Biostatistics of RCT and
Observational Studies
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poor design cannot be salvaged by good statistics.”

* Good Work =2 Team Work

* Get biostatisticians on board in the beginning of the
study.
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« 228 A7 (Superiority Test)
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* Possible Solutions
 Intention-to-treat (ITT)

* Modified intention-to-treat (mITT) or Full analysis set
(FAS)

* Per-protocol (PP)
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Practice of ITT

* Full Analysis Set (FAS)
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Practice of ITT
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Frequently used statistical methods
for independent continuous response

One sample

Independent
two-sample comparison

Three or more group
Comparison

Relationship with
continuous predictors

Relationship with
continuous and
categorical predictors

1.

N =

[

Parametric: One sample t-test (PROC TTEST)
Non-parametric: Wilcoxon signed rank test (PROC NPAR1WAY)

Parametric: Independent two-sample t-test (PROC TTEST)
Non-parametric: Wilcoxon rank sum test (A.K.A. Mann-Whiteny U
test) (PROC NPAR1WAY)

Parametric: analysis of variance(ANOVA) with multiple comparison
(PROC ANOVA or PROC GLM)
Non-parametric: Kruskal-Wallis test (PROC NPAR1WAY)

One predictor: simple linear regression (PROC REG or PROC
GLM)

Multiple predictors: multiple linear regression (PROC REG or
PROC GLM)

Analysis of covariance (ANCOVA: PROC GLM) or
General linear models (GLM: PROC GLM)
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Frequently used statistical methods
for correlated continuous response

1. Parametric: paired t-test (PROC TTEST)

MG L] 2. Non-parametric: Wilcoxon signed rank test on differences

(PROC NPAR1WAY, PROC UNIVARIATE)

1. Repeated measures ANOVA (RM-ANOVA: PROC GLM

with REPEATED Statement) or
Repeated measures

2. Linear mixed model (LMM: PROC MIXED)
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Frequently used statistical methods
for independent categorical response

Relationship with one
categorical predictor

Relationship with
categorical and
continuous predictor

2.

Chi-square test with large sample (PROC FREQ)

Fisher’s exact test with small sample (PROC FREQ)

Simple linear logistic regression (PROC LOGISTIC,
PROC GENMOD)

Multiple logistic regression for binary response (PROC
LOGISTIC, PROC GENMOD)

Multinomial or ordinal logistic regression for categorical
response (more than two levels) (PROC LOGISTIC)
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Frequently used statistical methods
for correlated categorical response

Paired categorical
data analysis

Repeated categorical
responses

1.

McNemar’s test (PROC FREQ)

. Marginal model using generalized estimating

equation (GEE: PROC GENMOD)

. Generalized linear mixed model (GLMM: PROC

GLMMIX, PROC NLMIXED)
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Frequently used statistical methods
Other methods

OGP S | e sk o TS e O (PROC CORR)

two. continuous 2. Spearman’s correlation coefficient (PROC CORR)
variables

(-

. Kaplan-Meier survival curve (PROC LIFETEST)
. Log-rank test (PROC LIFETEST)
3. Cox’s proportional hazard model (PROC PHREG)

[\®

Survival data

Sensitivity, Specificity (PROC FREQ)
Kappa measure (PROC FREQ)
Concordant correlation coefficient
ROC Analysis including AUROC curve
Bland-Altman analysis

Agreement Study

S 5 &

26
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T (Cohort Study)
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T~ (Cohort Study)
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(Case-Control Study)
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(Case-Control Study)
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(Case-Control Study)
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W ZHEASF (Confounding Bias)
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2} (Stratification)

e WetH0l 7 A F(homogeneous strata) LI 0| A M X|f Z1tE
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TABLE Il Stratified Analysis of Nail Fixation Compared with Plate Fixation and the Effect on Development of Adult Respiratory Distress

Syndrome or Multiple Organ Failure™

Chest Injury No Chest Injury Total Cohort
Nail Plate Nail Plate Nail Plate
Developed adult respiratory distress 5 2 4 1 9 3
syndrome or multiple organ failure
Number at risk 117 104 118 114 235 218
Risk 0.043 0.019 0.033 0.009 0.038 0.014
Risk difference (95% confidence interval) 0.024 (—0.022, 0.069)* 0.025 (—0.012, 0.062)* 0.024 (—0.004, 0.054)
Summary risk difference (95% confidence 0.024 (—-0.005, 0.053)t P value = 0.11¥
interval)
*Risk differences between strata are not significantly different; that is, no interaction (test for heterogeneity; p value = 0.96). 1Given the absence
of interaction, a pooled summary validly estimates the risk difference, adjusting for chest injury. ¥P-value testing the null hypothesis of no
association between treatment method and outcome, adjusting for chest injury and assuming no interaction.

Saam Morshed et al. Analysis of Observational Studies: A Guide to Understanding Statistical Methods. J
Bone Joint Surg Am. 2009;91 Suppl 3:50-60
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CHH = 2| H =M (Multivariable Regression)
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A AR 2] Al ZE SA0 H|g ¢ 2= H| (hazard ratio)
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= (rate) ZOtE 2| £ 9| H| (rate ratio)
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M= B 7| (Propensity Score Matching: PSM)
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H 2~ 7l= 0= p-value**
L}o| 50.79+13.46 32.42+8.02 <.0001
BMI 23.16%+2.93 22.42+3.19 <.0001
TpLQ A 3.31+1.3 2.96+1.42 <.0001
D 278.7+280.2 280.2+269.9 0.4556
o F AT A7t 6.75+1.25 6.82+1.19 <.0001
A <.0001

75111(49.74%)

75891(50.26%)

13937(63.86%)

7889(36.14%)
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* Odds ratioZ} 1.47 (95% ClI: 1.30-1.67)2 0| 20| 7|2 &
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FE SSHFE S0 EX|AE I HEHO 2 0=
Greedy B A 7| E St7| ol 2EX S| EFEEHKX}LO| 0.2 &%
HP|IHO| 25272 71614 14,9944 = A HE7}
29,988 HO 2 X} Z 0| 2F 17.35% 5 AIESI0| EMS AMA|

Odds ratio”} 1.56 (95% Cl: 1.30-1.85) 2 0| = 0| 7| = EC} £

250| Z2 odds’t 1.47HH =L}
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* Distribution of the propensity score in treated and
untreated subjects before and after matching
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Distribution of PS in original sample
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MerE4 Oj8 & DL D
Variable 7| =* 0| = * p-value**
L}O| 34.617.71 34.31+8.81 0.0018
BMI 22.57+3.04 22.55+3.3 0.5778
y == 3.08+1.14 3.13+1.48 0.0006
IIRAE 285.9+179.9 290.7+303.9 0.0955
A0 A| 7t 6.85:1.17 6.85:1.21 0.8043
A 0.5987
LEX} 8652(57.7%) 8697(58%)
Of X} 6342(42.3%) 6297(42%)
=9\ 0.9705




(-]
=523

- .

O

= SAA

Mo M2 o x| YK

=L

Odds Ratio Estimates

Method Odds Ratio 95% C.I. for OR p-value
Unadjusted 0.72 0.65 0.81 <.0001
Regression

Adjusted 1.47 1.30 1.67 <.0001
PS stratified 1.45 1.28 1.64 <.0001

PS Regression 1.50 1.31 1.73 <.0001
(Categorical)
P> Regression 1.74 1.52 1.99 <.0001
(Continuous)

Matched 1.56 1.30 1.85 <.0001
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