Open letter to authors of COVID-19 trials, medical journals and scientific community

Concerns regarding the misinterpretation of statistical hypothesis testing in clinical
trials for COVID-19
This letter is an expression of concern that a significant part of the medical community, and specifically some
articles in important medical journals, are misinterpreting the statistical results in randomized clinical trials
conducted so far to answer the question regarding the effectiveness of hydroxychloroquine in the early treatment
of COVID-19. Although there is evidence that hydroxychloroquine is not effective in severe hospitalized
patients,1 its use in the early stages of the disease is still under debate.
Recently, three important medical journals have published influential papers about the early use of
hydroxychloroquine to COVID-192,3,4. Their design limitations aside, they are randomized clinical trials, which
are the gold standard in medical research. These three papers have had a substantial impact in the media, on
public policies and within the scientific community.
These three papers nevertheless share at least one common mistake: the conclusions they draw from their data
are wrong. All three papers lead, explicitly 2,4 or implicitly3, to the conclusion that early treatment of COVID-19
patients with hydroxychloroquine is not effective. In saying that the conclusions are wrong we are not affirming
that hydroxychloroquine is effective. This is a subtle but important distinction. 5
The null hypothesis in these articles is defined as H0: treatment effect = control effect. In any classical statistical
test, the null hypothesis can never be accepted, it can only be not rejected. This is a well known issue. 6
Randomized trials are widely used in medical science. All these three studies applied a statistical hypothesis test
to analyze their results and draw their conclusions. They had similar results: all treatment effects measured in the
studies showed positive results, with treatment groups displaying better outcomes than control groups in each
variable measured but with non-statistically significant differences at 95% 2,4 or 90%3 confidence levels.
The formal conclusion for these hypothesis tests should be that there is not enough evidence, for the sample and
test adopted, to reject the null hypothesis that treatment effect size equals control effect size for the chosen
confidence level. A more appropriate interpretation of the formal conclusion in these studies would be that there
is evidence that treatment effect is positive but this evidence is statistically inconclusive in the sense that it is not
possible to conclude, at 95%2,4 (90%)3 confidence level, that the effect could not be attributed to randomness.
In other words, their results bring evidence that early treatment is effective. The confusion happens because
evidence is measured by statistical effects, not by p-values, which measure the uncertainty of this evidence. 5
Large p-values are related to increased uncertainty in the evidence obtained. They can be large for two reasons:
one, the treatment is not really effective and the evidence found were due to randomness; two, the sample size
was not big enough to measure an actual treatment effect precisely.
Hence, initially at least, if the p-value is not small enough it is not possible to attribute this fact to the treatment
effect, since the treatment can be effective and the large p-value could be attributed to a small sample size, a
limitation of the study not of the treatment. Recently, Nature published an editorial to bring attention to the fact
that COVID-19 trials sample sizes were too small. 7
That all three hydroxychloroquine (HC) studies showed positive but inconclusive results suggests they might be
underpowered. For example, the largest study aimed at a prior relative effect of 50% to define its sample size. 2
Although this may not be high when compared to treatments for some other diseases, this seems very ambitious
in the COVID-19 context, as shown by the dexamethasone relative effect of 10.8% displayed in table 1 below.
The primary intention of this letter, however, is to call attention to the misinterpretation of the hypothesis test

results, not to perform a full analysis of their statistical powers. Therefore, we choose to show in table 1 a plain
comparison of a part of their results with those of the celebrated Recovery randomized trial on dexamethasone
(DX) for COVID-19.8 Note that the p-values displayed below for hypothetically larger samples are not formal
estimates. The intention of the following comparison is mostly to emphasize that p-values cannot be directly
compared without taking into consideration the effect sizes they are measuring and the sample sizes used. 9 We
use the dexamethasone paper as a benchmark because the medical and scientific communities largely agree with
its importance for COVID-19.
Table 1
Column 1
Article
Recovery8 (DX)
Boulware2 (HC)
Skipper3 (HC)
Mitja4 (HC)

