
Comparing Adjustment Approaches:
A simulation study
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Variables for Adjustment

• spurious variables (X0);
• instruments (X1);
• confounders (X2);
• predictors of outcome only (X3);
• unmeasured confounders (U).
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Simulation Study

We can study the pros and cons of the different approaches using simu-
lation.

In the following study, we look at the sampling distribution of estimators
of the ATE in a binary treatment setting. There are four simulation set-
tings, with different patterns of confounding and exposure.

We use p = 10 predictors, with
• two spurious variables (X0);
• two instruments (X1);
• three confounders (X2);
• three predictors of outcome only (X3).

We use n = 1000 and perform 1000 replicate studies.
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Simulation Study

We examine five types of estimator alongside ordinary regression:

1. Propensity score stratification;

2. Propensity score regression (PSR);

3. Inverse probability weighting (IPW);

4. Doubly robust (augmented) IPW (DR);

5. Propensity score matching.
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Simulation Study

1. Propensity score stratification;

Boxplots contain sampling distribution of estimators for:
1.1 Regression using all predictors;
1.2 Regression using only the predictors of outcome (including confounders);
1.3 Regression on the exposure of interest (unadjusted);
1.4 Regression using a misspecified model;
1.5 Regression using the confounders only;
1.6 Propensity score stratification using all predictors in the propensity score

model;
1.7 Propensity score stratification using predictors of treatment;
1.8 Propensity score stratification using confounders.
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Simulation Study

2. Propensity score regression (PSR);
2.1 Regression using all predictors;
2.2 Regression using only the predictors of outcome (including confounders);
2.3 Regression on the exposure of interest (unadjusted);
2.4 Regression using a misspecified model;
2.5 Regression using the confounders only;
2.6 Propensity score regression using all predictors in the propensity score

model;
2.7 Propensity score regression using predictors of treatment;
2.8 Propensity score regression using confounders.

Here the PSR model is the simplest possible:

β0 + β1e(X) + θZ
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Simulation Study

3. Inverse probability weighting (IPW);

Here we consider four pairs of estimators; the two elements in the
pair use weights that are unstandardized (IPW0), and standardized
(IPW), respectively. We consider
3.1 IPW using all predictors in the propensity score model;
3.2 IPW using predictors of treatment;
3.3 IPW using confounders;
3.4 IPW using all predictors of outcome.
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Simulation Study

4. Doubly robust (augmented) IPW (DR);

Again we consider four pairs of estimators; the two elements in the
pair use weights that are unstandardized (AIPW0), and
standardized (AIPW), respectively. We consider
4.1 AIPW using all predictors in the propensity score model;
4.2 AIPW using predictors of treatment;
4.3 AIPW using confounders;
4.4 AIPW using all predictors of outcome.

The same predictors are used in the outcome regression model.
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Simulation Study

5. Propensity score matching.

We perform matching estimation using the Matching package in
R. We consider
5.1 1-1 matching (M = 1) with all predictors;
5.2 1-1 PS matching (M = 1) using all predictors;
5.3 2-1 PS matching (M = 2) using all predictors;
5.4 5-1 PS matching (M = 5) using all predictors;
5.5 10-1 PS matching (M = 10) using all predictors;
5.6 1-1 matching (M = 1) using confounders;
5.7 1-1 PS matching (M = 1) using confounders.
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Setting 1: True PS values
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Setting 1: Stratification

Comp. Cor. Unadj. Inc. Conf. PS−All PS−Tmt PS−Conf

−
2

0
2

4
6

Estimates

  4.532   4.221 332.764 332.589 292.504  22.639 307.995 292.309

13



Setting 1: PS Regression

Comp. Cor. Unadj. Inc. Conf. PSR−All PSR−Tmt PSR−Conf

−
2

0
2

4
6

Estimates

  4.382   4.088 302.121 303.295 279.076   4.410 290.442 278.863
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Setting 1: IPW

IPW−All0 IPW−All IPW−Tmt0 IPW−Tmt IPW−Conf0 IPW−Conf IPW−Out0 IPW−Out

−
2

0
2

4
6

IPW−Estimates

 25.665  24.044 297.047 296.816 284.618 284.888   8.321   8.175
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Setting 1: DR AIPW

DR−All0 DR−All DR−Tmt0 DR−Tmt DR−Conf0 DR−Conf DR−Out0 DR−Out

−
2

0
2

4
6

DR−Estimates

  5.139   5.138   4.749   4.748 301.059 301.059   4.519   4.519
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Setting 1: Matching

