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Package (HP: 1)

# tnstall.packages( "pacman")

Library(pacman)

p_load(tidyverse, # F—Ztv,D/INR>

Z4 lubridate, # EREI7T—5D/NR)0
causaldata, # F—ZtvrE
labelled, # Z#DINILDFHZE
ggdag, # DAGZE#<
gtsummary, # F—FZDEH
survival, # Z£7ZEREIFET
ggsurvfit, # £ 7RSI REHT

WeightIt, # SHEEEL(F}
cobalt, # f EEZE

broom # EEDEFE
)



F—X24 vt (HP:2)

data(nhefs_complete)

var_label(nhefs _complete) <- NULL # nhefs_complete [CA>T\BZE B IE#ZH TR T
df@l <- nhefs _complete |>

: e ek 22 4T
AL Ky 22 4[]

# % frﬂ¢ £ 7/T
4 D SN RS

select(segn, death, yrdth, modth, dadth, sex, age, race, education,
exercise, smokeintensity, smokeyrs) |>

— 1 P el B A L
71— 4} NI 77
! s S =S 10 A S J o7 S

sex = factor(sex,

labels = c("Male", "Female")),
race = factor(race,

labels = c("White", "Black or other")),
education = factor(education, sex

labels = c("8th grade or less",
"HS dropout", VEE
"HS",
"College dropout"”,
"College or more")),

-
v

Male

exercise = factor(exerctise,
labels = c("Much exerctise", Female

"Moderate exerctise",

"Little or no exercise")) VY EI-




PO bDLEH (EFEETFT—%) HP:4.1)

1983/1/1 1992/12/31
B _‘\
HEERT—%
MXRE (ARVK) |
—mmm———. FASHEARE T > ° % —-d)/_- 71N
——————————— QearaE ) . BRTCZEI-FE
FIEH9)D

(censoring)

df02 <- dfol |>
mutate(
# JECHFE/=(ZFTEUIYUHERL
event_date = 1f_else(death == 0, ymd("1992-12-31"),
ymd (19000000 + yrdth * 10000 + modth * 100 + dadth)
)5
# EiERfHIE HNoD HZZ515

survtime = difftime(timel = event_date, " - - - - -
time?2 ymd("1983-01-01") death ~ yrdth * modth ~ dadth ~ B event_date ~ survtime ~

) 0 NA NA NA I 1992-12-31 3652 days

) 1 85 2 14 1985-02-14 775 days




\

REE L (Pack-years) (HP: 4.2)

PO

1 H B LY
204

x BB

Pack-years =

30
20

df03 <- dfe2 |>

mutate(
pack_years n = (smokeintenstity / 20) * smokeyrs

)

df04 <- df03 |> .
mutate( pack_years n ~

pack _years = 1f_else(pack _years n >= 20, 1, 0), 24.00

pack _years = factor(pack_years, 26.00

) Llabels = c("Low", "Huigh")) o

19.00

-

smokeintensity ~ smokeyrs ~

29
24

pack_years

High

High

Low

Low
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H5FIChV (TN rBTARY FokiEBL) (HP: 4.3)

set.seed(1234) CO1—RKRDEBRE|IAETT

df05 <- df04 |>

mutate(deathl rbtnom(1566, 1, 0.6),
death® = rbtnom(1566, 1, 0.4),
death2 = i1f_else(pack_years == "High", deathl, death0),
censor rbtnom(1566, 1, 0.2),
r_time = i1f_else(censor == 1 & death == 0 | death2 == 1 & death ==

round(runif(1566, min = 0, 3652)), 0),

death = 1f_else(death2 == 1, 1, death),
survtime = survtime - r_tume,
survtime_y = as.numeric(survtime) / 365.25)

