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The STRATOS initiative

STRengthening Analytical Thinking for Observational Studies

Topic Groups Links | Publications | News | Archive | Contact | Aboutus

STRATOS

STRATOS initiative

The validity and practical utility of observational medical research depends critically on good study design, excellent data quality, appropriate
statistical methods and accurate interpretation of results. Statistical methodology has seen suk ial devels
hodalosical devel

in recent times.
U ly, many of these

are ignored in practice. Consequently, design and analysis of observational

studies often exhibit serious weaknesses. The lack of guidance on vital practical issues discourages many applied researchers from using more
sophisticated and possibly more appropriate methods when analyzing observational studies.
researchers with a relatively weak statistical background and limited experience in using statistical

many analyses ar ducted by

and software. C
even ‘standard’ analyses reported in the medical literature are often flawed, casting doubt on their results and conclusions. An efficient way
to help researchers to keep up with recent methodological developments is to develop guidance documents that are spread to the research
community at large.

These observations led to the initiation of the STRATOS (STRengthening Analytical Thinking for Observational Studies) initiative, a large
collaboration of experts in many different areas of biostatistical research. The objective of STRATOS is to provide accessible and accurate

Members Only Button

Members only

guidance in the design and analysis of observational studies. The guidance is intended for applied statisticians and other data analysts

with varying levels of statistical education, experience and interests (click to enlarge).

The Steering Group has decided to start with seven topics of general interest. Two topic groups were added later. Guidance documents will be
developed by separate topic groups (TGs), each comprising experts in different area of statistical
who may represent future end-users of the STRATOS documents. Each TG will start by developing guidance aimed primarily at level 2

statistical knowledge, which is perhaps slightly below state of the art. STRATOS structure and the initial road map (click to enlarge) from
Sauerbrei et al 2014. The STRATOS initiative is closely connected to the

hodol.

} STRATOS Newsletter (May 2018)

1 Society of Clinical Bi

alongside applied

(ISCB) and was

launched at a half-day Mini-Symposium on the last day of the ISCB meeting in Munich, in August 2013.

Invited Session
September 20, 2021
Milan, fealy

https://stratos-initiative.org/
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MISSING DATA

Chairs: James Carpenter, Kate Lee

MEASUREMENT ERROR AND
MISCLASSIFICATION

Chairs: Victor Kipnis, Pamela Shaw

b@l CAUSAL INFERENCE

Chairs: Els Goetghebeur, Ingeborg
Waernbaum

SELECTION OF VARIABLES AND

FUNCTIONAL FORMS IN

Chairs: Georg Heinze, Aris
Perperoglou, Willi Sauerbrei

STUDY DESICN

: Suzanne Cadarette, Mitchell

SURVIVAL ANALYSIS

Chairs: Michal Abrahamowicz, Malka
Gorfine, Terry Therneau

INITIAL DATA ANALYSIS
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Chairs: Ewout Steyerberg, Ben van Calster

HICH-DIMENSIONAL DATA

Chairs: Riccardo De Bin, Lisa McShane, Joerg
Rahnenfuehrer
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STRATOS

The Missing Data Topic Group is one of the 9 topic groups within the STRengthening Analytical Thinking for
he objective of STRATOS is to provide accessible and accurate

2 i y: servational studies. The guidance is intended for applied statisticians
and other data analysts with varying levels of statistical education, experience and interests. Contact us
We are grateful to (in time
Aims of the Missing Data Topic Group T order) ESRC Research Methods
P the

Researcher Development
Members X

Fellowship RES-063-27-0257,
TG1 represents a collaboration of 10 experts in missing data: ESRC Follow-On Funding
scheme (grant RES-189-25-
0103), MRC grant G0900724
and MRC fellowship
MR/K02180X/1 for supporting

+ 0G5 €1

« James Carpenter (co-chair), London School of Hygiene and Tropical Medicine, London, UK
Katherine Lee (co-chair), Murdoch Children’s Research Institute and University of Melbourne,
Melbourne, Australia

Melanie Bell, University of Arizona, U

« Els Goetghebeur, Ghent University, Belgium the development and

« Joseph Hogan, Brown University, US maintenance of this site.
« Rod Little, University of Michigan, US

« Andrea Rotnitzky, Harvard University, US This site was formerly

« Kate Tilling, University of Bristol, Bristol, UK missingdata.org.uk

« Rosie Cornish, University of Bristol, Bristol, UK

« Rheanna Mainzer, Murdoch Children's Research Institute, Melbourne, Australia

https://www.lshtm.ac.uk/research/centres-projects-groups/missing-data#stratos

Submit  Login  Register

- .
ORIGINAL ARTICLE | VOLUME 134, P75.68, JUNE 01, 2021 B B ¥
foF 19Ke] Mypgues  Save

