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1 Package

AoX— b T ENT( R ) Part 3: & [AEKIC causaldata package ICHEHH & 41T\ % National
Health and Nutrition Examination Survey Data I Epidemiologic Follow-up Study (NHEFS)
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2 Data source
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DHBHHDEYFRNAT VDB X D707 T F&MHFITZ NI E L7-.= gsmk, sex, race,

age, school, smokeintensity, smokeyrs, exercise, active, wt71, wt82, and wt82_71)

data nhefs_complete;

set libl.nhefs;

where nmiss(qsmk, sex, race, age, school, smokeintensity, smokeyrs, exercise, active, wt71, wt82,
wt82_71)=0;

keep seqn death yrdth modth dadth sex age race education exercise smokeintensity smokeyrs pack_years_n;

run;
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proc format;

value sexf
0 ="Male"
1 ="Female"
value racef
0 = "White"
1 = "Black or other"

;
value educationf




"8th grade or less"
"HS dropout”
"HS"

"College dropout”
"College or more"
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;
value exercisef

0 = "Much exercise"

1 = "Moderate exercise"

2 = "Llttle or no excercise"
value pack_years

0="Low"

1="High"

99="All"
run;
3. Question

AKX — b T, B DFRE % 78 3 Pack-years 2350 AT 2 205l L % 7.
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4.1 Outcome
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data nhefs_completel;
set nhefs_complete;
/* FECHE 213475910 HIER*/
if death = 1 then event_date =MDY (modth, dadth, yrdth);




else if death = 0 then event_date =input("1992-12-31",yymmdd10.) ;
/BB H 2> & 0 HE % 5HE*/
survtime = event_date -input("1983-01-01",yymmdd10.);
format event_date yymmdd10. sex sexf. race racef. education educationf. exercise exercisef.;

run;

4.2 Exposure
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SN— T 20 (14ERIC205) Ay PAZEE LET

data nhefs_complete2;

set nhefs_completel;
pack_years_n = (smokeintensity / 20) * smokeyrs;
if . < pack_years_n < 20 then pack_years= 0;
else if 20 <= pack_years_n then pack_years= 1;
format pack_years pack_yearsf. ;

run;
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data nhefs_complete3;

set nhefs_complete2;
call streaminit(1234);
deathl=rand("binominal",0.6,1);




deathO=rand("binominal",0.4,1);
death2 = ifn(pack_years =1, death1, death0);
censor=rand("binominal",0.2,1);
r_time=ifn((censor=1 and death=0) or (death2=1 and death=0)
,rand("INTEGER",0,3652),0 );

death = ifn(death2 = 1, 1, death);

survtime = survtime - r_time;

survtime_y = survtime / 365.25;

label survtime_y="Years";

run;
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data dummy;

array ar{*} Sex Age Race Excercise Education Excercise ;
doi=1to §;

do j= 1 to dim(ar);

ar[j]=rand("uniform");

end;

output;
end;

run;

ods listing gpath="H7J7 7 + L X DX X" sge=on;
ods graphics/reset width=8.5in height=8in imagename="DAG" noborder;

proc calis data=dummy;

path
Sex Age Race Excercise Education ---> Pack_Years,
Sex Age Race Excercise Education ---> Death,

Pack Years ---> Death;

pathdiagram method=flow nofittable noflag noestim novariance noerrvar title="Directed Acyclic Graph";

run;
Directed Acyclic Graph
Excercise
Age
Pack_Years Death
Education 7
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Characteristic g::fii':ry h? :e1r gg’ﬁ N L:;":l a NHiggéQ p—value
Aee M 1566 744 822 <0001
Mear 437 382 426
Std 12.0 115 1001
Min 25 25 25
Median 430 240 480
Max 74 74 74
Education Bth grade or less 251 (18.6%) 105 (14.1%) 186 (22.6%) 0001
HS dropout 340 (21.7%) | 133(179%) | 207 (25.2%)
HS 637 (40.7%) | 331 (445%) | 306 (37.2%)
Colleze dropout 121 (7.7%) 70 (9.4%) 51 (6.2%)
College or mare 177 (11.2%) 105 (14.1%) 72 (8.8%)
Exercise Much exerciss 300 (19.2%) 160 (21 5%) 140 (17%) 00755
Moderate exercize G671 (42.24) 208 (41 .4%) 353 (42 0%)
LIttle or no excercize GO (38.6%) 276 (37.1%) 329 (40%)
Race White 1360 (36.5%) | 602 (305%) | 753 (022%) 0001
Bilack or other 206 (13.2%) 142 (15.1%) 64 (7.5%)
Sex Male 762 (48.7%) | 282(379%) | 480 (58.4%) <0001
Fermale 204 (51.2%)  A62(62.1%) | 342 (41.6%)