J
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DAGTHEMEE*X =92 (HP: 4.4)

dag0l <- dagify(

death ~ pack_years + sex + age + race + education + exerctise,
pack_years ~ sex + age + race + education + exercise,

exposure =

"pack_years",

outcome = "death",

coords = 11
X = ¢

y = c(

)5

labels = c(

death = 0)

pack_years" = "Pack years",
sex" = "Sex",

age" = "Age",

race"” = "Race”,

education” = "Education",
"exercise" = "Exercise",
death" = "Death")

) |>
tidy_dagitt

ggdag(dag0l,
text =
use labels
theme_dag( )

st(

pack_years = 0,
sex = 1,

age = 1.5,

race = 3,

education = 4.5,
exercise = 5,
death = 6),
pack_years = 0,
sex = 1.5,

age = 1,

race = 1.5,
education = 1,
exercise = 1.5,

y()

)

= "label") +

Pack years

- ' Exercise |

s \

Death

>

14



"R AF 582512 (HP: 4.4)

ggdag/\y o — I TlE.

INy N7 EEZEE ST,
é_-E x jﬁ 75_: o) j’ zZ > 7':){—5‘% Z {age, education, exercise, race, sex}
|} JU

X - -
Race Exermse

\
\ adjusted
i,,,

ggdag_adjustment_set(dag01l,
text = FALSE,
use_Llabels = "label",
shadow = TRUE) +
theme_dag()

adjusted

‘ unadjusted

—+# adjusted

—» unadjusted

15
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Table 1

. AREZIFEONEHEHEEEL
TWEEMNZEZ SN S

. REITBDRIOEE S AVEM
ICIAEDER A BERATE 2HZE
Abnsd

KT 1E2 DI mEE
v
RIGZSEEICTEXRT |

Table 1. Participant Demographics, Medical History, and Medications at Baselil

With Major Ischemic or Hemorrhagic Events in Atrial Fibrillation®®

Characteristic

Unweighted

Rivaroxaban, %

Apixaban, %

No. of participants
Anticoagulant dose reduced
Demographics

Age, mean (SD), y

Year anticoagulant started,
mean

Women
Men
Race and ethnicity®
Asian
Black
Hispanic
North American Native
White
Other

227572
23.0

76.3(6.8)
2015.5

48.3
51.7

1.6
3.6
1.2
0.3
92.0
1.2

353879
23.2

77.4(7.2)
2016.3

51.4
48.6

1.3
3.7
1.0
0.2
92.6
1.1

Ray WA, Chung CP, Stein CM, Smalley W, Zimmerman E, Dupont WD, et al. Association of Rivaroxaban vs Apixaban With Major Ischemic or Hemorrhagic Events in Patients With

Atrial Fibrillation. JAMA. 2021 Dec 21;326(23):2395-404.
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gtsummary/Sy & — I TR 1E 5

dfo5 |>
select(pack_years,

# IREEZ

sex, age, race, education, exerctise

) |>
tbl _summary( )

. Pack- yearsd)ﬁ (High, Low)

. (BICRWEENHDD) B

Eilsd:3

ICERNLTAL LY

R7Z L THR

# HRIEH

AR

(ZFZxnb) (HP: 5.1)

Black or other

education

8th grade or less
HS dropout

HS

College dropout

College or more

exercise

Much exercise

Moderate exercise

Little or no exercise

n (%); Median (IQR)

Characteristic N= 1,5667
pack_years

Low 744 (48%)

High 822 (52%)
sex

Male 762 (49%)

Female 804 (51%)
age 43 (33, 53)
race

White 1,360 (87%)

206 (13%)

291 (19%)
340 (22%)
637 (41%)
121 (7.7%)

177 (11%)

300 (19%)
661 (42%)

605 (39%)
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TR hRTable 1 #4E A 9

