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Assessment on the adequacy of the statistical methods

o JISs =2 5 2 A CHste|stsb=X| HEICIE{ 2|3
37rd= = o = = (KoreaMed, 2004. 10)

J—N

HEo SALES AESIAS*

2 SA7F HR5ILE ALESHK| RE/US
3 p-valueg AA[StD oL} SAHLE Az g2
4 SALYES LIEsta ALt o= 2M0| Mgt AKX & = S
5 =Tl YH HE
1) At=ol d4ut M5 OHX| gl W ALE
2) ANOVAE ttest2 &4
3) HEx=E Ex= 24
4) HIT H|WO|M Z|CHX|7F 5 O|SHRI 7HO| R/JASO| = Fisher's exact testS AAX| AUAHLE,
HEE 20 1 7t= Qloid{= Al=Z SHX| 2
5) JoEHAZE P EHCE 24
6) SAE0E EX AIE
7) 7|Et %1
6 HE8SA = %A A}t ZHiuE M= M AIS5HK] £
1) o= 1 Ol= 22| "l A0 LE2 p-value®lX| == ¢
2) p-value = confidence interval2 AA[SHA| 10 |olsiCtd =

= = i o (@) ALK i o
3) ¥5 /x5 g glE RrelsE e s

4) SHZEOILI AFFEE MAISHA| %F

5) AAO| ERE 715d0| 523 42 (7S
6) 2E2 HZE L (BAHZME XS0 222 LHE)
7) 7|Et 4%

* Of2ff 2~6 &=0f siFAte g2 Of
t WEHH0| ZXHZ |ogistic analysis7t 2R3t Z20| y2-pearson L2 EA
+ 4 X 2 tableO] Fisher's exact testS AFEFUCID M0 povalue MA| 90| ZEX|Z




What do you want to know?

Assumptions

Ct.

Statistical Inference Causal Inference
SAHsto| g ? “|0|E{2] X| A3} (learning from data)”
AANAMo=Z QI7tE2 Mo Z HHE ZAUMAAEQ HO|HEEH LdHIN Ol FEZ of gt
OO|EQo| X|Algt= LCH2 37tX| @42 FMEIC}
1. EPtslm M2|M Qs XIRE BEs o
2. XI2E BEMLE 53
. =MANo| HMEHY =8 (SA™ At , S{F=Z| 2006)



What makes it difficult for Medical Research?

v the research target is > ethical problems

> limit of study design

‘Human’
» problems caused from the limit of study design

v' distortion of research results , ,
» need for comparing several analytic results

occurs when we have no

- > lack of reflections in the discussi
enough time ack of reflections in the discussion part

v’ data noise > outliers

. » missing value
data incomplete . . ,
> there is no data without 'noise’

v" when we use inappropriate statistical methods in data analysis



. . . Data collection
Study design  Study design Study design Study design i Interpretation & Discussion
Data analysis

ExCEL MSACCESS 1SS! IBM SPSS ‘ POWERPNT Hwp

¥ @ @ Nz

1. Descriptive Statistics :

1 we work on ‘data cleaning’ while calculating DS of each observed variable
e.g., n, missing value, checking outlier, category regrouping, --

— -
9. Statistical Testing (Hi&) under significant level &=>5%

l Statistical inference
(1:1, 1:k, sub-group)

3. Statistical Interpretation : decision making with ‘p-value’

1 (highly) significant, limit significant, borderline significant, not significant
(difference, association, correlation, influence with adjustment, --*)

4. Interpretation through ‘Medicine’ and ‘Public Health’




Study Designs

~~ Observational study

Descriptive study _
j Hypothesis ?