HEha— IS LECAD $T A MICEE FALELE

data nhefs_complete4;

set nhefs_complete3
nhefs_complete3(in=ina);

if ina then pack_years=99;

run;

proc sql noprint;
select count(*) into: bign1 from nhefs_complete4 where pack_years=0;
select count(*) into: bign2 from nhefs_complete4 where pack_years=1;
select count(*) into: bign99 from nhefs_complete4 where pack_years=99;
quit;

data classds;
format pack_years pack_yearsf. sex sexf. race racef. education educationf.
do pack_years=0, 1, 99;
dosex=0to 1;
output;
end;
call missing(of sex);
do race =0 to 1;
output;
end;
call missing(of race);
do education =1 to 5;
output;
end;
call missing(of education);
do exercise = 0 to 2;
output;
end;
call missing(of exercise);

exercise exercisef.

pack_years pack_yearsf.;




do pack_years= 0,1,99;
output;
end;
end;
run;

%macro frq(var=);
proc summary data=nhefs_complete4 classdata=classds nway;
class pack_years &var.;
output out=out_&var.;
run;
proc sort data=out_&var.;
by &var.;
run;
proc transpose data=out_&var. out=t_out_&var.;
var _FREQ_;
by &var.;
id pack_years;
run;
ods output chisq=chisq_&var.(where=(Statistic="» 4 2 F&f&"));
proc freq data=out_&var.;
where pack_years in (0,1);
tables pack_years * &var./chisq;
weight _FREQ_;
run;

data fix_t_out_&var.;
length label $50.;
set t_out_&var.;
if _N_=1 then do;
set chisq_&var.;
label="&var";
p=put(Prob,pvalue6.4 -L);
end;
stat=vvalue(&var);
out_LOW=catx (" ",LOW,cats("(",round (divide (LOW,&bign1)*100,0.1),"%)"));
out_HIGH=catx (" ",HIGH,cats("(",round(divide (HIGH,&bign2)*100,0.1),"%)"));
out_ALL=catx (" ",ALL,cats("(",round(divide(ALL,&bign99)*100,0.1),"%)"));
keep out_: p label stat;
run;
%mend;
%frq(var=Sex)
%frq(var=Race)
%frq(var=Education)
%frq(var=Exercise)

%macro summary(var=Age);
proc summary data=nhefs_complete4 classdata=classds nway;
class pack_years;
var &var;
output out=out_&var n=N mean=Mean std=Std min=Min median=Median max=Max ;
run;
proc transpose data=out_&var out=t_out_&var;
var n -- max;
id pack_years;
run;
ods output WilcoxonTest=WilcoxonTest_&var;
proc nparlway data=nhefs_complete4 wilcoxon ;




where pack_years in (0,1);
class pack_years;

var age;
run;

data fix_t_out_&var;
length label $50.;
set t_out_&var;
if _N_=1 then do;
set WilcoxonTest_&var;
label="&var";
p=put(tProb2,pvalue6.4 -L);
end;
stat=_NAME_;
if NAME_in ("Mean","Std","Median") then do;
out_LOW=put(round(Low,0.1),8.1 -L);
out_HIGH=put(round(HIGH,0.1),8.1 -L);
out_ALL=put(round(ALL,0.1),8.1 -L);
end;
else do;
out LOW=cats(Low);
out. HIGH=cats(HIGH);
out ALL=cats(ALL);
end;
keep out_: p label stat ;
run;
%mend;
%summary(var=Age)

data output;

length label stat out_LOW out_HIGH out_all p $200.;
set fix_t_out_:;

run;

proc odstable data= output;
column label stat OUT_ALL out_LOW out HIGH p;