HDOR—IDOA—REZTITKRKULT
HDXRZIEDZEXFULU &£ D
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S EDEY

i

tbl_summaryB&m by 5|2z E S

Bl LEER

add _p()%Z{&

(HP: 5.7

Characteristic Low, N = 744 High, N = 822’ p-value2
sex <0.001
Male 282 (38%) 480 (58%)
Female 462 (62%) 342 (42%)
age 34 (29, 46) 48 (42, 56) <0.001
race <0.001
White 602 (81%) 758 (92%)
Black or other 142 (19%) 64 (7.8%)
education <0.001
8th grade or less 105 (14%) 186 (23%)
HS dropout 133 (18%) 207 (25%)
HS 331 (44%) 306 (37%)
College dropout 70 (9.4%) 51 (6.2%)
College or more 105 (14%) 72 (8.8%)
exercise 0.075

Much exercise

Moderate exercise

Little or no exercise

" (%): Median (IQR)

160 (22%)
308 (41%)

276 (37%)

2 . .
Pearson's Chi-squared test; Wilcoxon rank sum test

140 (17%)
353 (43%)

329 (40%)



TRk Table 1 &1EA 9

dfo5 |>
select(pack_years, # EEEZZ
sex, age, race, education, exercise #
) |>

tbl_summary(by = pack_years) |> # BERIHLEICT 3

- A—F
H 532

E]

add_p()

9]

AL
AN
(-

) (HP: 5.1

Characteristic Low, N = 744’ High, N = 822’ p-value2
sex <0.001
Male 282 (38%) 480 (58%)
Female 462 (62%) 342 (42%)
age 34 (29, 46) 48 (42, 56) <0.001
race <0.001
White 602 (81%) 758 (92%)
Black or other 142 (19%) 64 (7.8%)
education <0.001
8th grade or less 105 (14%) 186 (23%)
HS dropout 133 (18%) 207 (25%)
HS 331 (44%) 306 (37%)
College dropout 70 (9.4%) 51 (6.2%)
College or more 105 (14%) 72 (8.8%)
exercise 0.075

Much exercise

Moderate exercise

Little or no exercise

"1 (%): Median (IQR)

160 (22%)
308 (41%)

276 (37%)

2 . :
Pearson's Chi-squared test; Wilcoxon rank sum test

140 (17%)
353 (43%)

329 (40%)
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Kaplan-Meier@B#r (HP: 5.2)

i ZJ H_\j- Iafﬁ 7—_\\

X9 B EHZLN

No. at risk3&

Y D% DE

=2IC . Kaplan-Meier#t

XE I

1.0 1
o
bl.‘ln
2 0.8 1
=
®
o
O
©
Z T T T T T T T T T
c I
3 0.4 :
© |
G>J |
O 0.21 :
I
I
I
0.0 1 '
0 1 2 3 4 5 6 7 8 9 10
Years
—+— Low —+ High
Low
At Risk 744 697 661 613 561 525 486 460 409 358 0
Events 0 39 72 111 153 180 216 238 277 316 341
Censored 0 8 11 20 30 39 42 46 58 70 403
High
At Risk 822 785 715 638 574 519 452 384 323 254 0
Events 0 34 98 169 227 278 338 404 460 523 580
Censored 0 3 9 15 21 25 32 34 40 45 242
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59D
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Kaplan-Meier@#x a3 2 2 (F 7+ FeEEE) (HP:5.2)

# Kaplan-Meieré&E

# Kaplan-Meier HICE DSEFIEEREHT
km_simple <- survfit2(Surv(survtime_y, death) ~ pack _years, data = df05)

ggsurvfit(km_simple)|

1.0- . YH 75\{_1 3"_‘7—6\@(1@\
— OMSIE > TULVERW
=" . B A MLEDHID PRI LTz
g . OB%EREXEHER L L
E . FIBYIDZ R U W
O
00 25 55 75 100 . No. at riskz

Time

o g . AFEFEFREZRLU L




Kaplan-Meierd#x 216 2 7 (#oEE) (HP:5.2)

ggsurvfit(km_simple) +
scale_y conttnuous(limtits c(0, 1),
breaks = seq(0, 1, by = 0.2))

