Introduction to Biostatistics
Using R & Rex

@ KSBI | stzyygsoy

OOOOOOOOOOOOOOOO
IIIIIIIIIIIIII



BIML 2026 {3

=
—

7t Zpkel

StA L ELC

o

Q7L 2R, HE,

ol
o

CHe Attt

i



of

e

ol

ot

7|=1} Hio|
ZOHAL L
=

M
~

ofel elsxls 7lEh &

o
=

=
—

t

0| %[4Al AlHIO|
FESLICE Ol /13

—
AN

BIML-2026 &4 Bioinformatics &Machine Learning 1= 3
=
2 S0 HNAXSE Hf
XtO
[=]

Al
=

KSBi-BIML 2026

Bioinformatics & Machine Learning (BIML) Workshop for Life Scientists

| -

—

o|21t

k=3
=

o
=
ZEIO¥o = Xtz

9|7} &[5t

7|

A
2~

q

=
201540] A[ZHEl BIML $3&2 22 123 X2

BIML ¥3&2 dBZLES A4
CIX|EH0l2 20 & 20F2 Td& L.

G| O[ &

o

AlHIO| 2 EOFOf| A

= A= 7|CfE L.

o O
=S

37292, HE|RYA, HEIQY

1

IMZE Q8] A

o
=

b

C
[

b 202498 F7HEl o 2YE Xtz

—

OFAEOf S, AFAS2 2
s

CcC

—/

[y

o=

10

i

i

~N
Ko

|28 Az &

-1 O
= —

o= Z

20264 2&

2ol 4oz 85

L|Ch

I

=

o
o

ANA +&
__l.l.
7| ch

—

=

=

=

of

PN
=

2 A7

B
2y F2

| o

x
[

o
[

Fetat

I}
SEE HSLICh

BIML-2026

o

Jol



pAslbd Bed

Introduction to Biostatistics Using R & Rex

J

oz 2

H U2 AERE 285

s

o
o
=]

S7tet

=]
=

B XEo =

4=

1
—

ATPXZM HEA| X|H0F & SR8 2%0[ UGS LICH OO B atetAt7} Y

N

[ELL

mr
o

J
o<

4
Toll

HMO AP
=82 =Y

o
3 o

]

iTE
il

§lo|E o

HE =S5 RIBIME

A
=

L|Ct. OfH

addin ZT2134 Rey,

Ml
=

off A

E

<1

BIMLY =

ILICE. O] {3450

i

A7t E = A7

=
[

giLig =FE 20F FFAS HOH 24 +ES =0

o
e

KO

i

T
IH
pal
c!

TES (22| 8GB O|Y, L2232 0757 30GB 0|d)

233 x|

R =

20 FEHH HX| (https://rexsoft.org/)

1T

Rex

* 4o HOlE: =g
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Speaker Name: Won, Sungho, Ph.D.

» Personal Info

Name Won, Sungho
Title Professor
Affiliation Seoul National University (SNU)

p Contact Information
Address 1, Gwanak-Ro, Gwanak-Gu, Seoul, 135-710

Email won1@snu.ac.kr

Research Interest

Biostatistics, Statistical Genetics, Genetic Epidemiology

Educational Experience

1999 B.S. in Biology Education, Seoul National University, Korea
2004 M.S. in Statistics, Seoul National University, Korea
2007 Ph.D. in Biostatistics and Epidemiology, Case Western Reserve University, USA

Professional Experience

2008-2009 Research Assistant, Dept. of Biostatistics, Harvard, USA

2009-2014 Assistant Professor, Dept. of Applied Statistics, Chung-Ang University, Korea
2014-2021 Associate Professor, Dept. of Public Health Sciences, Seoul National University, Korea
2021- Professor, Dept. of Public Health Sciences, Seoul National University, Korea
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association study of non-tuberculous mycobacterial pulmonary disease. Thorax (SClI) 2021
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3. Kim KJ* Park J, Park SC, Won St. Phylogenetic tree-based microbiome association test.
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Kim KW* Park SC* Cho HJ* Jang H, Park J, Shim HS, Kim EG, Kim MN, Hong JY, Kim YH,
Lee S, Weiss ST, Kim CHtf, Won St, Sohn MHt. Integrated genetic and epigenetic analyses
uncover MSI2 association with allergic inflammation. Journal of Allergy and Clinical Immunology.
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family-based big data. Bioinformatics (SCI) 2018 Aug 15;34(16):2851-2853
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P

