Exposure- Exercise
Mediator- BMI
Outcome- Glucose

. *****HW8
. clear all

. set seed 12345

. set obs 10000
number of observations (_N) was 0, now 10,000

. 
. gen exe= runiform()<0.4

. gen bmi= 10 + rnormal(20,3) + (-2)*exe + rnormal()

. gen gluc = rnormal(90,10) + (-10)*exe + (1.1)*bmi 

. *TE: -12.2
. *DE: -10
. *IE: -2.2 
. 
. *BK
. reg gluc exe

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =   3052.74
       Model |  340800.329         1  340800.329   Prob > F        =    0.0000
    Residual |   1116150.4     9,998  111.637367   R-squared       =    0.2339
-------------+----------------------------------   Adj R-squared   =    0.2338
       Total |  1456950.72     9,999  145.709643   Root MSE        =    10.566

------------------------------------------------------------------------------
        gluc |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -11.96775   .2166045   -55.25   0.000    -12.39234   -11.54317
       _cons |   122.8831   .1353041   908.20   0.000     122.6179    123.1483
------------------------------------------------------------------------------

. scalar total_effect_est=_b[exe]

. 
. reg gluc exe bmi

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =   2308.38
       Model |   460278.55         2  230139.275   Prob > F        =    0.0000
    Residual |  996672.175     9,997  99.6971266   R-squared       =    0.3159
-------------+----------------------------------   Adj R-squared   =    0.3158
       Total |  1456950.72     9,999  145.709643   Root MSE        =    9.9848

------------------------------------------------------------------------------
        gluc |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -9.807483   .2139943   -45.83   0.000    -10.22695   -9.388011
         bmi |   1.093612   .0315908    34.62   0.000     1.031687    1.155536
       _cons |   90.04852   .9570608    94.09   0.000     88.17249    91.92455
------------------------------------------------------------------------------

. scalar direct_effect_est=_b[exe]

. 
. dis in red "total effect: " round(total_effect_est,.001)
total effect: -11.968

. dis in red "direct effect: " round(direct_effect_est,.001)
direct effect: -9.807

. dis in red "indirect effect: " round(total_effect_est - direct_effect_est,.001)
indirect effect: -2.16

. 
. 
. ***Confounder- age
. gen age= rnormal(45,5)

. gen bmi_c= 10 + rnormal(20,3) + (-2)*exe + rnormal() + age*.1

. gen gluc_c = rnormal(90,10) + (-10)*exe + (1.1)*bmi + age*.5

. sum

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
         exe |     10,000       .3902    .4878194          0          1
         bmi |     10,000    29.25322    3.304465    16.9411   41.25284
        gluc |     10,000    118.2133    12.07102   76.17368   159.0087
         age |     10,000    44.96562    5.006188   27.08767   62.95283
       bmi_c |     10,000    33.71239     3.36535   19.56859   47.48156
-------------+---------------------------------------------------------
      gluc_c |     10,000     140.919    12.33291     92.471   186.4404

. 
. *BK
. reg gluc_c exe

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =   2976.96
       Model |  348943.557         1  348943.557   Prob > F        =    0.0000
    Residual |  1171910.93     9,998  117.214536   R-squared       =    0.2294
-------------+----------------------------------   Adj R-squared   =    0.2294
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.827

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -12.10989   .2219491   -54.56   0.000    -12.54496   -11.67483
       _cons |   145.6443   .1386427  1050.50   0.000     145.3725     145.916
------------------------------------------------------------------------------

. scalar total_effect_est_c=_b[exe]

. 
. reg gluc_c bmi_c

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =    293.97
       Model |  43440.0683         1  43440.0683   Prob > F        =    0.0000
    Residual |  1477414.42     9,998  147.770996   R-squared       =    0.0286
-------------+----------------------------------   Adj R-squared   =    0.0285
       Total |  1520854.49     9,999  152.100659   Root MSE        =    12.156