1.0 1

o o o
AN (@)} (0]
1 1 1

Survival Probability

o
N
1

0.0-

0.0 25 5.0 7.5 10.0
Time

— Low —— High



TR R Kaplan-MeierB#r 36 Z 9 (HP: 5.2)
BIDOR—IDI—RZIRKLT

AN — ) = TR
ADOZED XL & D .. “
X#f & YEITEEDY A MNlLEWLWNS S os-
(labs(x = "Years", y = "Overall survival probability")ZEIY ) E LT T
Kaplan-MeierBi#R ICOSKREERXEZ DT % E
(add confidence interval()ZEBIN9 %) o0
1591 (U\Hl) €2 . 0 1 2 3 4 5 6 7 8 9 10
(add censor mark()ZEINT 5) Years
No. at riskxZ 2Dl 5 ~+ Low — High
(add risktable(risktable stats = c("n.risk", "cum.event", ow
"Cum_CenSQr"))§iE_jJ[|’§—é) AtRisk 744 697 661 613 561 525 486 460 409 358 0
ér_._f_:;f%laaﬁ Ezlggﬂ"g‘%‘:/—_l_—\'g‘ Censored 0 8 11 20 30 39 42 46 58 70 403
(add gquantile()=ZENNY %) High
XBDEED ZEDNDPI T2 e
(scale_x_continuous(limits = c(0, 10), breaks = seq(0, 10, by Censored 0 3 9 15 21 25 32 34 40 45 242

= 1))%ZEMNT %)
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A FEFERPRIE (MST: Median Survival Time) (HP: 5.3.1)
AP RERAE0% T8 B BB DR

1.0
L---‘"“
, 2 0.8 1
Km_simple 5
Q0
o
S 0.6-
T
2
=
> 0.4+
©
()
Call: survfit(formula = Surv(survtime_y, death) ~ pack_years, data = df05) S 0.2-
n events median 0.95LCL 0.95UCL 0.0-
pack_years=Low 744 341 NA 9.38 NA 0 1 2 3 4 5 6 7 8 9 10
pack_years=High 822 580 6.98 6.62 7.51 Years
~—+— Low -+ High
Low
AtRisk 744 697 661 613 561 525 486 460 409 358 0
Events 0 39 72 111 153 180 216 238 277 316 341
Censored 0 8 11 20 30 39 42 46 58 70 403
High
AtRisk 822 785 715 638 574 519 452 384 323 254 O
Events 0 34 98 169 227 278 338 404 460 523 580

Censored 0 3 9 15 21 25 32 34 40 45 242



DR L DAFHEE X I5%

R CEDEFHERDHR

summary(km_simple, times =

- TE{E

seq(0,10, by =1))

Call: survfit(formula = Surv(survtime_y, death) ~ pack_years, data = df@5)

pack_years=Low

time n.risk n.event survival std.err lower 95% CI upper 95% CI

0 744 0 1.000 0.00000 1.000 1.000
1 697 39 0.947 0.00822 0.931 0.964
2 661 33 0.902 0.01093 0.881 0.924
3 613 39 0.849 0.01323 0.823 0.875
4 561 42 0.790 0.01509 0.761 0.820
5 525 27 0.752 0.01606 0.721 0.784
6 486 36 0.700 0.01711 0.667 0.735
7 460 22 0.668 0.01762 0.635 0.704
8 409 39 0.611 0.01834 0.576 0.648
9 358 39 0.552 0.01885 0.516 0.590

pack_years=High

time n.risk n.event survival std.err lower 95% CI upper 95% (CI
0 822 0 1.000 0.00000 1.000 1.000
1 785 34 0.959 0.00695 0.945 0.972
2 715 64 0.880 0.01136 0.858 0.903
3 638 71 0.792 0.01423 0.765 0.821
4 574 58 0.720 0.01579 0.690 0.751
5 519 51 0.656 0.01674 0.624 0.689
6 452 60 0.579 0.01746 0.546 0.614
7 384 66 0.495 0.01775 0.461 0.531
8 323 56 0.422 0.01761 0.389 0.458
9 254 63 0.339 0.01696 0.307 0.374

