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Selection and application of statistical methods in medical research
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Abstract: Statistics plays an important role in medical research, and the selection of appropriate statistical methods is crucial for drawing
reliable and valuable conclusions. This paper provides a brief introduction to commonly used statistical analysis methods for medical data,
covering descriptive analysis, parametric test, nonparametric test, correlation analysis, regression analysis, and analysis of survival data. It

focuses on discussing the assumptions of multiple linear regression, logistic regression and Cox proportional risk regression, as well as how to

choose the appropriate statistical methods for analyzing and interpreting medical data based on different research objectives and data types.
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Figure 1 Steps for statistical analysis of medical data
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Figure 2 Common types of statistical data
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Table 1 Baseline characteristics of participants

FHE =57 4R DA TR ZH
Characteristics Total (n=25871)  Vitamin D group (n=12 927) Placebo group (n=12 944)
M Female 13 085 (50.6) 6547 (50.6) 6538 (50.5)
SEWE 1% Agelyears 67.1+7.1 67.1+7.0 67.1+7.1

RS E Race or ethnic group

AEVEHE A % 1A Non-Hispanic White

SN Black

AEVEBE A A Non-Black Hispanic

W AN AEE S R Asian or Pacific Islander
3 [E ENEE 22 N\ s BT i i 4E R American Indian or Alaskan Native
HAb A% Other or unknown

BMI*/(kg-m™)

WEIRSG Diabetes

H R AH Current smoker

25-FRHEHEA F DK

Level of 25-hydroxyvitamin D/( ng-mL_I )

18 046/25 304 (71.3)
5 106/25 304 (20.2)
1013/25 304 (4.0)

388/25 304 (1.5)
228/25 304 (0.9)
523/25 304 (2.1)
28.1+5.7
3537/25 824 (13.7)
1 835/25 488 (7.2)

9013/12 647 (71.3)
2553/12 647 (20.2)
516/12 647 (4.1)
188/12 647 (1.5)
118/12 647 (0.9)
259/12 647 (2.0)
28.1+5.7
1 804/12 900 (14.0)
921/12 732 (7.2)

9033/12 657 (71.4)
2553/12 657 (20.2)
497/12 657 (3.9)
200/12 657 (1.6)
110/12 657 (0.9)
264/12 657 (2.1)
28.1+5.8
1733/12924 (13.4)
914/12 756 (7.2)

30.7+10.0 30.7+10.0 30.7£10.0

UE] 5550 NEG 38 S R A4 % 5a:% + 5.

[Note ] Outside the brackets are the number of cases, and inside the brackets are proportions/%j; a: ¥ + s.
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Table 2 Methods of comparison between two and more groups
PGSl M2 [EN D (i)
Data type Two groups Two or more groups Pairs groups
E R
Quantitative data
EA I ISEREA LR PEXSREAS ¢ 45256
& ANOVA .
Normal distribution Independent samples ¢ test Paired-samples ¢ test
AEIES A Wilcoxon £k FIHS: 56 Kruskall-Wallis & FIKG 56 Wilcoxon 1455 Bk A 1
Non-normal distribution ~ Wilcoxon rank-sum test Kruskall-Wallis test Wilcoxon signed-rank test
EMEORL
Qualitative data
ey XK 8Y Fisher's K A6 56 XK McNemar”s 16 46
Categorical data X test or Fisher’s exact test X test McNemar’s test
SRR Wilcoxon Bk R4S 56 Kruskall-Wallis £ FlK: 46 Wilcoxon £ 5 FE FIAG 16
Ordinal data Wilcoxon rank-sum test Kruskall-Wallis test Wilcoxon signed-rank test

Whitney U) 1 Kruskal-Wallis F Fl *ﬁ%%ﬁ%ﬁﬁﬁm [Fi]
AL 28 5 BT A% =X o 2040 5 4 AR S AT
FENZ AR, B BRIt s mﬁ¢amm Fi

a2, FAg A BON R IR . W GEit 07
LR RS LA 3.

A mAR my | FRER RS WilcoxonBiRIER
Group 1 Group 2 1 K Group B ton}',s Paired-samples ¢ test Wilcoxon rank-sum test
t test
28.20 26.20 — 1 28.20 x4l EeXf42 gy | POLER
23.60 27.67 1 23.60 Pairing Pairing Group Study
34.70 22.38 1 34.70 group I group 2 factors
38.10 20.69 1 38.10 5 3 2 53
28.90 28.50 1 28.90 1 6 2 52
2 28.50 3 2 1 19
2 26.20 0 7 1 78
2 27.67 9 6 1 26
2 22.38 1 7 2 71
2 20.69 2 2 1 32
RO Kruskal-WallisF RT3
HH1 H 512 A3 P P ﬁ;ﬁ?? Chi-square test Kruskall-Wallis test
KA VA udy
Guompl, | Grom? | Groma Ftest Grong factors 4391 43382 HA Iﬂf??ﬁ
23.46 29.80 17.60 ﬁ 1 23.46 Category 1 Category 2 Group tdy
27.16 30.90 24.69 1 27.16 factors
26.62 20.30 23.81 1 26.62 1 1 1 50
2 29.80 0 1 1 72
2 30.90 0 0 3 78
2 20.30 0 1 3 42
3 17.60 ! 1 2 11
3 24.69 0 0 3 37
3 1 0 2 51