Framework for the treatment and reporting of missing data in
observational studies: The Treatment And Reporting of Missing data

in Observational Studies framework

Katherine J. Lee & 1« Kate M. Tilling »Rosie P. Comish . Joseph W. Hogan = James R. Carpenter «
on behalf of the STRATOS inifiative «

+ Published: February 01, 2021 * DOI: https/doi org/10.1016/jclinepi 2021.01.008 =

Highiights H|gh||ghts
A
elie « Missing data are ubiquitous in medical research.
Keywords
+ Guidance is available, but missing data are still often not handled appropriately.
1
Bactomind « We present a framework for handling and reporting analyses of incomplete data.
2.case
stioy: The « This framework o think about missing data.
avon
Jonghidial + Adoption of this framework wil increase the reproducibility of research findings.
sty of
parents an « This article provides a much needed framework for handling and reporting the analysis of incomplete data in observational
chidren studies
- + The framework puts a strong emphasis on preplanning the statistical analysis and encourages transparency when
N—— reporting the results of a study.
i + Adoption of this framework will increase the confidence in and reproducibility of research findings.
Discussion

https://www.jclinepi.com/article/S0895-4356(21)00010-X/fulltext




TARMOS framework

» Treatment And Reporting of Missing data in Observational
Studies (TARMOS) framework

» STRATOS Initiative @ Topic Group 1 (Missing Data) HMERK L 7=
ERRIAFTRD IO D R AIFT—F DE DTN EIRFTERE DT=8DD
HARSA>
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I2DEIREEN D D, ZDRIBLETFECDVWT DR (IEE

Lee et al. (2021) 7
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et al., 2019)
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Study at Bristol

Bl Univ ity of
BRISTOL

Avon Longitudinal Study of
Parents and Children

Participants
Researchers
COVID-19 research
News

AtoZindex

About

Contacts

Media

Schools & faculties

Avon Longitudinal Study of Pa

"Our @30 clinic has
launched. Our original
babies are now turning
30, for the first time we

are inviting all three
generations to a single

clinic, called @30."

Professor Nic Timpson,
Principal Investigator

Research

Business & partnerships People

ts and Children

To mark Children of the 90s' 30th year, we have embarked on our largest data
collection yet. We are inviting all three generations of participants to attend - the
original Children of the 90s, their parents and children. Read more

Currentstudents ~ Currentstaff ~ Alumni

_ SenEh

Coronavirus (COVID-19)

Read about how we're contributing
to vital COVID-19 research

Popular links

Complete your questionnaire
Submit/amend a research proposal
View the latest data releases
Update your contact details

Dncnnrrhar intanimue

http://www.bristol.ac.uk/alspac/
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Supplementary Table 2: Summary of the variables in the analysis model for the ALSPAC case study
including the amount of data available for each variable, and a summary of the characteristics for the
enrolled sample and those with complete records.*

|

e

=

e

Characteristic<’ a Available data | Enrolled Complete
(n=14,684)« singletons and | records<
N (%)< twinsaliveat | (n=3,313)¢
one year and
not withdrawn
(n=14,684)"
Sex< Male< 14,684 (100%)<’| 7,536 (51%) 1,559 (47%)¢
Females 7,148 1,754¢
Parity [ 12,924 (88%)< | 5,770 (45%) | 1,628 (49%)
1¢ 4,539 (35%)< | 1,181 (36%)<
2+ 2,615 (20%)< 504 (15%)<
Mother's 0 level/lower< 12,412 (85%)< | 8,022 (65%) < | 1,800 (54%)-
education< Alevel 2,791 (22%)< | 932 (28%)¢
Degree/higher<’ 1,599 (13%)< | 581 (18%)<
Father’s education<| O level/lower< 10,717 (73%)< | 5,445 (51%)< 1,473 (44%)
Alevel< 3,104 (29%)< 1,054 (32%)¢
Degree/higher’ 2,168 (20%)° | 786 (24%)<
Mother’s smoking<’| Never smoked< 13,242 (90%) | 6,413 (48%) | 1,958 (59%)<
Smoked, not in pregnancy< 3,584 (27%)< 934 (28%)<
Smoking in pregnancy< 3,245 (25%) | 421 (13%)<
Paternal smoking | No< 10,690 (73%)° | 4,419 (41%)~ | 1,624 (49%)-
(ever smoked)<’ Yes<® 6,271 1,689
Behavioural Median (IQR)< 7,289 (50%) | 6 (4-10)° 6(4-9)
difficulties score at
81 months<’
Attainment score | Mean (SD)< 11,813 (80%)< | 65% (16%)< 71% (14%)©
at 11 years
Smoking at 14 [T 7,211 (49%)° | 6,762 (94%)~ | 3,123 (94%)~"
years< Yes< 449 (6%)< 190 (6%)<
Outcome: Mean (SD)° 12,020 (82%)< | 58% (18%)< 67% (13%)¢
score

