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1 Weights used with a linear regression of cluster-level summaries

In the Methods section of our paper we introduced a cluster-level summary linear regression that

used various weights. In addition to the weights defined in the main paper, we also looked at weights

that relax the assumption of the event rates being equal:(
PA(1 − PA)

1 + (nAi − 1)ρ̂c
nAi

+ PB(1 − PB)
1 + (nBi − 1)ρ̂c

nBi
− 2η̂

√
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)−1

,

(A1)

where nXi is the number of subjects in the period of cluster i in which patients receive treatment

X, with X running over treatments A and B, PX is the proportion of events in all cluster-periods

in which treatment X is given, and ρ̂c and η̂ are estimates of the ICCs (see Appendix Section 2).

The weights considered so far (aside from that based on the binomial variance inverse) use the

variance for a difference in proportions in Giraudeau et al. in Ref. [1]. Using instead the variance in

Donner, Klar and Zou in Ref. [2], which uses a cross-term of (PA(1 − PA) + PB(1 − PB))/2 instead

of σAσB =
√
PA(1 − PA)PB(1 − PB) as in Giraudeau et al. [1], we get two more weightings:

(
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+
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, (A2)

which assumes ρc = η, and:(
PA(1 − PA)

1 + (nAi − 1)ρ̂c
nAi

+ PB(1 − PB)
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(A3)

which relaxes this assumption.
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2 ICC estimators for use in weighted linear regressions

Some of the weights that we use with the cluster-level summary regression involve estimates of

ρc and the correlation between two observations in different periods within the same cluster, η.

We used the ANOVA estimator for ρc given in Reference [2]; for other examples of the ANOVA

estimator with one level of clustering see for example Refs. [3–5]. The ANOVA estimator from

Ref. [2] is defined as:

ρ̂c =
MSB − MSW

MSB + (n0 − 1)MSW
, (A4)

where:

MSB=
B∑

X=A

C∑
i=1

nXi(PXi − PX)2

2C − 2
, MSW=

B∑
X=A

C∑
i=1

nXiPXi(1 − PXi)

N − 2C
, (A5)

and n0 =

(
N −

B∑
X=A

C∑
i=1

n2Xi
nX

)/
(2C − 2), where N is the total number of individuals in the trial

and other parameters are defined as in Section 1.

For the correlation η we used the pairwise estimator that is given in Donner et al. in Ref. [2]:

η̂ =

C∑
i=1

(YAi − nAiP )(YBi − nBiP )√√√√( C∑
i=1

nAi(YAi − 2YAiP + nAiP 2)

)(
C∑
i=1

nBi(YBi − 2YBiP + nBiP 2)

) . (A6)

Note that this estimator is called ρ12 in Ref. [2].

3 Stata code for methods of analysis

Here we provide the Stata [6] code for the analysis methods we used in the factorial simulation study.

For the linear regression on cluster level summaries, the proportions of events in each cluster-period

first need to be calculated. Given a data set of the following format and with these variable names:

cluster period treatment proportion weights

1 1 1 p11 w11

1 2 2 p12 w12

2 1 2 p21 w21

2 2 1 p22 w22

...
...

...
...

...

the Stata command is:

regress proportion i.treatment i.cluster i.period

Weights, which for example could be based on the size of the cluster, can be added by using the

following:

regress proportion i.treatment i.cluster i.period [aw=weights]

2



For the hierarchical model with random effects for cluster and cluster-period, a data set with

individual level data is needed. Given the following format and variable names:

cluster period cluster period treatment patient outcome

1 1 1 1 1 Y111

1 1 1 1 2 Y112
...

...
...

...
...

...

1 2 2 2 1 Y121

1 2 2 2 2 Y122
...

...
...

...
...

...

2 1 3 2 1 Y211

2 1 3 2 2 Y212
...

...
...

...
...

...

2 2 4 1 1 Y221

2 2 4 1 2 Y222
...

...
...

...
...

...

the Stata comand is:

meqrlogit outcome i.period i.treatment || cluster: || cluster period:

The command melogit, which uses a different estimation method, could also be used. Note that

in this data set, the variable cluster period contains a different number for each cluster-period.

4 Discussion of parameter choices

Here, we present a fuller discussion of the parameters we chose to use in our simulation studies.

ICCs: With a binary outcome, care has to be taken over whether ICCs are defined on the

logistic or linear scale. This is because for a certain level of correlation the ICCs on these two scales

will not be equal, and the difference between them will depend on the event rate of the outcome —

see for example Ref. [7]. One way to move between the two scales is to use simulation. A random

normal distribution was used to generate 100,000 log odds based on one particular logistic ICC,

from which probabilities were then extracted and the corresponding linear ICC calculated. Using

this method, a logistic ICC of 0.062 corresponds to a linear ICC of 0.03 for an event rate of 15%.

Similarly, an ICC of 0.023 on the logistic scale corresponds to 0.01 on the linear scale for the same

event rate. Values of 0.03 and 0.01 on the linear scale were chosen based on work by Eldridge et

al. on patterns of ICCs in primary care research [8], in which a median ICC of 0.01 and an upper

inter-quartile range (IQR) of 0.032 were found. The same ICCs were used for an event rate of 45%

for consistency.