F value D.F1 D.F2 P-value
Treatment 09171 2 20 | 0.4158
5005, 4 20 524 ohge
BHESICHT Bt Dot BHEo1x) o
DF Sum of squares Mean squares F P-value
Treatment 2 0.0014 0.0007 6.7923 0.0056
Residuals 20 0.0021 0.0001
P<0.05, MZ ZM &0z 3t 22
relative abundanced] X}0|7} QiCt
ki)
B D.F1 D.F2 P-value
P>0.05, A 20 relative
8.881 2,000 11.852 [ 00044 IJ_ abundance 0 X}0[7} Tt HE '
=
g‘f:ﬁilaoﬂﬂgl Y Hld fEI ﬁ " ReXSOft
[y |
EE
AZHH (Post-hoc)
Method Comparison Difference 95% LCl 95% UCl P-value
Tukey 12 0.0145 0.0010 0.0280 0.0338
1-3 0.0180 0.0050 0.0310 0.0062
2-1 -0.0145 -0.0280 -0.0010 0.0338
2-3 0.0035 -0.0100 0.0170 0.7926
I 3-1 -0.0180 -0.0310 -0.0050 0.0062 I
3-2 -0.0035 -0.0170 oot00 P 0.7926
GH 12 0.0145 -0.0002 0.0292 0.0533
1-3 0.0180 0.0056 0.0304 0.0060
2-1 -0.0145 -0.0292 0.0002 0.0533
2-3 0.0035 -0.0129 0.0198 0.8398
3-1 -0.0180 -0.0304 -0.0056 0.0060
3-2 -0.0035 -0.0198 0.0129 0.8398
1-2: p<0.05, 1722} 270| S0l A SOI3t X{0|7f LTk et

1-3 1 p<0.05, 123t 329| S Z 0| Q03 kto|7} Ltctn met

|
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- :
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- s
2.14 14 - 2.37 20
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o E
0241 014 20| B2 |2 ,
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Ad o
ouy Rex > HZ22M » QX|2H| » K-EHEE
Hl R4 (B22(X[2X
@ AEAHE o E=2 A C EESIEE
v ChESH)m =2y |
L
® TIHIAM 2] CHEE| W I
C AMel-CHE CHEH| W (HM 80| EDF)
reelEE 2
 RESH %S
¢ Bonferroni (1936)2] 2
¢ Holm (1879)2] &
¢~ Hochberg (1988)2] 9HH
BT L 5 e e e
@ Benjamini & Yskutisli (2001)2] 2H
=2y A E =
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K-SHEZ H242Y

38A%-22A 7Y 21
H df P-value
AY349385 by Treatment 9.7654 2 0.0076
p=0.0076, Al 5 H0| = Bt 42|
A& 218 (Post-hoc) ZEtol 28t Xjo|o} ek Bk
|Diff.Rank| Z P-value (adjusted)
1-2 7.7321 2.2137 0.0738
1=8 10.1250 3.0006 0.0148
2-3 2.3929 0.6851 0.9044
1-2:p=0.0738, 122t 27| ?F HZOIN (3 Xjo[7} giCtn THEE
1-3:p=0.0148, 122} 320| F= S0 QO[st kto|7} Qlctn Tt
2-3:p=0.9044, 221+ 329 35 SEO|H 923 xto2} gicta Tt
37 '
02 A1 0] 2 Z M2 B H
AlA { Rex S
- A —
K-SYBE b2 AT =5
’ =
0.04 E Eﬂ'q
" o Treatment
§33 g‘ =|
S mi 1"
1ra;mem 3 0.00 00 AVI;:;BES 0.03 0.04
Var Treatment 1  Treatment2  Treatment 3 P-value’ Post-hoc'
(N=8) (N=T7) (N=8) 1vs2 1vs3 2vs3
0.03 0.02 0.01
AY34 . . 014 9044
349385 (0.02,0.04) (0.00,0.04) (0.00,0.03) 0.0076 0.0738 0.0148 0.90

