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HHO.>)" (BH&,$-& ., 28>3(-94/&-"TT/3I$)&/H)". ) I #AKBE"#EHIA)" ($8>3(@"-/#E. & BBHA3">)"($ &7 &)6/&
)=(&.(-I0# <&%$-8859.2/3&(7&3/#(934/#&,3/8&,@,"0,20/&)(&3/,-FEHRE3/&"$)/3/H)/ -&"$&,--")"($,0&
)146$"4,08-1),"0#8&:*02/3)&NE\(00.,$$<&1JIQOE&F"%%0/&N&U/$=,3-<&PQQIOMAIHDBA I ENRE.

U/$=,3-<&1JIJR0O&V/32/B/<&!(0/$2/3%6#<&N&U/$=,3-<5&IIJ
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56/8/9&,$-&T,33(00&T;& .(-/0&9#/#&)6/&'$S-"@"-9,08%3(=)6&)3, KBI)#8&(&>3/-"4)&)6/&
>3(2,2"0")2&(T8H"$%&: ), 8)&)" /& IB&&S (& "009#)3,)/<&\"BEGHE. &>,)6&-",%3,.&(780%/,38T G
)2>1863(=)6&493@/&..(-/BBE/8&314),$%0/#8&0,2/0/ §<8 <&, $-8 &3/ &'HH#H"$%&-),&"$-"4,)(3#&)6,)&
-1$()/& =6/)6/38)6/&(9)4(./&@,3",20/8 " B2HI3@/-&,)&,&>,3)"490, 38 H#/H## IGJAY AR &V B8
(QHI3@/-83-&" &R ZHEHH"$Y0: B Q&)6,)&)6/&.(-/0&-(/H#&$()&3/89"3/&,$&." &S$-"4,)(3&=6/$&
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! Authors often treat the shared parameter model as a distinct MNAR approach. Because the structural
features of the Wu and Carroll model are similar to those of the Diggle and Kemoded (i.e., one or

more variables from the substantive model predict missingness), | treat both as selection models.

2 A logistic model is not the only possibility for the missing data indicators. Probit models are also
common.
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& 5(&-,)/<&,>>0"4,)" (SH&E($%")9-"$,0&. (-/0#&7 (3&!"*+&-,),&,3/&3/0,)" @/07&3,3/&"$&) 6/&#(4",0&
$-&)6/82/6,@"(3,08H#4" [$4I#<8&>/36,>#8&2/4,94#/&)6/#1&,$,07#/#86, @/&)3,-")"($,00?&3/89"3/-&4(.>0/D&
49#)(.&>3(%3,.."$%A&&Y (7)=,3/&,@,"0,2"0") 28" #8&$(&0($%/3&,&0".") "$%&7 ,4) (3&2/4,9#/&)6/&>09%#

> 4B, %/&3(@"-/#&,&H#)3,"%6)7(3=,309) 7(3. &(3&/H#)".,)"$%&,&@,3")?&(78&H/0/4)"($&.(-/0#&,$-&
>))/3$&."D)93/&.(-/OH#A &BE"H&H/A)" (SEHA3"2/HERHI3"HET &-,),&%5,074#/#8&)6,)&, >>078)6/&! *+&
(-I0#&73(.&/,30"/38"$&)6/&. $O#43">) ABER>00# &8 ?$), DL "0/#& BBI&, $,07#/#8,38@,"0,20/&,)&

===A,>>0"/-."##"$%-,),A4(.|>>/3# R

56/&%$,02#"#&/D,.>0/#&91§6/&>#246",)3"48)3",0&-,),&73(.&a/-/B/3&,$-&["22($#8: PR
1JJS;"BIR3"/707<&)6/&-,),&=/3/&4(00/4)/-& #&>,3)&(7&)6/& )" ($,08 $#)")9)/&(7&!/$),0&a/,0)6&
Y46"W(>63/$",&T(00,2(3,)" @/&Y)9-2&,$-&A($H#"#)&(7&3/>1,)/-&.1 #93/.I1$)#&T3( &IHR&"$-"@"-QEOHA
"$8)6/&(3"%"$,084)9-7<8&>,3)"4"> $)H&=/3/& HH"%$/-&) (&(S/&UTEBIYIE,0&4($-")" ($#&:,8>0,4/2(&
4($-")"($ 8$-8&)63//8-39%&3/%" [$#;<&29)&)6/&#92#/89/$)&,$,02#/#8&4(00,>#1&)6/#/84,)I%(3"#&"$)(&,&
"46()(.(9#8)31,)./$)&"$-"4,)(3  &JI&j&>0,4/2(<&P&j&-38HBIR>3". 378#92#),$)" @/8&%6(,08 #&)(&
JHHH83]).1$)  B0,)/-846,$%/H&"$& " 00$/HHEH @/3")28(@/38)" IA&ES56/&(9)4(./&= #8&./ #93/-&($& &R
>("$)&#4,0/<&#9468&)6,)&6"%6/3&H4(3/#8&3/70/4)8%3/,)/3&H#] @/3") ?&:/A%A<EP&I&$(3.,0<&$()&,)&,00&"00C
,.($%8&)6/&..(#)&/D)3/./07&"00;A&&! (#)&(78)6/&. #93/.I$)#&=/3/8&4(00/4)/-&,)&2 #I0"SHB &S$/<&
=//B&)63//<&,$-&=//B&H#"D<&2HROVESI. 2/3&(7&,3)"4"> $)#&, 0#(&6,-8&./ #93/.I$)#& ,) &//B&)=(<&
=//B&T(934R&//B&T" @&R(&#".>0"77&)6/8>3/#/$),)" ($<& &/DA09-/-&)6/#/&"33/%90,3&(2#/3@,)" ($#&
73(.&,00&,$,07#/88%,007<&5()/&)686/ &"#43/)/&.1,#93 1./$)&#4,0/&@"(0,)/#&.90)"@,3",)/&
$(3.,0")7<&22&-/7"$")" (D) 6(9%68) 6/#/&-,),&,3/1&#)"00&9#/790&7 (3&"009#)3,)"($&>93> (#/#<&)6/&

