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ABSTRACT

OBJECTIVE

To systematically identify, match, and compare
treatment effects and study demographics from
individual or meta-analysed observational studies and
randomized controlled trials (RCTs) evaluating the same
covid-19 treatments, comparators, and outcomes.
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National Institutes of Health Covid-19 Treatment
Guidelines, a living review and network meta-analysis
published in The BMJ, a living systematic review with
meta-analysis and trial sequential analysis in PLOS
Medicine (The LIVING Project), and the Epistemonikos
“Living OVerview of Evidence” (L-OVE) evidence database.

ELIGIBILITY CRITERIA FOR SELECTION OF STUDIES
RCTs in The BMJ’s living review that directly compared
any of the three most frequently studied therapeutic

Accepted: 02 March 2022

WHAT IS ALREADY KNOWN ON THIS TOPIC

Randomized controlled trials are generally considered to be the gold standard for
studying safety and efficacy of treatments, but can have limited generalizability
and require a substantial amount of time to plan and complete

The covid-19 pandemic has highlighted the potential role of observational
studies to provide insight into the clinical value of candidate treatments,
although concerns have been raised about the rapid dissemination of potentially
low quality evidence

Little is known about the agreement between individual or meta-analyzed
observational studies and randomized controlled trials evaluating the same
covid-19 treatments, comparators, and outcomes

WHAT THIS STUDY ADDS

Of the matched observational study and RCT pairs comparing hydroxychloroquine,
lopinavir-ritonavir, or dexamethasone to an active or placebo comparator for any
safety or efficacy outcomes of covid-19, more than three quarters had treatment
effects that were in agreement

Overall, agreement was higher in matched pairs of meta-analyses of observational
studies and meta-analyses of RCTs (82%) and in those evaluating treatment effects
for dichotomous outcomes (89%), than in those of only one observational study
and/or one RCT (70%) and in those evaluating treatment effects for continuous
outcomes (56%), respectively

Despite concerns about evidence from individual observational studies evaluating
covid-19 treatments, meta-analyzed evidence from observational studies can
complement, but should not replace, evidence collected from randomized
controlled trials
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Agreement of treatment effects from observational studies and
randomized controlled trials evaluating hydroxychloroquine,
lopinavir-ritonavir, or dexamethasone for covid-19:

8

interventions for covid-19 across all data sources
(that is, hydroxychloroquine, lopinavir-ritonavir, or
dexamethasone) for any safety and efficacy outcomes.
Observational studies that evaluated the same
interventions, comparisons, and outcomes that were
reported in The BM/’s living review.

DATA EXTRACTION AND SYNTHESIS

Safety and efficacy outcomes from observational
studies were identified and treatment effects for
dichotomous (odds ratios) or continuous (mean
differences or ratios of means) outcomes were
calculated and, when possible, meta-analyzed to
match the treatment effects from individual RCTs or
meta-analyses of RCTs reported in The BM/’s living
review with the same interventions, comparisons,
and outcomes (that is, matched pairs). The analysis
compared the distribution of study demographics
and the agreement between treatment effects from
matched pairs. Matched pairs were in agreement if
both observational and RCT treatment effects were
significantly increasing or decreasing (P<0.05) or if
both treatment effects were not significant (P=0.05).

RESULTS

17 new, independent meta-analyses of

observational studies were conducted that

compared hydroxychloroquine, lopinavir-ritonavir, or
dexamethasone with an active or placebo comparator
for any safety or efficacy outcomes in covid-19
treatment. These studies were matched and compared
with 17 meta-analyses of RCTs reported in The BM/’s
living review. 10 additional matched pairs with only one
observational study and/or one RCT were identified.
Across all 27 matched pairs, 22 had adequate
reporting of demographical and clinical data for all
individual studies. All 22 matched pairs had studies
with overlapping distributions of sex, age, and disease
severity. Overall, 21 (78%) of the 27 matched pairs
had treatment effects that were in agreement. Among
the 17 matched pairs consisting of meta-analyses

of observational studies and meta-analyses of RCTs,
14 (82%) were in agreement; seven (70%) of the 10
matched pairs consisting of at least one observational
study or one RCT were in agreement. The 18 matched
pairs with treatment effects for dichotomous outcomes
had a higher proportion of agreement (n=16, 89%)
than did the nine matched pairs with treatment effects
for continuous outcomes (n=5, 56%).