Ecological study (Correlation study)

Analytical study

Cross—sectional study (Prevalence study)
Randomization ?  case-control study (Case—reference study)

ion ?
INIERVERHION Cohort study (Follow—up study, Prospective study)

Hybrid designs Nested case—control design, Case-cohort design
Case—crossover design, Case-time—control design

. Experimental study, Quasi—experimental study

Experiment

Randomized controlled trials (Clinical study)
Field trials

Community trials (Community intervention study)




Categories of statistical procedures used to assess the statistical content in the articles

g MA

Hi SAHZY TE

No statistical method or Descriptive study

Sensitivity,  Specificity, ~ROC curve

Paired t-test,  Wilcoxon signed rank test *

S8 £ A8 ddu t-test, Wilcoxon rank sum test *, Mann-Whitney U test *
SEHHAU M 2F oY "W (== otZhH| 1) ANOVA (with multiple comparison),  Kruskal-Wallis test *
£20l0j CH$t 33| o] A+ HIE XXXl o| T AH|m Repeated measures of ANOVA, Friedman test *

Chi-squared test *,  Fisher’s exact test *

McNemar's test *

Pearson’s correlation, Spearman’s rho *

Simple linear regression, Multiple (logistic) regression

YES XY, MESHD
NESRNEREEERE

Life table, Kaplan-Meier method
Log-rank test, Cox's proportional hazard model (HR)

SRR

Incidence, Prevalence, Risk ratio (RR), Odds ratio (OR)

¢ HIERY Yy

Source: Emerson JD, Colditz GA. Use of Statistical Analysis in The New England Journal of Medicine. N Engl J Med 1983; 309: 709-713.




Percent of Research Articles Using a Particular Analysis

60—

50

40—

30

20—

10—

-

Power analysis

Survival methods

t-tests

—» Contingency tables
p Epidemiologic statistics

Multiple regression

Nonparametric tests

Multiway tables
Analysis of variance

Multiple comparisons
Transformation
Adjustment and standardization

No statistical methods
Simple linear regression

Nonparametrlc correlation
Pearson’s correlation

1978-1979
(N=332)

1989
(N=115)

2004—2005
(N=311)

2015 2.
(N=238)

3,

4.

1.

Emerson JD, Colditz GA. Use of statistical analysis in The New
England Journal of Medicine. NEJM 1983; 309: 709-13.

Emerson JD, Colditz GA. Use of statistical analysis in the New
England Journal of Medicine. In: Bailar JC Ill, Mosteller F, eds.
Medical uses of statistics. 2nd ed. Waltham, MA: NEJM Books,
1992: 45-57.

Horton NJ, Switzer SS. Statistical methods in the Journal. NEJM
2005; 353: 1977-9.

Sato Y, Gosho M. Statistical Methods in the Journal - An Update.
NEJM 2017; 376: 1086-7.




&% S50 I @S0 T

@ HFEY M (categorical variable)
- HEX T (nominal scale) : THX| HFZ0F o|0| 7t QIC}.
ex) dE, gAdd, KNzYH S
- =" (ordinal scale): Y= + O 2HAE LIEHH.

ex) S Ak, oSHEFE

@ Y=9 HE (continuous variable)
- +ZHH & (interval scale) :  ZAEX| 2to| ‘Ztz'of o[O|7t Y= FEL
ex) 1Q 2&E2| 4% 10°C~15 °C, 20°C 25°Co| 5°C = 2Z2AMo
42 7tssth, sMe 27ts (-) tb(ratio)Q] 7HE 2
ex) 100°C /50°C # 212°F / 122°F - AL 0°C, 0°F O] ofL|zt @l
- H{ X T (ratio scale) : ‘age’
o S8 2 7HX|A 22 SN o = JiE AT HEjL| B UrUSH 25 7tsd)

- T 11—

ex) 80M|= 20M0] HISH 604 O Br(+7h), 4HiH|E) O QUL



Data Entry s2|Algt

MU HERQ 2Rk AE B (ZAK| Q0| BH Hof 2=
W

AZ F=HI

A= T L—-..

= fl
O| &l At=2] B2 0/1= *f% =8 (2, 'o'=1 / 'Ot 2'=0)

m SR A|ZEO] 2| ZTAF/ QU HAlol EQ

s ZZX|(missing value)2| €3 : 7t5¢h oF default value (.