$(3.,0")?2&@"(0,)"($&"#&0"B/0?&>3(20/.,)"4&7(3&)6/&#/0/4)" ($&.(-/0&,$,&2#/H#A

% The data are used heséth Dr. HedekerOs permission and are available at his website:
http://tigger.uic.edu/~hedeker/long.html
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& 56/&-,),8#1)&4(3),"$HES"/&-"#)"$4)&. "' $%&:-,), RIBS#&)6,)83/>3/#/$)&,&."D)93/&(7&
>/3.,$/$)&.,))3")"($8,$-8"$)/3."))/$)&."##  "$U$/HA&&S56/&0/T).(#)&>,$/08(785 EH&B"W/HE

)6/ #8,))/3SHARES (8>3(@"-/&H(.|&H#/$#18,2(9)836B/0(>./$),0&)3/$-#<&\"%93/886 (=#&)6/&

(2#I3@/-&./, $#8&T(3&/,46&>,))[33&2JBL,).I$)&A($-")"(SA &BBI&T"))I-&)3,K/4)(3"#&"$&)6/&T"%93/&
HO%%/H#) &S(B"$/,3&%3(=)6A&E $&)6/"3&,$,07#/#&(7&)6/&H, .I&-,), <&al-IBI3& $-&["22($#8&:PQQR<&1JIS;&
0"$/,3"W/&)6/8)3,K/4)(3"1#827&.(-/0" SO0 /H#E&HI @/3") 28 #&,&T9$4)" ($&(7&)6/8#89,3/8&3(() 87 &=//BHA
*0)6(9%6&) 6" #&-/14"H#" ($& " H&@I3?&H/SH"20/<& &IH/-&,&89 -3,)"4&%3(=)6&. (-/0&7(38) 6/ &é92#/89/3)
$,02#/#82/4,9#1&")&>3(@"-#&:$83)9$") 28 ( &009#)3, 36/&4(.>0/D")"[#8)6,)&,3"#/&=")6&!"*+&

(-/0#<&>,3)"490,307&>,))/3$&."D)93/&.(-/O#&=")6&"-/$)"7?"$Y6 & I (SHREBE/ &,07#" 18(-I0&"H#&E

Lt Lol 1aQ#$ p) + B (TIMER) + 1, ("#$ )1 1y (DRUG)(TIME)

+ 1 (DRUGH(M#$ F) 41,0 L, D! 1, (8 2) +14&

=6/3/&! (<8, <& $-B,&I7"$/&)6/&, @/3,%/8&%3(=)6&) BKB?&7(38)6/8&>0,4/2(&4 #I#&IAIA<GEI; <&

$-&! | <B <& $-B.&,>)93/8)6/8./,$&-"T7/3I$4/#8&2/)=1I$&)6/&)3/,)./$)&4($-")" ($HA &

"$8,$&"$)/3@/$)" ($&H#)9-?<8IBE, 06 (,0& Y& 1#/##8&)3],).1$)&%3(9>&-"T7/3/$4/#&.,)&)6/&/$-&
(78)6/8&#)9-?A&B)/3"$%&)6/&)/.>(3,08>3/-"4)(3&,)&)6/&T"$,08& H#it/##.IBpROA<&2?2&T"D"$%&)6/&7"$,0&
#0(>/87,4)(3&0(,-"$%&)(&, & @,09/&(783;& -3/ HHH#8) 6" H#&BO/H)" ($&2/ ARG S&(7&)6/&"$)/348>)
($8)3/,)./3)8&%3(9>&./.2/3H#6">8&89,$)"7"I#8&)6/&.1 $&-"T7I3/$4/A&&a (= @/3&".>0/./$)"$%&

"_[$)" 77" $%&3/H)3"4)" ($H&"$&, &> ))/3$&."D)93/&. (-/ORISRH" 13& 228 4I$)/3"$%&)6/&"$)/34/>)&,)&)6/&
2, #I0"$/ &et#H#.1$)<&>,3)"490,307&=6/$&>/3.,$/$)&,))3")"($&"H&FEB" ., 32&H#(IB4/&(T&."H#H"$YSHHA&E
T($#/89/$)07<& BD/-§6/8&0"$/,38#0(>/& J(B&O(,-"$%#&)(&@,09/#&(7&I<&P<&H<&,$-&S&7(3&,008#92#/89/$