CONCLUSIONS
Meta-analyses of observational studies and RCTs
evaluating treatments for covid-19 have summary
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treatment effects that are generally in agreement.
Although our evaluation is limited to three covid-19
treatments, these findings suggest that meta-
analyzed evidence from observational studies might
complement, but should not replace, evidence
collected from RCTs.

Introduction

The covid-19 pandemic has necessitated the rapid
generation of evidence to better characterize the
benefits and harms of therapies available for its
treatment. Randomized controlled trials (RCTs) are
generally considered to be the gold standard for
determining therapeutic safety and efficacy.! However,
despite numerous strengths, including a trial’s role
in minimizing the influence of bias and confounding
factors, RCTs have important limitations that can
undermine their generalizability to real world clinical
practice.” In particular, trials tend to have strict
inclusion and exclusion criteria and are subject to
recruitment difficulties, which can be associated with
small sample sizes and short follow-up durations.?
In addition, they are logistically challenging and
expensive, sometimes taking years to plan and
complete.? These limitations and the urgent nature of
the pandemic have highlighted the potential role of
observational studies, including those that use real
world data to provide insight into the clinical value
of candidate treatments. Although some rigorously
designed studies that used real world data for other
medical conditions have replicated the results obtained
from RCTs across various conditions studied,’® other
studies have suggested poor agreement between
the treatment effects from randomized and non-
randomized studies.”*

Since March 2020, the clinical and public
health communities have searched for effective
and safe interventions by conducting thousands of
observational studies on potential covid-19 treatments
while awaiting the results from ongoing and planned
RCTs. However, concerns have been raised about
the rapid dissemination of potentially low quality
studies,'? with prominent retractions in high impact
journals undermining the confidence in observational
evidence.® ' To explore the role of observational
studies for future pandemic decision making, our first
objective was to systematically identify, match, and
compare the agreement between treatment effects and
study demographics from observational studies and
RCTs evaluating the same interventions, comparators,
and outcomes in studies evaluating therapeutics for
covid-19. We also aimed to evaluate the consistency
of results across the number of studies available for
each comparison (that is, individual v meta-analyzed
treatment effects) and outcome types (dichotomous v
continuous).

Methods

Identification of covid-19 interventions

Given the large number of covid-19 interventions
(eg, drugs, biologics, and procedures) that have been
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evaluated across thousands of studies, our a priori
established approach was to limit our evaluation to
three prominent interventions for which multiple RCTs
and observational studies were likely. This approach
also ensured the feasibility of conducting new meta-
analyses of observational studies across all potential
clinical outcomes.

To assemble a list of potentially eligible therapeutic
interventions for covid-19 that were evaluated in
both observational studies and RCTs, we used four
relevant sources: the National Institutes of Health
Covid-19 Treatment Guidelines,"® a living review and
network meta-analysis published in The BMJ,'® a
living systematic review with meta-analysis and trial
sequential analysis published in PLOS Medicine (The
LIVING Project),'”” and the Epistemonikos “Living
OVerview of Evidence” (L-OVE) evidence database
(https://app.iloveevidence.com/covid19). From each
source, we recorded all therapeutic interventions with
at least two RCTs by 9 February 2021. To ensure that
the most prominent interventions were selected, we
then narrowed down this list to the three interventions
with the most unduplicated trials pooled across all
four sources: hydroxychloroquine, lopinavir-ritonavir,
and dexamethasone.

Although the protocol for this study was not
published before the study commenced, the objectives
and methods were prespecified before we analysed any
data.

Identification of observational studies

To identify observational studies of the three
interventions, four authors (OM, GD, KN, and JDW)
reviewed the 36 covid-19 evidence databases included
in the Center for Science in the Public Interest covid-19
Evidence hub, a resource that seeks to aggregate
all international databases related to evidence
on covid-19."® From among these databases, we
selected the L-OVE evidence database because of its
comprehensive search strategy. Briefly, the database
searches through 41 bibliographical and grey literature
sources (eg, Medline, Embase, bioRxiv, ClinicalTrials.
gov, medRxiv), and had identified 94893 records
related to covid-19 as of 9 February 2021.