** header;

define header headerl; start=label; end=label; vjust=center; just=left; text "Characteristic"; end;

define header header2; start=stat; end=stat; vjust=center; just=left ; split="#";text "Category#Statics"; end;

define header header3; start=out_all; end=out_all; vjust=center; just=center; split="#"; text "Overall#N =
&bign99.";end;

define header header4; start=out_low; end=out_low; vjust=center; just=center; split="#"; text "Low,#N = &bign1.";end;

define header header5; start=out_high end=out_high; vjust=center; just=center; split="#"; text "High#N =
&bign2.";end;

define header header6; start=p; end=p; vjust=center; just=center; text "p-value"; end;

** column;
define label; print_headers=off; just=left; style={cellwidth=80}; end;
define stat; print_headers=off; just=left; style={cellwidth=200}; end;
define out_all; print_headers=off; just=center; style={cellwidth=80}; end;
define out_low; print_headers=off; just=center; style={cellwidth=80}; end;
define out_high; print_headers=off; just=center; style={cellwidth=80}; end;
define p; print_headers=off; just=center; style={cellwidth=80}; end;

run;




5.2 77+ 51 L DIy DRESE
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strata CEMZZEL £ 7.

plot 27—+ A ¥ } T survival #$57E 3 % &,0ds graphics & \» 9 BERE DB & < FFICHI 2>
&% L 72 < T¥ ,Kaplan-Meier fifR 23 il < 1 3.

proc lifetest data=nhefs_complete3 plots=survival(atrisk cl) ;
strata pack_years / test=logrank;

time survtime_y * death(0);

run;
BEREICELEFHE
URIDHEH B, 95% MR
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High 822 708 583 438 300 0
Low 744 677 587 519 432 0
0 2 4 L] 8 10

Years

pack_years High
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—fHIIC SAS D ods output ¥fE % fif > C,Kaplan-Meier Hhiff % £ T2 720 DIET — X %
T—%+ty FHIIL,ZNEMT.L T sgplot THHICH T3 2 /503, M@ T d.

ods output Survivalplot=SurvivalPlotData;
ods output Quartiles=Quartiles;
proc lifetest data=nhefs_complete3 plots=survival(atrisk=0 to 10 by 1 cl) ;
strata pack_years / test=logrank;
time survtime_y * death(0);
run;

data SurvivalPlotData_1;
set SurvivalPlotData ;

[ R AR TR 72D Icy VR R ICT B/

markerchar="";

/*+-STD DX 7 —~—=5 4 v &5 {HRER (- TRZRIT 5%/
if ~missing(Censored) then hige=Censored+0.03;

run;

[HhRfE %~ 7 AR/

proc sql noprint;
select Estimate into:p50_1 from Quartiles
where Percent=50 and stratum=1;

select Estimate into:p50_2 from Quartiles
where Percent=50 and stratum=2;
quit;

ods graphics / reset noborder noscale width=880 px height=510 px attrpriority=none;
proc sgplot data=SurvivalPlotData_1;
BB 0y b

step x=time y=survival / group=stratum name='s' lineattrs=(thickness=3);
[T ERGT*/

scatter x=time y=censored /NOERRORCAPS yerrorupper=hige errorbarattrs=(pattern=1 thickness=3)
markerchar=markerchar GROUP=stratum;
/IR

band x=time upper=SDF_UCL lower=SDF_LCL/ group=stratum type=step transparency=0.6;
/*50% Fa v 7oA v/
dropline x=&p50_1. y=0.5 /dropto=both lineattrs=(color=blue pattern=dot thickness=3);