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
       bmi_c |   .6193509   .0361232    17.15   0.000     .5485422    .6901596
       _cons |   120.0392   1.223851    98.08   0.000     117.6402    122.4382
------------------------------------------------------------------------------

. 
. reg gluc_c exe bmi_c

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =   1495.83
       Model |  350296.548         2  175148.274   Prob > F        =    0.0000
    Residual |  1170557.94     9,997  117.090921   R-squared       =    0.2303
-------------+----------------------------------   Adj R-squared   =    0.2302
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.821

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -11.87855    .232037   -51.19   0.000    -12.33339   -11.42371
       bmi_c |   .1143331   .0336346     3.40   0.001     .0484026    .1802637
       _cons |   141.6995   1.168702   121.25   0.000     139.4087    143.9904
------------------------------------------------------------------------------

. scalar biased_direct_effect_est_c=_b[exe]

. 
. * Check that you could get the right answer if you controlled for c
. reg gluc_c bmi_c exe age

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(3, 9996)      =   1219.17
       Model |  407406.427         3  135802.142   Prob > F        =    0.0000
    Residual |  1113448.06     9,996  111.389362   R-squared       =    0.2679
-------------+----------------------------------   Adj R-squared   =    0.2677
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.554

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
       bmi_c |  -.0208306   .0333442    -0.62   0.532    -.0861919    .0445306
         exe |  -12.20034    .226763   -53.80   0.000    -12.64485   -11.75584
         age |   .4852482   .0214304    22.64   0.000     .4432403    .5272561
       _cons |   124.5623   1.368273    91.04   0.000     121.8802    127.2444
------------------------------------------------------------------------------

. scalar direct_effect_est_c=_b[exe]

. 
. dis in red "direct effect: " round(direct_effect_est_c,.001)
direct effect: -12.2

. dis in red "indirect effect estimated w/o control for age is: " round(total_effect_est_c-biased_direct_effect_est_c,.001)
indirect effect estimated w/o control for age is: -.231

. dis in red "indirect effect estimated w/ control for age is: " round(total_effect_est_c-direct_effect_est_c,.001)
indirect effect estimated w/ control for age is: .09

. dis in red "total effect is: " round(total_effect_est_c,.001)
total effect is: -12.11

. 
. *paramed command
. paramed gluc_c ,avar(exe) mvar(bmi_c) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(age)

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(4, 9995)      =    914.41
       Model |  407447.046         4  101861.762   Prob > F        =    0.0000
    Residual |  1113407.44     9,995  111.396443   R-squared       =    0.2679
-------------+----------------------------------   Adj R-squared   =    0.2676
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.554

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |   -10.8477   2.251467    -4.82   0.000    -15.26103   -6.434372
       bmi_c |  -.0050422   .0423736    -0.12   0.905     -.088103    .0780186
_exe_X_bmi_c |  -.0406634   .0673398    -0.60   0.546    -.1726629    .0913361
         age |    .485145   .0214318    22.64   0.000     .4431345    .5271556
       _cons |   124.0222   1.634707    75.87   0.000     120.8179    127.2266
------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =    651.55
       Model |  13059.0945         2  6529.54724   Prob > F        =    0.0000
    Residual |  100185.361     9,997  10.0215426   R-squared       =    0.1153
-------------+----------------------------------   Adj R-squared   =    0.1151
       Total |  113244.456     9,999  11.3255781   Root MSE        =    3.1657

------------------------------------------------------------------------------
       bmi_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -2.034871   .0649008   -31.35   0.000     -2.16209   -1.907652
         age |   .1150581   .0063242    18.19   0.000     .1026615    .1274547
       _cons |   29.33273   .2870013   102.20   0.000     28.77015    29.89531
------------------------------------------------------------------------------

             |   Estimate     Std Err   P>|z|   [95% Conf   Interval]
-------------+-------------------------------------------------------
         cde |   -10.8477   2.2514667   0.000  -15.260575  -6.4348257
         nde | -12.250848   .24170725   0.000  -12.724594  -11.777102
         nie |    .093005    .1078855   0.389  -.11845057   .30446057
         mte | -12.157843   .21639339   0.000  -12.581974  -11.733712

cde:controlled direct effect, nde:natural direct effect, nie:natural indirect effect, mte:marginal total effect



