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Comparison of logistic regression versus propensity score when
the number of events is low and there are multiple confounders.

» The aim of this study was to use Monte Carlo simulations to
compare logistic regression with propensity scores in terms of bias,
precision, empirical coverage probability, empirical power, and
robustness when the number of events is low relative to the number
of confounders. The authors simulated a cohort study and
performed 252,480 trials. In the logistic regression, the bias
decreased as the number of events per confounder increased. In the
propensity score, the bias decreased as the strength of the
association of the exposure with the outcome increased. Propensity
scores produced estimates that were less biased, more robust, and
more precise than the logistic regression estimates when there were
seven or fewer events per confounder. The logistic regression
empirical coverage probability increased as the number of events
per confounder increased. The propensity score empirical coverage
probability decreased after eight or more events per confounder.
Overall, the propensity score exhibited more empirical power than
logistic regression. Propensity scores are a good alternative to
control for imbalances when there are seven or fewer events per
confounder; however, empirical power could range from 35% to 60%.
Logistic regression is the technique of choice when there are at
least eight events per confounder.
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. logistic allcaiser chudoku age hunkai shu twin hasui cpd zenchi iuge kaisen toui nojomyaku

logistic regression

Numher of ohs
LR chi2dd2)
Proh > chi2

4879
1728.56
0.0000

Log likelihood = -1627.8735 Pseudo R2 0.3468

allcaiser

chudoku
age
hunkai
shu
twin
hasui
cpd
zenchi
iuge
kaisen
toui

no jomyaku

Odds Ratio

4.01112
1.093227
089435
7828724
1.612728
5104511
44.87512
59.75518
6.258763
1.88025
0659607
4.539%6

Std. Epe.

.6658452
0112102

051485
0159203
1349424

.060805
11.29705
37.00279
1566363
4955546
0101835
.6218002

[95% Conf

2.897117
1.071475
17404
1022827
1.368794
4041652
27.39812
17.75325
3.83159
1.121695
0487384
3.41124

. Intervall

5.553477
1.115421
9962907
.§147058
1.900133
6446877
73.50055
201.1284
10.22346
3.151784
0892687
5.937915




. logit

Logit estimates Number of ohs
LR chi2<i2)
Prob » chi2
Log likelihood = -1627 .8735 Pseudo R2

Std. Erre. [95% Conf. Intervall

chudoku 1.38907  .1659998 8. 1.063717 1.714424
age .0891338 .0102542 8. 0690358 -1092317
hunkai -.117168% 0578851 -2. -.2306215  -.0037162
shu -.2447855 0203357 -12. -.2B46429  -.2049282
twin 4779271 .0836734 5. .3139302 .b41924
hasui -.6724604 1191201 -5. -.9059315  -_.4389892
cpd 3.803884 .251744 15. 3.310474 .297293
zenchi 4.090256  .6192397 6. 2.876569 .303944
iuge 1.833983  .2503631 7. 1.34328 2.324685
kaisen .6314049  _2635578 2. .1148411 .147969
toui -2.7186%6  .1543871 -17. -3.021289 .416103

no jomyaku 1.512918  .1369616 11. 1.244478 .781358
_cons [(EFE] -8419788 7. 4.53%652 .840148
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. gen p=1.38207*chudoku+.0891338%age-.1171689%bunkai-.2447855%shu+ 4779271 *twin-.6724604*%hasui+3.80
> cpd+4.090256%zenchi+l.833983%iugr+.6314049*kaisen-2.718696%toni+1.512218*nojomyakut6.1899
(4 missing values generated)

. gen PS = explpd/(explpr+1)
(4 missing values generated)

. sum P§
Uariahle Mean Std. Dew.

