Sample Size for Descriptive Studies ENEERRY
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*If population is small, use correction: n, = N*n/ (N+n-1) (reduces slightly)
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Estimation for Comparative Studies
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*For unequal sample size per group (r:1 ratio), replace 2 with (r+1)/r to get n for smaller group; when r=1, then sample sizes are equal.
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Comparing 3 or More Groups CEACEARY

* Independent Means (ANOVA)

Choose two most important pair of means you really care about
Calculate as for two independent samples
Resulting n is per group

* Repeated Measures Means

Choose two most important pair of means (e.g., baseline and last)
Calculate as for two matched samples
Resulting n is per group (if there are several groups)

* Independent Proportions (Categorical)

Choose two most key groups; collapse outcome to binary (e.g. worst/best)
Calculate as for two groups
Resulting n is per group

Note: It’s always a good idea to consult a statistician
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Standard Normal Table sy
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Power Analysis ENEERRY

* A priori
Find sample size - given effect size, a-level, and power
Beginning of research

* A posteriori
Find power - given sample size, effect size, and a-level

End of research (post hoc power analysis) — generally
useless!

It tells you nothing that you do not already know from
the p value
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Power Analysis

 General formula
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For difference in proportions:
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Power Analysis ENEERRY

» Standard Normal Distribution
Power = area under the curve for Z, 4
Beginning of research

Normal Values
Probability Error Prob
(AUC) (B, a) One-tailed Two-tailed
(Zl—B, Zl—a) (Zl—a/z)

B, a/2 80% 20% 0.84 1.28

85% 15% 1.03 1.44

90% 10% 1.28 1.65

95% 5% 1.65 1.96

99% 1% 2.33 2.58
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Examples ERCERRY
1) We want to study the prevalence of dysfunctional breathing among asthma

2)

3)

4)

patients at Foothills Hospital using a survey. How many patients do we need
if we want our estimate to be within 5% of the known prevalence of 30%?

A doctor wants to estimate the mean SBP in children with congenital heart
disease between ages 6 and 12. How many children will she enroll if she
wants her estimate to have 95% confidence, with a margin of error of 5
mmHg? From past studies, the SD for SBP in children ranges from 15-20.

A recent report from the Framingham Heart Study indicated that 26%
without CHD have elevated LDL levels (>159mg/DL). A researcher believes it
is higher. How many patients does he need if he wants to test if this true,
with 90% power to detect a 5% difference in the proportion with high LDL?

A researcher is planning a clinical trial to evaluate if a new drug designed to
lower SBP is effective compared to a placebo. How many participants does
he need if he wants to show that the new drug works? He wants to see a
difference of 10mmHg in SBP with power of 90%.
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Exam P lel CALGARY

Sample size to estimate a one-sample proportion

 Whatis the prevalence of dysfunctional breathing among adult patients with
asthma being treated at the Foothills Hospital?

* We want to study the prevalence of dysfunctional breathing among asthma
patients at Foothills Hospital using a questionnaire survey
Outcome = dysfunctional breathing (Y/N)
'Best guess' of expected prevalence (p) = 30% (0.30)
Desired width of 95% Cl = 10% (i.e. +/- 5%, 25% - 35%)

* Formula:

o l_p) (%)2 = (0.3)*(0.7)*(22) / (0.05)2 = 336

where Z, ,1/,,=1.96 32
p = the expected proportion - here 0.30
E = margin of error - here 0.05

© Grace Perez
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Example 1 continued ERTERRY

Sample size to estimate a one-sample proportion

* Write up for grant or research proposal:

"A sample of 336 adult patients with asthma will be required to obtain a 95%
confidence interval of +/- 5% around a prevalence estimate of 30%. To allow for an

expected 70% response rate to the questionnaire, a total of 500 questionnaires will
be provided."

* Note:

The formula used is based on 'normal approximation methods', and, should not be applied when
estimating proportions which are close to 0.0 or 0.1. In these circumstances 'exact methods' should be
used.

When conducting surveys, allow for non-responses and attrition

Check answer using https://select-statistics.co.uk & https://www.stat.ubc.ca/~rollin/stats/ssize/

Compare above results with Qualtrics: https://www.qualtrics.com/blog/calculating-sample-size/
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Sample size to estimate a one-sample mean

 What is the average blood pressure (SBP) reading in children with congenital heart
disease?