Number of clusters: In a sample of previously conducted CRXO trials (including at least one

pilot study) the median number of clusters was found to be 6 (IQR: 5 to 29) [9–18]. Eldridge et al.

found the median number of clusters to be 34 in the published cluster randomised trials in primary

care in their review [19]. In the factorial set of simulations we therefore chose to look at 6 and 30

clusters.
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Coefficients of variation: 0.65 is the coefficient of variation found in general practice list size

by Eldridge, Ashby and Kerry [20]. 0.65/100 was chosen so that variation between periods within

a cluster would be much smaller than variation between clusters — this is because we anticipate

that variation within a cluster is likely to be due solely to random fluctuations in many settings.

5 Results for 45% event rate

Figures 1 and 2 show the Type 1 error and power for scenarios with an event rate of 45%. The

unweighted linear regression gives appropriate Type I errors close to 5% across all scenarios. How-

ever, the power is again seen to decrease substantially for ICC combinations with non-zero ρp in

Figure 2. In the most extreme case, power falls to 23% for 6 clusters and an average of 400 patients

per cluster-period. Even for 30 clusters and an average of 75 patients per cluster-period the power

falls to around 70% for a ρc of 0.062 and a ρp of 0.023. Although the size-weighted regression and

hierarchical model do not suffer from this loss of power to the same extent, the inflation of the Type

I error rates for these methods are generally a bit greater than for an event rate of 15%.

As discussed in the main paper, the failure rates for the Random-random model are higher for

a event rate of 45%.
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Figure 1: Type I errors across different ICC combinations: combination one is (ρc=0.023, ρp=0),
combination two is (0.062, 0), combination three is (0.023, 0.01) and combination four is (0.062,
0.023). Graphs are labelled by number of clusters and average number of patients per cluster-period.
Other simulation parameters are set to an event rate 45%, no treatment effect, and a fixed period
effect OR of 0.92.
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Figure 2: Power across different ICC combinations. Simulation parameters and ICC combinations
are as in Figure 1 except that treatment OR is 0.75.

6 Tables of simulation results

Tabulated results for the initial simulations are given in the following tables: scenarios that increase

the number of clusters while keeping other parameters constant are shown in Tables 1-3; scenarios

that increase ρp, keeping other parameters constant, are shown in Tables 4-7. All initial simulations

are for an event rate of 15%. Results from the full factorial simulation study are given in Tables

8-15. Results from the further simulations using the Random-random model are given in Table 16.

Mean treatment estimates for the hierarchical models and GEEs are quoted as odds ratios (ORs),

i.e. the exponential of the mean of the individual treatment coefficients. The ratio of model based

to empirical standard errors (SEs) is given on the logistic scale, i.e. the ratio of the square root

of the mean of the treatment coefficient variances to the standard deviation (SD) of the treatment

coefficients, where the treatment coefficients have not been exponentiated.

We provide the Type I error and power calculated using a t-distribution with C − 2 degrees of

freedom for the linear models. For the hierarchical models and GEEs we provide both the Type I

error and power calculated based on a normal distribution (in the column “Type I error/Power with

N”), which is the default used in Stata for these models, and a t-distribution with C − 2 degrees of

freedom (in the column “Type I error/Power with t”), to enable direct comparison with the results

from the cluster-level summary regressions.

Due to the non-linearity of the logistic link, the treatment difference on the linear scale cannot

be calculated directly from the scenario parameters used to generate data on the logistic scale.

Averaging across the random effects for cluster and cluster-period from the data generating model

on the logistic scale gives zero in expectation, since the random effects are generated from a normal

distribution centred on zero. However, when averaging on the linear scale this will not be zero. We
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therefore found the expected treatment differences for each scenario through simulation, defining the

treatment effect as the difference in proportions when all patients received treatment compared with

no patients receiving treatment. We generated data sets with 1 million clusters, and the relevant ICC

combinations. The expected treatment differences were found to be:

• −0.066 for 15% event rate and ICC combinations (ρc = 0.023, ρp = 0) and (0.023, 0.01),

• −0.067 for 15% event rate and ICC combinations (0.062, 0) and (0.062, 0.023),

• −0.068 for 45% event rate and ICC combinations (0.023, 0) and (0.023, 0.01),

• −0.066 for 45% event rate and ICC combinations (0.062, 0) and (0.062, 0.023).

Number Average Analysis method Mean Ratio of Type I Type I Failure
of number of treatment model based error error rate
clusters patients per estimate to empirical with N with t (out of

cluster-period SEs 5000)

6 200 Linear summary models

Unweighted reg -0.0006 1.00 - 4.2 0
Weighted by size -0.0010 0.92 - 5.7 0
Weighted by size and ICC -0.0007 1.01 - 4.0 8
Weighted by binomial var. -0.0009 0.94 - 5.0 0
Weighted by Eq. (A1) -0.0007 1.01 - 4.0 8
Weighted by Eq. (A2) -0.0010 0.92 - 5.7 0
Weighted by Eq. (A3) -0.0007 1.01 - 4.0 8

Hierarchical models

Random-random 0.992 0.81 16.0 5.6 4
Fixed-random 0.991 0.64 22.9 9.4 24
Random 0.990 0.57 26.8 12.2 1
Fixed 0.990 0.57 26.9 12.2 0

