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ABSTRACT

Purpose A international registry analysis led by Mehra et al. to investigate the use of hydroxy-
chloroquine (HCQ) and chloroquine (CQ) with or without a macrolide in 96,032 hospitalised
COVID-19 patients were published on Lancet, which has raised considerable discussions in the
public health community. This study aimed to critically review the quality and limitations of the
Mehra et al. publication and discuss the potential influences on the use of HCQ/CQ worldwide.
Method A critical review of this publication was conducted to examine the potential study bias in
the study objectives, methodology, confounding factors and outcomes and summarise the
external reviews.

Results The very high homogeneity of the patients’ characteristics at baseline was inconsistent
with region specific epidemiology and several critical confounding factors. The results indicated
that angiotensin converting enzyme inhibitors were associated with a hazard ratio of 0.5, which
suggested a technical problem in the estimation of the propensity scores. Several major risk
factors for mortality identified in the analysis were treated as a minor risk or neutral or even
protective factors. Antiviral treatments were recognised as an effective method to reduce
mortality and were neither further studied nor integrated in the multivariate Cox model.
Conclusion This research appeared to carry multiple biases. An extensive audit of the study,
conditions of review and acceptance for publication in the Lancet of that study are requested to
avoid damage to the publics’ trust on the scientific community at this critical time of COVID-19
pandemic.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was initially reported in China in December of 2019.
COVID-19 was declared a pandemic by World Health
Organization (WHO) because of the fast-worldwide
spread on 12 March 2020.

As of this writing, there is no vaccine for the preven-
tion of COVID-19 and no proven, effective pharmacolo-
gic treatment for COVID-19. CQ and HCQ, known as the
treatment for malaria and rheumatic diseases, have
been considered to be potentially useful in treating
COVID-19 patients. Within the current context of the
COVID-19 pandemic, however, CQ and HCQ were
recommended by the Chinese [1] as well as several
other drug agencies across Europe Africa and America
[2,3] in national guidelines for the treatment of COVID-
19. Several clinical trials of small sample size reported
the improvement of hospitalisation days, time to clin-
ical recovery and time to nucleic acid negativity in
COVID-19 patients treated with CQ and HCQ, compared
with standard of care (SoC) [2-4].

However, the controversy over the efficacy and
safety of CQ and HCQ is increasing. Inconsistent with
the previous clinical trials, an open-label randomised
controlled trial conducted by Tang et al. showed that
HCQ treatment did not significantly increase the nega-
tive conversion rate compared with SoC and resulted in
higher adverse events. An observational study with a
large sample size conducted by Geleris et al. [5] found
that there was no association between the shorter hos-
pitalisation days and the administration of HCQ in
COVID-19 patients, which aligned with another obser-
vational study designed by Rosenberg et al. [6].

The results from a multinational registry analysis of
96,032 hospitalised COVID-19 patients conducted by
Mehra et al. [7] raised considerable attention in public
health practice and research that the usage of HCQ and
CQ substantially increased mortality and the risk of
cardiac arrhythmias, leading to the suspension of sev-
eral CQ and HCQ clinical trials. The WHO temporarily
suspended the recruitment to the HCQ arm in their
multinational SOLIDARITY trial [8] and the French
authorities changed its national recommendation for
the use of HCQ in COVID-19 treatment while the
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French drug agency launched the suspension of all
clinical trials using HCQ and the Public Health Council
requested forbidding the use of HCQ for COVID-19 [8,9].

This study aimed to critically review the study of
Mehra et al. in terms of study objectives, methodology
and results and summarise the external reviews relating
to the study.

Methods

A critical review of the studies of Mehra et al. [7] was
conducted. A descriptive analysis of the study metho-
dology including source of data, inclusion/exclusion
criteria, intervention/control group, data collection, out-
comes and statistical analysis was performed followed
by a critical analysis of the domains including study
objectives, methodology, confounding factors, study
outcomes, results and external reviews relating to the
study.