*measurement error 
. gen bmi_me = bmi_c + rnormal()*5

. sum

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
         exe |     10,000       .3902    .4878194          0          1
         bmi |     10,000    29.25322    3.304465    16.9411   41.25284
        gluc |     10,000    118.2133    12.07102   76.17368   159.0087
         age |     10,000    44.96562    5.006188   27.08767   62.95283
       bmi_c |     10,000    33.71239     3.36535   19.56859   47.48156
-------------+---------------------------------------------------------
      gluc_c |     10,000     140.919    12.33291     92.471   186.4404
      bmi_me |     10,000    33.63573    5.915667   9.372179   55.47207

. 
. *BK
. reg gluc_c exe

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =   2976.96
       Model |  348943.557         1  348943.557   Prob > F        =    0.0000
    Residual |  1171910.93     9,998  117.214536   R-squared       =    0.2294
-------------+----------------------------------   Adj R-squared   =    0.2294
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.827

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -12.10989   .2219491   -54.56   0.000    -12.54496   -11.67483
       _cons |   145.6443   .1386427  1050.50   0.000     145.3725     145.916
------------------------------------------------------------------------------

. scalar total_effect_est_c=_b[exe]

. 
. reg gluc_c bmi_me

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =    109.51
       Model |  16478.3075         1  16478.3075   Prob > F        =    0.0000
    Residual |  1504376.18     9,998  150.467712   R-squared       =    0.0108
-------------+----------------------------------   Adj R-squared   =    0.0107
       Total |  1520854.49     9,999  152.100659   Root MSE        =    12.267

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
      bmi_me |   .2170073   .0207367    10.46   0.000     .1763592    .2576554
       _cons |   133.6198   .7081982   188.68   0.000     132.2316     135.008
------------------------------------------------------------------------------

. 
. reg gluc_c exe bmi_me

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(2, 9997)      =   1495.93
       Model |  350314.983         2  175157.491   Prob > F        =    0.0000
    Residual |  1170539.51     9,997  117.089077   R-squared       =    0.2303
-------------+----------------------------------   Adj R-squared   =    0.2302
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.821

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -11.99048   .2245576   -53.40   0.000    -12.43066    -11.5503
      bmi_me |    .063374   .0185175     3.42   0.001     .0270759    .0996721
       _cons |    143.466    .651375   220.25   0.000     142.1892    144.7429
------------------------------------------------------------------------------

. scalar biased_err_direct_effect_est=_b[exe]

. 
. * Check that you could get the right answer if you controlled for c
. reg gluc_c exe bmi_me age

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(3, 9996)      =   1219.39
       Model |  407461.467         3  135820.489   Prob > F        =    0.0000
    Residual |  1113393.02     9,996  111.383856   R-squared       =    0.2679
-------------+----------------------------------   Adj R-squared   =    0.2677
       Total |  1520854.49     9,999  152.100659   Root MSE        =    10.554

------------------------------------------------------------------------------
      gluc_c |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -12.12552   .2190996   -55.34   0.000      -12.555   -11.69605
      bmi_me |   .0170935    .018176     0.94   0.347    -.0185351     .052722
         age |   .4806083   .0212182    22.65   0.000     .4390165    .5222002
       _cons |   123.4646   1.087827   113.50   0.000     121.3322    125.5969
------------------------------------------------------------------------------

. scalar err_direct_effect_est=_b[exe]

. 
. dis in red "direct effect: " round(direct_effect_est_c,.001)
direct effect: -12.2

. dis in red "indirect effect estimated m_er w/o control for age is: " round(total_effect_est_c-biased_err_direct_effect_est,.001)
indirect effect estimated m_er w/o control for age is: -.119

. dis in red "indirect effect estimated m_er w/ control for age is: " round(total_effect_est_c-err_direct_effect_est,.001)
indirect effect estimated m_er w/ control for age is: .016

