133) = 0.0051 (0.0035, 0.0066) 6.3 <0.0001
Case-control (8 studies, 1566 CHD cases)

Age - 0.4997 (0.4823, 0.5171) " 0.0458 (0.0358, 0.0557) 9.0 <0.0001
Above + smoking status i 0.5176 (0.5004, 0.5347) — 0.0337 (0.0257, 0.0417) 8.2 <0.0001
Above + systolic BP - 0.5430 (0.5261, 0.5600) — 0.0246 (0.0178, 0.0313) 7.1 <0.0001
Above + history of diabetes - 0.5506 (0.5337, 0.5676) — 0.0224 (0.0160, 0.0289) 6.8  <0.0001
Above + total cholesterol - 0.5849 (0.5681, 0.6017) = 0.0191 (0.0130, 0.0252) 6.1  <0.0001
Above + HDL cholesterol - 0.6053 (0.5888, 0.6218) —== 0.0122 (0.0070, 0.0173) 4.6 <0.0001
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Stata software for IPD meta-analysis

http://www.phpc.cam.ac.uk/ceu/research/erfc/stata/
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The Stata programs below are available to install within a Stata session by typing:
net from http://ceu.phpe.cam.ac.uk/software/erfc/

net describe <package>

net install <package:>

It is also highly recommended that you also get the ancillary stata do-file provided in the —proglinks- package that lists links to other non-official
51 and user-written programs utilised in some of the programs below. These should be installed for the programs to work correctly. The —proglinks
- package also contains a second ancillary do-file that gives example stata code used to analyse the examples provided in the ERFC statistical

methods paper [Int J Epidemiol 2010], which can also be downloaded as pdf file from here <erfc_stats_methods_sxample.pdf=.

Stata programs list

Exploratory analysis

checkdis Generates plots of distribution of a list of continuous variables, optionally by a grouping variable
checkpr Generates bar charts for a list of categorical variables, optionally by a grouping variable

overlay A wrapper program that simplifies the task of overlaying twoway graphs over a third stratifying variable
summstat Generates overall or pooled within group summary statistics for a specified varlist

Literature-based meta-analysis

riskconv Converts risk ratios measured on a specified scale to a desired scale
i2ci Calculates confidence intervals for 12 and H statistics for measuring heterogeneity
IPD Meta-analysis - cross-sectional correlates 1
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