Description of the study methodology as
reported in the publication

Source of data

This multinational study was conducted using a patient
register comprising 671 hospitals in 6 continents. The
Surgical  Outcomes  Collaborative  (Surgisphere
Corporation, Chicago, IL, USA) provided the real-world
evidence, which was collected from electronic health
records, supply chain databases, and financial records.

Inclusion criteria

All PCR-confirmed COVID-19 patients, that were hospi-
talised between 20 December 2019 and 14 April 2020,
and had a clinical outcome of either hospital discharge
or death during hospitalisation were included.

Exclusion criteria

Patients who received HCQ/CQ starting later than 48 h
after COVID-19 diagnosis were excluded. Patients for
whom treatment was initiated while they were on
mechanical ventilation or if they were receiving therapy
with the antiviral remdesivir were also excluded.

Intervention group and control group

Four treatment groups, including CQ alone, CQ with a
macrolide, HCQ alone, or HCQ with a macrolide. All
other included patients served as the control
population.

Data collection

Patient demographics (e.g., including age, body-mass
index (BMI), sex, race), underlying comorbidities and
other medicines at the baseline were collected. The
details on the use of HCQ/CQ and second generation
macrolides were recorded.

Outcomes

The primary outcome was the association between the
use of treatment regimens containing HCQ/CQ (with/
without macrolides) with in-hospital mortality. The sec-
ondary outcome was the association between these
treatment regimens and the occurrence of clinically
significant ventricular arrhythmias. Other outcomes
included rates of mechanical ventilation use and the
total intensive care unit (ICU) lengths of stay.

Statistical analysis

The Cox proportional hazards regression analysis was
conducted to investigate the effects of demographic
variables, comorbidities, baseline disease severity, and
other medication uses on in-hospital mortality and sig-
nificant ventricular arrhythmias. To minimise the effect
of confounding factors, propensity score matching ana-
lysis was done individually for each of the four treat-
ment groups compared with the control group.
Additional analyses were done to examine the robust-
ness of the initial estimations, which included individual
analyses using Cox proportional hazards models and a
tipping-point analysis.

Discussion
Study objectives, rational and data sources

The authors described the available evidence on HCQ
or CQ as anecdotical. Despite several trials being
ongoing they considered pressing on to provide gui-
dance on how to use CQ or HCQ with macrolide as it is
widespread with no attention to safety. They clearly
expressed a pre-conceived negative attitude about CQ
or HCQ safety in association with macrolide in the
introduction.

The widespread use of HCQ or CQ in association with
macrolide is not consistent with the authors finding as
this association represented 10,004 patients, account-
ing for 10% of the study sample, while patients receiv-
ing an antiviral treatment at the exclusion of remdesivir
represented 40% of the sample. No supportive evi-
dence exists for any of the antiviral (except remdesivir)



and their safety profile is far from benign. However, this
did not capture the attention of the authors to assess
the benefit and toxicity of antiviral therapies prescribed
to 40% of the population.

Moreover, using antivirals as an additional treatment
arm would have served to validate the whole study as
these products do have a well-established safety that
should have been retrieved in such study.

The information source is unknown and does not
appear in the supplementary material.

Further, the authors have not provided the list of
hospitals included, neither acknowledged the list of
contributors in these hospitals who generated these
data as it is good publication practice in large trials to
express acknowledgement to all contributors.

Methodology

When data are missing, i.e. not documented, the authors
considered this as a negative response. If a patient had
diabetes but not reported in his medical record, then the
patient would be considered as not diabetic. While phy-
sicians are overloaded, such missing information may
likely be the norm for all medical records in all geogra-
phies, which opens the door for massive biases.

Independence of variables used for the multivariate
Cox model was not tested, and obviously, several vari-
ables are correlated, such as pathognomonic treat-
ments and comorbidities, chronic  obstructive
pulmonary disease (COPD) severity and peripheral
capillary oxygen saturation (Sp02), etc.