LRHE

m =2 OlZX / double entry
= Cf gt A2 ofd. gL JFE XAt & o= QUL
m 5 ZHAE
ERL]
s AE7FH|LAE 2| F
s LIEILIME OF E[= Bl 440] S
s Yl E H(frequency table)Q| &-&0|
I5E X2
s QEIHM Vtsd =8 O Y|= 0 F (O &2He =X )
s H?(range) ZE (Max — Min check)?t & 1tH
» 72 =X Otg
n Ot =2l (0f: 20070230)
s =2[HQ AE (O WED Lio[e| X, AFAIEY HE F)

m AtRO| +=7H

Il

>_I_
Ral
all

offd At=7t & X UHE Ar=ets Yot AV U= 0 ot
THR| Oldfet 440] Qb= O|REte = XE 82 28, 2 &



AtEo| MErMol ZtST PEE|s Zt / CHE ZHST €D & gl gt
MR DM ZIY AE QT EE QEE /YU A% Qe O\
o, 717t 2102 O)yN) HE1} 1Y2)
SHQl QI CHAFO| HHOI/ASBEIMOIH? B XIBTH & HESHTHR?
S2Mureo] SR Tiat ZI0| AL YBS O|A 25

0], Student's t-test vs. Wilcoxon's t
[C2tAl At=E O O| & X|7t Q=X HESI= A2 01 58

O] &X|of cligt HE 1
Range checkO| 211X / Graphical method (histogram, scatter plot &) A& = 21}A
S8 ALY HWAME 7ts (o 224 S

OlgX|el Mzl 1 o
DR AR 2 .o EE T
Mol 8t . with / without analysis Hf

SMADI MZ HLSE ok
AT7t M2 A0S O|AK|Of P2 BrO| WA ¢ VL
b EAY (Ol ROl BE, HEAH YR S) © | wp




XM #H3 (normality test)

FO| 2l Xt=7F Ht BEETOAM ESHA &2 AKX 2folstax; & mj ArZetCt, dt 2
MTtolete Ao| ol Ba™ HM(ex. Independent t-test)E St1, OfL|™H H|E4XH
A% (ex. Mann-Whitney U-test)E s3It SIAEIYMS S Atz 227t YA2=E9}
OA}&M 20l = 5= AL, SAN dEYEHLEE S EIEZD-ANELZ AFN AL
2-23d 488 FE AETLTL

- EpiEm Af2yo A (Kolmogorov -Smirnov test) : Al=2| 7}& &2
UEE 7t 2 UK e FEYUR R O 2N A2 A e =X MR =ef
AOtL CHETHE 5789 F04 A 3H: 50|,

A 2-213 A% (Shapiro-Wilk test) : XtZ ZfEN BEH 1A My Azt

A E 585t ddot= YH-O|L

=AM s vFoiF AtEIt HRERE IECF0|DE S0/880] 0.05 &
S 0 BRY Jlge BSeitla @ & 2t BElsample szt S92
, ERNRT-A02LT AMYS ARSI, XS Mt Af2-23 AFYS

d
AtESICH 0] Q|0 AgH-£ O 1|¢(Cramer—von Mises), ?l“:'lﬁ =3
(Anderson-Darling) 2’8 0| UL}



MK AIZFO| AL TFA
o MEFAH R AE

=

Moz SO S+ Ate| MAZLX HEE 5
kidney weight(g) / recipient body weight(kg)= &%

L. O
SO AHES 7H2| H|E(KW/BW) =7
OFRULCE 14Fe| H|24/0| A=ZE ELCID & = /JA=71?
KW/BW 3.79 2.79 2.94 3.95 454 5.64 6.22 5.23 3.10 3.17 3.44 3.32 3.27

KWIBW2| 31 Q-Q5&H

i Hlole S

i = 2D =
£ BN [oevbne] | = A= |
d l < I(T)... l
| su@. |
-
S
™
13
7o 07
A==
| = (=22 Y23E
] Z=@H==S 0 B HID) (] 5125 28H)
2 i H I : 7 O ESEN O ENT =
o PEEEEE
= | VIEED 2N E ST B0 |
rLevene 210 S =5 2 At
MM 24X
= [=T = =]
: a . (O B =2
Kolmogorov-Smirnoy Shapiro-Wilk D wzhn AS2k [HEED -|
Xz | mes |ooxs | sxEF R
KWIBW 195 14 1565 893
EENIEEEE




H|24X™ E)HEAM (nonparametric analysis)

S +H(parametric) SAE42 7|22z REES Hid
zHo =z ot= Wyo|Ct  ShX|E
M7t X = BRI B, B2
TefM Bl RaX A2 520t
ol SAEA Lol & = ULt