X M=1 M=5 M=10 Conf.X Conf.PS

−
2

0
2

4
6

Matching Estimates

240.17 156.66  48.72  32.55 387.73 396.19
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Setting 2: True PS values

True PS values
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Setting 2: Stratification

Comp. Cor. Unadj. Inc. Conf. PS−All PS−Tmt PS−Conf

−
2

0
2

4
6

Estimates

  5.090   4.646 327.315 327.728 323.471  77.705 417.800 347.735
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Setting 2: PS Regression

Comp. Cor. Unadj. Inc. Conf. PSR−All PSR−Tmt PSR−Conf

−
2

0
2

4
6

Estimates

  5.252   4.665 314.617 317.757 326.152   5.385 363.670 325.657
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Setting 2: IPW

IPW−All0 IPW−All IPW−Tmt0 IPW−Tmt IPW−Conf0 IPW−Conf IPW−Out0 IPW−Out

−
2

0
2

4
6

IPW−Estimates

209.67 181.66 492.84 479.18 365.98 363.87  42.03  40.17
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Setting 2: DR AIPW

DR−All0 DR−All DR−Tmt0 DR−Tmt DR−Conf0 DR−Conf DR−Out0 DR−Out

−
2

0
2

4
6

DR−Estimates

  8.532   8.095   6.707   6.667 362.453 362.137   5.355   5.353
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Setting 2: Matching

X M=1 M=5 M=10 Conf.X Conf.PS

−
2

0
2

4
6

Matching Estimates

348.5 350.9 158.3 113.9 427.2 497.5

23



Setting 3: True PS values

True PS values
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Setting 3: Stratification

Comp. Cor. Unadj. Inc. Conf. PS−All PS−Tmt PS−Conf

−
2

0
2

4
6

Estimates

   6.171    5.279  730.573  732.142  792.518  261.844 1189.812  949.036
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Setting 3: PS Regression

Comp. Cor. Unadj. Inc. Conf. PSR−All PSR−Tmt PSR−Conf

−
2

0
2

4
6

Estimates

   6.376    5.267  752.469  762.204  847.918    6.704 1030.748  851.222
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Setting 3: IPW

IPW−All0 IPW−All IPW−Tmt0 IPW−Tmt IPW−Conf0 IPW−Conf IPW−Out0 IPW−Out

−
2

0
2

4
6

IPW−Estimates

3610.3 1727.7 2644.2 2124.4 1014.6 1005.5  275.2  263.5
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Setting 3: DR AIPW

DR−All0 DR−All DR−Tmt0 DR−Tmt DR−Conf0 DR−Conf DR−Out0 DR−Out

−
2

0
2

4
6

DR−Estimates

  19.968   16.842   14.253   13.030 1085.837 1079.544    6.644    6.619
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Setting 3: Matching

X M=1 M=5 M=10 Conf.X Conf.PS

−
2

0
2

4
6

Matching Estimates

1059.7 2042.4  957.5  672.0 1163.1 1603.0
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Setting 4: True PS values

True PS values
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Setting 4: Stratification

Comp. Cor. Unadj. Inc. Conf. PS−All PS−Tmt PS−Conf

−
2

0
2

4
6

Estimates

   5.505    5.105 1502.215 1512.906 1354.313  228.349 1454.458 1403.736
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Setting 4: PS Regression

Comp. Cor. Unadj. Inc. Conf. PSR−All PSR−Tmt PSR−Conf

−
2

0
2

4
6

Estimates

   6.045    5.725 1500.529 1495.171 1393.994    6.538 1431.007 1390.049

32



Setting 4: IPW

IPW−All0 IPW−All IPW−Tmt0 IPW−Tmt IPW−Conf0 IPW−Conf IPW−Out0 IPW−Out

−
2

0
2

4
6

IPW−Estimates

 353.2  345.8 1640.3 1639.5 1511.3 1510.1  114.5  113.2
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Setting 4: DR AIPW

DR−All0 DR−All DR−Tmt0 DR−Tmt DR−Conf0 DR−Conf DR−Out0 DR−Out

−
2

0
2

4
6

DR−Estimates

   6.557    6.550    6.013    6.011 1440.615 1440.566    5.714    5.714
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Setting 4: Matching

X M=1 M=5 M=10 Conf.X Conf.PS

−
2

0
2

4
6

Matching Estimates

1336.2 1051.9  454.0  369.5 1871.2 2157.7

35


	Comparing Adjustment Approaches:  A simulation study