* A doctor wants to estimate the mean SBP in children with congenital heart disease
between ages 6 and 12. How many children will she enroll if she wants her estimate to
have 95% confidence, with a margin of error of 5 mmHg? From past studies, the SD for

SBP in children ranges from 15-20.
Outcome = SBP (mmHg)
‘Best guess' standard deviation (SD) = 20 (err on the side of large!)

Desired width of 95% Cl = 10 mmHg (i.e. +/- 5 mmHg)

* Formula:

2
n= (E) =(20*%2)2/(5)? = 64 (Always Round Up)
where Z; ,1/,,=1.96 @2

SD =20 mmHg
E = margin of error - here 5 mmg

© Grace Perez

S T



&

Example 2 continued ERTERRY

Sample size to estimate a one-sample mean

* Write up for grant or research proposal:

"A sample of 64 children with congenital heart disease will be required to estimate
the mean SBP, with 95% confidence interval of +/- 5mmHg. Previous studies have
shown the variation in SBP as SD=15-20 mmHg. We chose the larger SD in order to
produce a confidence interval with a more prudent margin of error.”

* Note:

Had we used SD=15, we would have n=36. Because estimates of SD were derived from studies of children
with heart defects (quite rare so very variable), it would be advisable to use the larger SD and plan to
enroll 64 patients.

Selecting a smaller sample size could potentially produce a confidence interval estimate with a larger
margin of error

Check answer at https://select-statistics.co.uk & https://www.stat.ubc.ca/~rollin/stats/ssize/
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Example 3 ERCERRY

Sample size to compare 2 group proportions

* Does a daily high-dose supplement of Vitamin D+Calcium reduce risk of bone fractures?

* In Canada, osteoporosis affects approximately 1.5 million Canadians over 40 years old
(10%) , with 1 in 5 men and women having had a bone fracture. We plan to conduct a
trial with high dose supplement of Vit D + Ca versus placebo control on men and
women with osteoporosis over 5 years. How much sample do we need if we wanted to
detect a reduction in bone fracture risk to 1 in 77

Group 1: Placebo group expected fracture rate =1in 5 (0.21)
Group 2: Vit D+Ca group expected 7% risk reduction (1 in 7 = 0.14)
Find sample size if 0=0.05 for both 80% and 90% power
P1—pP2= .07 ; Z1.g/2 = 1.96 12 20.80=0.84 , 2090 = 1.28
* Formula to compare 2 proportions
2P)1-P) (210r +2,, )
(21- o)
2= +p2)2 =(0.21+0.14)/2 =0.175

=2{(0.175)(1-0.825)} *(2 + 0.84)2 / (.07)2 = 480/group

* Power =80% : n per arm = 480 ; total n = 960 patients with osteoporosis
* Power =90% : n per arm = 635 ; total = 1,270 patients with osteoporosis
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Example 3 continued CALGARY

Sample size to compare 2 group proportions

* Write up for grant or research proposal:

“In order to compare the risks of bone fracture between the Vit D + calcium
treatment group with the placebo group after 5 years, we need a sample of 1,270
patients with osteoporosis (635 per arm). This sample size is sufficient to detect a
risk reduction of 7% if it exists, with a power of 90%. We expect a drop-out rate of

20% so we will enroll a total 1,600 to allow for dropouts.”

* Note:
Number to enroll * %retained = desired sample size, n

Number to enroll = desired sample size / %retained; 1,270/0.80 = 1600 total

Check answer at https://select-statistics.co.uk & https://www.stat.ubc.ca/~rollin/stats/ssize/

© Grace Perez
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Example 4 ERCERRY

Sample size to compare 2 group proportions (unequal)

Does a daily high-dose supplement of Vitamin D+Calcium reduce risk of bone fractures?

Suppose that the researchers want the treatment group to have twice the sample size
of the control (placebo) group. How much sample do we need if we wanted to detect a
reduction in bone fracture risk to 1 in 7?