> HEREsH SHEMo| 7|22
- BRCE2 f/dojojof StH, O 2=of st 7’42 2 2iCt
o EH™K BCh= 289 Ml £2l(rank) 2 A{Y(order)0ll 7|8FSICE,
- "3 (mean)= H|udl= ZA0| OiL|2} & ¢|4(median)= H|uw SHC},
- HO| = BEEHXY(sd)7 OtL|2} HHP|(range)Lt AI=FIT(IQR)E H7|THC}

OcE#1£0§ «®0 o00) 0 AeC0) D
flat( ) 10z Al Paired t-test Wilcoxon signed rank test
Wilcoxon rank sum test
®|0e 1) 102 A Independent two-sample t-test

Mann-Whitney U test

One-way ANOVA Kruskal-Wallis test
@lrg s )] 13=AN _
Two-way ANOVA Friedman test
: Spearman’s rank correlation
TMoo0 RI0= 3000 Pearson’s correlation

Kendall’s tau




Errors in Hypothesis Testing

hypothesis

Hy,: No difference between
effects of two drugs

H; . Not Hj

Hp: 1=120 mmHg vs. Hy: u=120 mmHg

Type | error = P(positive | Hytrue) = “False Positive”

True

Decision Ho IS True Hy is False
Fail to ® ®
Reject HU Ex. = Control B Type Il error
Ex. = Control
| ®® ©
Reject Hy | o Typelerror | Ex + contro
Ex. # Control “Power (1-p)”

Type Il error = P(negative | H, false) = “False Negative”




'1?--°-|-’|“--’-.f-, level of significance o= 5% o

= 90| o5 HAFZ Tt &0l E[OfH
2| = Z(false positive)S 5%7HA| S{sH7CHs ALK}

o| O|X|O| L},

= 72|2tE, p-value, LH GIO|E{E 0|&%t 7MEAE2| AE p-valueE 2% E.
HoOl &l A7t LA ofs oKX= 2=S 20|t

> H 7t &9 &E(p-value)0| GITX7} 0|2 H3lE QO4F a=5%ELCH ZoM H,
Of AAO|E}. Hy & Z1ZCh (AHO[7F SiCh= 740| OfLICl). EIEHo=z ALK} A}
StC

=

=H, = %%_F F. (all or none)

(Frequentist) 714 0] &/ TEh vs. (Bayesian)¥T71420| 0| &= ZE A4t

= Bayesian €& M= all uncertainty is measured by probab/'//zj/ O| 4

continuous learning process O A ?:lé*ﬂ:rle S0 27|88 /80| 7ts€e = %
Ct. 0|43t Bayesian conceptO] /UAMA|EO| B OI CRIE[HA adaptive designO| 7575}
A =L P(data | ©)

ala
-> Baye’s Theorem : P(H | data) P(H)

P(data)



p-value, 2JAIA

0.01 <p < 0.05 = significant

0.001 <p < 0.01 = highly significant r
p < 0.001 =>» very highly significant

p > 0.05 = not statistically significant
0.05<p <0.10 = a trend toward statistical

significance is sometimes noted

+« Analyses were performed with SAS software, version 9.1 (SAS Institute, Cary, NC). A 2-sided probability value 0.05 was
considered statistically significant.

% ... whereas the difference in subjects with [IFG/IGT was of borderline statistical significance (11.0 vs. 5.3%; P = 0.06).

¢+ A probability of 005 was the limit of statistical significance.

%+ There was a borderline significant improvement in survival for the experimental arm with a median time to death of 63.2
months compared with 52.2 months in the standard cisplatin/paclitaxel arm (log-rank P = .05, one-tail)

s+ The multiplicative interaction term between vitamin D deficiency and hypertension had a borderline statistical significance
(P=0.08 for both 2- and 3-category 25-OH D models).



The value of p-value

The Open Cardiovascular Medlicine Journal, 2008, 2, 97-99.