Note, there are 3,313 participants who have complete data on all of these variables required for analysis
(23% of the original 14,684).<
 Denominators vary because the variables come from different sources/questionnaires and have
different completion rates.<"

Lee et al. (2021)
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y Table 3: Predictors of being a lete case in the ALSPAC case study (n=14,684)"
Characteristic<’ e Crude odds ratio (95% | Area under |
interval)“ the curve<
Sex< Male< 1.00¢ 0.53¢
Female< 1.25 (1.15, 1.35)<
Parity<’ 0« 1.00¢ 0.54¢<
1¢ 0.89 (0.81, 0.98)'
246 0.61 (0.54, 0.68)<
Mother’s education<’ O level/lower< 1.00¢ 0.57¢
Alevel« 1.73 (1.58, 1.90)«
Degree/higher<’ 1.97 (1.76, 2.21)<
Father’s education<’ O level/lower< 1.00¢ 0.55¢
Alevel< 1.39(1.26, 1.53)«
Degree/higher<’ 1.53 (1.38,1.71)<
Mother’s smoking<’ Never smoked< 1.00¢ 0.59¢
Smoked, not in pregnancy< | 0.80 (0.73, 0.88)«
Smoking in pregnancy<’ 0.34 (0.30, 0.38)<’
Paternal smoking (ever No< 1.00¢ 0.56¢
smoked)<’ Yes<’ 0.63 (0.58, 0.69)<’
Behavioural difficulties For each 1 point increase<’ | 0.96 (0.95, 0.97)< 0.55¢
score at 81 months<
Attainment at 11 years<’ For each 10% increase<’ 1.47 (1.43,1.51)< 0.66<
Smoking at 14 years<’ No< 1.00¢ 0.50¢
Yes< 0.85 (0.70, 1.04)<
Outcome: attainment score’| For each 10% increase<’ 1.67 (1.61,1.73)< 0.70<
1Denominators in each analysis vary because vary because the variables come from different
sources/questionnaires and have different completion rates.<
Lee etal. (2021) 19
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ALSPAC study C Df#EHTEEH5l
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ALSPAC study CDOEEDEHI

Table 2. Analysis of the relationship between smoking at 14 years and educational attainment at 16 years

Number of observations Regression coefficient % Of missing smoking values

Method of analysis in the analysis (95% CI) P imputed as “smokers”

Primary analysis: Multiple imputation 14,684 -10.8 (-12.2, -9.4) <0.001 13:3

Complete records analysis 35153 -7.9(-9.1, -6.7) <0.001 N/A

Sensitivity analysis—sensitivity 14,684 -10.9 (-12.4, -9.4) <0.001 14.2
parameter = 0.1

Sensitivity analysis—sensitivity 14,684 -11.0 (-12.3, -9.6) <0.001 15.5
parameter = 0.25

Sensitivity Analysis — sensitivity 14,684 -11.0(-12.3, -9.6) <0.001 18.1
parameter = 0.5

Sensitivity analysis—sensitivity 14,684 -10.7 (-11.8, -9.6) <0.001 24.2
parameter = 1

Sensitivity analysis—sensitivity 14,684 -4.3(-4.7, -3.8) <0.001 99.8

parameter = 10

RBERRMTIC(E. MICED KNI —REETILA
BHOSNTWS (#ik) Lee etal. (2021) 25
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Article
August 25,1975
Coronary Heart Disease in the Western
Collaborative Group Study
Final Follow-up Experience of 8 1/2 Years

Ray H. Rosenman, MD; Richard J. Brand, PhD; C. David Jenkins, PhD; et al
» Author Affiliations
JAMA. 1975;233(8):872-877. doi:10.1001/jama.1975.03260080034016

Abstract

Clinical coronary heart disease (CHD) occurred in 257 subjects during eight to nine years of follow-up (aver-
age, 81/2 years) in a prospective study of 39- to 59-year-old employed men. Incidence of CHD was signifi-
cantly associated with parental CHD history, reported diabetes, schooling, smoking habits, overt behavior
pattern, blood pressure, and serum levels of cholesterol, triglyceride, and B-lipoproteins. The type A behav-
ior pattern was strongly related to the CHD incidence, and this association could not be explained by associa-
tion of behavior pattern with any single predictive risk factor or with any combination of them.

