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Editor

Hussey and Hughes [1] seminal paper on the design and analysis of stepped wedge cluster
randomized trials (SWD) is an important contribution to the literature. In this paper, they
derived the variance formula for the intervention effect in a SWD assuming a time effect,
and also compared the relative efficiency for some alternative estimates assuming no time
effect. In the course of our own research on SWDs, we found an error in Eq. (9) of Section
3.5 in the paper, in which a factor of 7was missing in the denominator. Appendix A gives
the correct derivation of the variance of the generalized least squares estimator for a SWD in
a model that assumes no time effect, using the notation of Hussey and Hughes' paper. We
believe that SWDs are most useful for the study of relatively short-term outcomes in which
the intervention is also short-term, such as in a study we are currently working on that
investigates the effect of post-partum IUD insertion on the prevention of unintended
pregnancy 1.5 years later. In such instances, it may be reasonable to assume that there is no
time effect in the primary analysis; hence, the correction to the variance that we provide is
potentially important for planners of SWDs.

Eqg. (9) was given by Hussey and Hughes to illustrate the efficiency advantage of an analysis
that includes both between- and within-cluster comparisons (ef, relative to that that only
considers within-cluster comparisons (6)~. In Appendix B, we prove that the efficiency
advantage they discuss still holds despite the error we discovered, although the relative
advantage is less than previously reported and will lessen as 7, the number of randomization
steps in the SWD, increases, something not readily apparent in the original paper.

Appendix A

Var(é) assuming no time effect

If there are no time effects, the /7 x 2 design matrix Z corresponding to the parameter vector
n = (y, 0) for a stepped wedge design is given by Z = [Z4, Z5, -++,Z]', where
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X X - Xy } i=12, -+, I. Here Xj;is an indicator of the treatment mode
in cluster /at time s (1 = intervention; 0 = control).

Z=

Then the covariance matrix of the weighted least square (WLS) estimates n]s (zv1iz,
where V is an /7% /T block diagonal matrix, i.e. V = Diag(V1, Vo, --+, V), and each 7xT
block V,;within V has the structure
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Then we can obtain
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Hence, (Z'V'Z) =(}_ _ Z:V; 'Z;) ,whereeach z,V;"'Z,, i=12, -, I, has the
form
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with Vi as the (j4) entry of the matrix v;~! in Eq. (1).
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From Eq. (1), we have Zkzlzjzlvjk:mv ijl‘GFZk:lek:m, and
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Hence,
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Since Xjjis an indicator variable, Zizlzjleij:Zizlzjzlxij. Denote
1 T I T 2
U:Zizlzjleij’ ‘/:Zizl(Zj:IXij) , then
% %
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and it follows that, if there are no time effects, %?II(@)A, i.e. the (2,2) component of
(Z’V-12)71, is given by
2 2\ 2
Var (0) _ IT(O’ +T7%)0 .
(ITU — U2) o?+IT(TU — V)72
Thus, Eq. (9) of Section 3.5 in Hussey and Hughes [1] should be
M (é é) Var(é) i (w%‘ﬁ— T—lwi) [(ITU — U?) o*+IT(TU — V)77
elnc ; = — = s
Var(0) I’T(0?+T7%)
which has an extra factor 7 on the denominator comparing to the original Eg. (9) in Hussey
and Hughes [1].
Appendix B

The variance of the WLS estimator, Var(é), is less than or equal to the

variance of the within-cluster estimator, Var(6), even with the extra factor, T,
included in Var(6)

To prove that Vav(@ﬁs smaller than or equal to \/a/(9)~, even with the extra factor, 7, included
in Van(0), we first write

U:Zle(T—wi):IT—Zi[:lwi, sz;l(T _ wi)g:ITZ—QTijlwi+Zj:1w?_

Hence,
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and using the fact ) . w} > %
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where the last inequality holds from the Cauchy-Schwarz inequality as well, completing the

proof.
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