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Incorrectly analysing stratified 
and minimised trials may lead 
to wrongfully rejecting 
superiority of interventions

It is with great interest that we read the report 
of Yoshida et al1 on the effect of second- 
generation narrow band imaging compared 
to white light imaging on detecting early 
gastric cancer in high- risk patients. The trial 
was expertly designed with a large patient 
population and, although superiority of 

narrow band imaging could not be proven, 
has important implications for further 
research on this topic. However, a significant 
issue concerning the analyses attracted our 
interest and we would like to comment on it.

The primary outcome, the difference in 
proportion of patients in whom early gastric 
cancer was diagnosed, failed to reach statis-
tical significance (p=0.412). This difference 
in proportions was tested for significance 
using Fisher’s exact test. This might not 
have been the proper method for analysis, as 
patients in the study were randomised using 
minimisation with a random component, 
stratified by institution, age and indication of 
endoscopy.

Imbalance of risk factors between treat-
ment and control arms can occur by chance 
under normal randomisation, possibly 
leading to confounded treatment estimates. 
Stratification and minimisation are useful 
methods to ensure balance of risk factors 
between treatment arms.2–4 These methods 
can be beneficial in small and large trials, but 
for trials larger than 1000 patients little effect 
of minimisation on imbalance was found as 
compared with simple randomisation.4

One of the assumptions of Fisher’s 
exact test is that samples are random and 
independent, which is not the case in this 
study. The problem that occurs with strat-
ified or minimised randomisation is clus-
tering between treatment groups which 
introduces positive correlation between 
observations. The correlation between 
observations violates the independence 
assumption and will lead to standard errors 
(SE) that are biased upwards because tests 
for independent samples do not account 
for this correlation and will overestimate 
the variance of the treatment effect.

As a SE that is biased upwards leads to 
inflated p values, not accounting for these 
balancing variables in the analysis may lead 
to wrongfully not rejecting the null hypoth-
esis. This effect can be considerable, as a 
reanalysis of a large trial showed twofold to 
fourfold increases in p values and a simula-
tion study showed reductions in power of 
up to 30 percentage points.5 6 Thus, studies 
using either of the balancing methods should 
adjust their analysis for the balancing vari-
ables used in the randomisation procedure.5

Considering the report of Yoshida et al, 
this could mean that they may have erro-
neously concluded that second- generation 
narrow band imaging was not superior 
to white light imaging. We cannot deter-
mine the precise effect adjustment would 
have had in the study by Yoshida et al 
as a reanalysis requires the individual 
patient data. While adjustment is possible 
using Fisher’s exact test,7 8 we suggest 
performing logistic regression analysis as 

this allows adjustment for multiple mini-
misation variables, does not rely on inef-
ficient stratification,8 and can be used to 
determine the confidence interval around 
the treatment effect estimate.

Unadjusted analyses in balanced 
randomised trials seem to be a recur-
ring phenomenon. In 2012, a systematic 
review showed that only 26% of trials 
published in leading journals that used a 
balancing method correctly adjusted for 
all balancing factors.6 But even in more 
recent trials analyses are often not adjusted 
for balancing factors, as shown by the 
study of Yoshida et al, but also by other 
trials in the leading journals of gastro-
enterology and hepatology.1 9 10 When 
used correctly minimisation and strati-
fication are powerful tools for balancing 
randomised trials and improving the 
validity of studies. However, this has 
important consequences for data analysis. 
As such, we urge trialists to include the 
balancing variables as adjustment factors 
in their statistical analyses.
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Figure 1 Diagram of cohort construction. H2RA, histamine 2 receptor antagonist; PPI, proton pump inhibitor.
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Proton pump inhibitors and 
gastric cancer: a population- 
based cohort study

We read with great interest the recent 
article by Seo et al regarding the asso-
ciation of proton pump  inhibitors  (PPI) 
and gastric cancer.1 We want to congrat-
ulate the authors for their exemplary 
work as the prevalence of PPI in current 
clinical practice cannot be overstated. 
After reviewing the article, we have some 
comments to share with you.

As mentioned in the Methods section 
and also in figure 1, the target cohort 
was  defined  as  ‘new PPI  users’ who were 
prescribed  PPI  for  more  than  30  consec-
utive days. Although we understood that 
the subjects underwent 365 days of contin-
uous observation to be classified as new PPI 
users, we are curious to know if the remote 
history  of  PPI  use  (>365 days  ago)  was 
taken into consideration before enrolment 
into the target cohort. The authors have 
defined index date as the first day of a new 
drug prescription but sometimes patients 
may not start to take these medications right 

away after the prescription, thus, it is diffi-
cult to match this variable in both groups. 
Similarly, we were interested to know if 
gaps in medication prescription refills were 
matched appropriately between target and 
comparative cohorts. There is a possibility 
that the study population in the compara-
tive cohort may have a longer gap between 
their subsequent prescription refills than 
the target cohort, leading to inequality in 
the total duration of drug exposure in both 
groups. Furthermore, any new drug user 
other  than  PPI  was  granted  entry  to  the 
comparative cohort after meeting eligibility 
criteria, but there is no further information 
in the article regarding these drugs that the 
subjects in the comparative cohort were 
taking. This information would allow for 
a better comparison between PPI and other 
drugs.

As mentioned under exclusions in 
figure 2A, 4093 people were excluded 
for being simultaneously included in 
both cohorts. Although it is correct 
to exclude them, we are interested to 
know how somebody who is taking PPI 
got included in the comparative cohort 
at the same time, as they clearly should 
not meet the eligibility criteria for 
enrolment. In the secondary analysis 
for  identifying the effect of PPI use on 
gastric cancer development in the Heli-
cobacter Pylori eradicated population, 
the index date was defined as the first 
day of H. Pylori eradication. Although 
eradication status was identified 
through the prescription of a combi-
nation drugs in the charts, there is no 
information on whether they considered 
the first day of the prescription or the 
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