(JAMA 233:872-877,1975)

https://jamanetwork.com/journals/jama/article-abstract/337636 26
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E15—4 : cohort72.csv
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B{5|>-—4 : cohort72.csv

x: HA&DS 4 (Type Aor B; 0 or 1 ; E/=DRBEEE)
age: fFifip (=)

bmi: BMI

sbp: UNHERAITE

chol: ML X>-O0—-J)L

smoke: EMEDEHE

t: DIMEBAARY MREFXTORRE (H)

d: DIMEANRD MEREDOBE (1: F, 0: H)

vVVvVvVvVvYVvYVYVYVYY

28
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=5 —4 : cohort72.csv
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F—At7v hDFEHIAH

> setwd ("D:¥¥kurume2023")

>

> wcgs <- read.csv(file="cohort72.csv", header=TRUE)# T —4 v hDFEHAH
> head (wcgs, 20)

ID x age bmi sbp chol smoke t d
1 1 1 44 25.12681 NA NA 1 3128 0
2 2 0 50 24.38779 138 145 1 2888 0
3 3 NA NA 25.12681 108 NA 1 2068 0
4 4 1 45 24.70547 142 239 1 2939 0
5 5 1 43 21.63297 110 192 0 1075 0
6 6 1 43 25.84751 120 261 1 3008 O
7 7 39 25.85015 126 212 1 2858 0
8 8 NA 47 23.73116 136 203 0 3026 0
9 9 1 45 23.69597 NA 200 1 3060 O
10 10 1 46 24.69350 146 214 1 3159 0
11 11 NA 59 25.88195 172 NA NA 2965 0
12 12 NA 39 26.74163 142 195 0 2398 0

31

RAIT—5 DEET

> library ("gtsummary")

>

> wcgs2 <- wcgs %>% select(x, age, bmi, sbp, chol, smoke, t, d)
> # EFTEED WA RE

> table2 <- tbl summary (wcgs2)

>

>

table? + BRRSEZ—EETEL. BHhULET,

gtsummary(&. FRERIAZTDHEX DTable 173 E(CIRR I DENMETIEE —1ETE TS
CENTEBR/INYT—2TY,

32
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€€ b2 Characteristic N = 3,000
gtsummary” M S x
0 1,286 (54%)
1 1,075 (46%)
A=y NTSOHREC, ADKISRERT—FH = o
HASNBIHNEBWVWET ., COTF—F%. BENFSTED o A0, 50
EEHERE U TCTRDEFEES CENTEFET, tnknown &
bmi 24.41 (2298, 25.87)
Unknown 119
sbp 126 (118, 136)
BEHT. XA TUnknown] &EDFESNTLET, pS— P
chol 221 (195, 250)
Unknown 396
TNTNOEBEHNFETEE. KRBT —5&kRE. gillan s
7=>—% (available data) ""S5tE=NTLET, o 1331 67%)
HFTURIILVEBDEISE. Bllenlz—45DHPTO ! 1005
BEEUTRHEESNTULET, Unknovn oot
t 2,940 (2,842, 3,038)
d 248 (8.3%)
7 n (%): Median (IQR) 3 3

RAIT—5 DEET

library("naniar®) naniarl®. KBI7—5DES =TS IZHOEED, J
ST ALY —=ILREENTWWB/I\WH—2TT,

VvV Vv

> miss var summary (wcgs)

# A tibble: 9 X 3

variable n miss pct miss |7 pesE B - T = =0
1 smoke 664 22.1 « KA TV —) N =] °
2 x 639 21.3
3 chol 396 13.2
4 sbp 273 9.1
5 bmi 119 3.97 miss_var_summaryf#EES & T—Ftwv hh(ldh
6 age 84 2.8 . BEHORANDHEEEGZ, —HFBUTGIELTL
7 ID 0 0 nzxEd,
8 t 0 0
9 d 0 0
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RIS — 5 Dkt

cc <- complete.cases (wcgs) # Complete-caselcMICT DITESZIELET.
wcgs.c <- wcgs[cc, ]

wcgs3 <- wcgs.c $>% select(x, age, bmi, sbp, chol, smoke, t, d)
# EETEED W EHZIETE
table3 <- tbl summary (wcgs3)

vV V V V V VYV YV

table3 # Complete-caseD&EHICHITD. BfistEZ—EtEL. BHULFET.

