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Incorrect Analyses of Cluster-Randomized
Trials that Do Not Take Clustering

and Nesting into Account Likely Lead
to p-Values that Are Too Small
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C
hildhood obesity is a serious and challenging
problem. Aceves-Martins et al.1 took on a difficult
and important task when designing and executing a

cluster-randomized controlled trial (cRCT) that had as its
primary aims to help participants ‘‘increase both their fruit
and vegetable consumption and their physical activity
(PA) while reducing their sedentary behavior.’’ Secondary
aims were to decrease anthropometric obesity indicators.
Probative studies—studies capable of meaningfully ad-
vancing our knowledge about the truth or falseness of a
scientifically testable proposition—are sorely needed in
this domain.2 Yet, for studies to be probative, they must
also be rigorously designed, executed, analyzed, and
reported.3

In this light, Aceves-Martins et al. are to be commended
for registering their trial,4 publishing a protocol article with
an analytic plan5 and stating ‘‘If necessary, we will guarantee
public access to the full protocol, participant database and
statistical code.’’ They further stated in their protocol article,
‘‘Generalised linear mixed models are used to analyse dif-
ferences between the intervention and control groups and
changes in primary and secondary outcomes from baseline to
the end of the intervention. For the rest of the efficacy vari-
ables, we will use Fisher’s exact test for the categorical
variables and Student’s t-test for the continuous variables’’.5

However, the Aceves-Martins et al. article refers to different
analyses stating that ‘‘Generalized linear models (GLMs)
were used to analyze differences from baseline to the end of
the study in the primary outcomes of the intervention and
control groups. Repeated-measures GLMs were used to an-
alyze the trends in BMI between the baseline and end-of-
study values. McNemar tests were performed to analyze the

changes in the primary outcomes in the intervention and
control groups over time.’’1 Thus, a first concern is unex-
plained deviation from the prespecified analytic plan. A
greater concern is that the authors do not specify whether
(and, if so, how) clustering and nesting were taken into ac-
count in any of these analyses.

The concern about clustering and nesting is a serious
one. As the NIH tutorial on cRCTs [which they term
group-randomized trials (GRTs)] states: ‘‘Positive ICC
[intraclass correlation coefficient] reduces the variation
among the members of the same group but increases the
variation among the groups. As such, the variance of any
group-level statistic will be larger in a GRT than in a
randomized clinical trial (RCT). Complicating matters
further, the degrees of freedom (df) available to estimate
the ICC or the group-level component of variance will be
based on the number of groups, and so are often limited.
Any analysis that ignores the extra variation (or positive
ICC) or the limited df will have a type 1 error rate that is
inflated, often badly.’’6

Given that there are only two clusters per treatment
condition in the Aceves-Martins et al. article, the miscal-
culation of p-values can be severe if clustering and nesting7

are ignored. Aceves-Martins et al. do not report their df or
ICC values (despite published guidelines on cRCT reporting
specifying that ICCs should be reported for each outcome
variable8). ICCs for the types of variables Aceves-Martins
et al. studied in populations of children have been reported
to range from *0.013 to 0.091 by Gray et al.9 and from
*0.039 to 0.189 by Masood and Reidpath.10

To provide crude estimates of what the effect of properly
accounting for clustering and nesting in the analyses, if
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clustering and nesting have not been taken into account, we
adapted a procedure from Hedges.11 To do so, we calculated
as though the sample size was constant across all four clus-
ters, and that the p-values generated from the test statistics
used with and without taking clustering and nesting into
account would follow patterns similar to those generated
from t-tests with and without taking clustering and nesting
into account. We emphasize that these calculations offer only
crude approximations. That said, under the conditions of this
study, if the ICC was as small as 0.05, a two-tailed p-value of
0.01 calculated (mistakenly) without taking clustering and
nesting into account would translate to a two-tailed p-value of
*0.29 if clustering and nesting were properly taken into
account. Under these circumstances, even a two-tailed p-value
of 0.001 calculated (mistakenly) without taking clustering
and nesting into account would translate to a nonsignificant
two-tailed p- value of *0.18 if clustering and nesting were
properly taken into account. Moreover, even this correction
from Hedges may be too liberal as noted by others.12

Given the mentioned, we ask that the authors fulfill their
pledge to ‘‘guarantee public access to the full protocol,
participant database and statistical code’’ by publically
sharing the deidentified raw data and code, and to clarify
how their analyses were conducted. If they did not properly
take clustering and nesting into account as appears to be
the case, the authors should publish a correction with the
data analyzed explicitly taking nesting and clustering into
account and revising conclusions if necessary. We offer
our assistance with updated analyses if the authors wish.
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