Data was reported as median and interquartile range(IQR)
*P-value was calculated by Kruskal-Wallis test
P-values were calculated Dunnet’s method using Benjamini & Yekutieli's method

g
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- SHNOE ZFEEH A SHEETAY (24), 29 A% (HIZ4)
- WSO FEEH A WEE TEY (Z4), £2 Y (HIZ+), F229 A7 (HE)
+ M 04 IE0Me BF b2
S 54 (ANOVA)
- H7A o otEElL A
- FOHo|4e BHTHE H|WED| U3t HHO R F-testE 0| BBHT,
- F-test 2 RET2H A0 K07} UCH= Z2Z L2|H FIHNO R ofi BT P 2 A0|E HO|=2tE CHEH|uE §0to] FItHo
2 7%
K-SHEE H2+28 (3RAZ-2E2 BF)
- A oPdo| HFE(X| o= AR
- HEYYl 29I 0jgtt HlBAT wY
39 '
{ Rex Soft
1= - -
03 42t=A (Correlation Analysis)

~
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E%£M Flow chart

L=
=]
MHI

%

. Rex 50ft

A 8724
Pearson's r Linear reg. Sensitivity Kappa
(Spearman's p) Logistic reg. Specificity Weighted Kappa
Poisson reg. Predictive value ICC
Cox PHreg. ROC curve ccc
AuC

2 R —

52 oER
CEE 0 oOe =¥ ng 2N S¥ . 0g . SE 24 SY
T-test Paired ANOVA RM- Jonckheer  y2test  McNemar X2test  Linearby Log-rank

K e Fisher's  test Fisher's linear test test
Wal test exact test exact test
test) es
41 '
03 Az S
=] r :
EAEM Flow chart
")1| HM = 03t H A
AL - L
@ J et Bl J oA
y ¥ + 2T Sore of WAD} ISR
SHEY ki * HRY0 4 Ol ARt BN
Pearson's Linear reg. « DEY Q20] Y32 0[X Kt oY
E : Logistic req. N ol ot L .
Poisson reg. o DEY UNEN YES 0|A[E QRtE 2ADN?
oS DY ETle] RS0 $YS U Tt 2D

SN HES

o

+ (Non-directional association) A ZHEA : & N4 0| MUK HRAH 0| WL E LIEH= 2
3R : Zap4 (outcome, Y)7F AR QIR (risk factor) Lt S
(predictor, Xs)S0i| 28 O1%EH MYE|HLt oS =X| &l

%148 (continuous) 2zt

* (Directional association)

1) Linear regression :
2) Logistic regression : 0[2% (binary) ZzftH4

3) Poisson regression : THI A48 (count per unit) Zof4

-

4) Cox PH regression : lZ% (survival or time-to-event) 2z}
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=
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- Pearson’s correlation coefficient

A% (correlation

N

coefficient)

x| 242

| X2

3

- Spearman'’s correlation coefficient

YDA (o: BB 42 TIE

(E2)
o X|E

-

ot 421
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2
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o 43
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r=

* Criteria

0.7<r|<09:

0.9<Ir|: 42 2

trong)
t (very strong)

nol-

2)r>0:%
r<0:
r=0:

| AL (positive correlation)
A2t (negative correlation)

9|
S|

20
Ela
A
o

[
22 (no correlation)
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003
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S
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=
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W
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Y= —
JUEY =2Hd
+A oy #HE 27| el
' ¥ . ol aje . il n ¢
@ % AR JE G sif s 8 &
of ROOIE 7= 185 2 dE HFE 2% AMAE 4F Hz4+ O
o HE SAZHD- 24 BMTNCoM Sk - 24 24 24 A
oz | mC Rk
| AT}
G8 - - O]
Apes LEEL] 4328
4 :
440 B g - A oy e T
1 id ] g g
ez : R PPy
2 ‘:\ - P
o s 3 r "
Jloe Alsies fregod 7 a
3 {3x Preyctela nsteoly
[eha vass
A |shamncn i
|srpson
Rdtona.picket = 3
s
ooy g vEE
« )
52| | || = u| | 2| W | B
-
03 Y4 r f
AFTHEM Al (Rexson
oA ==
=
g9
HlojE 7 X
Category Variable N N.valid (%.valid) N.miss (%.miss)
Dependent variable SBP X (100.00%) 0 (0.00%)
Dependent variable Alistipes_finegoldii pX I (100.00%) 0 (0.00%)
Dependent variable Prevotella_histicola 23 2 (100.00%) 0 (0.00%)
PREREN
Cross Correlation Table
SBP Alistipes_finegoldii - Prevotella_histicola . Correlation Coefficients
a2 orseet + p-value
SBP I 0.0436 0.0683 I + Covariance
UToar UUmd +No. of Observations
23 23
04242 -0.0571
- . 0.0436 0.7%
Alistipes_finegoldii 01547 0
23 23
0.3867 -0.0571
- 0.0683 0.796
Prevotella_histicola 0.0765 0
23 23