Group 1: Placebo group facture rate = 0.21

Group 2: Vit D+Ca group fracture = 0.14

Find sample size if =0.05 for both 80% and 90% power; ratio=2:1 or r=2
P1—pP2= .07 ; Z1.g/2 = 1.96 12 20.80=0.84 , 2090 = 1.28

Formula for 2 proportions with unequal sample size:

r+)) PP e ta, ) (3/2){(0.175)(1-0.825)}*(2+0.84)2/(.07) 2 = 360 for smaller group
: (P1-p2)

Power = 80% : treatment arm = 720; control arm = 360; total n = 1080 patients

Power = 90% : treatment arm = 954 ; control arm = 477; total n = 1431 patients

© Grace Perez
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Example 4 continued CALGARY

Sample size to compare 2 group proportions (unequal)

* Write up for grant or research proposal:

“In order to compare the risks of bone fracture between the Vit D + calcium
treatment group with the placebo group after 5 years, we need a sample of 954
patients with osteoporosis in the treatment group, and 477 in the placebo group.
This sample size is sufficient to detect a risk reduction of 7% if it exists, with a power
of 90%. To allow for an expected 20% drop-out rate, we will enroll 1200 in the
treatment group and 600 in the control group, for a total of 1,800.”

* Notel:
Number to enroll * %retained = desired sample size, n
Number to enroll = desired sample size / %retained;
954 /0.80 =1193 for treatment arm ; 477 /0.80 = 597 for control arm
Total n=1,790
Can round up to 1200 and 600 in treatment and control, respectively.

* Note2:
For online calculators, multiply n by 0.75 to get smaller group n; 1.5 for bigger group n.
https://select-statistics.co.uk & https://www.stat.ubc.ca/~rollin/stats/ssize/

Adjust for drop-outs accordingly

© Grace Perez
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Example 5 ERCERRY

Sample size to compare 2 group means

* |s there is a difference between 2 types breast carcinoma patients (invasive ductal vs
non-invasive ductal) in terms of mean CA153 tumor marker levels?

* How many cases would be needed if the researchers want to prove that there is a
difference of at least 20 U/ml. Previous studies have shown non-invasive ductal Ca
patients have meanxSD: 64+52 and invasive patients have mean+SD: 861497

Group 1: Invasive Breast Ca - mean+SD: 86+49 U/ml
Group 2: Non-invasive Breast Ca - mean%SD: 64+52 U/ml
Find sample size if 0=0.05 for both 80% and 90% power
M1 — M2 =20;214/,=19602 275=0.84 , 799 =1.28

* Formula
20210+ 2, ) 2 (2500) *(2 +0.84)/(20)2 = 101/group
(#1‘1'-‘2)2
Pooled sp = |CPEFSPD o (5224 492)/2 @ 50

2

* Power =80% : n per arm = 101 ; total n = 202 patients
* Power =90% : n per arm = 135 ; total n = 270 patients

S T
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Exa mple 5 continued CALGARY

Sample size to compare 2 group means

* Write up for grant or research proposal:

“In order to evaluate a potential difference in mean CA153 tumor marker levels for
invasive ductal carcinoma and non-invasive ductal carcinoma, we need a sample of
270 patients (135 per arm). This sample size is sufficient to detect a difference of 20
U/ml if it exists, with a power of 90%. To allow for attrition rate of 10% (inadequate
blood samples, missed appointments, etc), so we will enroll a total 300 patients.”

* Note:

Number to enroll * %retained = desired sample size, n
Number to enroll = desired sample size / %retained; 270/0.90 =300 total
Check answer at https://select-statistics.co.uk & https://www.stat.ubc.ca/~rollin/stats/ssize/

© Grace Perez
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Example 6 ERCERRY

Sample size to compare means from matched samples

* Does a lifestyle program (diet + exercise for 3 months) lead to improved SBP and BMI
measurements, compared to baseline?

Suppose an investigator wishes to determine sample size to detect a 5 mmHg change
in SBP and 1 unit in BMI from baseline, after 3 months of lifestyle intervention. From
literature, change in SBP has SD 18-20, while change in BMI has SD between 4-6 units.

Outcome 1: SBP, SD = 18-20 mmHg
Outcome 2: BMI, SD = 4-6 units
Find sample size if =0.05 at 80% power (z1.,/2=1.96 12, 25 g0=0.84, 2p90=1.28)

*  Formula

0p (2, ,,+2,,F 1) (20)*(2+0.84%/(5?) = 130 participants for SBP
D* 2) (62)*(2+0.84)%/(12) =290 participants for BMI

For SBP outcome: n = 130 participants
For BMI outcome: n = 290 participants
Use the bigger sample size! Round up to 300 to improve power!