. dis in red "total effect is: " round(total_effect_est_c,.001)
total effect is: -12.11



. ***copies part
. 
. 
. preserve

. *sample  1000 , count
. gen id=_n

. 
. expand 3
(20,000 observations created)

. sort id

. by id: gen copy=_n

. replace bmi=0 if copy==2
(10,000 real changes made)

. replace exe=0 if copy==2
(3,902 real changes made)

. replace gluc=. if copy==2
(10,000 real changes made, 10,000 to missing)

. replace bmi=0 if copy==3
(10,000 real changes made)

. replace exe=1 if copy==3
(6,098 real changes made)

. replace gluc=. if copy==3
(10,000 real changes made, 10,000 to missing)

. *reg m x c if copy==1
. *predict m if copy>1
. gen bmi_exe=bmi*exe

. reg gluc exe age bmi bmi_exe if copy==1

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(4, 9995)      =   1156.51
       Model |  460973.656         4  115243.414   Prob > F        =    0.0000
    Residual |  995977.069     9,995  99.6475306   R-squared       =    0.3164
-------------+----------------------------------   Adj R-squared   =    0.3161
       Total |  1456950.72     9,999  145.709643   Root MSE        =    9.9824

------------------------------------------------------------------------------
        gluc |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -4.972576   1.887177    -2.63   0.008    -8.671824   -1.273329
         age |  -.0109272   .0199432    -0.55   0.584    -.0500199    .0281656
         bmi |   1.157107   .0400721    28.88   0.000     1.078557    1.235656
     bmi_exe |  -.1678653   .0651123    -2.58   0.010    -.2954985    -.040232
       _cons |   88.63306   1.512678    58.59   0.000     85.66791    91.59821
------------------------------------------------------------------------------

. predict cf_gluc_exe0_bmi0 if copy==2
(option xb assumed; fitted values)
(20,000 missing values generated)

. predict cf_gluc_exe1_bmi0 if copy==3
(option xb assumed; fitted values)
(20,000 missing values generated)

. * What's the average value of gluc if exe is set to 0 and bmi is set to 0?
. sum cf_gluc_exe0_bmi0 if copy==2

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
cf_gl~0_bmi0 |     10,000    88.14172    .0547034   87.94517   88.33707

. scalar mean_cf_gluc_exe0_bmi0=r(mean)

. * What the average potential outcome for gluc if exe is set to 1 and bmi is set to 0?
. sum cf_gluc_exe1_bmi0 if copy==3

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
cf_gl~1_bmi0 |     10,000    83.16914    .0547034   82.97259   83.36449

. scalar mean_cf_gluc_exe1_bmi0=r(mean)

. * or you can just summarize
. sum

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
         exe |     30,000       .4634     .498667          0          1
         bmi |     30,000    9.751072    13.92166          0   41.25284
        gluc |     10,000    118.2133    12.07102   76.17368   159.0087
         age |     30,000    44.96562    5.006021   27.08767   62.95283
       bmi_c |     30,000    33.71239    3.365237   19.56859   47.48156
-------------+---------------------------------------------------------
      gluc_c |     30,000     140.919     12.3325     92.471   186.4404
      bmi_me |     30,000    33.63573     5.91547   9.372179   55.47207
          id |     30,000      5000.5    2886.799          1      10000
        copy |     30,000           2    .8165102          1          3
     bmi_exe |     30,000    3.648194    9.501675          0   39.43186
-------------+---------------------------------------------------------
cf_gl~0_bmi0 |     10,000    88.14172    .0547034   87.94517   88.33707
cf_gl~1_bmi0 |     10,000    83.16914    .0547034   82.97259   83.36449

. reg gluc exe 

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(1, 9998)      =   3052.74
       Model |  340800.329         1  340800.329   Prob > F        =    0.0000
    Residual |   1116150.4     9,998  111.637367   R-squared       =    0.2339
-------------+----------------------------------   Adj R-squared   =    0.2338
       Total |  1456950.72     9,999  145.709643   Root MSE        =    10.566