$,0?2#/#8&:)6/&89,-3,)"4&7,4)(3&0(,-"$%#&, 3/&)6/8H#89, 3/#E&(7 &) 6/#/ & GRISHAIL) 6" H#&



I $08& () &) &+, B- (. &I (-/OH&&E& 1R

> 3,./)/3"W,)"($<&")&"#&H)3,"%6) 7(3=,3-&) (&4($#)394) &, &)/#)&(78)6/&I$->("$)&./, $&-"T7/3I$4IA&SE
*096/23,"4,002&">90,)"$%&)6/&%3(=)6&.(-/0&>,3,./)/3#&%" @/#&)6/&.(-/B.>0"/-&./ $&

-"T713/$4/&,)&)6/&7"$,0&  ##/#H# /%)

L6 & Q&

& Args ! Viggosr =

=6/3/&)6/& §/3.#8.,31&)6/&3/%3/1#" ($&A(/TT"4"$)#&)6,)&0"$B&)6/&%3(=)6&7,4) (3#8) (8)6/8)3/,).I1$)&
"$-"4,)(3&:"AIA<&)6/&0,)/$)&./,$&-"TT/3ISA/#;<&S&"#&)6/8&@,09/&(78)6/80"$/,3&7,4) (3&0(,-"$%&.,) &)6/&7"$ (
HHIHHE1D) 8" AIA<&)B/&)".I&HA(I<&=I/BHEH"$4I&2 #I0"$/; <&, - FOASEIBH>($-"$%&89,-3,)"4&
7,4)(380(,-"$YR($%6&()6/38)6"$%#<&)6/&ICFZMETC'Y5+* '5&A(.., $-&"$&!>09#&, 00(=H#&OH/3HE&
)(&-I7"$/8&$/=8>,3,.1)I3# 86,)&,3/&T9$4)"($#&(78&)6/&IH)".,)I-&>,3,./)|3#AEER)6/8#92#/89/$)&
$,024/#<BHI-8)6"H#EA(..,$-&)(&/H)".)I&)6I& .|,$&-"TTI3/$4] &$&Z89,)"($&QH-&")HEE),$-,3-&

/33(3&.

8?G H)9#1+6%$5&"+7/%4#8$1#* +

& *H#&,&H),3)"$%8&>("$)<& &B#/-&R #/-&.,D".9.80"B/0"6((-&."HH"$%&-,),&6,$-0"$%&) (&

1#)".)I&)6/ 89,-3,) "4&%3(=)6&493@/&.(-I0A&S\"VEER(EHR.)6/8> B&-",%3,.87(3&)6/8,5,0HA&E
5,20/&18"#)86/&/H)". ) I#8.,$-&)6/&H),$-,3-8/33( 3#&T(3&#/0/4)/-&>,3,.)/3#&,$-8\"%93/&H>0, 2#8&.
)6/&A4(33/#>($-"$%&..(-/0 G.>0"/-8)3,K/4)(3"1#/8B6/&7" %93/ &40/, BER/Y6/ 36, &>,3)"4"> $)#E&"$&)6/&
-39%&4($-")"($&/D>/3"/$4/-8%3/,)/383/-94)" ($#E&"$&" 00S/HHEH @/3")2&3/0,)" @/&)(&)6/&>0,4/2(&%3(9>A&SE
a(=/@/3<&")&"#&" >(3),$)&)(&/.>6 #"W/&)6,)&)6/HI&IH)". ) #E& ##9.18)6,)&,$&"$-"@"-9,0L#&>3(>/$#") ?&
7(3&."##"$%&-,),&,)&=//B&H&A(.>0)/02&-1)/3."$/-8&228)3/,)./$)&%3(9>&../. 2/3#6">&(3&27?&6 " #&(3&

6/3&#/@/3")?&#4(3/8&,)&/,30"13& HHHH#.IS)#&:"AIA<E)6/&."HH#"$%&@ ,09/#84($7(3.8) (&, $&*+&./88,3"#..A
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Y92#)")9)"$%&)6/&,>>3(>3",)/&89,$)")"/#8&73(.&)6/R".9.&0"B/0"6((-&,$,07# #&"$)(&Z89,)"($8&
%" @8R/, $&-"T7/3/$4/&(7&PAI1R0) §&AP_1ERE&AIIFZR&&/H##/-&3/0,)"@/&)(&)6/@ G.>0"- &
1#)".)18&(7&)6/8&2 #I0"$/&H),$-,3-&-1@",)"($&"AIA<&)6/8#89,3/&3(()&(78)6/&#9.&(78)6/&"$)/34/>)&

@,3",$4/&,%$-&)6/&3/#"-9,0&@,3",54%) 648, $-,3-"W/-&./,$&-"77/3/$4/&"#& §&PAXEH

<".*#+)01+>#05)%1+ #*#(&'$0+8$1#*9 +

& I>00#&"#8&"-/,0028#9")/-&T(3&/#)".,)"$%&H/0/4)" ($&.(-/0#&2/4,9#/&") &4, $&,44(. .(-,)/&
$(3.,00?&-"#)3"29)/-8:/A%A<&)6/&3/>],)I-&.] #93/#;&,$-&4,)1%(3"4,0&(9)A(./#8&:I A%A<&) 6/ QO&H"S