© Grace Perez
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Example 6 continued ERTERR

Sample size to compare means for matched samples

* Write up for grant or research proposal:

"A sample of 300 people will be invited to participate in a lifestyle intervention
(diet+exercise) program for 3 months. This sample size is sufficient to detect changes
from baseline measurements of 5 mmHg in SBP and 1 unit in BMI, with a power of
80%.”

* Note:

You can also compute the sample size for power = 90% and show in your grant the different
options.

Check answer at https://www.stat.ubc.ca/~rollin/stats/ssize/ and http://www.sample-
size.net/sample-size-study-paired-t-test/

If you will use Rollin Brant’s calculator, use calculator for single population mean

© Grace Perez
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Example 7 ERCERRY

Power calculation

* Are male nurses more emphatic than female nurses?

* Suppose you wish to compare Empathy Quotient scores (EQ) between male and female
nurses. You want to calculate how much power you will have to see a difference of 3.0
points between two groups: 30 male nurses and 30 female nurses. If the SD is expected
to be about 10 on an EQ tool for both groups, what is the power of your study?

Outcome: EQ score, SD = 10 points

Find power if a=0.05 and n=30/group

*  Formula
, _ ldiffrence) SE(diff) = 1;] 4 1;] = 2.582
“ power — SE(difference) “l-al2
B
=(3)/2.582 - 1.96 = -0.797 Cohen's d= === =0.30
* Zjower =-0.797 ; Prob(2 <-0.79) =.21, We have only 21% power

© Grace Perez
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Example 7 continued

Power calculation

Check answer at https://www.stat.ubc.ca/~rollin/stats/ssize/ & https://www.danielsoper.com/statcalc/

Inference for Means: Comparing Two Independent Samples

(To use thus page, vour browser must recognize JavaScript.)

Choose which calculation vou desire, enter the relevant population values for mul (mean of
population 1), mu? (mean of population 2), and sigma (common standard deviation) and, if
calculating power, a sample size (assumed the same for each sample). You may also modify

(type I error rate) and the power. if relevant. After making your entries. hit the calculate button Observed effect size (Cohen’s d): | 0.3 (7]
at the bottom.

Probability level: | 0.05 (7]
+ (O Calculate Sample Size (for specified Power) ;
+  ® Calculate Power (for specified Sample Size) Sam pl e size: | 60 ©

Enter a value for mul:

Enter a value for mu2:

Enter a value for sigma:

(1 Sided Test

®) 2 Sided Test

Enter a value for o (default is .05):
Enter a value for desired power (default is .80):
The sample size (for each sample separately) is:

Calculate

Reference: The calculations are the customary ones based on normal distributions. See for
example Hypothesis Testing: Two-Sample Inference - Estimation of Sample Size and Power for
Comparing Two Means in Bernard Rosner's Fundamentals of Biostatistics.

Rollin Brant

Email me at: rollinf@stat. ubc.ca

© Grace Perez
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Observed power (one-tailed hypothesis): 0.30960711
Observed power (two-tailed hypothesis): 0.20625583

Output from www.danielsoper.com/statcalc/ calculator
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Example 7 continued ERTERRY

Power calculation

* Are male nurses more emphatic than female nurses?

* How many people would you need to sample in each group to achieve power of 80%
(corresponds to Z, 5 =.84) to see a difference of 3.0 points between two groups?

Outcome: EQ score, SD = 10 points
Find sample size if a=0.05 at 80% power (z1.,/,=1.96 =2, 24 3,=0.84, 25 90=1.28)

*  Formula

20721, + 21_,3)' =2 (100)*(2 + 0.84)?/(3)2 = 180/group
(U - 1,)?

* Power =80% : n per group = 180 ; total n = 360

© Grace Perez
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Notes for Power CALGARY

* For practical reasons, it’s useful to try to calculate the power of
your study before conducting it

* If power is very low, there’s no point in conducting the study

 Basically, you want to make sure you have a reasonable shot at
finding an effect (if it exists) - which is why grant reviewers want

them!

* For grant applications, it’s a good idea to show the power for a
variety of sample sizes and effect sizes in a table so that the
grant reviewers can see that there is sufficient power to detect a
range of effect sizes with the proposed sample size

© Grace Perez
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