complete.cases&EWVSREET. T —Ftv MDFTET — X (THET DHRED
TESE—IEE I ENTEET,

F—=Aty bz, WETBITICREITNL. TE2IT—RDFT—Ft2v NZEVERT
BTENTEFET,

35

“gtsummary” DS

Characteristic N = 1,544

X

A H—Fy NISHHREC. ADLSRET—H ’ I
HASNBIHNEBWET ., COFT—F %, BHNFRSTED 1 588 36%)
EEHERE LU TRZDEFEFESCENTEFET, age 45 (41, 49)
bmi 24.39 (22.83, 25.85)
pr 124 (118, 134)
e —RCRELET -5ty MOT, RAFDE " e
DEHDERBA. MREKE. 154ANCHOTND smeke
DT, FDEFEEOHRE(CIE. PR EBE 1 DOEHT 0 949 (61%)
RN G ECRDET, 1 P
t 2,952 (2,864, 3,047)
d 27 (1.7%)

7 n (%); Median (IQR)
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g%’]ﬁ" bn-l_id) FxED
e O = T
(N=3000) observed data (N=1544)

x (main factor) 2361 (78.7%) 1075 (45.5%) 588 (38.1%)

0 1286 (54.5%) 956 (61.9%)
age 2916 (97.2%) 45 (42, 50) 45 (41, 49)
bmi 2881 (96.0%) 24.41 (22.98, 25.87) 24.39 (22.83, 25.85)
sbp 2727 (90.9%) 126 (118, 136) 124 (118, 134)
chol 2604 (86.8%) 221 (195, 250) 214 (190, 239)
smoke 1 2336 (77.9%) 1005 (43.0%) 595 (38.5%)

0 1331 (57.0%) 949 (61.5%)
t (outcome) 3000 (100%) 2940 (2842, 3038) 2952 (2864, 3047)
d (outcome) 1 3000 (100%) 248 (8.3%) 27 (1.7%)

0 2752 (91.7%) 1517 (98.3%)

37

XOEHRER(E, PIYELIQREEIRETZCALTVET .

ST —AEEET DIERDDH

library ("epiDisplay")
cc <- complete.cases (wcgs) # Complete-caselCMINT DITHESEZITELUET,
wcgs$R <- as.numeric (cc) # Complete-case THINEDIH &, {0, 1} DEHTEERLET,

# BET—AXATHDINEDINE, BHESOEUNZEEGZEZEO0 RS« v IEIRTHMLET .

vV V. V V V V V

logistic.display(glm(R ~ x, family=binomial (link="logit"),data=wcgs))
Logistic regression predicting R

OR(95%CTI) P(Wald's test) P(LR-test)
x: 1 vs 0 0.42 (0.35,0.5) < 0.001 < 0.001

Log-likelihood = -1472.7338

No. of observations = 2361
AIC value = 2949.4676
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TTET — A EFEET DIEBERD D
hracieric || tieao 095) | Pl |

x (main factor) 1 0.42 (0.35, 0.50) < 0.001
0 1.00

age 0.96 (0.95, 0.97) < 0.001

bmi 0.95 (0.93, 0.98) 0.001

sbp 0.98 (0.97, 0.98) < 0.001

chol 0.99 (0.99, 0.99) < 0.001

smoke 1 0.58 (0.49, 0.69) < 0.001
0 1.00

t (outcome) 1.00 (1.00, 1.00) < 0.001

d (outcome) 1 0.10 (0.07, 0.15) < 0.001
0 1.00

39

ST —AEEET DIERDDH

> BESINTUNDIIRTOEHRN. BEREEZRUE

> B FC. PO MALERAMADZIASEEVEEENS B EH
REETNTLS

> 2T —AFEMICKBDDFNSEINATIRNA>TULEDY
R IONHD

» Fle. BET BT, FEUFEDHRENBRIENT
UESze. HEEREREDDOEENKE

> RAIAD X L"EEEULEZERNEREDFNGENKD
HEUTHDEEZISND !

40
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SeET — AT

> library("survival")

>

> gml <- coxph(Surv(t,d) ~ x + age + bmi + sbp + chol + smoke, data=wcgs)
> summary (gml)

n= 1544, number of events= 27
(1456 observations deleted due to missingness)

exp (coef) exp(-coef) lower .95 upper .95

x1 1.3063 0.7655 0.6095 2.800
age 1.0711 0.9336 1.0019 1.145
bmi 1.1269 0.8874 0.9597 1.323
sbp 0.9824 1.0179 0.9513 1.014
chol 1.0028 0.9973 0.9928 1.013
smokel 1.2140 0.8237 0.5578 2.642

1456 AIC. D72< &6 1 DORAEEIC KANG D, BTN SBAETNTNET.,
BEAIODER L\ R IBED S DO, BB L EVSRERICHR> TOET, 41

ZEARAZE (Multiple Imputation)

> Tt MPOKANEICHT U T, BHRMEAEZIBDAD
CEICKD T, BUNREET —I&/ERL. CNICKD T,
I TD Available Data Z U\ zCoxBlIFR EDEEFTZITD
ENTEBLSICTS

» AU TCUFE T — YDA EERZRIRT Dlzsd. EHD
HTEZTERMR L. TOHTERDT —FDEROFEITERER
BIBCECEKODT. FMEEMEZRMRUEDITERZS5 XD
CENTED

Rubin (1987) 42
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TAIMEDAR A (Imputation) &(&7?

