s
Mt ojityat ofolatny

2t

» B Z=(Variable)
* JhH|oll et Hatot 7hs T SEf Ee S
< o)de, 9E, 7
FEPCIE
» =B 2=(independent variable)
o S (dependent variable)
-HEol 55
c E@EHNE
- =fEE
ZoEE
HeXE

2

B Sl SA=MEE

HEY Chi-square test

Hry
&S or HEY Logistic regression

t-test,

TS Afo| B = A
HEE(27h ol el ¥F) pared t-test

Ay Y8 (a7} olAte] W) | ANOvA

AEH or HFY

Linear regression

A or Y3y

Survival analysis

Correlation

o AE M (correlation analysis)
o FHE(SEHPA T E Y ALY T E WY IS 2awy
+ xQtyE FX|H #(0]. 7|, B2H)
« AEEE 0|85t0] O|AH QSR HA| s

+ A2 2 (correlation coefficient, r)
o B 2| NERA Rt B RS LB = HE
2, nZxy — (3x)(3y)
Vase - ROy - B

r2t2l el 10 A +1410]

gl Ru = 4O BAQIX, SO BAUX LT

rghel 37|= MSO0| Huof dotLt IHIH2X| ABiF

rgh0] -10|Lt +10f Tt 5 MEH Ol HHY B 37t

xetyol &Ho| BHE 2| xotyZhe| ‘oIt E 2| 0|3t = 20| ot
P2 yo| HEY S xotyZto| ME#A2 288 = A= HE

Correlation

i —
;g S r—
' S e
i ar—=

E
H
H

r=04as

Height (i inche)
SRRRBIY
T
1
/!
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b As x increases, y

Vv tends to
decrease.

.
. % As x increases,
o v tends to
increase.
x x
Negative Linear Correlation Pasitive Linear Correlation

No Correlation

Nonlinear Correlation

Linear regression

- 2724
- S0 O A ua0l 2l

Observed
yvalue

© AR
o ZFHEE SR M| of8) HEO| HREEHE

Total deviation

A Explained deviatios

Total

Unexplained deviation = y; - §; -0.81

)} Explained
— deviation
5i-5

,  Explained variation
e Pt
Total variation

Simple linear regression

+ ShIHo| SR B0l T B4 H40 AN UF « SH ol Ao IS0 TS B& M0 21} 0| X
e y=mx+b (m:7| 27|, b: ¥ H) Y =b+ mxy + maxy + maxs + - + mgxy
SRSl e 2 D © O)ATRS 2 AB|Ate| H 9l F0j= 187|702l Z¥H, 1]0| o
nEa? — (Sx)? n n 2@ Zh=X| Ut SICE APAE2 8Yo| NEAES MER, O
b= of2ie| E o ZHC]
GDP €O, emissions . 20h= Ofefel sot 2t
(trillions of $), x (millions of n=
meric tons), y
Predictor SE Ce P
16 082 = Eankraest | Expericare | Edcaioa ]| Conetart 1981 2512 0000
= mployment  Experi
16 88 N 1“7’(‘""" z Enployee Saaryy  (nyean)y, (nyean)yy  (nyearxy X1 4832 754 0002
y 27439 . @ 1238 184 0.140
49 12142 = T3989 =~ 196.151977 A 51310 10 2 16 :3 1474 181 0144
L1 6 e
55. B 5 6 16 = = =
09 2640 b:v—nﬁas';—:— “%_151977)2?7-]! e : : ; S=659490 RSq=944%  RSqlad)=902%
29 4153 2
27 ‘7:14 = 5554 - (196.151977)(2.31) D % 5 n
p % = 1022889 y = 49.764 + 364x; + 228x; + 267x;3
23 4549 3 E 8 8 16 2 2 3
16 3587 " GO i tillons of dollas) F » 0 i
& ) § = 196.152x + 102289, . : . h
H 14 6 n
. 2 & = THH|S AbCHO| S
2| ® & (Relative Risk) 1 XHH|(Odds Ratio) | o) SR 100AJHISAXE - SUAUERR)
10082 201 EPASIRICIL, SN FOIN Helol By
N | QFEFAH O] S AKX} A= 30T $+§=30/100=0.3
- QEARTI Y AL HS - Tl 9 P YR 820 ol T T8 o el
I XIIL QLS W FYo| g Hiot FHO| gl= Z2 IRt SHRSLoICL Ol o RRTF ORS? 215-5/100=0.05
MTE QB E goo|H|o| | 25} QAL O] ©| RRI ORE? RR0.3/0.0526
+ DZE AFOIM AR © BRROIZE APOIM F2 AL
- N N « MAPH|(OR)
ABEWREYY)  [Gmmew |EOIER)  YNERSRENN [awwws mete) | T | BA Hoteix 0| B olo|
AR TR odds = 30/5
=A 30 70 100 | Q BHX}7L OF Ll AL S0 S019|
s sl of
sien o GRS : odds=70/95
st 8 c ° OR=(30/5)/(70/95)=(30*95)/(5*70)=8.1
b we=ot| s os | 100 (30/5)/(70/95)=(30*95)/(5*70)
; ol 218 o SigieIRie] Odds =2
L MUSIE Relative risk = ¢ I <
— 0| 948 ul SleIxie) Odds :%