Antiviral treatment was not integrated in the survival
model but in arrhythmia model, while it was shown in
the bivariate analysis to be associated to mortality
reduction and is present in 40% of the population.

The centre effect or at least country effect was not
part of the analysis while centre behaviour, practice and
patient’s selection are systematic centres specific con-
founding variables well known in randomised and non-
randomised studies.

Confounding factors

Wang et al. [10] reported that high-sensitivity C-reactive
protein (hsCRP), SpO2, neutrophil and lymphocyte
count, D-dimer, aspartate aminotransferase (AST) and
glomerular filtration rate (GFR) had a significantly stron-
ger discriminatory power than the clinical model
(p = 0.0157). Therefore, such confounding factors
should have been reported and integrated in the ana-
lysis. Only Sp02 was used in the Cox model developed
by Mehra et al. [7], while other variables were not
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considered even though they were important con-
founding factors.

The QT interval at the baseline was not reported, as
well as the QT interval lengthening during treatment. It
is expected that QT lengthening is a cause of arrhyth-
mia caused by CQ or HCQ with or without macrolides.
This is important information as well as the baseline QT,
which may be a contraindication for prescription of
HCQ or CQ with or without macrolides.

Comorbidity severity was not considered while it has
been described as a critical confounding factor [11].

Using SPO2 as a categorical variable below and
above 94% induce a loss of predictive value, as it was
found in this study that SpO2 was one of the most
critical mortality predictors. Authors should have used
SpO2 as a continuous variable and not as a categorical
variable.

Cancer was also considered as a significant risk factor
for mortality in COVID-19 patients but was not reported
[12,13].

Study outcomes

The arrhythmia report and assessment raised two inter-
rogations: How the duration of arrhythmia was col-
lected and reported, and why the type of arrhythmia
was not collected and used in the study?

It is very difficult to collect from a patient’s medical
record the information of non-sustained ventricular
arrhythmia that last at least 6 seconds. It is expected
to be a categorical variable (yes/no) information with
no more details on the duration. This assumed that all
patients received ongoing cardiac monitoring with
recording to be able to identify arrhythmia and its
duration, which is highly unlikely in all countries, includ-
ing the most developed, let alone developing countries.

If this was available, it would be expected that the
nature of the arrhythmia would also be reported, such
as, for example, Torsade de Pointe (TdP), which is the
expected arrhythmia consecutive to QT interval length-
ening, which may further develop in to another ventri-
cular arrhythmia. To ascertain the cause of arrhythmia
to QT lengthening the authors should have considered
the type of arrhythmia that occurred. It is surprising
that reputed cardiologists did not put attention to the
type of ventricular arrhythmia. The nature of the ven-
tricular arrhythmia is critical information because it is an
end point. The crude appreciation of arrhythmia with
no more specification represents a significant potential
for misclassification bias on a critical study end point.

The Cox proportional hazards model results for in-
hospital mortality in different countries and regions
were summarised in Table 1. There were no country
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Table 1. Cox proportional hazards model for in-hospital mortality*.

North America South America Europe Africa Asia Australia

Age (Years) 1.010 1.012 1.010 1.015 1.014 1.014
BMI (Kg/mz) 1.067 1.061 1.071 1.051 1.070 1.065
Female 0.833 0.810 0.801 1.016 0.749 0.731
Black 1.291 NA NA NA NA NA