Generalised estimating equations

Exchangeable
robust 0.991 0.77 21.9 10.9 13
conv. 0.991 0.57 27.2 12.1 13

Independent
robust 0.992 0.77 21.6 10.8 0
conv. 0.992 0.57 27.6 12.9 0

Exch in period
robust 0.993 1.25 4.5 1.1 7
conv. 0.993 1.20 5.4 1.3 7

12 60 Linear summary models

Unweighted reg -0.0006 1.00 - 4.4 0
Weighted by size -0.0005 0.94 - 5.8 0
Weighted by size and ICC -0.0005 1.02 - 4.6 51
Weighted by binomial var. -0.0005 0.96 - 5.4 0
Weighted by Eq. (A1) -0.0005 1.02 - 4.6 50
Weighted by Eq. (A2) -0.0005 0.94 - 5.8 0
Weighted by Eq. (A3) -0.0005 1.02 - 4.6 51

Hierarchical models

Random-random 0.996 0.92 9.0 5.2 11
Fixed-random 0.996 0.78 13.5 8.3 313
Random 0.997 0.76 14.2 9.0 1
Fixed 0.996 0.75 14.4 9.3 0

Generalised estimating equations

Exchangeable
robust 0.997 0.90 12.1 8.2 8
conv. 0.997 0.75 14.0 9.0 8

Independent
robust 0.997 0.90 12.2 8.1 0
conv. 0.997 0.76 13.8 9.0 0

Exch in period
robust 0.996 1.18 3.6 2.1 1
conv. 0.996 1.17 4.0 2.3 1

conv.=conventional; var.=variance

Table 1: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, ρc = 0.062 and ρp = 0.023. The top half of the table is for 6 clusters, 200
patients per period per cluster, and the bottom half is for 12 clusters, 60 patients per cluster-period.
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Number Average Analysis method Mean Ratio of Type I Type I Failure
of number of treatment model based error error rate
clusters patients per estimate to empirical with N with t (out of

cluster-period SEs 5000)

20 34 Linear summary models

Unweighted reg 0.0004 1.00 - 4.7 0
Weighted by size 0.0002 0.95 - 5.9 0
Weighted by size and ICC 0.0001 1.01 - 5.2 84
Weighted by binomial var. 0.0002 0.97 - 5.5 0
Weighted by Eq. (A1) 0.0002 1.01 - 5.2 80
Weighted by Eq. (A2) 0.0002 0.95 - 5.9 0
Weighted by Eq. (A3) 0.0001 1.01 - 5.2 84

Hierarchical models

Random-random 1.002 0.96 6.7 5.1 9
Random 1.002 0.82 10.4 8.3 4
Fixed 1.002 0.82 10.7 8.4 0

Generalised estimating equations

Exchangeable
robust 1.001 0.93 8.8 7.2 2
conv. 1.001 0.82 10.5 8.3 2

Independent
robust 1.001 0.93 8.9 7.2 0
conv. 1.001 0.83 10.4 8.3 0

Exch in period
robust 1.001 1.14 3.4 2.3 0
conv. 1.001 1.13 3.6 2.5 0

30 22 Linear summary models

Unweighted reg -0.0002 1.00 - 4.5 0
Weighted by size 0.0001 0.97 - 6.2 0
Weighted by size and ICC 0.0001 1.00 - 5.4 60
Weighted by binomial var. 0.0001 0.99 - 5.6 0
Weighted by Eq. (A1) 0.0000 1.00 - 5.5 58
Weighted by Eq. (A2) 0.0001 0.97 - 6.3 0
Weighted by Eq. (A3) 0.0001 1.00 - 5.4 60

Hierarchical models

Random-random 1.001 0.98 6.2 5.2 14
Random 1.001 0.88 8.7 7.6 13
Fixed 1.001 0.87 8.9 7.8 0

Generalised estimating equations

Exchangeable
robust 1.001 0.97 7.9 6.6 2
conv. 1.001 0.88 8.8 7.5 2

Independent
robust 1.001 0.97 7.9 6.6 0
conv. 1.001 0.89 8.7 7.3 0

Exch in period
robust 1.001 1.12 3.4 2.7 0
conv. 1.001 1.12 3.6 3.0 0

conv.=conventional; var.=variance

Table 2: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, ρc = 0.062 and ρp = 0.023. The top half of the table is for 20 clusters, 34
patients per period per cluster, and the bottom half is for 30 clusters, 22 patients per cluster-period.
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Number Average Analysis method Mean Ratio of Type I Type I Failure
of number of treatment model based error error rate
clusters patients per estimate to empirical with N with t (out of

cluster-period SEs 5000)

50 14 Linear summary models

Unweighted reg -0.0003 1.00 - 4.9 0
Weighted by size -0.0002 0.96 - 5.9 0
Weighted by size and ICC -0.0003 0.99 - 5.6 55
Weighted by binomial var. -0.0003 1.00 - 4.7 0
Weighted by Eq. (A1) -0.0003 0.99 - 5.6 54
Weighted by Eq. (A2) -0.0002 0.96 - 5.9 0
Weighted by Eq. (A3) -0.0003 0.99 - 5.6 55

Hierarchical models

Random-random 0.999 0.98 5.9 5.4 14
Random 0.998 0.91 7.6 7.1 5
Fixed 0.999 0.89 8.3 7.4 0