o
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Odds ratio

© HUiel =t mXHH| | 2HA|

1=p,

SEelxt 2lg 2

2R otg n =n 1

”
p 1- sy

@AM (Odds ratio) '/Tl’z = % = pTZ: AT 9IE T (Relative risk)
2 pl-p o )

elot B8 W0l E801 p,, p,7t 0N Hcjet
=1 of 2Aficka ot 4 2ok

Logistic regression

o 2X|AE! 3|2 M(logistic regression analysis)

c E™Z ‘@gl |5 oi.‘ﬁ—?— Ol2¥)0 e DX aQl(SEs)2

£l
+ o2 RS0 ML E Y= S SLtel 2¥ S 25| &

2
o

LOGISTIC FUNCTION: f(z)=1/[1+exp(—2)]
LOGISTIC MODEL: P(X)=1/{1+exp[—(a+XBX))]]
LOGIT TRANSFORMATION: logit P(X)= a+2BX;

Logistic function

Probability of
disease 1.0 1

e
P(yx) = 1
08
06

0.4

0.2 4

0.0 T T T

Logistic transformation

ea+ﬂx
PO =1,

PO |
ln{1 — P(y|x)} =a+ [k

)

logit of P(y|x)

Interpretation of coefficient b

Exposure x
Disease y yes no
yes P(yx=1) P(yx=0)
no I—P(y|x=l) I—P(y|x=0)

e
P__ewbx  Odds,, =e’ OR=
1-P ¢
Odds;, =¢*  In(OR) = B

Interpretation of coefficient b

In [%) =a+B, xAge = -0.841+2.094 x Age

Coefficient SE CoeffISE

Age 2.094 0.529 3.96
Constant -0.841 0.255 -3.30
OR = ™™ = 8.1
95% Cl - e(2 094+1.96 x 0.529) - 2.9’ 22.9
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Interaction and Confounding

Is there interaction? ‘

Yes |

Exposure =—p Disease

T Report separate Is there confounding?

measures for levels
of covariate

Third variable

No
Confounding factor
Effect modifier

Mediator

Adjust for No need for
confounder adjustment
Confounding
Confounding
Malaria
Cases Controls
Males [ 88 | 68 | _
Females OR=1.71
150 150 Race
Outdoor Indoor
occupation occupation
Cases Controls Cases Controls Smoking Low birthweight
Males Males
Females Females
63 18 87 132 2% NoRceaiiaal
OR=1.06 OR=1.00 — Causal
Adjusted OR=1.01