0125 1429  0.049  1.084

1 0.694  0.602  1.018 NA
0 0761 1.229 0922  -0.343 FHFRIBED., KAHEER
N = 1\ w
0 0.809  -1.464  1.089  0.870 IRASDOETIED S

BIEDZ &
1 0327  -1.527  -1.459 N

1 -0.243 -1.488 -1.449 -1.132 I 1.084 l
43

%28 AL (Multiple Imputation)

_
-0.125 1.129 0.049 1.084 l -0.898 l

1 0.694  0.602  1.018 NA :

0 0.761  1.229  0.922 0.343 1DTIEIIE<,
e R ORSEE

0 0.809 1464  1.089 o870 (1890 ] = 7e

AW ! |

1 0.327 -1.527  -1.459 NA [0-9j1|
1 -0.243  -1.488  -1.449  -1.132 o84
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x T~ =PaN

%Ey&@ y&(@)\/ﬁujj\aiéiﬁ (CI(Z...
X, X, X, X, X,

0 NA 1129 0.049  1.084

1 0.694 NA 1.018  -1.240

NA 0761 1.229 0922 -0.343
0 0.809  -1.464  1.089 NA

NA NA 4527 1459  1.084

1 0.243  -1.488 NA 1132

HEVROREE A TS BIe(C . B LBERTSENYSE | 45

EEHGEINCKDZERAE (MICE)

» Multiple Imputation by Chained Equation (MICE)

1IE§EOD¥$751|EOD$ESZ75 =N )? lJc‘: LT, FQ"\*}EIJ(at 1 DDE

> %’Eéﬁld)w‘;&(;if 73\'3 ‘C%ﬁb\ﬁd)/\,ﬁun\@%iﬁ‘\(g y%

> %Egﬂl@ EDHEEL \Jkd)A/EU%?/\‘Ci t&b‘Cﬁm:@“Zo &
N TEBIZERNADGE

» MCMC(C KB Data AugmentationZi& UTzf#MT AL TH D,
—EDIEHENS - BEZBIT DI LM RSNTND

White et al. (2011), Royston and White (2011) 46

v




EEORERHCRAN G DIZE(C(...
. —

1.129 0.049 1.084
1 0.694 NA 1.018 -1.240
NA -0.761 1.229 0.922 -0.343
0 -0.809 -1.464 1.089 NA
NA NA -1.527 -1.459 1.084
1 -0.243 -1.488 NA -1.132

REVRORAZ I N TEHDEHIC(F. D UBERITENVE | 47

BEROEZRIC KA G BIZE(CIE...
_

-0.005 1.129 0.049 1.084

1 0.694 0.877 1.018 -1.240

1 -0.761 1.229 0.922 -0.343

0 -0.809 -1.464 1.089 0.002

0 0.102 -1.527 -1.459 1.084

1 -0.243 -1.488 0.823 -1.132
REVROXKAZE I N TEHDEHIC(E. D UBERSENRE | 48




24 TIR*EH[— /72 \' B[ —

?Ey&@gy&(g A/ﬁ”b\@éiﬁ =5l (...
X, X, X, X, X
0 0202 1429 0049  1.084
1 0.694 0217  1.018  -1.240
0 0761 1.229 0922  -0.343
0 0.809  -1.464  1.089  0.401
0 0.312 -1.527 -1.459 1.084
1 0243 -1.488 0333 -1.132

BEVRORAE TATIEH B (E, D UBERSEISE | 49

ZEBERANE  INZIFEHELUTCHEID !

> 100/ 5 — 2 (FEDHTIEZ WL IREIEMN S IE(CK D TEMT
% (HIZ(X. Chained Equation)

> HTEZEHCRA L. 100/\5 —> OEMURNRTET —4
ZEZENTNEMR L. 1008 D DCoxMIFDIERZSD

> EERFAE (Rubin’s Rule) (CXDT. 1003& D DCoxElRDIE
REHMEL. RENR)\TU— REEDHEETEE S EEXEIZED
CEMNTES

> 5B (RAFT—5DFH) OAEEMNERIRUICRENR
J\T— RIEDEEE L EREXEZFDICENTES !