Generalised estimating equations

Exchangeable
robust 0.998 0.97 6.6 6.1 0
conv. 0.998 0.90 7.7 7.0 0

Independent
robust 0.998 0.97 6.7 6.1 0
conv. 0.998 0.91 7.4 6.7 0

Exch in period
robust 0.999 1.08 3.8 3.2 0
conv. 0.999 1.08 3.9 3.3 0

80 8 Linear summary models

Unweighted reg 0.0002 1.00 - 4.9 0
Weighted by size 0.0003 0.97 - 5.6 0
Weighted by size and ICC 0.0003 0.98 - 5.4 31
Weighted by binomial var. 0.0003 1.04 - 4.0 0
Weighted by Eq. (A1) 0.0003 0.98 - 5.4 31
Weighted by Eq. (A2) 0.0003 0.97 - 5.6 0
Weighted by Eq. (A3) 0.0003 0.98 - 5.4 31

Hierarchical models

Random-random 1.002 0.99 5.4 5.0 4
Random 1.002 0.94 6.4 6.0 0
Fixed 1.002 0.90 7.5 7.1 0

Generalised estimating equations

Exchangeable
robust 1.002 0.97 6.1 5.7 0
conv. 1.002 0.94 6.5 6.0 0

Independent
robust 1.002 0.97 6.0 5.6 0
conv. 1.002 0.94 6.2 5.6 0

Exch in period
robust 1.002 1.04 4.2 3.9 0
conv. 1.002 1.04 4.1 3.8 0

conv.=conventional; var.=variance

Table 3: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, ρc = 0.062 and ρp = 0.023. The top half of the table is for 50 clusters, 14
patients per period per cluster, and the bottom half is for 80 clusters, 8 patients per cluster-period.
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ρp Analysis method Mean Ratio of Type I Type I Failure
treatment model based to error error rate (out
estimate empirical SEs with N with t of 5000)

0.001 Linear summary models

Unweighted reg -0.0001 0.99 - 4.3 0
Weighted by size -0.0000 0.98 - 4.7 0
Weighted by size and ICC -0.0000 1.04 - 4.1 33
Weighted by binomial variance -0.0001 0.98 - 5.2 0
Weighted by Eq. (A1) -0.0000 1.04 - 4.1 33
Weighted by Eq. (A2) -0.0000 0.98 - 4.7 0
Weighted by Eq. (A3) -0.0000 1.04 - 4.1 33

Hierarchical models

Random-random 0.999 0.99 5.7 0.8 6
Random-fixed 0.999 0.94 6.5 1.0 8
Fixed-fixed 0.999 0.94 6.6 0.9 0

Generalised estimating equations

Exchangeable
robust 1.000 0.81 19.0 9.8 10
conventional 1.000 0.94 6.2 1.0 10

Independent
robust 1.000 0.82 19.1 9.2 0
conventional 1.000 0.93 6.5 1.2 0

Exch in period
robust 1.000 1.96 0.8 0.3 14
conventional 1.000 1.89 1.2 0.2 14

0.005 Linear summary models

Unweighted reg -0.0001 1.00 - 4.7 0
Weighted by size 0.0000 0.97 - 5.8 0
Weighted by size and ICC -0.0000 1.04 - 4.8 24
Weighted by binomial variance 0.0001 0.98 - 5.7 0
Weighted by Eq. (A1) -0.0000 1.04 - 4.8 24
Weighted by Eq. (A2) 0.0000 0.97 - 5.8 0
Weighted by Eq. (A3) -0.0000 1.04 - 4.8 24

Hierarchical models

Random-random 1.001 0.93 8.6 2.0 5
Random-fixed 1.001 0.84 10.5 2.6 3
Fixed-fixed 1.002 0.84 10.4 2.6 0

Generalised estimating equations

Exchangeable
robust 1.001 0.81 20.2 10.8 14
conventional 1.001 0.84 10.8 2.4 14

Independent
robust 1.001 0.81 20.0 10.3 0
conventional 1.001 0.83 11.1 2.6 0

Exch in period
robust 1.000 1.77 1.5 0.5 16
conventional 1.000 1.72 2.1 0.5 16

Table 4: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, 6 clusters, 200 patients per period per cluster, and ρc = 0.062. The top
half of the table is for ρp = 0.001, and the bottom half is for ρp = 0.005.
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ρp Analysis method Mean Ratio of Type I Type I Failure
treatment model based to error error rate (out
estimate empirical SEs with N with t of 5000)

0.01 Linear summary models

Unweighted reg -0.0000 1.02 - 4.5 0
Weighted by size -0.0001 0.94 - 5.6 0
Weighted by size and ICC 0.0000 1.03 - 4.5 20
Weighted by binomial variance -0.0001 0.96 - 5.5 0
Weighted by Eq. (A1) 0.0000 1.03 - 4.5 20
Weighted by Eq. (A2) -0.0001 0.94 - 5.6 0
Weighted by Eq. (A3) 0.0000 1.03 - 4.5 20

Hierarchical models

Random-random 1.000 0.87 11.7 3.0 7
Random-fixed 0.999 0.73 16.0 4.7 2
Fixed-fixed 0.999 0.73 16.3 4.7 0

Generalised estimating equations

Exchangeable
robust 0.999 0.79 21.4 10.3 16
conventional 0.999 0.73 16.0 4.7 16

Independent
robust 0.999 0.80 21.2 10.2 0
conventional 0.999 0.72 17.0 5.1 0

Exch in period
robust 1.000 1.58 2.3 0.6 9
conventional 1.000 1.53 2.9 0.8 9

0.05 Linear summary models

Unweighted reg -0.0000 0.98 - 5.0 0
Weighted by size 0.0004 0.88 - 6.9 0
Weighted by size and ICC 0.0001 0.99 - 5.1 4
Weighted by binomial variance 0.0003 0.90 - 6.5 0
Weighted by Eq. (A1) 0.0001 0.99 - 5.1 4
Weighted by Eq. (A2) 0.0004 0.88 - 6.9 0
Weighted by Eq. (A3) 0.0001 0.99 - 5.1 4

