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1. A Motivating Example

Studies have suggested that oxidative stress
might be implicated in the risk of human in-
fertility. For this reason, the BioCycle study, a
longitudinal study to assess the effects of en-
dogenous hormones (i.e. estrogen and proges-
terone) on biomarkers of oxidative stress and
antioxidant status during the menstrual cycle,
was initiated at NICHD /NIH.



One part of the first phase of the study is to

enroll a number of 10 women to assess the vari-
ation in measure of F2 Isoprostanes, an impor-

tant oxidative stress biomarker, durlng various
phases of the menstrual cycle. It was planned
that at each specific time point within a men-
strual cycle, the F2 Isoprostanes values will be
measured simultaneously three times, which is
used to assess the consistency of the measure-
ments. Since each assay costs about $130, cost
r%dgction was considered when planning for the
study.



This is a typical study of reliability. Let p de-
note the intraclass correlation coefficient (to be

defined below) of F2 Isoprostanes measures at
a selected time point. Then the null hypothesis
to be tested in this study is Hy : p < po(= 0.5)

with level of significance to be a(= 0.05).



To address the cost concern, we proposed a
two-stage testing procedure to test Hy. At
the first stage, we will evaluate F2 Isoprostanes
measurements from five women and compare
the p-estimate with a critical value. If data indi-
cate small measurement error, then the testing
will be stopped. Otherwise, we will continue
to collect data from the other five women. By

doing this way, the cost could be potentially
reduced.



2. ANOVA Model For Measurement Errors

Let Xz'j be the jth (] = 1,...,p) F2-
measurement from the ith (¢ = 1,...n) women.
Then the one-way ANOVA model is

Xij = B+ u; + &5,

where u = the grand mean (fixed effect), u; ~
N(0,02), € ~ N(0,0%). o? reflects the vari-
ation among the measurements within a sub-
ject. Further we assume that w; are indepen-

dent of ¢;;. Thus Cov(X;;, X.) = 0 if ¢ #£ ¢/,
J jr<xilg

CO’U(XZ'J',XU/) — 0',3 it 9 75 j/, and VCL’I“(XZ']') =

O'%L—|—O'g.



The intraclass correlation coefficient is defined

aS
2

U’LL
ag—i—ag
Larger values of p indicates higher coherence
among measurements from the same subject

since then the within-subject error is relatively
smaller as compared to the between subject er-

ror; perfect consistency occurs when p = 1 (then
Oc¢ = O)

p:



Define S, =31, Zg?:l(xij - X;)?, the within
sum of squares, and S% = > 7 p(X; — X.)%,
the between sum of squares, where X; =
_§:1Xz-j/p, the within-subject average, and
X. =>", Z?Zl X;;/(np), the overall average.
Then an estimate of p is given by:

nip—1HF —(n—1)

P - DF + (n—Dp—1)

_ g2 /q2
where F'= 5%5/5%;.
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3. Sample Size and Power Calculation in
A Fixed-Size Reliability Study

Note that p > ¢ if and only if

F>cp=(n—1)(1+@p—1))/(np—1)(1-0c)).

With level of significance a we reject Hy: p < pg
if o> c with such 0 < c <1 that
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 (n=1)(A+(p—1)p)
B 7~ S =g Y%

U+ Dpo)E, 2 ooy (L — ) = (1 = po)
-0 )+ (U + (- De)E L (1—a)

The power of such test at p > pg is thus given
by

_1,n(p—1)- Hence

(1 - p)(l + (p — 1)p0)F—1 (1 . Oé)) .

Pp(p\ > C) =1 F—l,n(p—l) <(1 . po)(l s (p . 1)p) n—1,n(p—1)



Use this equation for two study questions:

1) Given n, what is the power at some p?
2)Given power 1 — 3 at some p, what is n?

12
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4. Two-Stage Design of A Reliability
Study

First, p repeated measurements are taken from
each of the ni(< np) subjects, and the p-
estimate p; is computed. If p; > c1, then the
test stops and Hj is rejected. Otherwise, mea-
surements from n — ny additional subjects are
taken, and the p-estimate py iIs computed based
on data from all n subjects. If py > c9, then Hj
IS rejected. Otherwise, Hy is not rejected and
NnoO Mmore measurements are taken.



14

The critical values ¢y and co are chosen to sat-
iISfy the error requirements. Suppose the type I
error to be spent at stage 1 is o1, and that the
overall type I error is o and power is 1 — (3 at p;.
Then

Ppo(p1 > c1) = a1, Ppy(p1 < e, p2 > c2) = a—aq,

Py (p1 > c1) + Pp(p1 <c1,p2>c2) =1—0.

These three equations together determine the
critical values and the sample size assuming the
allocation ratio, n;/n, of subjects to the first

group is specified.
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5. Numerical Computation of the Critical
Values

L+ @-1p)F, L, 041)—(1—/00)
(P =)L —po) +(L+(p—Dpo)F, L, (1 —a1)
To compute cq, let Uy, U, Uz and Uy be in-
dependent ~ x? with d.o.f n; — 1, ni(p — 1),
go = ng—nq, and go(p—1), respectively and define

(1—=p)(n—1)1A+c(p—1))
nip—1)(1—c)(1+(—1)p)

C1 =

b(n,c;p) =
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T hen

P(p1 <ci, p2 > ) = P<U1 < b1Us, Uy 4+ Uz > ba(Us + U4)>

b1 ni(p—1)
=/O ( /A de(p1)(u1)dX92(u3)dX92(p1)(u4)> dFn) 1.0, (p-1) ( y) >

’I’L1—1

where by = b(n1,c1;p), ba = b(na, co; p), and A = {(ug, us, uq) : (y—b2)uz+
us > bQU4}.

Simulation from multivariate normal vs x? vs
exact computation using multiple integrals!
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Back to the F2 example: In this example, ny =
5=mn/2. The interim analysis was planned when
half of the subjects supply their blood samples
and the values of F2 Isoprostanes are measured.
The interim error a1 = a/2 = 0.025. With pg =
0.5, n1 = n9/2 = 5, we found via N = 100,000
simulations that ¢y = 0.8493, and co = 0.7593.
The power of the test at p; = 0.80,0.85,0.90 is
0.65, 0.81 and 0.94, respectively. The average
sample size at these alternative values is 9, 8,
and 7, respectively, reflecting the cost-effective
nature of the design.
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6. Discussion

Advantage of Sequential Design: 1) Cost-
effective due to possible early stopping; 2) Eth-
ical when procedures such as taking bone mar-
row samples may be very painful to the study
subjects and thus sampling process should be
stopped if early evidence shows the measure-
ment error is within the level of tolerance.
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Extension to Multistage Testing: Ideas are
straightforward but numerical computations for

critical values become extremely extensive.
Other Approaches to Choosing Critical VValues:
Various error spending functions, optimal de-
signs that minimize expected sample size.
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More Future Research: Inference on p (point
estimate, confidence intervals, etc.) following
sequential testing. Extension to multi-level and

Mmultivariate measurement errors.
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