50
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MICE(CRDZERANE

> library ("mice")

> B <- 100 # number of imputations; in practice, B should be set to >= 100.

>

> attach (wcgs)

>

> nael <- nelsonaalen(wcgs, t, d)# Nelson-Aalen estimator for cumulative hazard
function

> wcgs4 <- data.frame(x, age, bmi, sbp, chol, smoke, nael, d)

# CCICANZZEROET, EHAERZHA T, MIZITD ; CoxBIRDIZEE. AR hDIERER (d) &,
Nelson-RAalendfiEME (nael) ZMITANELLD !

>
> detach (wcgs)

>

> imp4 <- mice(wcgs4, m=B)# Multiple imputation by MICE

RD/\wW L —= mice T. MICEICKBDZERNEG. GERINVRTEITIDZE
NTEET. 51

MICE[C KD T7Z21TD L CTOER

» BEARMY(C(L, Chained Equation(C(d. EAFETILDT D M
LZBIFIANFELLD
> 7O RNALR. EFIUEESNIIRE - HIGEHDOLI N E
BiENDDIHES (BEEENZEELTLD) . I BOA
ZENIAD TN EINATAMADTUED

> B - 2{EERUT. TOFEFANNNUIEKN
» £EFRFBIOZE(E. AR MERZEZELENelson-AalentE BB

(nelsonaalenBd#X C5tET]) ZAND ERVWALIEICKD
EHRESNTULYSD (White and Royston, 2009)

52
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MICE(CRDZERANE

> imad4 <- with(imp4, coxph (Surv(t4,d) ~ x + age + bmi + sbp + chol + smoke))
> estd <- pool (ima4)
summary (esté)

term estimate std.error statistic df p.value

\%

1 x1 0.579260092 0.178328975 3.248267 103.79639 1.564692e-03
2 age 0.057796930 0.012000618 4.816163 204.07706 2.848453e-06
3 bmi 0.063551504 0.026557025 2.393020 191.41599 1.767705e-02
4 sbp 0.016796705 0.004529328 3.708432 159.65890 2.873406e-04
5 chol 0.007190536 0.001937923 3.710433 116.33398 3.188196e-04
6 smokel 0.583376552 0.187925209 3.104302 88.11244 2.564576e-03

withBZER EpoolBE T, ZEANEC KL BMTROMESHITOBREZL DTSN
TEFT, BRE EFFREORT—)ILTUMNETIRVDT, OZR5+ vomlE
PCoxEIF TDRMZEITIIHEC(E. expBAETE#Z LT, Ay X/ \F— RiE
[CEULTHS. EROBIRZEITDZEICLELLD,

53

MICE(CKDZENRANZE

> sum.coxph (est4) # MICE(CKDcoxM)RDIER%E, J\U— RILICERUET
term HR 95%CL 95%CU P-value

1 x1 1.784717 1.253098 2.541873 1.564692e-03

2 age 1.059500 1.034725 1.084868 2.848453e-06

3 bmi 1.065614 1.011232 1.122921 1.767705e-02

4 sbp 1.016939 1.007882 1.026076 2.873406e-04

5 chol 1.007216 1.003358 1.011090 3.188196e-04

6 smokel 1.792079 1.233581 2.603435 2.564576e-03

sum.coxph&EWSEESE, BEDBEIETI N, micedE NS, J\H— REbIREZEET
B9 3B ERDTUVET, 3000 AEEDT —F = BRUCHEINTETVET,
FHF. BMIL, ME. JLXF0O—)b. BEREDBIAMDYU X OER (E. BAHEC. (O
BRBORESDEEZRUTNETY ., MH8DH1T (TypeAor B) &, [DLMEERE
DORIECBRBEEZRUTVETD,
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RUEREAT (1) : RBIWIm/RT — X T O

p FREIBBEEZHCKAZRC UEUREDOBRELHZ. £8
[REHD ] [IRERU] (CHEUIIGE DR

> HSWPWBKRAAN X LZEERE LI ETORBMIRRT —X
THH. ZENTNDT —IATORENREDOH TSR, 5
HZERIRVEEICFEIT DD THNIL. EI=DFETOFERD
BN SZIFSNEEEZIDCENTEDS

p —EKED F. BEZHORAEIGHNNESWEETEIRS
& (RANLZWNE, —RICERIFIL<KEITETCLED)