=), &"$-"4,) (3H#;8"$8)6/8&H#, /8. (-I0A&K&S(&"009#)3,)/<& &7") &) R 0/4)" ($&.(-/0#8)(&)6/&
>#746",)3"4&)3",08-,),A&&56/87"3#)& RO PHREE3.,$/$)&,))3")"($&:>,))/3$#&1&)63(9%6&1;8. #&
1"+&,$-&)3/,)/-&"$)/3."))/$)&. "Ht"$UeSI##&:  >,))I3$H&X&)B(QUBE #&*+A&E #&$()/-8>3/@"(9#0?<&
| HE'S%&-,),&"B-"4,) (3H#&)6,) &, 3/&A($H"#)/$)&=")6&,&-"HA3IFH#I3@" @,0&.(-/08,3/&,>>3(>3")/&
=6/$&.(-10"$%&>/3.,$/$)&-3(>(9)A&&(3.,007<&, &#/)&(7&)63//&."HH"$%&-,),&"$-"4,) (34#&4(90-&
3/>3/#1$)&)6/&-3(>(9)&>,))/3SES&S, 208 & 29)&)6/&#.,008$9.2/3&(784 HIH#&"$&> ))3$&I&. -1&")&

" >(HH"20/8)(&.(-/0&,))3")"($&.) &) 6/&H/A(S-& HHtlHH.I1$) A&ST ($#/89/$)07<&)6/&.(-/0&"$4(3>(3,)/-&

"$-"4,)(38@,3",20/#8&,)&)6/&7"$,08)=(&=, @/#&=")6&)6/&7(00(="$%&4(-"$8&#46/./

I observed or!"#$%& ##SWHH"$Y0 S &HH
& P! ! 1"#$#%&at!!"#$ I & &
99 I"#$#%&at!previous!!"#$

=6/3/8QQ&3/>3/H#I$)HE&,&."H#H#'$%&@,09/&4(-IA&E .>(3),$)0?7<&, HEMREPRIL) (&)886)/3."))/$)07&
THHS%& @ ,09/48&/TTI4)" @TOB &> (3,-"4&. " #H"$%SIH#8&:>,))[3SHEX BBBEQ; & #8!* &S, 007<&

$0)/&)6,)&)6/&>,))/3$&18&4 #I#86,-8"$-"4,) (3&A(-HELTEEP &, $-8% 8&QQALLS6"#&) 3/, #&)6/&. " #HEE Y&
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@,09/#8&,3/81*+8,$-&)6/&."##"SYoBD) ,09/#& #&)"* +&-3(>(9)A&E56/&."--0/&>,$/08&(7&5, FBI&

#9..,3"W/H&)6/&"S-"4,) (3&A(-1#&7 (3&/,46&."#"$%&-,),&>,)) 3 A&S&

& \"0693/ B0 (=#&,&>,)6&-",%3,.&(78&) BTRI&HI0/4)" ($&-I0  A&B/&-"TT/3/$)8&)?>/#&(7&- #6/-&
33(=H&3/>3/#/$)8&/89,0")2&4($#)3, ") HE&($&)6/&3/%3/H#" (S&A(/TT A" I$)HE"$&)6/&0(%"#)"4&>,3)&(78)6/&
(-10&:/A%A<E&)6/831%3/HH" (SEEHR! | &#8/)&/89,08)(&)6/8&3/%3/1H" (SRAABE! A&KF/H#43"2"$%8&)6/&
#>14"7"4,)" ($8&(78,&-"H#A3Y].I&H#I3@" @, 0&. (-/0&" #8&2/?($-&)6/&H#4(>1&(78)6"#&., $IH#A3">)<&29) &3/ -/3#&
)6,)&,3/&"$)/3/#)/-8"$&)6/&3,)"($,0/82/6"$-&)6/#/&A($#)3,"$)#8&4, $&A($#90) &Y "$%/3&,$-&""00/)}&:: 1JIH