Ol
pan)
%]
o0
~~
1
R

1.0 -
L---‘"“
2 0.8 1
=
@
o
o
a 0.6
©
=
=
7 0.4-
©
2
O 0.24
0.0 -
0 1 2 3 4 5 6 7 8 9 10
Years
~—+— Low -+ High
Low
At Risk 744 697 661 613 561 525 486 460 409 358 0
Events 0 39 72 111 153 180 216 238 277 316 341
Censored 0 8 11 20 30 39 42 46 58 70 403
High
At Risk 822 785 715 638 574 519 452 384 323 254 0
Events 0 34 98 169 227 278 338 404 460 523 580
Censored 0 3 9 15 21 25 32 34 40 45 242
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EFEERDOBER L (Logrankt®E) (HP: 5.3.3)

survdiff(Surv(survtime_y, death) ~ pack_years, data = df05) o
g‘o.s-
®
B
S 0.6
Call: 9
survdiff(formula = Surv(survtime_y, death) ~ pack_years, data = df@5) 504-
T
N Observed Expected (0-E)*2/E (0-E)~2/V 2 02-
pack_years=Low 744 341 477 38.9 81.4
pack_years=High 822 580 444 41.9 81.4 0.0
0 1 2 3 4 5 6 7 8 9 10
: Years
Chisg= 81.4 on 1 degrees of freedom, p= <2e-16
~—+— Low -+ High
Low

AtRisk 744 697 661 613 561 525 486 460 409 358 0

Events 0 39 72 111 153 180 216 238 277 316 341
Censored 0 8 11 20 30 39 42 46 58 70 403
High
AtRisk 822 785 715 638 574 519 452 384 323 254 0
Events 0 34 98 169 227 278 338 404 460 523 580

Censored 0 3 9 15 21 25 32 34 40 45 242
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[E2

N
Xl\

. Sex

. age

. race

. education
. exercise

2|§7___7T‘@:\

RHY:

%zﬁnﬁtfw

. PHEREHfTIF
(IPW, IPTW: Inverse probability treatment weight)

HEENBREE ST EFRISEDRKRDIH. EWolkZ &ITELD DB
\ 4

HiFEMEAHTH D, D WHRIFFEIFNERE
v ATE: Average treatment effect

5. BHEREBH T ZE > Io KGR = ZEIR
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Characteristic Low, N = 744’ High, N = 822’
sex

Male 282 (38%) 480 (58%)

Female 462 (62%) 342 (42%)
age 34 (29, 46) 48 (42, 56)
race

White 602 (81%) 758 (92%)

Black or other
education

8th grade or less

HS dropout

HS

College dropout

College or more
exercise

Much exercise

Moderate exercise

Little or no exercise

"1 (%): Median (IQR)

142 (19%)

105 (14%)
133 (18%)
331 (44%)
70 (9.4%)

105 (14%)

160 (22%)
308 (41%)

276 (37%)

2 . .
Pearson's Chi-squared test; Wilcoxon rank sum test

64 (7.8%)

186 (23%)

207 (25%)
306 (37%)

51 (6.2%)

72 (8.8%)

140 (17%)

INZ > R & HERS

353 (43%)

329 (40%)




Weightlt/Sy 5 — I &1 > 7218@ R 2 7 D% DR (HP: 5.4.2)

# BRI XATETINEIEY, tBRIXOATEHTE, ATEEZEH T B/0DEHTEE T—ICHE/EOE#H

tpw_model <- weilghtit(pack_years ~ sex + age +
race + education +
exercise,
data = df05,
method = "ps",
estimand = "ATE")

# INT DR

bal.plot(ipw_model,
var.name = "prop.score",
which = "both",
type = "histogram",
mirror = TRUE)

Distributional Balance for "prop.score"

Unadjusted Sample Adjusted Sample

Treatment

High

Low

Proportion

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
prop.score
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love plot &1 > 7285 v 2 DR (HP: 5.4.2)

° \l):’r_/-r:(lj:\
A LEEIC K DPIETIER L.