Hierarchical models

Random-random 1.001 0.75 20.0 9.0 9
Random-fixed 1.003 0.42 41.8 25.8 1
Fixed-fixed 1.003 0.42 42.1 25.9 0

Generalised estimating equations

Exchangeable
robust 1.004 0.74 23.3 12.0 31
conventional 1.004 0.42 41.9 25.7 31

Independent
robust 1.004 0.74 23.1 12.1 0
conventional 1.004 0.41 42.1 26.3 0

Exch in period
robust 1.003 0.93 10.3 3.3 7
conventional 1.003 0.89 12.0 4.1 7

Table 5: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, 6 clusters, 200 patients per period per cluster, and ρc = 0.062. The top
half is for ρp = 0.01, and the bottom half is for ρp = 0.05.
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ρp Analysis method Mean Ratio of Type I Type I Failure
treatment model based to error error rate (out
estimate empirical SEs with N with t of 5000)

0.001 Linear summary models

Unweighted reg 0.0003 0.99 - 4.5 0
Weighted by size 0.0004 0.98 - 5.2 0
Weighted by size and ICC 0.0003 0.98 - 5.3 208
Weighted by binomial variance 0.0003 0.99 - 4.7 0
Weighted by Eq. (A1) 0.0003 0.98 - 5.3 207
Weighted by Eq. (A2) 0.0004 0.98 - 5.2 0
Weighted by Eq. (A3) 0.0003 0.98 - 5.4 208

Hierarchical models

Random-random 1.003 1.01 4.5 3.8 5
Random-fixed 1.003 0.97 5.3 4.5 6
Fixed-fixed 1.004 0.96 5.7 4.8 0

Generalised estimating equations

Exchangeable
robust 1.003 0.95 7.7 6.5 1
conventional 1.003 0.97 5.3 4.4 1

Independent
robust 1.003 0.95 7.5 6.3 0
conventional 1.003 0.98 5.1 4.2 0

Exch in period
robust 1.003 1.22 1.9 1.5 0
conventional 1.003 1.21 1.9 1.4 0

0.005 Linear summary models

Unweighted reg 0.0005 1.00 - 4.4 0
Weighted by size 0.0003 0.99 - 5.1 0
Weighted by size and ICC 0.0002 0.98 - 5.7 205
Weighted by binomial variance 0.0004 1.01 - 4.9 0
Weighted by Eq. (A1) 0.0002 0.98 - 5.7 205
Weighted by Eq. (A2) 0.0003 0.99 - 5.1 0
Weighted by Eq. (A3) 0.0002 0.98 - 5.7 205

Hierarchical models

Random-random 1.003 1.02 4.7 4.0 5
Random-fixed 1.003 0.97 5.3 4.8 7
Fixed-fixed 1.003 0.95 5.8 5.0 0

Generalised estimating equations

Exchangeable
robust 1.003 0.96 7.3 6.2 0
conventional 1.003 0.97 5.4 4.6 0

Independent
robust 1.003 0.96 7.3 6.1 0
conventional 1.003 0.98 5.3 4.5 0

Exch in period
robust 1.002 1.21 2.1 1.6 0
conventional 1.002 1.21 2.1 1.6 0

Table 6: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, 30 clusters, 22 patients per period per cluster, and ρc = 0.062. The top
half is for ρp = 0.001, and the bottom half is for ρp = 0.005.
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ρp Analysis method Mean Ratio of Type I Type I Failure
treatment model based to error error rate (out
estimate empirical SEs with N with t of 5000)

0.01 Linear summary models

Unweighted reg -0.0003 1.01 - 4.3 0
Weighted by size -0.0000 1.00 - 5.3 0
Weighted by size and ICC 0.0001 1.01 - 5.2 143
Weighted by binomial variance -0.0001 1.02 - 5.1 0
Weighted by Eq. (A1) 0.0001 1.01 - 5.1 142
Weighted by Eq. (A2) -0.0000 1.00 - 5.3 0
Weighted by Eq. (A3) 0.0001 1.01 - 5.1 143

Hierarchical models

Random-random 0.999 1.01 4.9 3.9 12
Random-fixed 1.000 0.95 6.2 5.0 8
Fixed-fixed 0.999 0.93 6.7 5.3 0

Generalised estimating equations

Exchangeable
robust 1.000 0.97 7.0 5.9 0
conventional 1.000 0.95 6.1 5.0 0

Independent
robust 1.000 0.97 7.0 5.9 0
conventional 1.000 0.96 5.9 4.8 0

Exch in period
robust 0.999 1.20 2.3 1.7 0
conventional 0.999 1.19 2.2 1.7 0

0.05 Linear summary models

Unweighted reg -0.0004 0.98 - 5.0 0
Weighted by size -0.0008 0.93 - 7.2 0
Weighted by size and ICC -0.0007 0.99 - 5.8 14
Weighted by binomial variance -0.0007 0.96 - 5.9 0
Weighted by Eq. (A1) -0.0007 0.99 - 5.8 14
Weighted by Eq. (A2) -0.0008 0.93 - 7.2 0
Weighted by Eq. (A3) -0.0007 0.99 - 5.8 14