$-&19)6b$&, $-&! #2$8:1JIX; <&,.($%&()6/3H&

5,20/8H86" @/#&#/014)/-8&>,3,.1)I3&/#)".)1#&,$-&#),$-,3-&/33(3#&73(.&)6/&,$,02#E6/&
(10 G.>0"/-&%3(=)6&)3,K/4)(3"/#&=/3/&8B&#"."0,3&)(&) 6 (#/&"$&\"%9I31&.B)6(9%6&)6/&#/0/4)"($&
(-/0&>3(-94/-&,80,3%/3&./,$&-"77/3/$4/182/)=1/$&)6/&)3/,)./$) &A($-")" ($#&,)&=//BEH#"DA&SE
Y>/4"7"4,00782#)")9)"$9%86/&,>>3(>3")/&/#)".,)I#&"$)(&Z89,)" ($&QR"I0-#8& (-I0  G.>0"/-&./,$&
-"7713/$4/&(T@RASSBREEAPQ* 888 AJIP;&6)&Y"$, 08 ##/##./$) A&ZD>3/##/-&3/0,)" @/8)(£06/&
".>0"/- 8#)".,)I&(7&)6/&2 #/0"$/&#),$-,3-&-1@",)"($<&)6"#&./, $&-"TTI3/$4/&A(33/H#>($-#&)(&,&
#),$-,3-"W/-&/TT14)&# "W/ S(FGEPA_RIRA! 86,)&)6/&#/0/4)"($&.(-/08>3(-94/-&)6/&#,.1&
#92#),$)" @/84($4098& #&)6/&.,D".9.&0"B/0"6((-&,$,07#" &' AIA<&)6/&-39%&4($-")"($&/D>/3"/$4/-&
%3/,)/38/-94)"($#&"$&"00$/##&# @/BR)D2/")&=")6&,&0,3T/ BR&H"VEiR6,"$<&)6/8&$(3.,0") ?&

@"(0,)"($86(90- & ,#)&-(92)&($8)6/&@,0"-")?&(78&)6/&#/0/4)"($&.(-I0&/#)". BH#A

& 5933$"$%8&) (&) BV H#) & (3)" ($&(7&)6/&/0<&)6/&3I%3/##" ($&A(/TT"4"I$)#8&89,$)"7?&)6/&
"$709/$4/&(JBL,).I$)&%3(9>&./.2/3#6">&,$-&)6/  &I>1,)I-&.1#93/#&@,3",20/#&($86/&6,W,3-&
>3(2,2"0")"HE AJA<&)B/&4($-")"($,08>3(2,2"0") 23(I®)< &b" @/$&>,3)"4"> $&,)86/8>3/ @" (&
HHIHEIS) PRRB&ID, >0/<&B/8H" %S T"4, Q") @RHH(A",)" ($&2/)=1IB& " 83~ & HIYY/H)H#8)6,)&

>,3)"4"> $)H&=")BBY6/BO0S/HH&HI @/3")?&HEJBH @/ &3/ &(3/&0"B/0?&)(&-3(>&(9)QU$&,7)/3&
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4($)3(00"$%&7(38)3/,)./9YB3(9>&./.2/346"> &$- GHA(3/H&T3(.&)6/&>3I@" (& Hit/H#.I18)B)6(9%6&
)6/&,4493,42&(7&)6" H#&A(/TT"4"1$)&-1>/$-#8EHE, 20/&-"#)3"29)"($,0& ##9.>)"($#<Q&-(I#&>3(@"-/&
#(] 8@"-I$4I&T (38, B&I*+&.146,$"#.A&S )& #&" >(3),$)&)(&$5()/&)6,)&)".,)"$%&)6/&.(-/0&73(.&
PIR,$-(.&#),3)"$%&@,00/#8&>3(-94)&(&H/)#&(7&#(09)" (SHF6&-"TT/3/$)&0(%"H) " 4&3/%3/##" ($&
A(77"4"I$)#8&:)6/8&0(%&0"B/0"6((-&@ ,09/HBATEA_PI& BXRHARRE $&)6/8#/4($-&#(09)"($<&)6/&
HH(A" )" ($&21)=1I$& " 8S-&! of=")A6/-&H"YoSHEHINBE),) &4 HIH&IBI3&"00S/HH&H] @/3") 2&HA(3I#E&
=/3/&.(3/&0"B/0?&)(&-3(>&( QB " #&9$40/,38=6/)6)BRG/SH#")" @") ?&) (&-"T7/3/$)&H#),3)"$%&@ ,09/#& #8,&
#2.>)(&(T&.(-I0&."HH>IA"T"4)" (S &IAY%A<E)B/&O(%"H)"48>(3)" ($&(7&)6/&.(-/0&(.")#&, $&" >(3),$)&
>3/-"4)(3&(7&."tH#"$% S/ BLS(3.,0")2&@" (0,)" ($&E4, 9/ 8) 6/#/&.(-/0#&,3/8=1,B0?&"-1$)"7"I-&)(&
2/%"$&=")6<&,889,-3,)"4&.(-/0R&2/ §((&4(.>0/D <&,0)6(9%6&,&0"$/,3&.(-/0&#6(=/-&#"."0,3&
"$#),2"0") ZBe8l%, 3-0/H57 &)6/89$-/307"$% &4, OJBLER 7"$-"S8XB-/3#A (3] #§6/&".>(3),$4/&(78OH" P&

3,$-(.&#),3)"$%&@,00/#8&=6/$&/#)".,)"$%&)6/#/&.(-/08A

56/&>3/@"(9#&,$,07#"#8&)3/,)/-&"$)/3."))/$)&."#H#"$%&@ , 09/#&. #&HEAS&, 0)/3$,)" @/<&
431,)"$%85-"4,)(34#8&)6,)&, 3/&4($H#"#)/$)&=")6&,8.90)"$(.",08&0(%"#)"483/% SBHBES"#)"$%9"#6&
20)=/1$&"$)/3."))/$)&, $-&>/3.,$/$)&."H##"$%&@,09/# &02/3)&N&\(00.,$$<&1JIQ0&*02/3)<&\(00.,$$<&
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MAR-Based Maximum Likelihood Estimates
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Table 3
DK Selection Model Estimates with MNAR Dropout

