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Clinical Research Design and Biostatistical Methods

Kijun Song, Mooyoung Han, My-Young Cheong, Kil Seob Lim,

Dong Kee Kim

From the Department of Biostatistics, Yonsei University College of Medicine,

Seoul, Korea

Purpose: To proceed effectively with clinical research requires an under-
standing of the fundamental principles of study design and biostatistical
methods. In this article, we identified and summarized basic clinical
research designs and some of the key biostatistical methods that have been

commonly used in clinical research.

Materials and Methods: In an observational study, cross-sectional, case-
control and Cohort designs were illustrated and compared. In a clinical
trial study, parallel group design and cross-over designs were described
according to their characteristics. Also, the biostatistical methods for their

usages classified and summarized.

Results: Understanding and evaluating research design are part of the
process researchers must use to determine both the quality and usefulness
of their research. Adequate applications to biostatistical methods are need;
i.e., descriptive statistics, Student's t-test, ANOVA, nonparametrics, cate-
gorical data analysis, correlation and regression, and survival analysis.
Conclusions: Research findings are used by clinical researcher to guide
their practice and reduce their uncertainty in clinical decision making.
However, to understand how to interpret research results, it is important
to be able to understand basic statistical concepts and types of study
design. Clinicians should also appropriately choose the biostatistical meth-
ods to suit their purposes. (Korean J Urol 2005;46:835-841)

Key Words: Research design, Biostatistics
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Fig. 2. Design of a case-control study.

Fig. 1. Design of a cross-sectional study.



Disease develops Population-time M 3] AEHE AFAEA WHoZ A, Aquds &
E72]¢] (random) el ofste] F A o] =HE Jd
Exposed a, L,
02 Uil AE & A (treatment) S st L AHE v
Unexposed ) L, wate WHolth 7)ol A HEe =Y Fo S 94
a, ARl A5 & Toted, ¥l A7 IA Juviw
I A (group comparison design)$} % B Y H e A A (matched
Incidence density ratio = — pair parallel group design)Z Y& 4 ot FEuln A=
L, Az HPPd A7 /ds T2 A Eehd =i, %

g AAe AFNIASS - B8 7F,
S 50 A, 9%, B4 B8 o whet 2 Wbﬂ 7

ez

Fig. 3. Design of a Cohort study.
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Table 1. Comparison of population-based and hospital-based
studies

Population-based Hospital-based

study study
Study General population Patient and/or normal
population volunteer
Selection Random sampling Total patients under
under fixed design fixed criteria
Objective Risk factor for Treatment effect or
a disease disease prognosis
Cost/benefit ~ Very expensive Less expensive
Results Generalization Limited to treatment
effect or prognosis
Statistical Less complicated, More complicated,
work standard biosta- advanced biostatistical

tistical methods methods
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7} A= o] (skewed) A= F70
27)e] RAEG A5 AGEth AP JEES e
FAFOZE £} (variance), H< E A
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AA o %
2) FESHEN 24 2y
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Table 2. Common statistical methods used in clinical research

£717 o YN M U SAHSE 24wy 839

Category Analysis method

Use

Descriptive statistics Table and graphs

Statistics

t-test Independent t-test
Paired t-test

ANOVA One-way ANOVA
Two-way ANOVA
Multiple comparison or post-hoc test
ANCOVA
Repeated measures ANOVA
Nonparametric Wilcoxon rank sum test,

statistical analysis Mann-Whitney U test
Wilcoxon signed-rank test
Kruskal-Wallis test

Spearman correlation

Categorical X-test
data analysis
Fisher’s exact test

Trend test
McNemar test

Cochran-Mental-Haenszel test

Kappa

Correlation analysis Pearson correlation

Regression Linear regression

Logistic regression

Survival analysis Kaplan-Meier product
limit estimation
Log-rank test or
Wilcoxon test
Cox’s proportional

hazard regression

Frequency table, histogram, bar chart
Mean, median, mode, standard deviation, variance

Comparison of mean of independent 2 groups
Comparison of pre and post mean of a group

Comparison of means between groups

ANOVA with 2 factors

Pairwise comparison between groups after ANOVA
Comparison of multiple group with controling
baseline covariate

Comparison of means in times or groups

Nonparametrics of independent t-test

Nonparametrics of paired t-test
Nonparametrics of one-way ANOVA
Nonparametrics of Pearson correlation analysis

Testing independence or homogeneity of rxc
contingency table

An alternative method of X-test when a cell expected
frequency is less than 5

Testing linear trend of ordinal data

Comparing proportions with a binary matched-pair
responses

Testing conditional independence in 2x2xK
contingency tables

Analyzing agreement of multiple observers

Correlation between 2 continuous variables

Regression with continuous dependent variable
Regression with binary dependent variable

Estimation of survival function
Comparison of estimated survival function

Regression to analyze the risk factors for survival time

A Aol SRR AP Bk BEA oRE
A3 obul @t} Paired ttests FLE el sl A
o] ol wlmate Wyoltt.