Hierarchical models

Random-random 0.994 0.93 8.0 6.9 13
Random-fixed 0.994 0.77 12.9 11.4 10
Fixed-fixed 0.993 0.76 13.3 11.8 0

Generalised estimating equations

Exchangeable
robust 0.993 0.94 8.2 7.3 4
conventional 0.993 0.77 13.0 11.4 4

Independent
robust 0.994 0.94 8.3 7.2 0
conventional 0.994 0.78 12.8 11.4 0

Exch in period
robust 0.994 0.99 5.9 4.9 0
conventional 0.994 0.99 6.1 4.9 0

Table 7: Mean treatment estimates, ratio of SEs, Type I error and number of failures for a scenario
with no treatment effect, 30 clusters, 22 patients per period per cluster, and ρc = 0.062. The top
half of the table is for ρp = 0.01, and the bottom half is for ρp = 0.05.
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ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 0.0003 1.01 - 4.3 0 -0.0655 1.00 - 82.3 0
0.062 0 0.0002 0.98 - 4.4 0 -0.0677 0.99 - 79.4 0
0.023 0.01 -0.0003 1.01 - 4.3 0 -0.0663 1.01 - 71.7 0
0.062 0.023 -0.0006 1.00 - 4.2 0 -0.0674 1.00 - 54.5 0

Size-weighted regression

0.023 0 0.0003 1.01 - 5.1 0 -0.0653 0.99 - 90.7 0
0.062 0 0.0002 0.97 - 5.0 0 -0.0676 0.95 - 87.3 0
0.023 0.01 -0.0002 0.95 - 5.7 0 -0.0661 0.95 - 80.0 0
0.062 0.023 -0.0010 0.92 - 5.7 0 -0.0674 0.91 - 61.8 0

Random-random model

0.023 0 1.002 1.04 4.2 0.4 10 0.501 1.04 98.9 94.1 6
0.062 0 1.002 1.01 5.2 0.4 4 0.497 1.02 98.7 94.2 4
0.023 0.01 0.998 0.86 11.2 3.0 10 0.497 0.88 96.9 88.3 14
0.062 0.023 0.992 0.81 16.0 5.6 4 0.500 0.83 90.3 74.9 3

Table 8: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 15% event rate, 6 clusters, 200 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.5.

ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 0.0000 0.99 - 4.3 0 -0.0655 1.00 - 92.6 0
0.062 0 0.0000 1.01 - 4.0 0 -0.0672 1.01 - 89.2 0
0.023 0.01 -0.0000 1.01 - 4.2 0 -0.0656 1.00 - 82.5 0
0.062 0.023 0.0001 1.02 - 4.3 0 -0.0673 1.02 - 63.1 0

Size-weighted regression

0.023 0 -0.0001 0.98 - 5.2 0 -0.0655 0.97 - 97.8 0
0.062 0 0.0000 1.00 - 4.7 0 -0.0673 0.94 - 94.3 0
0.023 0.01 -0.0001 0.94 - 5.6 0 -0.0657 0.93 - 88.7 0
0.062 0.023 0.0001 0.92 - 6.1 0 -0.0673 0.92 - 69.3 0

Random-random model

0.023 0 1.000 1.03 4.6 0.4 9 0.500 1.04 100.0 99.3 1
0.062 0 1.000 1.04 4.6 0.5 9 0.501 1.05 99.8 99.0 3
0.023 0.01 0.999 0.83 13.9 4.9 11 0.500 0.84 99.1 95.1 15
0.062 0.023 1.002 0.81 16.7 7.1 8 0.499 0.82 95.3 84.5 6

Table 9: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 15% event rate, 6 clusters, 330 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.5.
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ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 0.0002 1.00 - 4.3 0 -0.0660 1.01 - 79.3 0
0.062 0 -0.0001 0.99 - 4.5 0 -0.0677 1.00 - 80.4 0
0.023 0.01 -0.0001 1.00 - 4.6 0 -0.0658 0.99 - 78.3 0
0.062 0.023 -0.0002 1.00 - 4.5 0 -0.0676 1.02 - 76.3 0

Size-weighted regression

0.023 0 0.0003 1.00 - 5.2 0 -0.0661 0.99 - 95.1 0
0.062 0 -0.0000 1.00 - 4.7 0 -0.0675 0.97 - 94.6 0
0.023 0.01 -0.0000 0.98 - 5.3 0 -0.0657 0.98 - 93.3 0
0.062 0.023 0.0001 0.97 - 6.2 0 -0.0676 0.96 - 91.1 0

Random-random model

0.023 0 1.003 1.03 4.1 3.2 10 0.495 1.02 95.9 94.8 11
0.062 0 1.000 1.03 4.2 3.3 8 0.497 1.02 95.2 94.2 6
0.023 0.01 1.000 0.99 5.5 4.3 11 0.497 0.98 94.6 93.8 14
0.062 0.023 1.001 0.98 6.2 5.2 14 0.497 0.97 92.9 91.4 7

Table 10: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 15% event rate, 30 clusters, 22 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.5.

ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 0.0000 1.00 - 4.7 0 -0.0655 1.02 - 89.9 0
0.062 0 0.0002 0.98 - 5.3 0 -0.0681 1.00 - 90.8 0
0.023 0.01 -0.0003 1.01 - 4.3 0 -0.0660 0.99 - 88.6 0
0.062 0.023 -0.0001 1.00 - 5.2 0 -0.0675 1.01 - 87.1 0

Size-weighted regression

0.023 0 0.0001 1.00 - 5.2 0 -0.0658 1.00 - 99.0 0
0.062 0 0.0001 0.98 - 5.9 0 -0.0678 0.99 - 99.0 0
0.023 0.01 -0.0003 0.97 - 5.6 0 -0.0659 0.96 - 98.2 0
0.062 0.023 -0.0000 0.95 - 6.5 0 -0.0673 0.97 - 96.6 0

Random-random model

0.023 0 1.001 1.03 4.6 3.6 11 0.498 1.03 99.2 98.8 12
0.062 0 1.001 1.01 5.1 4.5 9 0.496 1.05 99.2 98.9 7
0.023 0.01 0.998 0.98 5.9 4.8 11 0.497 0.98 98.6 98.4 10
0.062 0.023 1.000 0.96 7.0 6.0 2 0.499 0.99 97.3 96.7 8

Table 11: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 15% event rate, 30 clusters, 31 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.5.
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ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 0.0000 1.03 - 4.1 0 -0.0679 1.00 - 80.9 0
0.062 0 0.0004 1.00 - 5.2 0 -0.0668 0.99 - 80.5 0
0.023 0.01 0.0002 1.00 - 4.0 0 -0.0681 1.02 - 40.8 0
0.062 0.023 0.0008 1.02 - 4.3 0 -0.0668 1.00 - 22.8 0

Size-weighted regression

0.023 0 0.0002 1.00 - 4.7 0 -0.0681 1.00 - 90.3 0
0.062 0 0.0003 0.98 - 6.0 0 -0.0665 1.00 - 89.2 0
0.023 0.01 -0.0000 0.90 - 6.1 0 -0.0685 0.91 - 46.0 0
0.062 0.023 0.0007 0.90 - 6.3 0 -0.0670 0.88 - 27.7 0

Random-random model

0.023 0 1.001 1.04 4.8 0.5 72 0.750 1.04 98.2 91.7 50
0.062 0 1.001 1.02 5.1 0.5 116 0.749 1.04 97.9 91.9 89
0.023 0.01 1.000 0.80 17.3 6.5 126 0.749 0.80 75.8 56.1 79
0.062 0.023 1.003 0.81 18.2 8.0 211 0.748 0.80 54.7 52.2 148

Table 12: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 45% event rate, 6 clusters, 400 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.75.

ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 0.0001 0.99 - 4.3 0 -0.0679 1.01 - 90.2 0
0.062 0 -0.0001 1.00 - 4.1 0 -0.0661 1.00 - 89.8 0
0.023 0.01 0.0002 1.00 - 4.7 0 -0.0678 1.01 - 41.3 0
0.062 0.023 -0.0007 1.00 - 5.2 0 -0.0666 1.00 - 24.4 0

Size-weighted regression

0.023 0 0.0002 0.99 - 5.0 0 -0.0681 1.01 - 96.9 0
0.062 0 -0.0002 1.00 - 4.9 0 -0.0659 1.00 - 96.3 0
0.023 0.01 0.0000 0.90 - 6.7 0 -0.0674 0.91 - 46.1 0
0.062 0.023 -0.0003 0.90 - 7.2 0 -0.0665 0.89 - 29.2 0

Random-random model

0.023 0 1.001 1.03 4.7 0.4 160 0.750 1.05 99.8 97.9 122
0.062 0 1.000 1.02 5.0 0.4 237 0.749 1.04 99.5 97.9 168
0.023 0.01 1.001 0.78 19.0 9.0 359 0.749 0.78 79.1 59.4 290
0.062 0.023 0.997 0.80 19.7 8.8 467 0.751 0.79 56.2 36.2 434

Table 13: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 45% event rate, 6 clusters, 600 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.75.
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ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 -0.0002 1.00 - 4.4 0 -0.0681 1.01 - 81.9 0
0.062 0 0.0001 1.00 - 4.5 0 -0.0658 1.00 - 81.6 0
0.023 0.01 0.0001 1.00 - 5.1 0 -0.0678 1.00 - 75.0 0
0.062 0.023 0.0007 0.98 - 5.0 0 -0.0655 1.01 - 62.6 0

Size-weighted regression

0.023 0 -0.0001 1.00 - 4.4 0 -0.0684 0.99 - 96.5 0
0.062 0 -0.0000 1.01 - 4.5 0 -0.0658 1.00 - 95.9 0
0.023 0.01 -0.0002 0.95 - 6.4 0 -0.0679 0.94 - 87.7 0
0.062 0.023 0.0005 0.90 - 7.6 0 -0.0654 0.92 - 73.5 0

Random-random model

0.023 0 0.999 1.04 4.1 3.1 20 0.749 1.03 96.9 96.0 35
0.062 0 1.000 1.05 4.0 3.2 17 0.751 1.04 96.5 95.4 12
0.023 0.01 0.999 0.97 7.2 6.1 9 0.751 0.96 89.3 87.7 22
0.062 0.023 1.002 0.95 7.6 6.3 5 0.752 0.97 76.0 73.8 4

Table 14: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 45% event rate, 30 clusters, 55 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.75.

ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

Unweighted regression

0.023 0 -0.0004 0.99 - 4.8 0 -0.0679 0.98 - 90.3 0
0.062 0 0.0002 1.00 - 4.4 0 -0.0658 1.01 - 90.3 0
0.023 0.01 -0.0007 1.02 - 4.3 0 -0.0678 0.99 - 83.4 0
0.062 0.023 0.0008 1.01 - 4.4 0 -0.0658 1.02 - 70.7 0

Size-weighted regression

0.023 0 0.0000 0.98 - 5.7 0 -0.0679 0.99 - 99.2 0
0.062 0 0.0001 1.02 - 4.9 0 -0.0660 1.01 - 99.1 0
0.023 0.01 -0.0005 0.97 - 5.4 0 -0.0677 0.93 - 92.4 0
0.062 0.023 0.0009 0.91 - 7.2 0 -0.0656 0.90 - 79.1 0

Random-random model

0.023 0 1.000 1.02 4.6 4.0 28 0.750 1.03 99.3 99.0 22
0.062 0 1.000 1.06 4.3 3.5 24 0.750 1.05 99.4 99.2 29
0.023 0.01 0.998 0.99 5.8 5.0 20 0.751 0.96 93.8 92.8 11
0.062 0.023 1.003 0.97 6.6 5.7 3 0.751 0.97 82.3 80.0 3

Table 15: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for a 45% event rate, 30 clusters, 75 patients per period per cluster. Results on the left are for a
scenario with no treatment effect, and those on the right are for a scenario with treatment OR 0.75.
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ρc ρp Mean Ratio Type I Type I Failure Mean Ratio Power Power Failure
treatment of error error rate (out treatment of with N with t rate (out
estimate SEs with N with t of 5000) estimate SEs of 5000)

6 clusters

0.023 0 1.002 1.03 4.9 0.4 8 0.498 1.02 98.9 94.3 3
0.062 0 1.001 1.04 4.3 0.3 2 0.499 1.02 98.7 93.8 5
0.023 0.01 1.004 0.84 13.1 3.4 11 0.497 0.87 96.6 88.1 7
0.062 0.023 1.001 0.81 16.3 5.9 10 0.500 0.82 90.6 75.5 9

12 clusters

0.023 0 0.999 1.03 4.2 2.2 9 0.496 1.02 95.3 92.7 7
0.062 0 0.999 1.04 4.7 2.3 5 0.499 1.04 95.4 92.5 8
0.023 0.01 0.997 0.94 7.4 4.2 10 0.500 0.97 93.5 89.3 14
0.062 0.023 0.996 0.92 8.4 5.3 14 0.501 0.92 88.4 83.2 6

20 clusters

0.023 0 1.001 1.02 5.2 3.5 6 0.496 1.03 95.4 94.1 11
0.062 0 0.998 1.05 4.2 2.9 8 0.499 1.03 95.5 94.1 4
0.023 0.01 0.996 0.97 6.1 4.4 14 0.497 0.99 94.1 92.5 11
0.062 0.023 0.995 0.93 8.0 6.0 6 0.496 0.97 91.8 89.6 8

30 clusters

0.023 0 1.007 1.01 4.6 3.6 9 0.495 1.03 95.5 94.6 8
0.062 0 0.999 1.04 3.8 3.2 7 0.496 1.04 95.8 95.0 7
0.023 0.01 0.999 0.98 6.0 4.9 5 0.498 0.99 94.3 93.3 13
0.062 0.023 1.002 0.96 6.2 5.2 7 0.498 0.98 92.6 91.1 5

50 clusters

0.023 0 0.999 1.01 4.7 4.2 21 0.500 1.02 96.5 96.1 9
0.062 0 1.000 1.04 4.1 3.6 5 0.498 1.03 96.8 96.5 6
0.023 0.01 0.995 1.00 5.2 4.4 18 0.498 1.01 96.2 95.8 18
0.062 0.023 1.002 0.97 6.2 5.6 11 0.500 0.99 94.7 94.2 8

80 clusters

0.023 0 0.997 1.01 4.6 4.2 11 0.497 1.02 95.5 95.0 8
0.062 0 0.996 1.03 4.4 4.1 3 0.498 1.02 95.3 95.1 3
0.023 0.01 1.003 1.01 4.7 4.5 14 0.495 0.98 94.4 94.1 10
0.062 0.023 1.001 1.00 5.1 4.7 7 0.498 0.99 94.3 93.8 11

100 clusters

0.023 0 1.000 1.00 4.8 4.6 7 0.495 1.01 94.1 93.8 4
0.062 0 1.001 1.01 4.8 4.5 8 0.497 1.01 94.0 93.7 6
0.023 0.01 0.998 1.00 4.8 4.6 13 0.496 1.01 94.1 93.7 11
0.062 0.023 1.002 1.00 5.0 4.8 13 0.496 0.98 93.2 92.8 7

Table 16: Mean treatment estimates, ratio of SEs, Type I error or power, and number of failures
for the Random-random model, for a 15% event rate and fixed period OR of 0.85. The average
number of patients per cluster-period is 200 for 6 clusters, 60 for 12 clusters, 34 for 20 clusters, 22
for 30 clusters, 14 for 50 clusters, 8 for 80 clusters and 6 for 100 clusters. Results on the left are for
a scenario with no treatment effect, and those on the right have a treatment OR of 0.5.
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