On 23 February 2021, we worked with a medical
librarian (KN) to narrow the sample of all covid-19
records in the L-OVE database by further filtering
for records tagged as “prevention or treatment,” as
opposed to those that were tagged as only “diagnostic,”
“epidemiology,” “etiology,” “epidemiology,” or
“prognosis,” under the “Select type of question”
heading. Within the “Select intervention” heading,
we identified records that were tagged for any of our
three interventions. This approach of identifying
observational studies via screening classified records
from an evidence hub, rather than relying on keyword
searches in traditional bibliographical databases, was
endorsed by a medical librarian (KN) after empirical
testing.

The resulting sample included 4774 records, which
were imported into Covidence software to remove
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duplications and be screened by four investigators
(OM, GD, JS, and JDW) at the title and abstract level.
Two investigators (OM and GD) then evaluated
potentially eligible records at the full text level to
identify prospective or retrospective observational
studies and case-control studies that evaluated
the comparative effectiveness of interventions. We
excluded studies that were not in English; were case
study reports, case series, or cohort studies with a
sample size of <15; were interventional studies or
studies that did not include a comparator group; or
were cross sectional studies or case-control studies
that did not evaluate the comparative effectiveness of
an intervention. Any uncertainties were resolved by
consensus and discussion between two investigators
(OM and JDW).

Identification of RCTs

To identify RCTs for the three interventions, we
selected one source among the four sources used to
locate the most prominent covid-19 interventions:
a living systematic review and network meta-
analysis on drug treatments for covid-19 published
in The BMJ.'® We selected The BMJ’s living review
because of its comprehensive search strategy and
frequent updates.’® In particular, The BMJ’s living
review conducts daily searches of the World Health
Organization covid-19 database, monthly searches
of six Chinese databases, and regularly monitors the
L-OVE database among other living evidence retrieval
services. On 2 July 2021, we identified all individual
RCTs included in the fourth version (published on
31 March 2021) of The BMJ’s living review directly
comparing hydroxychloroquine, lopinavir-ritonavir,
or dexamethasone to an active or placebo comparator.
The BMJ’s living review searches were completed on
1 March 2021 in the fourth version, which closely
matched our observational study search date. To
minimize the potential of selecting specific outcomes
based on the direction and strength of the treatment
effects, we recorded all safety or efficacy outcomes
considered by The BMJ’s living review.

Matching of observational studies and RCTs

To identify observational studies evaluating the
same clinical questions as the RCTs included in The
BMJ’s living review (that is, matched pairs), we first
developed and undertook a prespecified hierarchical
matching process. At least two individual authors
(OM, JJS, GD, and JDW) independently screened
and matched individual observational studies to
individual RCTs if the observational studies and
RCTs considered the same therapeutic intervention,
comparator, and outcome measures. If eligible
studies evaluated multiple therapeutic interventions
(eg, hydroxychloroquine, dexamethasone, and
placebo), they were included in multiple matches
(eg,  hydroxychloroquine v  dexamethasone,
dexamethasone v placebo, and hydroxychloroquine v
placebo). To match The BMJ’s living review method,®
we did not differentiate between interventions based
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on the dosage or duration of treatment, we considered
placebo and standard of care comparators clinically
equivalent, and we allowed flexibility in phrasing of
outcomes (eg, time to symptom resolution may have
been matched with time to clinical improvement).
Similar to The BMJ’s living review, we did not require
matching based on severity of illness or other study
demographic characteristics (eg, sex distribution,
age).