Hispanic 1.556 NA NA NA NA NA

Asian 0.761 NA NA NA NA NA

Coronary artery disease 1.148 1.153 1.029 0.981 1.059 1.126
Congestive heart failure 1.646 2.567 2.013 1.985 1.556 1.686
History of arrhythmia 1.634 2.201 1.228 2.029 1516 1.686
Diabetes mellitus 1.305 0.744 1.151 0.769 0.947 0.897
Hypertension 1.343 1.083 1.246 1.239 1.144 1.154
Hyperlipidaemia 1.125 0.923 1.124 1.196 1316 1.257
COPD 1.196 1.613 1.154 1.075 1.055 1.279
Current smoker 1.299 1.481 1.153 1.112 1.326 1.309
Immunocompromised 1.089 1.274 1.134 1.110 0.943 0.897
ACE inhibitor 0.565 0.549 0.640 0.468 0.700 0.659
Statin 0.830 0.754 0.677 0.827 0.647 0.612
Angiotensin receptor blocker 0.961 0.908 1.215 0.734 1.117 1.116
Chloroquine alone 1.295 1.603 1.331 1.422 1.635 1.600
HCQ alone 1.260 1.761 1310 4.394 1.503 1.422
CQ + macrolide 1.300 1.410 1.377 1.619 1.889 2,016
HCQ + macrolide 1.419 1.276 1.450 1.621 1.402 1.726
qSOFA < 1 0.756 0.814 0.813 0.828 0.612 0.644
SPO2 < 94% 1.665 1.670 1.650 1.791 1.659 1.627

BMI: body-mass index; NA: not available; COPD: chronic obstructive pulmonary disease; ACE: angiotensin converting enzyme; CQ: chloroquine; HCQ:
hydroxychloroquine; gSOFA: quick sepsis related organ failure assessment; SPO2: oxygen saturation

*Data given in hazard ratios

region or side effect in this study which may repre-
sent a major confounding and should have been
integrated as a confounding factor. It is expected
that patients’ profiles may be disproportionately dis-
tributed in different country centres, including
comorbidities.

The other end points may be available in electronic
medical records even though the duration of ventila-
tion and the stay in ICU are driven by heterogeneous
practice and availability of beds and ventilators that
were not equally distributed across regions. Moreover,
what an ICU differs across regions depending on the
availability of technical resources. Obviously, what an
ICU is in Berlin and New York may not be the same as
what it is in Yaoundé or Bamako. It is not specified what
defined an ICU?

It is not specified if patients may have been venti-
lated outside of an ICU and if this was balanced
between treatment arms.

It is well established that the use of therapies
prolonging the QT interval exposes patients to the risk
of TdP that may precipitate into ventricular arrhythmias.
Therefore, the prescription of a combination of pro-
ducts susceptible to lengthen the QT interval may
raise concerns about the risk of arrhythmia [14-16].

There is a well-established contraindication to such
products and there is a need to assess the QT interval
before administration and monitoring during treat-
ment. If the QT interval is lengthening, treatment
should be discontinued.

It would be of the utmost importance to clarify if
patients presenting arrhythmia had been screened for
contraindications and well monitored while on treat-
ment. This is essential information that was not reported
in that study while likely available in the medical records.

Study results

The patients baseline disposition is unexpected
Baseline patients’ disposition is totally unexpected raising
questions of severe bias in the patients sampling. Indeed,
for the six considered geographies, North America, South
America, Europe, Africa, Asia and Australia, the patients
baseline presentation was very homogeneous except for
Australia, while substantial differences were anticipated
because of heterogeneous epidemiology, population,
weight, age, etc.

The age of hospitalised patients was similar while it
would be expected to be younger in Africa and Asia.
BMI was strictly similar in Europe and North America
with the same standard deviation while it is expected to
be significantly higher in North America.

Cardiovascular disease, COPD and diabetes prevalence
in this sample are the same in all countries except for
Australia.

Similarly, the treatment with angiotensin-converting-
enzyme (ACE) inhibitors, statins, angiotensin receptor
blockers, and antiviral therapies were strictly similar across
geographies with very different clinical practice and very
different epidemiology for non-transmissible diseases.



Despite extremely different hospital capacities, ICU
beds and ventilators availability, the patients hospita-
lised did have strictly the same severity, same length of
stay in non-ICU and ICU and the same recourse to
ventilators. The outcomes are also surprisingly very
similar for mortality and arrhythmia. For example,
between two North American cities, there were double
the proportion of hospitalised patients were in ICU in
Vancouver over New York. We can imagine a difference
between Africa and North America [17]. So, the figures
retrieved in the study are totally unexpected.