Parameter Est. SE p
Placebo Intercept 5.259 0.081 < .001
Placebo Linear -0.137 0.071 .052
Placebo Quadratic 0.014 0.o11 199
Intercept Difference -0.011 0.094 .905
Linear Difference -0.509 0.087 <.001
Quadratic Difference 0.039 0.014 .004
Week 6 Difference -1.665 0.198 <.001
Y,! R 2.266 0.531 <.001
Yo.! R -1.749 0.388 < .001

Treatment ! R, 0.347 0.358 333
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I"#$%&: Path diagram of linear growth model.
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Missing Not At Random Models for Latent Growth Curve Analyses

Mplus Syntax Files

TITLE:

MAR-based maximum likelihood analysis;
DATA:

file is drugtrial.dat;

VARIABLE:

names are id drug male yl y2 y3 y4 pattnum;

! id: participant id;

! drug: 0 = placebo, 1 = drug;

! male: 0 = female, 1 = male;

! yl: baseline severity score;

! y2: week 1 severity score;

! y3: week 3 severity score;

! y4: week 6 severity score;

! pattnum: missing data patterns from table 1;
usevariables are drug vyl vy2 y3 v4;

missing are all (99);

MODEL:

! quadratic growth model;
! () are parameter labels used in model constraint section;

icept linear quad | yl@0 y2@1 y3@3 y4@6;
yl - y4 (resvar);

icept (iceptvar);

icept on drug (b3);

linear on drug (b4);

quad on drug (bb);



MODEL CONSTRAINT:

! define new parameters not in the model;

new (meandiff effsize);

! compute endpoint mean difference (equation 9);

meandiff = b3 + 6*b4d + 36*b5;
effsize = meandiff / sqrt(iceptvar + resvar);

PLOT:

type 1s plot3;
series is yl - y4 (linear);
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TITLE:

Diggle and Kenward selection model with survival indicators;

DATA:

file is drugtrial.dat;

VARIABLE:

names are id drug male yl y2 y3 y4 pattnum;

! id: participant id;

! drug: 0 = placebo, 1 = drug;

! male: 0 = female, 1 = male;

! yl: baseline severity score;

! y2: week 1 severity score;

! y3: week 3 severity score;

! y4: week 6 severity score;

! pattnum: missing data patterns from table 1;
usevariables are drug yl v2 y3 vy4 r3 r4;
missing are all (99);

categorical are r3 r4;

! create survival model indicators, r3 and r4;
DATA MISSING:
names = y2 y3 y4;

type = sdropout;
binary = r3 r4;

ANALYSIS:
estimator = mlr;
integration = montecarlo;

starts = 100 100;
MODEL:

! quadratic growth model;
! () are parameter labels used in model constraint

icept linear quad | yl@0 y2@1 y3@3 y4@6;
yl - y4 (resvar);

icept (iceptvar);

icept on drug (b3);

linear on drug (b4);

quad on drug (bb);

section;
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!

I'logistic regressions;

r3 on y2 (logbl);

r3 on y3 (logb2);

r3 on drug (logb3);

r4d on y3 (logb1l);

rd on y4 (logb2);

r4 on drug (logb3);
MODEL CONSTRAINT:
I define new parameters not in the model;
new(meandiff effsize);

I compute endpoint mean difference (equation 9);

meandiff = b3 + 6*b4 + 36*b5;

effsize = meandiff / sqrt(iceptva r + resvar);
PLOT:
type is plot3;

series is y1 - vy4 (linear);
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TITLE:

Wu and Carroll selection (shared parameter) model with survival indicators;

DATA:

file is drugtrial.dat;

VARIABLE:

names are id drug male yl y2 y3 y4 pattnum;

! id: participant id;

! drug: 0 = placebo, 1 = drug;

! male: 0 = female, 1 = male;

! yl: baseline severity score;

! y2: week 1 severity score;

! y3: week 3 severity score;

! y4: week 6 severity score;

! pattnum: missing data patterns from table 1;
usevariables are drug yl vy2 y3 v4 r3 r4;
categorical are r3 r4;

missing are all (99);

! create survival model indicators, r3 and r4;
DATA MISSING:
names = y2 y3 y4;

type = sdropout;
binary = r3 r4;

ANALYSIS:
estimator = mlr;
integration = montecarlo;

starts = 100 100;
MODEL:

! quadratic growth model;
! () are parameter labels used in model constraint

icept linear quad | yl@0 y2@1 y3@3 y4@6;

yl - y4 (resvar);
icept (iceptvar);
quad@oO;

icept on drug (b3);
linear on drug (b4);
quad on drug (bb);

section;



! logistic regressions;

r3 on
r3 on
r4d on
r4d on

MODEL

! define new parameters not in the model;

icept (logbl);
linear (logb2);
icept (logbl);
linear (logb2);

CONSTRAINT:

new (meandiff effsize);

! compute endpoint mean difference

meandiff = b3 + 6*b4 + 36*b5;

effsize = meandiff / sqrt(iceptvar + resvar);