23.81

3 WG TR R R X

Figure 3 Data format of common statistical analysis methods
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PR A S e bR, W3,
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Table 3 Regression analysis methods commonly used in medical research

Bt A Trik HORAG T TRt Ak
Data type Methods Effect estimation Assumptions
HELEYOR AN LVEER ¢ R VAN Iy

Continuous data Linear regression
Sy R Logistic EYE|

Categorical data Logistic regression

HeAE H
0Odds ratio (OR)

Regression coefficients  Linear, independent, normal and equal variance

WRSEEL IR A ST JE SR ARU Y 1 78 ek 55 PR AL i ) O B8 2 (] AP TR R G R 5 2 AR AR
AR (B AN A 2 B R AR

Independence of observations; linear relationship between logarithmic values of independent

and dependent variables in continuous type ; no multicollinearity between independent

variables in multivariate models

HEAFYERE Cox HBIKUR 15 I He
Survival Cox proportional Hazard ratio (HR)
information risk regression

TR Poisson A1 AU H
Count data Poisson regression Hazard ratio (HR)

e JRURS: (PH ) AR AR

Proportional hazards (PH) constant

FFA L R s IHAR AT

Events occur independently ; Poisson distribution

TE B2 U ) 1V 22 S PRl i rh 45 RS2 B 1k —
RIS, a2 Fh R R IRV R S DR SR . 7R
XAEOT , 2R IERE . Z2HER T
J7 I ALFE Z2 TR 1A 4347 logistic 8115 & Cox [H]1H
A& 4) . AR, 75 2R R R 407 LI
PR SR AN ERAG SRR A , Bl T BB 7R GE 3
B, PSR BRI
7% g AT IR Z R T, PEAG T8 bR A 7 22 I K R
(variance inflation factor, VIF) 24550  Pearson FH¢
RPN R SRR
51 &kw)asEa

LN 1A R 5 FH A — R 1A 5307 7512 L Bk
— LRI AR AR A AR R R R
KZ AL R R Bk A M 2 oo etk - . 204k
PERNAA =24 B A2, 1 fa] gt [l 3 5 A 14

H7AE R, 202 Il R R (A Bt [ A 0 47
Je& . Bin—IRIE g e SR Al AR N SRR DY
PRRE (T2 1 WLPATE 155 ) 3B SF 22T [l A A6 A
FOHEARE 2otk ST S5 07 25 S GRS, H
Hr fd Kolmogorov-Smirnov £ Ji > 5 11F 5% 22 1) 3 A
O ZIEFER 1B A0 A ) Z2 e 2t [l AR
1A ZR O PEAS A2 BRI AR BT o
5.2 Logistic = )24 A

JEAELNE AR A3 1 1T AR B AN ] T3
L O] 7= 20/ hErE SR G i i) = I A A S R S DA
AOWLEELE IR, ANFE T 371 |, T8 B 8 4% logistic 117
277, Logistic [AIH AT LA 34 1 A L (OR) , FHAEAL
TR /B FE AR, DA B B4~ 9 728 1 5 45wy Z (8] 1Y
FEHRTR R AR, logistic [B1JE L RE T Tl 11 DA SR 4
WrA i A 53 BIANBESE 202 ORI A (K (e 3,
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S o7 AL TR
Selection of independent variables Covariate treatment
KR A
Single factor analysis Variable deletion
Foalb R B SR AR A ]
Expertise and literature Variable merging
o U e VA B 23 4 BT
SE'S-gl AL % : L,
Independent variable independence Ridge regression or principal
component analysis

!

A

Independent variables

[ESR)
Dependent variable?

T
Categorical variables
Rank variables

fen

HEL

Continuous variables

|
LA B

Survival data

W

Counting variables

E2 2 camlE Logistic[m] ] Cox[nJq Poisson|r] ]
Multiple linear regression Logistic regression Cox regression Poisson regression
EEAEE — BT AP B —nkaRE
Normal distribution assumption Binomial distribution assumption Proportional risk assumption Poisson distribution assumption
2 5 2 M [l A Logistic[r] 7178 Cox A A=A Poissonrl IR
Multiple linear regression model Logistic regression model Cox regression model Poisson regression model
SR LLAT S Waldk 36 s AR LRSS Waldha b ; AR LRSS Waldhde:
FEE5G; o536 T4 6 56 o ke o AWy e
F-test; t-test Likelihood ratio test; Wald test; Likelihood ratio test; Wald test; Likelihood ratio test; Wald test;
scoring test scoring test scoring test
R A BE VT A EUSER WL DL AR LA RS
Model fit assessment Goodness-of-fit test Goodness-of-fit test Goodness-of-fit test

v

45 R

Results analysis

E4

ZINZE IR

Figure 4 Selection of multi-factor analysis methods
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PR, FH Hosmer-Lemeshow $1 75 B " £ 56 8 DAl A5
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53 Cox EIAA