Covariate Balance

I'I'l

| |
W\ —_ prop.score - '® ' o
EREETINT VA ZHERT S o
sex Female*q © : > :
M —
¢ g: O t@\/:l:/j1 @#%T _|—1}_I age - .: : o
| |
=3 . ! !
% T T:TIJ 2 7— (- 'ﬂ_ race_Black or other* - e ¢ !
| [
| |
o O -l @ﬁf}%j\jﬂﬂ_ﬁ A‘\‘ D /J\ é \/\ é: / K 7 \/ education_8th grade or less™ - : | .l
» . . ! ! Sample
Z b\Hy;hzT L \ %) é_’_ \:él_l Iﬂéﬁ education_HS dropout : 9] o: o Unagusted
education HS* - :. o : ® Adjusted

| [
education_College dropout® - : 9 :
| [
| [

_ education_College or more* - @
love.plot(ipw_model, : :
thresholds = 0.1 , exercise_Much exercise™ - : X :
! [
stars = "raw" ) exercise_Moderate exercise™ - : @ :
| [
exercise Little or no exercise* : @ :

0.0 0.4 0.8 1.2

Standardized Mean Differences
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ATED#E (HP: 5.4.3)

# HEFEERETELUICEAZHVCoXEEBINY—RET L
cox_model_1i1pw <- coxph(Surv(survtime_y, death) ~ pack_years,
welghts = i1pw_model$weights,
cluster = seqn,
data = df05

)
# KDIERL

tab_cox_model 1i1pw <- tidy(cox_model 1ipw, conf.int = TRUE, exponentiate = TRUE) %>%
select(term, estimate, conf.low, conf.high, p.value)

# KDL
tab_cox_model_tipw |> gt()

term estimate conf.low conf.high p.value

pack_yearsHigh 1.464304 1.232741 1.739365 1.409734e-05

Pack-year LowEfIC Lk L THighZ D /\tF — N LI
1.40 (95% CI, 1.23to 1.74) T 5
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TREFEL-4E£GFEERE (HP: 5.4.3)

# ABEUICEFHEFEHRT T D/ICDODT—5 o MERK

df06 <- dfe5 |>

select(survtime_y, death, pack_years)

# A BEUICEFHEEEIETE

estimated_survival <- predict(cox_model_ 1ipw, df06, type = "survival", se.fit = TRUE)

# LFHEFEZR[RETD/ODER
df07 <- bind_cols(df06,

estimated_survival = estimated_survival$fit,
ucl = estimated_survival$fit + 1.96 * estimated_survival$se.fit,
lcl = estimated survival$fit - 1.96 * estimated survival$se.fit)

# RIHR1E

ggplot(df07, aes(x=survtime_y, y=estimated_survival,
color = pack_years, fill = pack_years)) +

geom_1line() +

geom_ribbon(aes(ymin = lcl, ymax = ucl), alpha

xLlab("Years") +

ylab("Estimated survival probability from IPW") +

scale_y_continuous(limits
breaks
scale_x_continuous(limits
breaks
theme bw() +

1.0

o
o
1

o
(o)}
1

o
AN
1

0.3, color = NA) +

Estimated survival probability from IPW
o
o

theme( legend.position="bottom")

C(O’ 1), 0.0 -
seq(0, 1, by = 0.2)) + . . | | . . | .
_ C(@, 10), 0 1 2 3 4 YeSarS 6 10
seq(0, 10, by = 1)) +
pack _years —— Low —— High
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