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Topics
* Summary statistics

e Statistical test
e Sample size estimation
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A Clinical Trial

* A study comparing two analgesic-airugs in terms of
postoperative pain, A and B

* Designed as a parallel-grous. randomized,
controlled trial

* The pain is evaluated <t 12 hours postoperative
e Using the Visual Anaing Scale (VAS)
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Outcome Variable: Pain

* Pain (VAS) can be considered a au:antitative variable

* Measurements on different pavients undergoing
the same operation will hav= aifferent values

* These values form a diztritution

* In theory, the possikle values are infinite, and may
often have an approrimately Normal distribution*
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“Normal” (Gaussian) Distribution
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Intervention (Exposure) Variable

* Analgesic drug: A; B
 Random assignment (simple randomization)
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Patient Characteristics/Baseline
Variables
* Age: years
* Sex/gender: female; male (0,1

 Extent/type of operation: smail; big (0,1)
* Preoperative anxiety:nn:yes (0,1)
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Summarizing & Displaying
Variables

e Statistics (Numbers)

* Graphics: Histograms; box-whizker plots; stem-leaf;
scatter plots; line graphs; etr.

Choice of most appropriate summary or display
depends on type of data & study objectives
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Pain (VAS)

Histogram: Frequzricy Distribution
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Histogram: Relative F'reauency Distribution
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Box-Whiskers Plot

Whicka*

75th

Percentile _
Median
50th
Percentile

25th

Percentile

Whisker*

*Whiskers are capr 2d above at the value x,, where x;, = x(;) < x(75) + 1.5 X IQR with x(; 41y > x(75) + 1.5 X IQR;
Whiskers are capped below at the value x; where x; = x(;y = X(25) — 1.5 X IQR with x(;_1) < x(25) — 1.5 X IQR;
Where (i) represents it" ordered value; (25) represents the 25t percentile value, etc. (this is from John W. Tukey)
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S\2mr -Leaf Plots
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Why Summary Statistics

* Better for interpreting, and comparirig between,
groups

 Can be used as a basis for stqatistical tests and
sample size calculations
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Classification of Variahbie

e “Randomness”: Random; non-rangarm variables
* Research-related: Outcome; exnesure; baseline
e “Arithmetical”: Quantitative,.categorical; ordinal
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Arithmetical Type of Variables

0 < 25 & 5 < 15 _le 10
® @ @ >-—-a=

Quantitative data: Pain VAS — caniinuous

1 @ 2 @ 3@ 4 @

Police Lawyer Teacher Reporter

Nomirial Categorical Data: Occupation

1@ < @ < 3@ < 410 < 5@

Ordinal Data: Pain Level
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Outcome Variable(s!

* Pain score: Visual Analogue Scale-{ixom 1 to 10)
* Pain level: 2 levels; not very paintul (0); very painful (1)
: 5levels; 1, 2, 3,4,5
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Exposure Variable

* Analgesic drug: A(1); B(2)
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Baseline Variables

* Age: years (quantitative, continucus variable)
* Sex/gender: 0, 1

e Extent/type of operation: G, 1

* Preoperative anxiety:J. 1
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Exercise

Which arithmetical type of variable ?
o Height
o Age categorized as 5+10; 11-20, 21-30, etc.
o Number of peopleiin any district
o Types of Univérsity Education in a sample
o Complicaticnis after a surgical procedure
o Socineccnomic status of a group of people
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Summarizing Quantitative
Variables

At least two summary measures:

* A measure of “central tendengy”
o Mean; median

* A measure of “spread”/aata variation
o Standard deviation (sd); range
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“Normal” (Gaussian) Relative Frequency Distribution (Probability Density*)
0 0]
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The Relative The Normal
Frequency is also Distribution
S 1 interpreted as a Model for Pain:
Probability / X~N(0,0%)
. /
o 7] )
o Mean =0

I

Arbitrary Units

*The relative frequency is substituted by

the density in the continuous-value limit
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“Central Tendency”
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Non-Normal Distribution
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“Central Tendency”

Rt (+ve) Skewed distribution
Mean »Niedian > Mode
4. > 34 > 2

/
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Time to Death
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Summarizing Pain (VAS)

Drug A:  3.5,4,[4.5,4.5[5,5,15:5/6,17,9
Drug B: 2.5, 3.5)4 ,IZ{ELS 6
/

n =10/group /
Mean; sd A: S;Lp<1.6 :4.9: 1.5
Med; range, ' A: 5;4, [3.5 /9] B:4.75; [2.5, 7]
IQR* A: [4.5, 6] B:[4, 6]
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Time to Event (Death)

Operation A (months)
*1,2,2,3,4,7,17,20,@5) n =3 tmean = 11.2;
* Median =4

Operation B (months)

*1,2,3,5,7,12,18. 21,27 ;n=9;, mean=10.7/;
* Median=7

Which summaty-i9 more appropriate?
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Use of Median / Rang:

Possible rationale

— Consistency: if Rank tests \Non-parametric
tests) are used, then summary statistics should
be based on Ranlks Qrder statistics)

— Robustness to “outliers”

2,5,9,17,29,91, 180, 392,901 ; mean = 180.7

2,5,9.17, 29, 91, 180, 392( 9801} mean = 1169.6
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Normal or Non-Norma!?