4879 -2076246 .254978 .0042576 -9990798

propensity score (PS)
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1 [singleZ il clcl predlac difflac freestylehi rdhi allcaiser =] air
2 1 O 0 3.882848 2.207152 1 0 0 0004258
3 1 0 0 3.882847 1657153 0 0 0 0004861
4 1 0 0| 5.8682844| —0.17284 0 0 0 0005432
5 1 0 0| 3.882846| 1.337154 0 0 0 0005432
& 1 0 0| 3.882848| 4167151 0 0 0 0005432
7 1 0 0 3882848 2817152 0 0 0 0005556
5 1 0 0 3.882846 -0.05285 0 0 0 0005556
5 1 0 0| 3.882848| 0527152 0 0 0 0005935
10 1 0 0| 3.882848| 1557152 0 0 0 0.00637
11 1 O 0 3.882847 Q097153 0 0 1 000545
12 1 0 0 3.882844 -012284 0 0 0 0006633
13 1 0 0| 5.862844| -0.83284 0 0 0 0006633
14 1 0 0| 3.882845| —0.62285 0 0 0 0006768
15 1 0 0| 3.882846| 0127154 0 0 0 0006925
16 1 0 0 3.882847 1.017154 0 0 0 0007246
17 1 0 0 3.882845 -0.60285 0 0 0 0007246
18 1 0 0| 3.882847| —0.05285 0 0 0 0007246
19 1 0 0| 3.882846| 1127154 0 0 0 0007604
20 1 O 0 3.882845 -051284 0 0 0 0007917
21 1 0 0 3.882846 -0.87285 0 0 0 0007917
22 1 0 0| 5.8682846| 2527153 0 0 0 0005269
23 1 0 0| 3.882848| 2.387151 0 0 0 0008307
24 1 0 0| 3.882848| 1.267153 0 0 0 0008307
25 1 0 0 3.88285 3525715 0 1 1| 0008457
26 1 0 0 3.882847 2047153 0 0 0 0008457
27 1 0 0| 5.882848| 2.5587151 1 0 0 0008457
28 1 0 0| 3.882845| —0.47285 1 0 0 0008457
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. ttest ps,. bhylallcaiserd

Two-zample t test with egual variances

Oh=

combined

Mean 2td. Err. Std. Dew.

-3215199 0099511 -2481808
.3218356 0029507 -2481685

.3216777 -00720335 -2480748

-.0003157 .0140727

Degrees of freedom: 1242

diff < 0
-0.0224
0.4911

Ho: mean<0> - mean<l)

-0.0224

Ha: diff *=
= 0.9821

[95% Conf. Intervall

.3019779 -3410618
.3022946 -3413766

.3078788 -3354766
-.0279246 .0272932

diff > O
-0.0224
0.5089

propensity score

622

622
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- tab chudoku allcaiser, chi

allcaiser
chudoku 0

3.870 1.013

Pearson chi2d<d>» = 234.6247

. tabh chudoku allcaiser. chi

allcaisep
chudoku

Pearson chiZ2dly =

0.9018

4,883
Pr = 0.000

1.244
0.342

Propensity score
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. ttest age,. bydallcaiserd

Two-sample t test with equal variances

Std. Err. Std. Dev. [95% Conf. Intervall

3870  30.31731  .0764181  4.753917  30.16749  30.46714
1

1013 31.98026 -143816% 4.577355 31.69804 32.26247

30.6623 0681945  4.765327  30.52861  30.79599
1.662944 1665051 ©1.989369  -1.336519

Degrees of freedom: 4881
Ho: mean<0> - mean{1)> = diff

Ha: diff < 0 Ha: diff %= 0O Ha: diff > 0O
t = -9.9873 = -9.9873 t = -9.9873
Pt = 0.0000 = 0.0000 3 1.0000

. ttest age. hy{allcaiser?