- 24 -



SBP -0.424 0.387
Alistipes_finegoldii 0057
Prevotella_histicola

AlA
=)=

{ RexSoft

-0.424

0.387

-0.057

revotella_histicola

100 120 140 160 180.00 0.2 0.04

000 001 002 00

g

04 H12lHZ4
(Linear Regression Analysis)

{ RexSoft
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. Rex
ml=
IHEM R
HRI= o
« g3l of
- WYX F GaltonO| OfX|ot OFEQ M
(height) 2re] 2| 11
- EM& 2 (linear relationship) 713
- O(El AF0| BAZOR 83 (regress)<i 4t
S YA Ao 2E 324
Francis Galton
BORN
February 16, 1822,
DIED
January 17, 1911 (aged 88)
SUBJECTS OF STUDY
50 85 70 7%
20| Ao B[ 242 A150| Y Father
gt WA X|0f| 27 (regress toward
population mean)st= E42 LA
04 372N ' Rex

ol 24 1R

+ GENe| 28

- ZIpHA (v)9 AT (Xs) 2t QTHEA Y = f(X) & BEfsl0] £2
- EIHSE YA HYRY

- 20| /0150 e % 40| HehE Jjol 2
- o) S 20l Ol 204 2ol

(linear combination) & 7% (weighted sum)Q| &2 23}
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{ Rex
ke | H . _ |
RN MQ: Y =1f(X) M Hehoj| 2 M2 BF
v Y. 5482 (dependent variable) v X: EEtH (independent
- o o] =l £ WS LEE e variable)
- BAHN0| YIS 0/ 2 L BEHKEH
- YENOR I Y 2 BA| Y2 Ut
- £ (output variable), - UHMOZ J|E X2 EA|
HHSHH= (response variable), - kHe EHMAL ¥, . X, 2 BA|
A4 (outcome variable, endpoint)
3t , .
EALy - U2 (input variable),
MoiEi2 (explanatory variable),
SIHOIX} (risk factor),
0542 (predictor) 2t
04 37N " Rex

SlFZ4 R X 2 Y of 2

= ZEHU A - SAHY A
(Deterministic relationship) (Statistical relationship)
- Y=f() - V=f®)te (e 24
- Y9I Zo| x of Zhof w2t S ok Helzl= 2 - VO {0 X 9 ZHE OfLI2t QAE Zereto] &

X0z ofZEl= 2

- (M%) 2 2%
L YopepX - () gE ey
- T=htpXte
o B - Probabilistic model =
fl 204 Deterministic model + random error

T
6 8 10
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{ Rex
e | H 3
B7I240l 57 - 240 98 (1)
» ME2¥ (linear model)
- &Y Ane
Vg AT O E 0 ThE R A 2 d
- o Y=pf+pX+e
- (M¥)2/ 24 (linear regression)
Bt { Rex
3 EMO FF - 2o GHE (2)

- 01|.g(Y)=ﬂ0+ﬂ1X+s

- EXAER|FEM (logistic regression)
v 0|71% Z1H#H= (binary outcome)
v O 3= RE 0F
v g(Y)=logit link function

- ZO0tE3HEX (Poisson regression)

v 04t A1t = (count outcome)

v O ZEX G108 HAE RS 5T BT

v g(Y)=log link function

9| 7458t AZS4 (link function)2 S}
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- P38 ZUtHTL O B0l 74E R 2 19F S 4 (log hazard function)S &

- Ol inh(¥)=f+ pX+e

- Cox HIE$IE 37 &4 (Cox's proportional hazard regression)

{ Rex

04 8312

v Ek23|9 (simple regression)

- e s

ro

#2824 (univariable analysis)

- OL.y=p+pX+e

» C}33|H (multiple regression)

- 24 0¥e 2t

- Cf2EM (multivariable analysis)

- OLr=4+pX BN e

{ Rex
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oy 5y
BEED

x3)