The use of mean & sd are apuropriate when

1.

2.
3.
A

Mean is at least 2xsd
Mean ~ median
Histogram is Normal-shaped

Variable can‘assume positive and negative
values



Example

Median ~ Mean and Mean > xsd ?

Age (years):

Mean; sd A: 49.1; /5.0
Median A: 48
Serum albumin{gm/dL):
Mean; sd 5.2; 6.7
Mediasi 3.5
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B:49.4; 6.2

B: 49.5
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Exercise

Summarize these quantitative variables
32, 34, 39, 42, 45, 47, 53, 58, 60. 50, 61, 63
0,0,0,0,0,1,1,1,1,1,1,1,1,1,2,2,2,2,2,2,2,3,3,4,4
68, 79, 80, 88, 98, 110;.124,155, 160, 230, 347
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Testing Quantitative Variables

* Use standardized mean differenc=e i quantitative,
“Normal”, variables to test for significant difference
between groups

— fl) B
Mean for / Yo :@\

< 2
Broup A \/ (S dj) - sd B) The t-statistic
g
Standard |
deviation Sample size
per group

for group A
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Testing Quantitative Variables

* Use standardized mean differenc=e i quantitative,
“Normal”, variables to test for significant difference
between groups

Standard error of

Mean difference the mean difference
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Testing Quantitative Variables

* Use standardized mean differenc= 9i quantitative,
“Normal”, variables to test for significant difference
between groups

 The standardizez rinean difference, viewed as a
random variahie. has a t-distribution (2n — 2 df)

* If we hypothetica'ly perform identical experiments many, many times
the values/of the t-statistic will form a probability distribution
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The Probability Distribution

(Density) of the t-statistic ’\
(Standardized mean difference) 6

2

2 Central t-

) .

) distribution

= with 18 df
o —

|
-10 0
Standardized Mean Difference
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Normal Density

Tou
Standard Normal
distribution
N(0,1)

o — ———

| |
-10 0
Standardized Mean Difference
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Standard Normal
distribution: solid
[ t-distribution: dash

od — — ~

|
-10 0
Standardized Mean Difference
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Testing Pain (VAS)

* The mean difference is 5.4 —4.9 =0.5
* The standardized mean differcince for Pain (VAS) is

5.4—4.9
— —= (.80
J(1.524+1.67)/10

Compare this to a central t-cistribution (18 df); 2-sided p-value
= 0.436

Summary Statistics Sample Size_Panuwat Lertsithichai,MD Slide 42/77



Result of the t-test comparing Pain (VAS) between groups

>

= \
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Shaded area =
2-sided p-value
0.436
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Standardized Mean Difference
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Testing Age

* The standardized mean difference.ioi Age (years) is
49.1-49.4 ,
J(5.02+6.22) /10" y0.12

Compare this to a central t-distiibution (18 df); 2-sided p-value
= 0.907
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Summarizing Categorical

Variables
Variable | DrugA | QNgB | p-value_
Sex: Female 3 (30%) 560%)
Male 7 (70%) 4 (40%)
Op: Large 3 (30°%) 2 (20%)
Small 7 (70%) 8 (80%)
Anxiety: Yes E1530%) 2 (20%)

No S (50%) 8 (80%)
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Testing Categorical Varianles

Variable | DrugA Q"B p-value_

Sex: Female 3 (30%) 560%) 0.178*
Male 7 (70%) 4 (40%) 0.370**

Op: Large 3 (30°%) 2 (20%) 0.606*
Small 7 (70%) 8 (80%) 0.999%%
nxiety: Yes C 1530%) 2 (20%) 0.160*
No Y (50%) 8 (80%) 0.350**
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* Chi-square test; ** Fisher’s exact test
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Chi-square Density

5

1.5

1

Chi-square (1 df) distribution for the chi-square tasustatistic
(Comparing Anxiety between drug grouns)

Shaded area = p-value 0.160
\\\

|
0 1.98
Chi-square Variable
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Ordinal Variables

* Variables with < 5 categori«s, use counts to
summarize data*

 Use median & rangesiar > 5 categories™

 When testing for aifferences, efficiency (i.e.,

greater sensitivity to detect differences if
they exist) requires the use of ranks