Ways to control for confounding Receiver operating characteristic
(ROC)
* During the‘ design phase of the study: * plot of the sensitivity vs. ' /
+ Randomized trial (1 - specificity) for a

* Matching binary classifier system

* Restriction " N
. . as its discrimination P
* During the analysis phase of the study: threshold is varied
« Stratification ’ £
* Adjustment &
* Newer approaches 02
* Graphical approaches using DAGs f
* Propensity scores o} = & P
* Instrumental variables False posive rate
* Marginal structural models

— NetChop C-term 3.0
AP SMM-i

08 1
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*27bR] Ol ¢ TICHHA HHE2 R EIt

o JCHAALSl 2™ (cut-off point) 27

e 2X|AEl BHEIO| Mot HWIHC statistic)

The measures of diagnostic accuracy

Predicted Labels HctialEabels Total
Positive (Y =1) Negative (Y =0)

Positive (Y = 1) P FP TP + FP

Negative (Y = 0) FN N FN + TN

Total TP + EN FP+TN n

TP: True positive

FP: False positive

TN: True negative

FN: False negative

NPV: Negative predictive value
PPV: Positive predictive value
PLR: Positive likelihood ratio
NLR: Negative likelihood ratio

Sensitivity = TP/ (TP + FN)
Specificity = TN/(FP + TN)

PPV = TP/(TP + FP)

NPV =TN/(TN + FN)

PLR = Sensitivity /(1 — Specificity)
NLR = (1 — Sensitivity) / Specificity

The R Journal, 8(2):213-230, 2016

—
FN
] |
100%
PAP)| .7 i
0% P(FP) 100%

AUC for ROC curves

-
H AUC = 100%
E
]
8
3
i AUC = 50%
,
. * . 100
5 False Positive Rate % % False Positive Rate %
100% 100%
AUC = 90%
AUC = 65%
£ F
* e B
% faksRositiehatel 56 o False Positive Rate %

Grading guidelines for AUC values

* 0.90 - 1.00 = excellent discrimination
* 0.80 - 0.90 = good discrimination

* 0.70 - 0.80 = fair discrimination

* 0.60 - 0.70 = poor discrimination

* 0.50 - 0.60 = failed discrimination

Determination of optimal cut-off value

* Youden'’s index(J)
= maximum(sensitivity + specificity-1)

* the point on the ROC curve closest to (0,1)

* Minimum value of the square root of [(1- sensitivity)?-(1-
specificity)?]
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Methods for estimating ROC curve and AUC

* Bamber (1975)

* Hanley and McNeil(1982)

* Metz et al(1984)

* DelLong, Delong, and Clarke-Pearson (1988)

ROC softwares

cHema T ay

0o —

¢ SPSS, SAS, STATA
-Mgm=2aH
* AccuRog, Analyse-It, CMDT, GraphROC, MedCalc, mROC,
ROCKIT

* R packages
« pROC, ROCR, ROC

* Web based program
* easyROC

ROC softwares comparison

IBMSPSS Stata MedCalc ROC ROCR pROC  easyROC

Plots Yes Yes Yes* Yes  Yes*  Yes* Yes*
Conf. intervals Yes Yes* Yes Yes Yes Yes* Yes*
pAUC No Yes No Yes Yes Yes* Yes*
Statistical tests No Yes No Yes Yes Yes* Yes*
Diagnostic measures No Yes Yes No Yes* Yes Yes
Multiple comp. No Yes Yes* No No Yes* Yes
Cutpoints No Yes Yes No No Yes Yes*
Sample size No No Yes No No Yes Yes*
Free license No No No Yes*  Yes*  Yes* Yes*
Open source No No No Yes*  Yes* Yes* Yes*
Web-tool access No No No No No No Yes*
User interface Yes Yes* Yes* No No Yes* Yes*

* Comprehensive ones.