/*Number at risk*/
xaxistable atrisk / x=tatrisk class=stratum location=outside colorgroup=stratum valueattrs=(size=11);
keylegend 's' / location=inside position=topright across=1 valueattrs=(size=9) exclude=("") ;
yaxis min=0 label="Overall survival probability" grid values=(0 0.2 0.4 0.5 0.6 0.8 1) labelattrs=(size=13);
xaxis label="Years" min=0 offsetmin=0.03 offsetmax=0.03 values=(0 to 10 by 1) grid
labelattrs=(size=13);
run;




Overall survival probability

0 1 2 3 4 5 i 7 8 9 10

Years
High 822 775 709 641 583 517 438 373 300 225 0
Low 744 713 677 632 587 553 519 476 432 381 0

5.3 BUEDRRE DT & D BEEFTA
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5.3.1 AFERPIE (MST: Median Survival Time)
A {E I R Uil 13 AR R S 50% I 7 B D 2 & T
LIFETEST 7 v s Y% %FETT3 L7 7y MWUNSMEHEEE LTEREINET

[l oy =%
o5% 1S8R
Btk alifE TE [FiR | _HER)
75 | 082615 LOGLOG | 237440
50 674055 LOGLOG 622861 712663
25 | 366508 LOGLOG | 3.12115 410120
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5.3.2 ATFHER OFEMH LB
FERIOAEFHER PRI 2008 9 2213, 21X Log-rank #E CHEE T & ¥ 3.5 E/KHEIX 5%
ELET.
strata A7 — P AV FDtest A7V a2 v TEDOMOMETEDERTEET. 7y Ty b
D [FIZEMEDORUE DEFTICR NI NE S

BO survtime y [CH 324 FBORZHORE

IB{i#EstE
pack_vears O 507
Hizh 18024
Low -18024

O% 52 A8 O 53T
pack_vears High Low
High 225979 | 226979
Low —225.57% | 226570

BICHL T ORIFHORE

Pr>
W2 S 2 %M@ EEE Chi-Square
O%54 1431168 1 <0001

p B EEKERHTH S L 20 BYEDORE LILT & ORNICIIBEEDHD b s C &2
DY ET.

Z D X 9T Kaplan-Meier MR CEMFMER 2 AL L 72 0 Bl Zz gt cfim 2 848 3 5
LI EDLAIR BOa—T 4 v I BB L TR EFLICB T 5 75%) 2wy,
Z DERDIFENHHIRONDHRONEZ KD 5 720 IC O HEETT.

CZETOMMCUPEDRE LT ICIBERE D ON D Z b ELEE, b
BUEDREE I ET 2 el L T & £9.
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NT VAR BBROPE LML X5 MR a7 JEAOTRIEH, ofETND
BRI AMERCT MRS L CET A MRS 2720 [PSET V] LV ET AS— T
12,PS & F % TN 2 £ 5

NATRAZHEST 22 ERTENEBEORE LT & DD B (association) % E &1k
L7 #EEfE (ARo8— b+ Tld ¥ — FE) 13,5058 (effect) & RAadenTcETd.
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fHF A 27 & Z OWEREZ IR T 2 5EIERD Y £325,2 2Tl causaltrt v v v v %
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ods output PSCovDitf=PSCovDiff;

proc causaltrt data=nhefs_complete3 covdiffps method=IPW ;
class pack_years sex race education exercise;;
psmodel pack_years = sex age race education exercise/plots=all;
model death;
output out=causal_output ps=ps ipw=ipw;

run;

plots=all #2133 Z & CEMA[RER 7' a v F BT RCEKR SN, F =2 v 7 TB5 BT
j—

CAUSALTRT JOr 3/

HERAI7 S
O High
O Low
nEE
e }7 +
00 02 04 08 08 10
HARAD7
BEHIFIE
High
Low
Treatment
*
Control
.
+
0 10 20 30 40