------------------------------------------------------------------------------
        gluc |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -11.96775   .2166045   -55.25   0.000    -12.39234   -11.54317
       _cons |   122.8831   .1353041   908.20   0.000     122.6179    123.1483
------------------------------------------------------------------------------

. dis "Estimated direct effect of exe, setting bmi to 0, is: " round(mean_cf_gluc_exe1_bmi0-mean_cf_gluc_exe0_bmi0,.001)
Estimated direct effect of exe, setting bmi to 0, is: -4.973

. 
. predict cf_gluc_exe0 if copy==2
(option xb assumed; fitted values)
(20,000 missing values generated)

. predict cf_gluc_exe1 if copy==3
(option xb assumed; fitted values)
(20,000 missing values generated)

. sum cf_gluc_exe0

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
cf_gluc_exe0 |     10,000    122.8831           0   122.8831   122.8831

. scalar mean_cf_gluc_exe0=r(mean)

. sum cf_gluc_exe1

    Variable |        Obs        Mean    Std. Dev.       Min        Max
-------------+---------------------------------------------------------
cf_gluc_exe1 |     10,000    110.9154           0   110.9154   110.9154

. scalar mean_cf_gluc_exe1=r(mean)

. dis "Estimated total effect of exe on gluc is: " round(mean_cf_gluc_exe1-mean_cf_gluc_exe0,.001)
Estimated total effect of exe on gluc is: -11.968


* compare to paramed
. *paramed command
. paramed gluc ,avar(exe) mvar(bmi) a0(0) a1(1) m(0) yreg(linear) mreg(linear) cvars(age)

      Source |       SS           df       MS      Number of obs   =    10,000
-------------+----------------------------------   F(4, 9995)      =   1156.51
       Model |  460973.656         4  115243.414   Prob > F        =    0.0000
    Residual |  995977.069     9,995  99.6475306   R-squared       =    0.3164
-------------+----------------------------------   Adj R-squared   =    0.3161
       Total |  1456950.72     9,999  145.709643   Root MSE        =    9.9824

------------------------------------------------------------------------------
        gluc |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -4.972576   1.887177    -2.63   0.008    -8.671824   -1.273329
         bmi |   1.157107   .0400721    28.88   0.000     1.078557    1.235656
  _exe_X_bmi |  -.1678653   .0651123    -2.58   0.010    -.2954985    -.040232
         age |  -.0109272   .0199432    -0.55   0.584    -.0500199    .0281656
       _cons |   88.63306   1.512678    58.59   0.000     85.66791    91.59821
------------------------------------------------------------------------------

      Source |       SS           df       MS      Number of obs   =    30,000
-------------+----------------------------------   F(2, 29997)     =    239.58
       Model |  91412.6741         2   45706.337   Prob > F        =    0.0000
    Residual |  5722776.07    29,997   190.77828   R-squared       =    0.0157
-------------+----------------------------------   Adj R-squared   =    0.0157
       Total |  5814188.74    29,999  193.812752   Root MSE        =    13.812

------------------------------------------------------------------------------
         bmi |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         exe |  -3.500552     .15992   -21.89   0.000    -3.814002   -3.187102
         age |  -.0005486   .0159302    -0.03   0.973    -.0317725    .0306752
       _cons |    11.3979   .7243036    15.74   0.000     9.978231    12.81756
------------------------------------------------------------------------------

             |   Estimate     Std Err   P>|z|   [95% Conf   Interval]
-------------+-------------------------------------------------------
         cde | -4.9725761   1.8871773   0.008  -8.6714435  -1.2737086
[bookmark: _GoBack]         nde |  -6.881746   1.1546158   0.000  -9.1447929  -4.6186991
         nie | -3.4628913   .23937275   0.000  -3.9320619  -2.9937208
         mte | -10.344637   1.3045497   0.000  -12.901555  -7.7877199

cde:controlled direct effect, nde:natural direct effect, nie:natural indirect effect, mte:marginal total effect