37|24 37|=He 3

Rl 239 (g 5%

ol 29l

sl o
(o]
i s
o oy
%ol

il

04 817 —
(M)A N (Rexso

a

© B AT afuta ())o] O M4 ()0 IS M BHOZ 57

SHYEARY  L=f+fute  &~ildN(0))

P @ HEY (v a2t HHA US)
@ 21 Yy (APt RS 1)

®9A1310| ST (M50 42 582 K 4D SERg)

© X1 SELY (2Y BE oM 21 242 FYE)
« Y EH (intercept) 4,

-x=02 0y #s0 ¥

* 7|27] (slope) B,
- 9|14 (regression coefficient): AHti40| AHH 7|0{=
- X7 1R ZOL8t il y of WAHOl Zoa :

OL "L O

- 32 HAHZH0| Qo FHE (XK HEFO| 2|47} £l ZM)

o QXtat (error term) ¢
- 3| Aloj|A x Off ofsH MHEX| ob= H2 M

- QAFSHO] CHSt I 201 A], 2X2| ZYX|Q T} (residual, ) 018 (FHAHEH) . '
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(H)2H=4 e

v A[XE XM (best fitting line)
- XEE MY T daste T
X

x|
- X2oto| QA I K2 FM

v 3 AH[EY (least square method)

- QXX &% (SSE, sum of squares due to error)
SSE=Y8" =Y (5,-3) =0, B - )’
i=l i=l i=l

- HEES HLZOLE (4, 4) T IO

{ RexSoft

i

04 2172
(Med)e| 2N ZLHEM (ANOVA, Analysis of Variance)

QX0 2ot HE
Variation due to error

| |

SE0] S55ot 5

SEoz
SR gt uS

{ RexSoft
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04 3HEY
(ME)YHZY: BHEY &9

* SST (total sum of squares) ]

* SSR (sum of squares for regression)

- YIS SSR = (j/, —)_/)2 = zn:(bo +b1xi _)_) )2

- SRR s HapAo M £ ,-:1

» SSE (sum of squares for error)

- NEY

- SRIToR Mesin e MR o Zatis :
N LGS HEENUSEE  SSE =Y (3~ 7,) = SST-SSR

. Rex

EEER

0 ==
(ME)3| 2N ELALMT (ANOVA table)

Source df SS MS F
Regression 1 SSR MSR = SSR MSR/MSE
Error n-2 | SSE | MSE =SSE/(n-2)

Total n-1 SST

» SST =SSR+ SSE
* FAY EAF: F=MSR/MSE~F(1,n-2)

. Rex
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ETEE
(HH)elHEY: =¥ Eot (1)
. 3|F|Alo] Qoj4 Eol

- 3|7{E0] 2Jnfot o=k

- S|F{FHo| 2ot HE (SSR)O| ZED| 2917

« BMEMEO| F-testo| p-value 2 T

- H,: regression model/line is not significant (i.e., 4, = 0)

- MSR
- Test statistic pOR F(l,n-2)
MSE

- ROEE (p-value) < R2ASE (o) > #2712

~ 3|7{4j0] SHAHZ Fofotttn HE

. Rex

o Se SR
S.S, SST

. Rex
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k] \ ke - { Rex
(M¥)2lHE2M: 2 B} (3)
= BT (OPE 5 E9l)
- B|H2M At 2o Ciot 7pEo| BHEE mf AE|E £ QCH
= Olapd HEHol Ci3t 21
- ZM SEf (linearity) > AHTOt A2 8Ol
+ QO] T3 IFE > A (residual) 24
- A4 (normality) > HAE1
- 5244 (equal variance) > T}
- E&4d (independence) > £HAI3E & Durbin-Watson SHHLE &2l
v DW2} 2 QHEHO|™ 0| R3}= ZFAL 2H0i| 4f2Hg0] GiCH THEE
v DW?} 00|Lt 40 717t H Sl 2{Hy= Tret
04 81 .
(WH)EHEY: B8 B3} (3) YAEE1 |