£




HEREE
EAIEL B fE

HEEOHER

age age

SLE
= High === Low

output A7 — XV P RS Z L TMER T RPHUHEROEALRLEEED TILT — K &
HOT 2 eRTEZDTZNEM > THSDITFAD T E y P HIERTEET

ods graphics / reset  attrpriority=none;
ods output sgplot=histo;
proc sgplot data=causal_output;
styleattrs
datacolors=(red blue)
datacontrastcolors=(red blue);
histogram ps /transparency=0.5 group=pack_years ;

run;
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data histol;

set histo;

if BIN_PS_GROUP_PACK YEARS__ _GP = 0 then BIN_PS_GROUP_PACK YEARS_ Y =
BIN_PS_GROUP_PACK_YEARS___ Y *-1;

run;

ods graphics / reset  attrpriority=none;

proc sgplot data=histo1;

where “missing(BIN_PS_GROUP_PACK_YEARS___ Y);

styleattrs

datacolors=(  red blue);

needle x=BIN_PS_GROUP_PACK _YEARS___ X y=BIN_PS_GROUP_PACK_YEARS_ Y
/transparency=0.2 baseline=0 group=BIN_PS_GROUP_PACK_YEARS__ GP

lineattrs=(thickness=26px pattern=solid);

run;
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WHERELA T E TR EADORE I 2RSS L bHETT.

proc means data=causal_output;
class pack_years;
var ipw;

run;




MEAMS 037 ¢

DIFEEEN - ipw Value of the Weight
pack _vears Obs ¥ M T EHERE vl A E
Low FA4 744 22832840 | 27645880 10356207 | 44 4838653
Hizh 8922 822 18201285 1.0779642  1.0150424 1 11.1895814

D K E WHEAIT, pack_years IKWFED 44.48 ©F. 2 O{EFRE CTIXRIRE R\ D T3 28, i
CREREOHETFEPLETT.

TNAGAE R A Z LA DN T v R 2R L £ 3 AR ITHERI O p ECHER L T E L7228,
Bl 13FE#E(V 7 (Standardized differences) THER T 5 Z & 23% T3 fEHEAL 2 D o xHE DS
01 LITFD L ZIC, 2 DEKIIHEICAT v AR ENT WS EREBEIICEZ T

A D causaltrt 7' 7 ¥ ¥ ¥ T covdiffps D F T 5728

LT hn Ty b7y bicgEngd

R a7 ET L OLEBOE
BEkIni
= St
NIA—R EAMIEL | EAHE EAHIGL | EAAE
sex Female -0.4150 00177 10322 05085
sex Male
age 05547 01038 0775 04588
race Black or other —.3360 Q0106 04545 1.0242
race White
education Bth grade or less 02212 -0.045% 14444 053285
education Gollege dropout —2.1157 Q.0005 05828 1.0030
education | Gollege or more -016858  -00225 08523 [eR=E 1
education HS -0.14582 00216 05462 1.0091
education HS dropout
exercizse | LIttle or no excercise 00602 1 =0.0002 10287 09000
exercise | Moderate exercise 00312 00102 1.07100 00063

exercise | Much exercise

BliEZ bV dowoT,afftL £

data PSCovDiffl;

set PSCovDiff;

where “missing(StdDiff);

level name=catx("_",Parameter,Levell);
y=_N_

y2=y;




label y="Unadjusted" y2="Adjusted";

run;

proc sgplot data=PSCovDiff1;

scatter y=y x= StdDiff /markerattrs=(symbol=circlefilled size=9pt color=pink) name="namel";

scatter y=y2 x= StdDiffWeighted/markerattrs=(symbol=circlefilled size=9pt color=lightblue)
name="name2";

"nn

yaxistable level_name/label="" position=left; ;

refline 0 / axis=x lineattrs=(color=black);

refline -0.1 0.1 / axis=x lineattrs=(color=black pattern=dash);
yaxis reverse display=(nolabel novalues ) values=(1 to 9);

keylegend "namel" "name2";

run,
sex_Female [ ' b |
[ |
[ |
age ® I ®
[ |
| |
race_Black or other ® | [ ] |
[ |
education_8th grade or less : L ] : ®
| |
education_College dropout & 9
[ |
. | |
education_College or more [ ) | 8| |
| |
education_HS o' @ :
|
[ |
exercise_Llttle or no excercise | ®®
| |
. ) [ |
exercise_Moderate exercise | q. |
-025 0.00 025 050 0.75 1.00