Column 2
Reduction in
absolute effect
2.8%
2.4%
6.0%
1.1%

Column 3
Reduction in
relative effect
10.8%
16.9%
19.8%
16.0%

Column 4
Sample size
(N)
6425
821
395
293

Column 5
Original P-value
(for Fisher exact test)
0.016
0.351
0.214
0.814

Column 6
P-value for
N=6425
0.016
0.004
< 0.0001
0.067

Column 7
P-value for
N=821
0.439
0.351
0.060
0.480

Columns 2 and 3 show the reduction in absolute and relative effect, respectively, for treatment groups in
comparison to control groups. We display the effect for Recovery’s dexamethasone study on the percentage of
deaths in hospitalized patients. For Boulware’s study the effect is shown in terms of the percentage of
symptomatic outcomes in exposed participants. For Skipper’s study we show the effect on the percentage of
exposed participants with ongoing symptoms after 14 days. For Mitja’s 4 study the effect is in terms of the
percentage of hospitalized outcomes during a period of 28 days in patients with initially mild symptoms.
All four papers show mean improvements in their respective outcomes, but these variables are distinct from each
other and thus columns 2 and 3 are not directly comparable. On the other hand, columns 6 and 7 are comparable.
Column 5 shows the original p-values of the studies for the respective sample sizes. Note that the only
statistically significant result, at 95% level, is obtained for dexamethasone (line 1). However, note also that the
sample size N=6425 in this study is considerably larger than sample sizes in all three hydroxychloroquine
studies: 821, 423, 293.
To illustrate how much the sample sizes may influence the original p-values obtained, we calculate in columns 6
and 7 the hypothetical p-values we would have obtained for the same absolute and relative effects in each study,
keeping the same proportions obtained in each study for both control and treatment groups, but equalizing the
sample sizes to the same size of the two larger studies. If all studies had sample size N=6425, column 6 shows
that in the Boulware2 and Skipper3 papers the hydroxychloroquine treatment would possibly have a more
significant p-value than the dexamethasone study, though we emphasize that these p-values are merely
illustrative and cannot be considered as estimates.
Conversely, with sample sizes of 821, 395 and 293 patients the dexamethasone effect size would be non
significant and have p-values equal to 0.439, 0.621 and 0.667 respectively. Its proportional p-value would be less
than 0.05 only for a sample larger than 4228. In these cases, the p-values can be considered as formal estimates.
Hence, if the Recovery trial had the same sample size of the largest early treatment hydroxychloroquine trial
there would be a high probability that the null hypothesis would have not been rejected and that dexamethasone
would thus not be recommended to COVID-19 patients. These last examples show how much the p-value can be
affected by the sample size and that interpretations based only on p-values may lead to improper conclusions.
These comparisons bring some light to the discussion whether the lack of statistical significance in early
treatment hydroxychloroquine trials were due to treatment effects or to small sample sizes. It becomes clear that
it is not possible to affirm that early treatment of COVID-19 patients with hydroxychloroquine is not effective as
the conclusions state. On the contrary, the evidence from all these three randomized trials points to treatment
effectiveness. If on one hand uncertainty may create false positive effects, on the other hand it may also mask

positive effects even greater than the positive effects that have been measured so far. Hence, we emphasize that
larger studies are still necessary to decrease uncertainty and confirm these positive evidences.
Due to the importance of clinical trials in COVID-19 public decision making, we believe it is fundamental that
these three studies correct their conclusions and publicize these corrections. In a pandemic the urgency of
publication is justified and more errors might appear. Nevertheless, best scientific practices, including proper
data interpretation, must not be laid aside. As the American Statistical Association statement affirms “reduce
data analysis or scientific inference to mechanical “bright-line” rules (such as “p < 0.05”) for justifying
scientific claims or conclusions can lead to erroneous beliefs and poor decision making”. 9
This open letter is signed by statisticians, medical researchers, clinicians and other quantitative researchers. The
full list of signatories and affiliations can be found below.

Articles’ conclusions
Here we copy the conclusions of the three hydroxychloroquine articles discussed in the text above.
Boulware et al.2
https://www.nejm.org/doi/full/10.1056/NEJMoa2016638
Main conclusion (in abstract): “hydroxychloroquine did not prevent illness compatible with Covid-19 or
confirmed infection when used as postexposure prophylaxis within 4 days after exposure.”
Discussion: “In this trial, high doses of hydroxychloroquine did not prevent illness compatible with Covid-19
when initiated within 4 days after a high-risk or moderate-risk exposure”

Skipper et al.3
https://www.acpjournals.org/doi/full/10.7326/M20-4207
Main conclusion (in abstract): “Hydroxychloroquine did not substantially reduce symptom severity in
outpatients with early, mild COVID-19.”
“This builds on other randomized trial data on hydroxychloroquine, which have not shown any benefit for
postexposure prophylaxis.”

Mitjà et al.4
https://academic.oup.com/cid/article/doi/10.1093/cid/ciaa1009/5872589
Main conclusion (in abstract): “In patients with mild Covid-19, no benefit was observed with HCQ beyond the
usual care.”
Discussion: “The results of this randomized controlled trial convincingly rule out any meaningful virological or
clinical benefit of HCQ in outpatients with mild Covid-19.”
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