PLOT:

type is plot3;
series is yl - y4 (linear);

(equation 9);
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TITLE:

pattern mixture with complete case restriction;
DATA:

file is drugtrial.dat;

VARIABLE:

names are id drug male y1 y2 y3 y4 pattnum;
l'id: participant id;

I drug: 0 = placebo, 1 = drug;

I male: 0 = female, 1 = male;

I'yl: baseline severity score;

I'y2: week 1 severity score;

I'y3: week 3 severity score;

I'y4: week 6 severity score;

I pattnum: missing data patterns from table 1 ;

usevariables are drug y1 y2 y3 y4 group;
missing are all (99);

I specify pseudo latent class variable and number of classes;
classes = pattern(3);

I define latent classes with manifest grouping variable;
knownclass = pattern(group = 1 group = 2 grou p=3);
DEFINE:

I collapse missing data patterns into grouping variable;

if (patthum eq 1 or patthum ge 5) then group = 1;

if (patthum eq 2) then group = 2;

if (patthum eq 3 or patthum eq 4) then group = 3;
ANALYSIS:

type = mixture;

MODEL:

%overall%

I quadratic growth model;
I () are parameter labels used in model constraint section;

icept linear quad | y1@0 y2@1 y3@3 y4@6;
yl - y4 (resvar);

icept (iceptvar);

icept on drug;

linear on drug;

quad on drug;
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! latent variable means used to compute proportions;

[pattern#l] (pllogit);
[pattern#2] (p2logit);

! class-specific models;
$pattern#l$

[icept] (iceptl):;

[linear] (linearl);

[quad] (quadl);

icept on drug (iondrugl);
linear on drug (londrugl);
quad on drug (gondrugl);

$pattern#2%

[icept] (icept2):;

[linear] (linear2);

[quad] (quad2);

icept on drug (iondrug2);
linear on drug (londrug2?);
quad on drug (gondrug2);

$pattern#3%

[icept] (icept3);

[linear] (linear3);

[quad] (quad3);

icept on drug (iondrug3);
linear on drug (londrug3);
quad on drug (gondrug3);

MODEL CONSTRAINT:
! implement identifying restrictions;
quad3 = quadl;

gondrug3 = .08;
quad2 < .07;

! define new parameters not in the model;

new(pil pi2 pi3 b0 bl b2 b3 b4 b5 meandiff effsize);

! compute pattern proportions;

pil = exp(pllogit)/ (exp(0) + exp(pllogit)
pi2 = exp(p2logit)/ (exp(0) + exp(pllogit)
pi3 = exp(0)/ (exp (0

+ exp(p2logit));
+ exp(p2logit));
) + exp(pllogit) + exp(p2logit));



!
I compute average estimates (equation 10);

b0 = pil*iceptl + pi2*icept2 + pi3*icept3;

bl = pil*linearl + pi2*linear2 + pi3*linear3;

b2 = pil*quadl + pi2*quad2 + pi3*quads3;

b3 = pil*iondrugl + pi2*iondrug2 + pi3*iondrug3;
b4 = pil*londrugl + pi2*londrug2 + pi3*londrug3;
b5 = pil*qondrugl + pi2*gondrug2 + pi3*qondrug3;

I compute  endpoint mean difference (equation 9);

meandiff = b3 + 6*b4 + 36*b5;
effsize = meandiff / sqrt(iceptvar + resvar);

PLOT:

type is plot3;
series is y1 - vy4 (linear);
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I
TITLE:

pattern mixture with neighboring case restriction;
DATA:

file is drugtrial.d at;

VARIABLE:

names are id drug male y1 y2 y3 y4 pattnum,;
l'id: participant id;

I drug: 0 = placebo, 1 = drug;

I male: 0 = female, 1 = male;

I'yl: baseline severity score;

I'y2: week 1 severity score;

I'y3: week 3 severity score;

I'y4: week 6 severity score;

I pattnum: missing data patterns from table 1;

usevariables are drug y1 y2 y3 y4 group;
missing are all (99);

I specify pseudo latent class variable and number of classes;
classes = pattern(3);

I define latent classes with manifest grouping vari
knownclass = pattern(group = 1 group = 2 group = 3);
DEFINE:

I collapse missing data patterns into grouping variable;

if (patthum eq 1 or patthum ge 5) then group = 1;

if (patthum eq 2) then group = 2;

if (patthum eq 3 or patthum eq 4) then group =3;
ANALYSIS:

type = mixture;

MODEL:

%overall%

I quadratic growth model;
I () are parameter labels used in model constraint section;

icept linear quad | y1@0 y2@1 y3@3 y4@6;
yl - y4 (resvar);

icept (iceptvar);

icept on drug;

linear on drug;

quad on drug;
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I latent variable means used to compute proportions;

[pattern#1] (pllogit);
[pattern#2] (p2logit);

Iclass - specific models;
Y%pattern#1%

[icept] (iceptl);

[linear] (linearl);

[quad] (quadl);

icept on drug (iondrugl);
linear on drug (londrugl)
quad on drug (qondrugl);