> POEHUWTIN, TOTSASZZSEBIIZE0N

55

RE DTSR
—————————

ZEAANE < 0.001

BREEDXKAZZ I /N

T [BREHD] (I 3.38 2.41 4.75 < 0.001
U TeRRE AT

REDRAZIN

T [BREEIRL] (I 0.66 0.50 0.88 < 0.001
U Te R R

X [CDWTOXRBNZ WD (21.3%) « HROF K &EHEIFIAET <. COMRIRNHE
BRATHS (. REROHERCDVWTOEEEERT T EETERNENZ D,

56
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REREMT (2) : )\Y—IBEETIL

> MICEDZ)LTUXACHUFEZIMZ B ET. MNARZIETEL
eI = BEETIVLICK BB ZITSCENTES

> BLDHDIEE (e.g., TZBBREZE) DOEMDIRIC, £k
TV A7 (UREESERDFR D7) (. —FED
T O EIZD

> CNICEKDT. [BllenkzT—41 & IRAILET—4 ]
DEIT. T—FERDINERDEVNDINI-—EEETIL
(CEDLKHTEDERZITSCENTES

> CNEELUWTIN, TOJSA6ECSEBLZE0

Lee et al. (2021), Yuan (2014) 57

I\ —BEETTIVICKDREFRNTOMER
I T T

ZEANE 1.78 1.25 2.54 < 0.001
PMM (3 =—0.50) 1.53 1.04 2.24 0.031
PMM (8 =-0.25) 1.65 1.17 2.33 < 0.001
PMM (5 =-0.10) 1.73 1.17 2.55 < 0.001
PMM (8 =0.10) 1.81 1.26 2.61 < 0.001
PMM (3 =0.25) 1.98 1.35 2.90 < 0.001
PMM (& =0.50) 2.06 1.45 2.92 < 0.001

I —UREETIVICE D T xICRAER T UTEHRE (CHIT DIRBHEEOMEA W XA -0.50150.50
#HHECBNENTE. DROAMEF—BELTHED., —ELTARENHD ZEZERI D LN TER. 58
COEENT(E. MARDIREDSFENZELETE. EROBEEZER T DI LN TEREVNRBIESD,




AP AR AT DEEAR

» SEIE. RERENT (1) TE. BRESIEOHERIC DN TOERE
M(FRI CENTERM >IN, BEFMNT (2) (CXD>T. 8
JGDMARM S DIRTFEDFEBEN DD EETE., ERHIERTHD
BCEERICENTEE

b EEBBREBEZHORAEENKETVE., (1) DAEEDSELLL
2O, TRZIEGH NS E, EFEDATZX /s (MNARZE
E) OB ETOREROBREZRT CEN TIPS
SEICIRB

» BlIZ(E. BURBAXADZXLDEET. x DRBAEIEGHS5%IE

EBZRDLDICGREZEATTIZEICE... 5

IREEZ DR HAZ 5% & UTCimZE DFFriER

ZERNE 1.35 2.44 < 0.001
ST — AT 1.59 0.63 0.90 0.112
IREEDOXAZIN

T [BREHD ] (I 2.16 1.63 2.85 < 0.001
U TERAE R

IREEOXRAZIN

T [BREEIRL ] (I 1.27 0.98 1.63 0.068
U TeRAE R

HRODE) < EEE(E, KE<IRFED, ERDREZEHROXRA/(F—>DELET, 60
TOMOLEDEENSH D EZRELTND,
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IREEZZIDXRAZ 5% & UTEIZEOEETTER

ZEANE 1.82 1.35 2.44 < 0.001
PMM (8 =-0.50) 1.70 1.27 2.28 < 0.001
PMM (6 =-0.25) 1.74 1.30 2.32 < 0.001
PMM (6 =-0.10) 1.80 1.33 2.42 < 0.001
PMM (6 =0.10) 1.81 1.36 2.43 < 0.001
PMM (6 =0.25) 1.86 1.39 2.49 < 0.001
PMM (6 =0.50) 1.91 1.43 2.54 < 0.001

BHk(C, /NI —VRAETILICED T xICRAER S U RE (T3 DRBHEEROMEHA W XA -0.5
MS0.50FACEINENTE., FEAERRFEDSRNT ENRESNTND., CODIDERMNSE. 61
FEREHOXRAINE <BHUSE. FHERMECE (D) MERLLTEOEWS ZENM DN D,

HNDI(C

> BIRIARICHITBIRANT—FDEDIRWNDAEELUT.
TARMOS framework MAFR =N/

» IRIRTE. JAMA, BWRRED—REEIRETHE. %ﬂ(ic‘:c_@
NEZRRUERTRHRNX (EZ < RRNKDTHDIH, S5&. 4
L3 D, ZOEKITEATHNSEDEBRNOND

> DITCERESNDKEL, POVOEETHDEH. SE&E. &
SZRFRCHNTH. HAFTETEEEENS. +D7RFZ DRt
STREDHBRMNMREB(CIR D TLBIEDOEFEEIND

62
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