The very high homogeneity between the population
hospitalised for COVID-19 in the six regions assessed, as
well as the outcomes are not consistent with what is
expected because of the difference for population,
socio-demographic, epidemiology of a non-transmissi-
ble disease, hospital resources available, clinical practice
and medical expertise and technicity.

These results could only be explained by a major
selection bias or data quality that may have been com-
promised at one or several steps in data processing,
making the data source unreliable. Data integrity is at
stake for this study. This raises high doubts on the
overall reliability of the Surgisphere database. The com-
pany should act professionally to clarify this serious
concern. This put to question the reliability of all the
projects performed to date using this database.

Risk factors are inconsistent between geography and
with well-established scientific knowledge

Despite antiviral therapies appearing to have a protec-
tive effect in this study, the authors did not attempt to
identify and quantify this benefit. At the time where all
scientists involved in this field are desperately looking
for an effective therapy the authors did not consider
the identification of death sparing therapies as an
important point for the scientific medical community
and public. This is not consistent with literature as
antivirals, except for remdesivir, have been shown to
be ineffective. Such a finding would have deserved
more attention and information sharing with the scien-
tific community.

Some results are totally inconsistent between geo-
graphies: for example, diabetes was a significant risk
factor in North America and Europe, while it had an
important protective statistically significant effect
(hazard ratio 0.75) in South America and Africa,
while it was neutral in Asia and Australia. There is
no biological or epidemiological rationale to explain
the inconsistency of such results. Moreover, this is
inconsistent in all research performed so far and all
published evidence that acknowledges diabetes as
one of the most important risk factors for fatality
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[18] together with age [19], BMI [20], and COPD
[21]. In England, one-third of coronavirus related
deaths in hospitals was associated with diabetes
[18]. This is in contradiction with the current findings
by Mehra et al. [7].

In the Mehra et al. study [7], COPD was also incon-
sistent as it was a significant risk factor in Australia and
North America, while it had no effect in Europe, Africa,
and Asia. COPD was described across the geography as
a critical risk factor for fatality [21]. This is inconsistent
in the study findings that SpO2 at baseline was one of
the most important risk factors for mortality.

It is also interesting to notice that in all geographies,
age and BMI had no impact on mortality. This is totally
inconsistent with all evidence published so far [18-20].

Treating patients with ACE inhibitors reduces mor-
tality by about 50% across all regions and statin by
about 25%. While at the same time hypertension and
other cardiovascular diseases are risk factors for death.

Being immunocompromised happens to be in most
geographies a modest risk factor with a hazard ratio of
1.1, while it had no effect in Asia and Australia. This is
also a surprising result.

Additionally, results in Australia often appeared
surprising and disconnected from other regions
While antiviral treatments are associated to mortality
reduction, they have not been integrated in the cox
model.

Mortality rate at a hospital in this study was 11%
which seems inconsistent with the reported results in
the UK where 35% to 40% have died [22]. It was 23.5%
in another survey in the UK [23], 20% in France [24] and
overall ranged from 50% to 23% in other countries [25].
The mortality in hospitals in this study is unusually low,
suggesting a bias in the sample. This is consistent with
the low severity of the study sample described above
which is inconsistent with hospitalisation in all
geographies.

The study results call for a systematic use of ACE
inhibitors, which are shown to reduce mortality by 50%
and eventually, in combination with statin, reach a
potential of 75% reduction in mortality if their effect is
additive. This is the most critical finding of that study
and it seems to have been overlooked by the authors.

It is very difficult to trust these results as they are
inconsistent between regions with no rationale. They
are totally disconnected from current scientific well-
established evidence and they are totally counter-
intuitive.

This could only be explained by major selection
biases or data quality that may have been compro-
mised at one or several steps in data processing.
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External reviews

A publication was immediately submitted by Funck-
Brentano et al. and accepted expeditiously for publica-
tion in the Lancet to endorse the results of Mehra et al,,
and call for not using CQ or HCQ, with no critical review
of the study. This provided echo to the Mehra et al.
study and was largely disseminated by the media
[7,14,26-29].