The R Journal, 8(2):213-230, 2016

[ < 8l e

easyROC: a web-tool for ROC curve analysis (ver. 1.3)

Dataupioad

Manual

7 he casiest way to perform ROG analysis!
receiver operating hical abinan,
I Jassifer system. The RO curve analysis is widely used in medicine,radiology, biometrics and various applicatin

of machine leaming

£+ 6] emoc: s ool for

ROCcuve  Cutponis  Samplesize  Authors & News

i Here we developed an easy way to cany out ROC analysis. This application creales ROC curves, calculates are

| under the curve (AUC) values and confidence intervals for the AUC values, and performs multle comparisons f
ROC curves in a user-frendly, up-to-date and comprehensive way. Moreover, easyROC computes and compare
parial AUCS. It can also perform sample size calculation

W tant finis for 5. Forths task,w.

made use of OptimalCuipoints package (Lopez-Raton et al, 2014) of R 1],

250 A 1

NAME: LOW BIRTH WEIGHT DATA (LOWBWT.DAT
SOURCE: Hosmer, D.W., Lemeshow, S. and Sturdivant, R.X. (2013) Applied Logistic Regression:
Third Edition.

LIST OF VARIABLES:

Columns  Variable Abbreviation

2-4 Identification Code D

10 Low Birth Weight (0 = Birth Weight >= 2500g, LOW

1 = Birth Weight < 2500g)

17-18 Age of the Mother in Years AGE

23-25 Weight in Pounds at the Last Menstrual Period LWT

32 Race (1 = White, 2 = Black, 3 = Other) RACE

40 Smoking Status During Pregnancy (1 = Yes, 0 = No) SMOKE

48 History of Premature Labor (0 = None 1 = One, etc.) PTL

55 History of Hypertension (1 = Yes, 0 = No) HT

61 Presence of Uterine Irritability (1 = Yes, 0 = No) UL

67 Number of Physician Visits During the First Trimester FIV
(0 = None, 1 = One, 2 = Two, etc.)

73-76 Birth Weight in Grams BWT

250 2

Supplementary 2: Non-alcoholic fatty liver disease (NAFLD) data (Gelikbilek et al,, 2014).

Grup mirl97 mirl46b mirl81d mir9%a Grup mirl97 mirl46b mirl8ld mir9%a

1 0921 0.687 0474 —0.941 0 1214 1122 0.882 1.610
1 0.967 1.059 0474 0575 0 1401 0.148 0.444 0.625
1 0.854 1.105 0722 0.936 0 0494 —0.179 1.386 0.134
1 —1.088 -1353 -0577 -1.077 0 1.608 1.386 2242 0926
1 0.107 0.515 —0.286 0.560 0 1.274 1.609 0.769 1.108
1 0.547 1.191 0.583 1119 0 0.827 1.128 0.452 0.374
1 —1.081 —1.445 —1.303 -1.202 0 —0.147 -0.545 0.878 0.044
1 -1.081 -1308 -1276 —1.066 0 0.353 0.320 -0.225 0.367
1 0.841 0.463 -0.290 0 -1.635 —0.677 —0.838 —0.543
-1.188 0975 —1.407 0 1.848 1523 1712 0.940
1 -1.014 -0.649 ~1.199 0 0.987 0.606 0.626 0.542
1 -1.081 -1.256 —5229 0 0.020 0.503 0.600 0.367
1 -1295 -1.204 —1.607 0 1.061 1518 1217 0.209
 : —1.081 -1.268 —0.829 0 0.474 0.572 0.292 0.786
1 —1.081 -1.365 —-1.376 0 —0.868 —0.505 —0.408 -0.117
1 -1.081 -1371 —0.812 0 —0414 —0.259 0.665 0363
1 —1.081 —0.769 -1 0 0.394 0417 1.000 0.130
p ¢ 0.854 1.243 0444 0 0.941 0.543 0.431 1.083
2 -1.074 -1.365 -~1.572 0 —0.387 —0.202 —0.568 0.345
b ¢ —0.634 —0.276 —0.130 0 —0.674 —0.689 0.995 0.893

The R Journal, 8(2):213-230, 2016
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