- IO O 2 MOl (5319 IT0l) S H40| BEEIX

(a) Skewed Right

Residual
T
0.3
Residual
T

(b) Skewed Left

(c) Symmetrical with Heavy Tails

Residual
T

| | | | | J

= A R [ <R
Expected

= =l el o

Expected

=G = 0 1 2 3
Expected
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(MH)ZHEY: 2 Eot(3) TAfOH
« BRI
- 12 1E0| THEE P2, BEO| 7|FME FHCE randomd| (F, THEGI0]) X
- EYIfTH0| HEE FR 012 018 5 €8 e Mt YRl Ao Tt
3_ 6_
4 - L]
] 2 o .
L] » [ L] .
: . [ 4 . ", H . .
K ' ¥ ‘. -3 I L
Wl il . il ",
L] . L]
. ]
[ ' e ™ o
-2 '] .
L ] _E_ _4_ .
. L]
- T T T - T T T I T T T
W W 315 4 00 50 W0 150 U kL] 49 50
vol 5% el 5% ELE
(a) {b) c)
. SR S 90|
2HEs azgx g ogx g
04 8|92 ’
ME)3FEAN: 33 T} (3 e
(l_o)g:ll'n'_'-l- oo H )

-
oR

of

e}
4=

Sk Ol = #57} (influential observation)
- EMOM HAY AR AT FHO| Mot HalIt MY E2

- O[gZOIAL X3 gt
£ 39 Az, Rz &0l

« 0[&Z (outlier)
- Wpioe 2 sz

=

- 0], sample peculiarity or a data entry error

» X[Z% (leverage point)

- 4BES 20| BRYN B2 ZOIH Us 25

—
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. Rex
] ) e =) ke Y
(HE)2AAEY: oA 72 2l L oY
- Htag alt 4
- 3| = HMe 712019 Rt
- SYEMEM Coefficient AR
+ 8749 Qoiy &
gHEH RN ~E32 p-value AHESHO] HE
v Hy: p=0(5, 28H20 21017t giTh)
v Test statistic tzibl ~t(n-2) under H,
MSE/S,
e A |
= 3FA+Y oY
- HEHS 0] 109 SOt i 2t gto] BNl F0HY
71 '
04 B A=Y " Rex

G|, Alistipes®t SBPQ| 12t 79 01

= GJoJE| A% = GJOJE{ 3 MEE
- Alistipes?t SBPOY| O|X|= E2t2 FHst 1%} $ict, os = 120
- SBPE Al Ljojof Yske HooE AMul || 2 115 0:0183
a11E BgsoR Lottt f. A
- YUHHMOZ Ml Ljo| matHaR T7E|7| I 5

2 111 00209
Ol HEHGIO|EIE 2Asle AR TR 2| 240 5 '
el 0

wgoz Zary Wojt ot

160 *

SBP

1004

0.00 0.02 0.04
Alistipes_finegoldii
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. AMlA L
Oi[H]. Alistipes2t SBP2| 912ty 119 %13 =25
o Rex > 2|24 » ME3|F =M
el Aoy HdE  E7|
O s o
& a A-I:—'I—o..":[_'hﬂ\é E
& ROOE 7|E 1 [ 4B 8FE 25 AAY 4F Hes 13
H  HE SAZHD - SH-oH. Koo 28, 25, 28, 25, HA. 2
ez RS
ERERE
Al ’ JE B s
EORSERER 242 8 70| Feuael
HE gL 8o FEus
1‘l Rl omnmses g Al Spusas duse -
;. e ‘
I.I.. . 7.- -
= J r ﬁll’.flllt:l\lll -
,;JU :_r; = =] e | _=ew | was =] 2a |
04224
AlA { Rex S
G, Alistipes®} SBPO| by 710 o2 =5
BAEME =g
Model Effect (Goodness of Fit Test)
§5 OF [ Fvalle P-value R2 ad}R2
Regression 765000 3 §255 2094 01349 I (.2485 0,129
Residual 7490.36% 19 30423
Total 9986.86% /A P>0.05, R2=0.2363, H|A[3t B3
AR EAROR - QOSIAH oo BiHAlof st 236 % S A EE
Coefficient Estimates from a regression
Lower bound of Upper bound of
Estimate SE T-value P-value 5% Cl for 95% Cl for
Estimate’ Estimate’
(Intercept) 152.1760 135379 11.2408 77500710 1238410 1805111
Age 0.2552 -1.1875 0.2497 08370 02310
Alistipes_finegoldii 2664252 -1.5370 L1408 SEL1288 1481398
SexM 86942 0.5547 (1.5856 13,3747 2;6(;?4