Two-sample t test with egual variances

Std. Err. Std. Dewv. [95% Conf. Intervall

31.80386 -197128%9 4.916381 31.41674 32.19098
31.73794 -1837959 4_583855 31.37701 32.09888

31.7709 .1347088 4.?751229 31.50662 32.03518
0659164 .2695195 -.4628473 5946801
Degrees of freedom: 1242
Ho: mean<0>
Ha: diff < O Ha: diff > 0O

t 0.2446 t 0.2446
Pt 0.5%66 P>t 0.4034




. logistic asph allcaiser

Logistic regression Mumber of obs
LR chi2{1>
Prob > chi2
Log likelihood = -744_98393 Pzeudo R2

Odds Ratio Std. Err. [25% Conf. Intervall
lcaiser 2.321958 .3723432 1.695735% 3.179442

. logistic asph allcaiser

1244
0.92
0.3371
0.0016

Logistic regression Mumber of obs
LR chi2<{1>
Probh > chi2
Log likelihood = -280.12306 Pzseudo R2

Ddds Ratio Std. Err. [95x GConf. Interuvall
. 7239459 1913944 . 4249913 1.273457

propensity score




. logistic asph age bunkai shu sohaku yokon yosui hinmyaku hasui cpd zenchi iugr male hijyaku
> n toui yuhatsu allcaiser nojomyaku single

4879
359.38
0.0000
0.2383

Number of ohs
LR chi2<19>
Probh > chi2
Pseudo R2

Logistic regression

Log likelihood = -574.51539

Odds Ratio

age
bunkai
3111
sohaku
yokon
yosui
hinmyaku
hasui

cpd
zenchi
iugr

male

hi jyaku
kaisen
toui
yuhatsu
allcaiser
no jomyaku
single

.9739652
1.299762
.7327614
4.057638
1.921099
2.080574

13,13
.9286628
1.498064
1.315671
.5217046
1.228373
1.742928
1.084911
.4088803
1.377068
1.552821
.2113248
8296841

Propensity score

Std. Ere.

0179591
.126750%

.020632
1.542855
-4061787
.6744884
8.73721%
.183633%
8140997
9297078
.2203786
.2127745%
-4638979
-4632686
.1045748
.3518782
.3701106
.0414635
.2156982
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[95% Conf.

.9393945
1.073633

.693419
1.925825
1.269345
1.102141
4.063327
.6302914
5163668
.3293466
.2279436
8747585
1.034483
-4698099
.2476816
.8345456
.9732848
.14385%4
.4984488

Intervall

1.009808
1.573519
.7743359
8.549283
2.907499
3.927615
47.63935
1.368279
4.34613
.255834
.194049
.724934
.736536
.505338
.674992
2.272272
2.477439
.3104293
1.381036
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. logistic r»ds allcaiser

Logistic regression

Log likelihood = -225.06141

m Ddds Ratio Std. Err.
14.22313  5.109656

. logistic rds allcaiser

Logistic regression

Log likelihood = -89.105699

m Odds Ratio Std. Ere.
1.848336  .9439835

RDS

4883
?0.61
0.0000
0.1356

Mumbher of ohs
LR chi2<1>
Proh > chi2
Pzeudo R2

[?%% Conf. Interwvall
?.033984 28.76002

1244
1.51
0.2187
0.0084

Number of obs
LR chi2<1>
Proh » chiZ2
Pseudo R2

[?5x Conf. Intervall
6792892 L.029296

score

(RDS)

Propensity
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13

4607
310.58
0.0000
0.6027

Logistic regression Number of ohs
LR chi2d{13)
Proh » chi2
Log likelihood = -102.385%62 Pseudo R2

m 0dds Ratic Std. Eve. [95% Conf. Intervall

age 7612493 .0402549 . . 8855023 1.043476
hunkai 3024272 .1953498 . . 4979455 1.293092
shu L4946907  .0335249 . . 43316 5647618
sohaku 3.494015 2.79109 . . . 7300755 16.72175
yokon 4585187 3374393 . . .1083751 1.939924
yosui 3171869 .2218399 . . 0805353 1.249234
Jyomyaku 1.247761  .2901072 . . 7910882 1.968057
tuwin 7094038 .2738673 . . 5039844 1.640%54
hasui 1.117171 5194949 . . 4470586 2.779306
zenchi 6.88285% 5.646061 . . 1.378866 34.35705
iuge 6662115 5324502 . . 1390958 3.190878
toui 5989786 2850389 . . 2356925 1.522218
allcaiser 3.909084  2.02589% . . 1.415586 10.79478

X7
propensity score

X7 Am
J Epi
propensity score
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