Standardized Mean Difference

@ Unadjusted @ Adjusted

L0 R FABZIIANT v RN T B D age DAFHELFED 0.1 DT A4 VITHh D, 2R
REVWZLEDZDOPVET AREKLZOLE AT Vv AEZLNE L) ICREHATZRETLEL &
Y ,PS T VLR AP ER DI Z & 72 ) (T8 % 5 Z 7n o 72121 ATE DifE % &
THRVETHSENIHE LD CTRICESRE T

5.4.3 HESE




WX WX ATE OE ©9.SAS @ phreg 7m ¥ ¥ ¥ D weight A7 — + A v b CRICHEE
L7-EAZIEE L 9. % 2R E A T IECTIIRME Z T3 2 72 & IO REM % HELUIR
WKL E L T05 720 85 OHEE TIE I5%EHX M2 ERNICHKS RoTLE 9 720,
NORMALIZE # 7> a v Zflio TZ 2 CTnE T,

proc phreg data=causal_output;
model survtime_y * death(0) = pack_years / 1l;

weight ipw / normalize;

run;
i E D i
HNSHA—=R
NnSx—4% HHE HEM EHE[RZE 12 FfE Pr> ChiSqg NWF—F L 95% W F—FIL{SIERR
pack years 1 050635 0.06533 60210 <0001 1 660 1461 1.887

HETE U 7oA 5 B M DR IC R TE OO~ — FHIE 1.66 (95%{S5HEX[H, 1.46 to
1.89, P < 0.001) TH Y LKh&E L CTHBUEORRE LT ICFIEDORERZD b b 2
EBDDPY FTRIEBTDICTHETE T WL L EZ L0 0E, BUEOFEE IIFE T ICHE
5| LiERTE TS

BRI WA E A L TS 2 TEE L 7 B iR 2 a L L £

08|

086
05

04

Overall survival probability

02 -

Years

FHEEHT D Kaplan-Meier HifR & JEAKIZIZIEFR U CF 03, 2RWICEFEHERIE R o T3




TEHbrY ET.

6 £&o

AFRERIRAT O RN A L C Ak s Xy icfib N3 2 RTE £ L2 AL L 7&K
THHEECHE T B AT T . Lo LAt s TRLAIZAZHVED, L h b
D oF KR E A LR TEET.

o bMNB oA E L ThEEL &9 !

[ 2 5 ]

SRR E A LA ER SN R DY 2T 74 € —v a vIiZonTo
FES LWERNZOW T, L SAS THELZLE I A2t i lizEnwizZ % L.
T — X% ZTHY AL L RSP 2 R L, & O ICBRE & L TR R 2 Al L
THER L, o2V R FBR 2.7 07T LFiEE S TH MEHEITOARE IZZED b\ is
LD TEIERLELAZZLTCR LRERAERL, 77 77z 0 @23 2 & v )RR
ETHRPBICRD AT L o THFRI DS D072 TT.—HIHEBEEWVIDLEVIRAD
3,22 CRLEDIEBLETHE GO T 7o —Fo—flTh b fhicd X Iuifiz
TiEd 2 & B E I U ENTE IO W TR I IS COMITLEE 2 R & —E(L T 3
DREFTEIBELENTEY IRAILETHNEE>TSAS TIEZHIR->TL D2
CHLWTRTWAEZT 3 AT,

RBICSAS 1ZE Y aT 74 ¥ —v avdBREZ L R ffivy « Python ffvicf Y A5 2D
TIR,ZZI0FECHVDOEEETHI LT LDZ I ThhRVK EFTRLZWE)
HAOTIEELZY - BELZITNIET R WERIIL VO TT R, Z N2 MR TTW 558
BeTr—2~0M@r eI N2 D2 L5180 TcT.¥H, T REEATRET,
ENCAEART T RS L BEVWELAFESEECHT T2 LA 08% THEL
WTTRESEIOERNL AL D DL 2o 72, BB TFICELALEERICR>TLE -
TW3DTTHRIFADDY L CHEHEDOKICIL > T R/Stata/SASlDa 2= —v 3 vD
BiiFicd ividEifecd.
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