() BAEA (ANOVA); A o) o] o] Hite] o]}
NeTtE AARA & Ho] AHSETE EAEA6A
243k 9 MAGL AAHE a5 29 T Q)
A} (factor)2FiL S, £919) F71 sl A9 429

EAHEA (one-way ANOVA), %1 74
(two-way ANOVA)o|&til gtt}, 24t 5
o7 Fog A At 1He] Hlwrt A H =, o] A}
£ UFH] I (multiple comparison) &< AF714 (post-hoc
analysis)©] 2}3L $tt}, thgH|ae] WH O 2= =2 Bonferro-
ni WH, Tukey W, & Scheffe W o] 291t} FELF
4] (ANCOVA)2 7| AW (& E9, A% 22 34
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U3 £95E 2EAE AP AT PO wed
SAEAYUY F Student’s t-testol] EH%E]E
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(Mann-Whitney U test)2 22 Z3E A&
39 774 (Wilcoxon singed-rank sum test)%
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7248 2~ 7473 (Kruskal-Wallis test)& Al 7H M}
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Fobu st @ W ALHL o] A5 FoIT HE & cell]
71 =4 (expected frequency)7} 5 PI9HY Aol & X-test
X T} Fisher’s exact testS & -8§3l= Zo| A3 v o]
0 =3 e FEY A87F £9F (ordinal) ] 2L 7HA)
T Ys g 7EY XestS IWE FH LA 7 BTE &
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€ wEAE WAEekL Ahen?

£

o a3 #AA o HEZ A= T ol (Pearson)©] A A S AFH

A7 ¥ A o]t} Pearson ABAFE TEQ 71 2A

F7F BAAEEE mETE 7Hg o] 3o

of gttt whof 3%4 F7F AAY, 58 A8t A EEE
7

wEa 7Hgs7] ofH & Afole AHEA Y RS
Ql WSl A3 ojgk AFFEA] (Spearman correlation analysis)
< A&

(6) 3| HEA (regression analysis); -2 6]— o4} 5
< (outcome, & ZFEWHE)7} A4d o ), o] Fu
A ATE FE BFEYEHN AAAS YD
2 & wf) ALEEHT o] A, S-HUSTE F A o4l v
3] A& (multiple regression model)©] FZ 20| =H|, F2

g AL SHHESTE Atoldl @AV HokME ¢t Er
© Ao|th g TEHEAFY S d St & o, o=

2yo] &S Y8 fros M4E Adste Wige] HE
s=dl, A&FA AP (forward selection method), T34 4
1% (backward elimination method), T4 2 X181 ¥ (stepwise
selection method) 5©¢] 2291t}

(7) EX|AE §|-_rl|'='*'I (logistic regression); 3] #&4]2
HgsjoF st= &l TEHF7L F 7HA #dnks Hske

Nl

A7 05 @2 59, 299 HF HelA, Qe 1Y
JARNS a0 AT 5 g2 v AgHE ol
o, YW FEWF] MAE GG F2 HAy

24 £8=Y, B 482 o
g 95% A TS o] R¥sh=
8) MZEEA (survival analysis); A=A 7t (survival time)
T FABE AU F N 5L 1 o)) Juo AE
<= (survival function)E Hlw e o, 18] A& Z & A9
ghe AR A g AEAZ QS FE AT A
A O}J—Z}d A5 AHEET 7hE@-mto]of (Kaplan-
Meier) Wl gt AEFHo] AEES FHsI= o
2 ARREHI, F AT o]y AEES HadE HE log-
rank 7378 M7} Wilcoxon g% o] AL&-HT} E3k AEA T
9 Ak FEFE P APAAE 2] A At
oz Cox9 HEHHEEE (proportional hazard model)S
o]-ggttt. ojuf 7zt Wl WE AT A= AP
$13H] (hazard ratio)} 95% A1F 7t =2 X HAY.
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