DB Panagiotakos,

p-value 0.057} ‘S 2|8 (significance)' S
p-valued] S|Est SH X Fo|/d sl|A{9|
> OJAHZAHO|A p-value= BT 7|E2

in Biomedical Research

20f et p-value?t F2tEICH
StA 7L QALH.

p—V&'UEE "F_I'EE._I .-é-.J_'_I'Q_I %R*{,‘ Ic-,IEE *E';g'é'}ﬂ 'ﬂ'l:h =, ,O—Value7|' XCHD associationO| Z2SHCH
= 2[0|= OfL|C},
p-valuel| =2 sample size?t Y-S #70| L}
> p-valued 2|et S A0 o|ECICHH, M= N7t H2 3| HELe 8%, ofld (A= 2dtE USE
ot7| et sample size® =2 SHA| X510 YN 7 /el FF0| oA =L
0,16 ; :
" |
.
]
-
0,1 | §
3 L
g 0,08 ] i
Q . B
0,06 '
.l‘:
d
0,02
E
0 * ; T M , e
0 100 200 300 400 500 600 700 800 900 1000

Sample size in each group



Table 1. Key Questions to Ask When the Primary Outcome Is Positive. Stuart et al, N Engl J Med 2016;375:971-9.

Does a P value of <0.05 provide strong enough evidence?
What is the magnitude of the treatment benefit?

s the primary outcome clinically important (and internally consistent)?

Are secondary outcomes supportive?

Are the principal findings consistent across important subgroups?

|5 the trial large enough to be convincing?

Was the trial stopped early?

Do concerns about safety counterbalance positive efficacy?
s the efficacy—safety balance patient-specific?

Are there flaws in trial design and conduct?

Do the findings apply to my patients?

Table 1. Questions to Ask When the Primary Outcome Fails.

Stuart et al, N EnglJ Med 2016;375:861-70.

|s there some indication of potential benefit?
Was the trial underpowered?

Was the primary outcome appropriate (or accurately defined)?
Was the population appropriate?

Was the treatment regimen appropriate?

Were there deficiencies in trial conduct?

Is a claim of noninferiority of value?

Do subgroup findings elicit positive signals?

Do secondary outcomes reveal positive findings?
Can alternative analyses help?

Does more positive external evidence exist?

Is there a strong biologic rationale that favors the treatment?




Clinical Statistical
significance significance

Sample size ?

Multiplicity ?

v Type lll error: Y714 222
v’ Bias E0|7| flet & + Azt




mi
mi

Selection bias
v sampling frame bias : admission rate bias (Berksonian bias)
v" non random sampling bias : detection bias

v non-converge bias : loss to follow-up bias, withdrawal bias

Non comparability bias

v lead time bias, length bias, historical control bias

Sample size bias



X254 -0 A{e| information bias

instrument bias
data source bias

observer bias
v" diagnostic suspicion bias
v’ exposure suspicion bias

v" therapeutic bias (= Blinding)

subject bias
v’ proxy respondent bias

v’ recall bias

v attention bias (“Hawthorne effect”)



=AM & A1} of M np’d0oj A2 bias

confounding bias

analysis strategy bias

: missing data handling, outlier handling, unit of analysis

post-hoc analysis bias (€ data dredging bias)

O R
N gl EAN O T )
assumption bias vike oo . 9%° o
: ............... OQUC@ ccpo ............
generalization bias (€ lack of external validity) = ‘| = ° Jsades .
2190 ------- [+ S
.................... OP{wLogSca!-a}

significance bias el e 4

: statistical significance vs. biological significance

Publication bias (by Funnel plot, Egger2| 3| HH|CHEA HH)



v Association (2 EERIT)
SE Y/

v Correlation (A FHEITE)
v Probability (7HSHA FESR 1)
v Causality (212}M KR 1%)



confounders variables
unmeasured/unknown
confounders
stratification variables
intermediate variables

effect

[ interaction effect K

Statistical Methods for Causal Inference

modifier

Covariates

Propensity Score Matching

Coarsened Exact Matching \

Mendelian Randomization Analysis

Multiple Regression

/ Adjustment

Competing Risks

+ ‘Time' 2
O{EA 2™t
Zd017}1?

Multiple Regression Analysis
Logistic Regression Analysis
Poisson Regression Analysis
Cox’s PHM

Linear Mixed Model (LMM)
Generalized Estimating
Equation (GEE)



)3 Data-Driven Documents \,o.umeBl%aESEavG.odw

(Value + Veracity + Complexity)

http://d3js.org Data Visualization
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