%pattern#2%

[icept] (icept2);

[linear] (linear2);

[quad] (quad2);

icept on drug (iondrug?2);
linear on drug (londrug?);
qguad on drug (qondrug?);

%pattern#3%

[icept] (icept3);

[linear] (linear3);

[quad] (quad3);

icept  on drug (iondrug3);
linear on drug (londrug3);
qguad on drug (qondrug3);

MODEL CONSTRAINT:

I implement identifying restrictions;
quad3 = quadz;

gondrug3 = qondrug2;

quad2 < .07,

I define new parameters not in the model;

new( pil pi2 pi3 b0 bl b2 b3 b4 b5 meandiff effsize);

I compute pattern proportions;

pil = exp(pllogit)/(exp(0) + exp(pllogit) + exp(p2logit));
pi2 = exp(p2logit)/(exp(0) + exp(pllogit) + exp(p2logit));

pi3 = exp(0)/(exp(0) + exp(pllogit) + exp(p2logit));
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!
I compute average estimates (equation 10);

b0 = pil*iceptl + pi2*icept2 + pi3*icept3;

bl = pil*linearl + pi2*linear2 + pi3*linear3;

b2 = pil*quadl + pi2*quad2 + pi3*quads3;

b3 = pil*iondrugl + pi2*iondrug2 + pi3*iondrug3;

b4 = pil*londrugl + pi2*londrug2 + pi3*londrug3;
b5 = pil*qondrugl + pi2*gondrug2 + pi3*qondrug3;

I compute endpoint mean difference (equation 9);

meandiff = b3 + 6*b4 + 36*b5;
effsize = meandiff / sqrt(iceptvar + resvar);

PLOT:

type is plot3;
series is y1 - vy4 (linear);
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I
TITLE:

pattern mixture with available case restriction;
DATA:

file is drugtrial.dat;

VARIABLE:

names are id drug male y1 y2 y3 y4 pattnum,;
l'id: participant id;

I drug: 0 = placebo, 1 = drug;

I male: 0 = female, 1 = male;

I'yl: baseline severity score;

l'y2:  week 1 severity score;

I'y3: week 3 severity score;

I'y4: week 6 severity score;
I pattnum: missing data patterns from table 1;

usevariables are drug y1 y2 y3 y4 group;
missing are all (99);

I specify pseudo latent class variable and number of classes;

classes = pattern(3);

I define latent classes with manifest grouping variable;
knownclass = pattern(group = 1 group = 2 group = 3);
DEFINE:

I collapse missing data patterns into grouping variable;
if (patthum eq 1 or patthum ge 5) then group = 1;

if (pattnum eq 2) then group = 2;

if (patthum eq 3 or patthum eq 4) then group = 3;
ANALYSIS:

type = mixture;

MODEL:

%overall%

I quadratic growth model;

I () are parameter labels used in model constraint section;

icept linear quad | y1@0 y2@1 y3@3 y4@6;
yl - y4 (resvar);

icept (iceptvar);

icept on drug;

linear on drug;

quad on drug;
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I latent variable means used to compute proportions;

[pattern#1] (pllogit);
[pattern#2] (p2logit);

Iclass - specific models;
Y%pattern#1%

[icept] (iceptl);

[linear] (linearl);
[quad] (quadl);

icept on drug (iondrugl);
linear on drug (londrugl);
quad on drug (qondrugl);

%pattern#2%

[icept] (icept2);

[linear] (linear2);

[quad] (quad2);

icept on drug (iondrug?2);
linear on drug (londrug?);
qguad on drug (qondrug?);

%pattern#3%

[icept] (icept3);

[linear] (linear3);

[quad] (quad3);

icept on drug (iondrug3);

linear on drug (londrug3);

qguad on drug (qondrug3);

MODEL CONSTRAINT:

I implement identifying restrictions;
quad2 < .07,

quad3 = (336/389)*quadl + (53/389)*quad2
gondrug3 = (336/389)*.08 + (53/389)*qondrug2;

I define new parameters not in the model;
new(pil pi2 pi3 b0 bl b2 b3 b4 b5 meandiff effsize);

I compute pattern proportions;

pil = exp(pllogit)/(exp(0) + exp(pllogit) + exp(p2logit));
pi2 = exp(p2logit) /(exp(0) + exp(pllogit) + exp(p2logit));

pi3 = exp(0)/(exp(0) + exp(pllogit) + exp(p2logit));
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I compute average estimates (equation 10);

b0 = pil*iceptl + pi2*icept2 + pi3*icept3;

bl = pil*linearl + pi2*linear2 + pi3*linear3;

b2 = pil*quadl + pi2*quad2 + pi3*quad3;
b3 = pil*iondrugl + pi2*iondrug2 + pi3*iondrug3;
b4 = pil*londrugl + pi2*londrug2 + pi3*londrug3;
b5 = pil*qondrugl + pi2*gondrug2 + pi3*qondrug3;

I compute endpoint mean difference (equation 9);

meandiff = b3 + 6*b4 + 36*b5;
effsize = mean diff / sqrt(iceptvar + resvar);

PLOT:

type is plot3;
series is y1 - vy4 (linear);