*These are recommendations
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Summarizing Ordinal Variables

Pain level

Drug B: n(%) J_ D;t;g A: n(%)

~ W N -

5

Total

5 (22) | 2 (9)
9 (39) 3 (13)
2(12) 5 (22)
4 (17) 6 (26)
2 (9) 7 (30)

| ~ 23(100) 23 (100)

Suppose we rerform another study with 46 subjects, 23 per group, and

compare the Pain Level between the two drugs
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Testing Ordinal Variabies

Pain level | Drug B: n(%) J_ Lrug A: n(%)
1 5 (22) | 2 (9)
2 9 (39) 3 (13)
3 2(12) 5 (22)
4 4 (17) 6 (26)
5 2 (9) 7 (30)
Total :_ ~ 23(100) 23 (100)

Chi-squarc'test n-value = 0.093

Ranksum test p-value = 0.011
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Fisher’s test p-value = 0.099
t-test p-value = 0.009
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What’s The Interpretation?

Let’s come back to the results of the niesent study:
* No significant differences in bazeiine characteristics
* No significant difference in'Fain (VAS)
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The Observed Mean Difference

* The observed mean difference is ¥, = xg = 0.5

* The observed standardized m2u o difference is not
“statistically significant”:

= 0.8
\/(S«lf1 + sd3)/n

* The samrle size, n = 10/gr, is probably too small
* Then howiarge should a sample size be?
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The Sample Size

e An appropriate sample size (from-a.rrequentist
perspective) is such that:

* If a true difference exists, the experiment is able to
detect a significant difference (at 5% level) at least
80% of the time (80% sensitivity)

* The 5% and 80% are conventional numbers representing acceptable
errors (type | error = 5% & .type Il error = 20%) in research
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In Other Words ...

* If a given true mean difference eyists, say x4 — X =
0.5, then in repeated experime: ts-the statistical test
will declare statistical significarice in at least 80 out
of 100 trials in the long ri:

* This is, of course, purcly-hypothetical
* How can we use this.idea to estimate a sample size?
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The Random Mean Difference

* The Standardized Mean Difference, \intuzr repeated
experiments, will be a random varicbie with a
probability distribution of values

* Under certain conditions, this probability distribution is
approximately Normal

* Under the additional ascumption of no real difference
(Null Hypothesis) the distribution is Standard Normal
N(0,1)
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Normal Density

Under the Null,
the Random
Standardized
Mean Difference
XA—Xp
J (SDZ+SD3)/n
a t-distribution
which is
approximately
N(0,1) for
sufficiently large n

has

o_—_,

2-sided test

|
-10

0

Standardized Mean Difference
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Normal Density

O'——_’

2-sided test

|
-10

0

Standardized Mean Difference
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Normal Density

0
Za/2 = Z20.05/2
== Zo_025= 196
2-sided test
o — ———

| |
-10 0
Standardized Mean Difference
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Normal Density

Any observed
XA—XB
\/(sdi+sd§)/n
falling within the
95% area, under
the Null, is not

statistically
significant

=~ Z

o_—__

| |
-10 0
Standardized Mean Difference
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Normal Density

O'——_’

Any observed
Xa—%pg
\/(sdi+sd§)/n
falling within the
5% area, under
the Null, is
statistically
significant

= Z

| |
-10 0
Standardized Mean Difference
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Normal Density

0 | |
' |
I
I
On the other :
hand, .if there is a 7
real difference, “Alternative ; \
assumed equal to Hypothesis” « o= "%
the observed ! \
mean difference ] ‘1
x4 —xg ¥ 0, i 1 The Random Standardized
we can choose n [ { Mean Difference here is
\ Xi—X ~
such that the f | 45 NG,
Random { \ \/ (SDZ + SD3)/n
Standardized .," ‘\ Where
Mean Difference ! \ 6 =——47F
is significant 80% !" ‘,‘ J(sda+sdg)/m
of the time { \
{ \
/ \
/ \\
wt
o — s e———————— e I e e s o e s - s S e e e — Ny e — — —— — —— —
1 I L I
-10 0 6 10

Standardized Mean Difference
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Normal Density

£\
“Alternative
Hypothesis”

-10 0 6
Standardized Mean Difference
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Normal Density

o | |
. |
|
|
|
I
Very little of the 20% between £\ Most of the 80%
L. these blue lines N L.
80% on this side f on this side
! i
I \
b i
JI 1
i
{ {
{ {
! 1
{ {
1| ~80% 1\
{ \
! \
{ \
! {
Zg =~ 2y, =10.84 f \\
{
/ . Zp \
ol ~\S | » - m k.
I I L T
-10 0 7] 10