B=4.8224 (95% Cl, -13.3747 t0 23.0194, p<0.0001)
ol2[Z37} 1em S0t H SRAIGY2 YRHOZ 0.19429%F S2tol
0= SAH2E foeirt
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Of||. Alistipes@t SBPO| 91zt4d 7104 0131

B¥REE

Model Fitness Neasurements

|
o>

{ Rex Soff

Vlue OF
Detiance 1490.%% fd
Pearsons c-square 14%0.%% fd
Lg-ikelhood 108 34p4 d
AC 208 3464
BC 24129
04 gAY AA " ReX SOft
O %, Alistipes®} SBPS| 2 719 7 =
: pesssemrmes e - B -
E . \\\: czagiesenss: /// . g
Mo e,
|||‘ || jl{u |

Facter Level Combnaton

........
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Extrapolation

4

Sample Interval

{ Rex
x bl |
29l
= e AHIS
» Y P EUEA - e
- YDA o et FE(FY W OMEEH)2 v et - 2|2 HE R XY 2EO SHAO HA K| HEste
42 7|1 X2 0P| Wf20f o] 20| NEE|=X|E &Oldt= & ZR0e ERXYS 2OHSSI0 MYl RO 2 M
%ol HQ R
I N R
26 1875061263
- Oioky o] MAA0| BHEE|X| Qf=CHH z 73 26 1.86332286
1, Bl2B13K(variable transformation)
2O M2, HEts s
2. H|22H0|(nonparametric) 4
04 8|24 " Rex
oJAre '
v Q4tH (extrapolation)
- HYHRIF AREX] 2 GA0IN HZHLE 0 st A y Fttapolation
S Qugolatn o,
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Ct53|2A: C53MM (multicollinearity)

|M§

d21E HE[S7] 0243

e EELELE

A0 wh2t Xf0[7t L=

|| 20| =2

3

H)

ol

2AEQOI (VIF, variance inflation factor)0] 2 HMH4E0 ZXfstE A (71F: 10 014)

10.10[3})

=X
gl

29t Exfot= 3¢ (0

Mo
24

A (Tolerance)?} &2

F

SAtet

| 82
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o (
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MEH
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=
[

- Ridge regression, LASSO

2
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TeH(regularization) 3| F&A AL

X
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04 37424
L5327

t (all possible subsets selection)

v AN B MEIH (sequential variable selection procedure)

HZIMER (forward selection)
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SZIH| A (backward elimination)
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=
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8
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N
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A2 adj. R?

e 2%

A
T

Deviance

-2*2122} (-2*og-likelihood)

KH

Akaike information criterion (AIC) - Rex f4MEi9| 7

Bayesian information criterion (BIC)

3 (o)
230

- QXK & SSE
- MaIIow’st

QALK S8 PRESS

05

. Rex

|[A~2] 3

3

1A=

M
Ci5elH24:

04 3|

A+

} 2|74 (standardized regression coefficient)

B3

bol7Aro] BRHAOZ Of2f HEHa3 Ih2H 7}
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Principal Component Analysis: PCA
Principal Coordinate Analysis: PCoA
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AEEA MY
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xlv A JHL=|
ro\2
x, =argmax,,, E (w Y )
7o\
X, =argmax,,, E (w Y2) ,
‘ T
where Y, =Y-¢e Y
X, & x, £ 19328 (eigenvalue decomposition) 7|HS &-86t0] AlAtet 4 Urt
2 x = 1 2RYE0|T, x, = X2 DIHEDHELL,
2> x;: (R FYEH2 (principal component score)
2 x-Y: HE F4E (principal component)
D var(e- V=4
85 '
05 ApZA ‘R
{ Rex Soft
PCA vs PCOA
* PCA * PCOA
H|o|Ef Hflo[E
S/ A~ EE A
=> Gower/Bray Curtics
IR Gower/Bray Curtics Al
A
FYEge A FYEge A
species species species samples
4 o o 0
a G o o
£ 9 £ £
g — o 4 e — 3

©
>
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« 3t ojE [t Q0I5 Ao[7} Y

- meta+species sheet (MSH HEPYE & #F HE)
v Option
v beta

v ID: YD

=iy
v Group : 2L (patient, treated, control)
v Age: 2 29 Lio|

M

v Sex: 2Bl

e

nE
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