Cox L 1] AU [l =145 Y 2 A 5 HH %) 26 A [l I A5
AU Cox H A AU [l = A AU R L [R] st i e 22 A P AR
ol LR DR 2R 17 7 B 1T 42 21 (1) Kaplan-Meier 5 75
a1k HOBe AT B o A AR 5 A AE A BT
Honigberg %5l 58 i L I SR 4 28 F1F- R 4 28 5.0 1l
B XS 2Z [R] FUBK 28 o BIFFE 45 SR e i e - 9k,
BB FE R Cox B XU BT RERL 34 o X IR

NAKE BRI R R AE A S i, (R PPAG 1 4 2L
PV R IEZS R, IEX) C-Fe i AT 1 X4 LA
RENEASME, A, {8 Schoenfeld 5% 22 5 56 P4l Cox
[ U A XU e R

Cox [IT A HY T AR E 19 A A7 20 A e L
CATEN ] FIBAS TARKAG S, TR A BE R &
TR FNGET SRR G 45 R T AR I A e s Y S
PRGN HAT I 2 L] XU (proportional hazards,
PH) R , Cox [IHBERY Y25 /A H R . PH A
AR Ay XSS R B XU oS0 LA [ 7 {1, D
ANt S (B (A AR T AR o Coox [T AR R 2 7505 A2 LL A7)
KU A %, AT LA 3 Kaplan-Meier 4 77 #lf 28 &
Schoenfeld 5% 2= [l F1 Schoenfeld 4% 22 46 56 55 J5 72 K ke
5o ARERANE A LA XURS: (9 s B AU rh i) B A8 e m]
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B AE R ] IEA 2 Z AN [], B 05— & i ]
W A7 B A8 & Cox [l I3 5 A (time-dependent Cox
regression model) o
5.4  Poisson = )2 AL A

Poisson [Bl A AU 7E BR 2=t 58 oA EHZAEH T
IHTAFETEAN A B S S e R R Z A OG &R L H
T WA R o . lanass/ N LI 245
BRI FR PN B R B R 3R, el T R AR
THECFORL, BV Poisson [R1J 5341 Poisson [l =455 75
AT T BABIR ST K A3 Ak ) - oA 55 = . o &
I R —FP S PG Poisson [RTERE AL B0 191 B
BORMIAFA 575 . Poisson [AIJHREHI R Cox FRAY Y B2
BARINE, W o e Attt SRR EWA R Ik,
VIR AR T 224~ I TA] RUBEAS T+ A 4753413 _REURT HR
55 wUaEA g R AL

[l PR AL R AR AIF T B S AN R R 22, ]
1, % T B AN SR 1 53T , i AR R T
BRATRIIDL G BE (R bR o X SEFR M TRE AR Y
TR ZZ (root mean square error, RMSE) 7R B
M{E ( Akaike information criterion, AIC) .ROC £ N1
FAHI CF5 % (concordance index, C-index) &% . SR, X
TR, OB R T 12 AT B i e
PP

TELE RIS Ar 2t R b iUt 1T U 5 e it
A1 R BB BN P A, — A AR D5 B 48

giithiid

Statistical description

Kaplan-MeieriZ:
Kaplan-Meier method

EAPBERE |,

Survival data

Tk
Life table method

I

S PH L ? ;
PH assumption? :

Fom CFRT BRI ) B ke o 2R 8007l 22 R M1 U il 22 o ke
SE R R LK Z TN AR MR R O 2218
K . 45 14358 BRI Pearson A 56 £ %00) 257 R,
logistic [M )38 5 24 5 PAH . OR{H \95%CI L) K4,
AL FEFR (U Hosmer-Lemeshow  Pearson Y fU& 1L
$5h7) Cox 11 Poisson Il IFF{R 9 2015 logistic o]
JELREARL, HL OR Hi HR FIAX G R RE (RR)FEE

6 EHTESW

F T A FE IS ] 1 53 AT — RS IR IEZS 34, FL
WA MBI, T A A H R i Ge it 7
A AE 5T BT R X T ] -4 (time-to-event) B 4 73 B
XFPEAEAIR T N — R BB A2 8
S T2 Iy s T]

AT R — RN T AR ARG IR
ZH [a] Fe e Al 43 (K1 5) 5 38 % H Kaplan-Meier ff
LA EAR SR FEA A S 2 AR AF TR, N
AT ARIE R IEOY 2 A A SRR A 73 21 1 A
AR/ I WX 1 A R caSNG SF VA2 P i (51 DS A R e B2
SENO 2 ] LU AGE H R LA [ BRSO R E 7 1 it
P A AEA SR AN TR R AR (8] SRAS (R 7 15 e 1 A A7t
PRI AFTEZE 5%, 105 8 Log-rank K46 F1 Breslow £
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