Standardized Mean Difference
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Normal Density

0
Bringing the
requirements of
80% sensitivity and
5% significance level
together
o — —
| | |
-10 0 10

Standardized Mean Difference
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Normal Density

0 |
We want a sample size such that If there is a real difference
(alternativ= hvpothesis is true)
< 20% of the Random 2 80% of the Random
Standardized Mean Standardized Mean
Difference to fall on this Difference to fall on this
side side
\
\
\
\
\
\
\
O — (= >
| | |
-10 0 10

Standardized Mean Difference
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Normal Density

QO —

We want a sample

size such that (2-
sided test)

2 80% of the Random
Standardized Mean
Difference to fall on
either side of the 2

blue lines

<20% of the
Random
Standardized Mean
Difference to fall
between these lines

|
\
\

If there is a real difference
(alternativ= hvpothesis is true)

> 80% of the Random
Standardized Mean
Difference to fall on
either side of the 2

i blue lines

|
-10
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Standardized Mean Difference
s the correct situation for a 2-sided test
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Normal Density

0 _
We want a sample size such that If there is a real difference
(using a reasonable approximation) (alternativ= hpothesis is true)
< 20% of the Random 2 80% of the Random
Standardized Mean Standardized Mean
Difference to fall on this Difference to fall on this
side side
\
\
\
\
\
\
\
o { —m—(— >
| | |
-10 0 10

Standardized Mean Difference
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Normal Density

o_—_,

We can do a simple calculation

This graph implies

Za/2 + Z[g =0
g = XA—XB
\/(sdi+sd129)/n

(Y

where:
Za/2 = Zo.025 = 1.96
Zﬁ = Z0_2 = (0.84

|
-10

;'
0

~

6

10

Standardized Mean Difference
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The Sample Size Formtila

Since Zasg + 25 = —2=B—-2 therefore
\/(sdA+¢f1g\ n

(Za/2+Z,8) (°4/+ JB) (2. 8)2(SdA+SdB)
(Xa—%B)" (X4—Xp)>

n =

And this is the pretotypical sample size formula (for
the “equalitv trial”) — the minimum value
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The Sample Size Formtila

XA—XB

Since Zaj2 *Zp = - therefore
\/(sdA+¢ftgj\ n
(1.96 + 0.84) = 2.
N = (za/2+zﬁ) (u/+ JB) (2. 8)2(sdA+SdB)
(Xa—%¥B)" (Xa—XpB)*

And this is the pretotypical sample size formula (for
the “equalitv trial”) — the minimum value

Summary Statistics Sample Size_Panuwat Lertsithichai,MD Slide 71/77



Let’s Re-evaluate the Samaule Size

* From the previous study
* We know the values of X4, X5 544, sdg

* We can re-evaluate the saraple size required to
detect this specific diffarer.ce with 80% sensitivity
(in statistics, sensitivity.is called Power)

* The appropriate sample size should be, at least ...
_ (28)%(sdgjisdp) _ (2.8)%(1.5%+1.6%)
 (Fa~xp)> (5.4-49)2

‘n
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What if the Outcome is Biinary?

 What if we are interested in pain!«vel as the
outcome?

* Suppose we wish to compeare severe pain between
the two groups, defined a:s VAS > 5

* From the previous study:
Drug A: no. of patietite with VAS > 5 =4 (0.4)
Drug B: no. of patients with VAS >5 =3 (0.3)

* Call these prapartions p, and pg
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What if the Outcome is Biinary?

Replace
fA — fB with Pa — Pp

sd, with \/:n;(l —Da)

sdg with \/pg(1 — pg)



Sample Size Formula for
Proportions

* The sample size formula becomes?

B 2.84{ps(1 —p 2 =pe(1 —pp)}
n = p N 2
(w4 - DB)

* What is the estimated sample size for p, = 0.4 and
pg = 0.3 ? (significance level 5%, power 80%)
2.8%2{0.41-06:4)+0.3 (1-0.3)}
~7(0.4—0.3)2

n = =7 What do you see?

Summary Statisties Sample Size¥F st efg@y@¥a| reasonable approximate sample size formulae fofjgréportions



More Exercises

* A clinical trial comparing preoperative antibiotics
with no antibiotics in the prevention of
postoperative infection

* No antibiotics: infection iate 20% (0.2)
* Calculate the sample size required ...

2.8*{pa(1-pa)+ 05 1-pB)}
(Da-D1)?
* What is p4? ‘Nriat is pg?

On:
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Summary

We discussed/introduced
* Summary statistics
* Simple statistical tests

* Sample size estimaticen
Hopefully this is useful!

Thank you for Your Attention!
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