After deciding to discontinue the HCQ arm in the
discovery trial [26], the monitoring committees scruti-
nised the Solidarity data and discovered that they were
inconsistent with the data from Mehra et al. [30] The
monitoring committee informed the investigators of
the reverse decision to continue the HCQ treatment
arm [31]. This has been very destabilising for patients
and investigators.

However, most reactions expressed doubts suggest-
ing some scientists critically read Mehra et al.

An open letter to the editor and authors [32], signed
by more than 100 reputed experts, questioned the data
integrity, and the results arguing for implausible data
on the dose of HCQ and the ratio of use in some
continents, the low likelihood of some data for Africa
and Australia, the unusual standard deviation for sev-
eral variables while from very heterogeneous sources,
errors on the Australian data set, etc. The authors were
denied access to the data source or the code despite
the Lancet was a signatory on the Wellcome statement
on data sharing in case of emergency [33].

In response, Harvey A. Risch wrote an article to sup-
port HCQ continuation [34].

The excess mortality was not consistent with several
published studies, which may or may not have found
improved efficacy with HCQ or CQ [5,6,35,36].

Conclusion

This study appeared to carry multiple biases: selection
biases, classification biases, and several critical con-
founding factors that are not included in the study or
in the analysis. The statistical analysis is flawed.

The very high homogeneity of patients’ disposition at
baseline is inconsistent with region specific epidemiology
and socio-demographic. It is very difficult to believe in the
data. Beyond the several biases, failure at one or several
steps of the data processing is a likely explanation.

The heterogeneity of the results between regions where
the same factor may constitute either a risk for fatality in
some countries or a protection in others with no biological
or epidemiological rational to support it, raise questions on
the data integrity and the quality of the analysis.

The fact that ACE inhibitors are associated with a
hazard ratio of 0.5, while hypertension is a risk factor
for death, suggests a technical problem in the esti-
mation of the propensity scores. If there are no tech-
nical problems in the propensity score estimation,
then this call to strongly advocate for ACE inhibitors
as the most effective treatment for COVID-19 identi-
fied so far are valid. Obviously, authors did not feel
confident doing this. This suggests a limited trust in
their own data.

The fact that several major risk factors for fatality
systematically recognised in all studies are identified
in that study as neutral or as a protective factors or
eventually as a minor risk, represent a real nonsense
that should have triggered a lot of doubt on the relia-
bility of the results.

Antiviral treatments are recognised as an effective
way to reduce mortality and are neither further studied
nor integrated in the multivariate cox model.

Surprisingly while ACE inhibitors were found to
reduce mortality by 50% and statin by 25% the authors
ignore this major information as they did not trust it to
be correct. That was the price to pay to achieve the
premeditated outcome.

This study questioned the validity of the Surgical
Outcomes Collaborative (Surgisphere Corporation,
Chicago, IL, USA) that provided the real-world evidence,
which was collected from electronic health records,
supply chain databases, and financial records. There is
serious doubt about the validity of the data collected as
well as the data processing. This question the reliability
of all studies published so far using this data source. We
call for an audit of all these studies.

Finally, a severely flawed study widely advocated
through a well-orchestrated international media cam-
paign was published in one of the most reputed med-
ical journal leading to the suspension of HCQ or CQ
trials around the world and forbidding use of CQ or
HCQ for COVID-19 patients in several countries. This
decision from the editorial committee, to publish this
flawed study with little precaution, may prevent ever
getting access to a well-conducted study to inform the
medical community and the public on the actual effi-
cacy and safety of CQ or HCQ in treating COVID-19
patients.

An extensive audit of this study, as well as the
conditions of review and acceptation for publication
in the Lancet, one of the most prestigious medical
journal, are requested to avoid the public to lose
trust in the scientific community at a time when it
has become difficult to access to reliable information
on COVID-19.
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