Data extraction

For each eligible observational study identified
through the L-OVE database and RCT included in The
BM]J’s living review, we recorded the study title, date
of publication, design, intervention, comparator,
sample size (intention-to-treat sample size for RCTs),
center status (multicentre or single center), disease
severity (that is, mild to moderate, severe, critical),
proportion of female and male participants, and age
distribution (mean (standard deviation) or median
(interquartile range)). For RCTs, we also determined
whether the study was masked (none, open, double or
higher, unknown). Given that The BMJ’s living review
calculated mean differences or ratios of means for
meta-analyses of continuous outcomes, two authors
(OM and JDW) extracted means or medians and
their corresponding confidence intervals, standard
deviations, standard errors, or any other available
data used to calculate treatment effect and measures
of precision for the individual observational studies
and RCTs. The BMJ’s living review reported odds ratios
(ORs) for meta-analyses of dichotomous outcomes so
we abstracted counts for all relevant intervention and
comparator groups from the observational studies and
RCTs. For observational studies, we prioritized the
counts from propensity score matched populations,
whenever reported. When values were not reported in
the text of eligible studies, an online digitizer (https://
apps.automeris.io/wpd/) was used to reverse engineer
Kaplan-Meier curves to extract the underlying
numerical data.

Data analysis

Meta-analyses of observational studies and
randomized controlled trials

To generate matched pairs, we first verified all our
abstractions for the eligible RCTs using data shared
by the authors of The BMJ’s living review.!® Next, we
calculated ORs (95% confidence intervals) for all
dichotomous outcomes and converted all medians
and corresponding interquartile ranges, minimum
and maximum values, or 95% confidence intervals
to means and standard deviations, ensuring that the
observational treatment effect estimates matched
those reported in The BMJ’s living review.

When at least two observational studies or
two RCTs were identified evaluating the same
therapeutic, comparator, and outcome measure,
we used the DerSimonian and Laird procedure for
random effects to conduct separate meta-analyses
of all observational studies and RCTs. This process
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resulted in meta-analyzed matched pairs with the
same summary treatment effects. We did not rely
on the summary treatment effects reported in The
BM]J’s living review because those were estimated
using a Bayesian framework. Instead, we combined
observational studies and re-evaluated the summary
treatment effects for the RCTs using the DerSimonian
and Laird procedure for random effects, which
assumes that the identified studies are estimating
different effects, is widely implemented, and does not
require any assumptions about priors for the variance
and effect parameters. For studies with outcomes
with zero cell frequencies, we used a continuity
correction of 0.5. We assessed the proportion of total
variability due to heterogeneity between studies
using the I° statistic.

Comparison of summary demographics from the
matched pairs

We used descriptive statistics to compare the
demographic characteristics (that is, sex, age) and
disease severity among the patient populations
included in the matched observational study and
RCT pairs. Sex distribution was considered to be
concordant if pairs included studies with only one
sex or if pairs included studies with both sexes. Age
distribution was concordant if pairs included studies
in which the mean age ranges fell within the same
age range (that is, pediatric (0-17 years), adult (18-
64 years), or elderly (265 years)). A pair would still
be considered concordant if the RCTs or observational
studies included only one of the three age ranges and
the matched observational studies or RCTs included
that age range and additional age ranges. For disease
severity, we determined whether the studies in a
matched pair had any patients from each of the three
disease severity categories. We assigned concordance
for disease severity if pairs included studies that had
any overlap in the severity of included patients (eg,
a pair would be considered concordant if the RCTs
included patients with only mild to moderate disease
and the observational studies included patients with
mild to moderate and severe disease).

Comparison of treatment effect estimates from
matched pairs

Individual or summary treatment effects from matched
pairs were separately characterized on the basis of their
significance (that is, P<0.05 v P>0.05) and direction
(that is, increased for odds ratios and ratios of means
greater than 1 or mean differences greater than 0, and
decreased for odds ratios and ratios of means less than
1 or mean differences less than 0). Treatment effect
estimates from matched pairs were concordant if the
direction of the observational and RCT treatment effect
estimates was concordant and both the treatment
effect estimates were significant, or if the observational
study and RCT treatment effect estimates were both
not significant. Treatment effect estimates from
matched pairs that did not fulfil either of these criteria
were classified as discordant. Although P values are
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imperfect measures, our binary classification system,
based on the traditional alpha cut-off value of 0.05,
is useful for showing how significance is most often
defined in the literature.

As secondary measures of concordance, we
determined how often the observational study and RCT
treatment effects from matched pairs had overlapping
95% confidence intervals; whether the observational
study treatment effects were included in RCT treatment
effects’ 95% confidence intervals'’; and ratios of
ORs, ratios of ratios of means, or differences between
standardized mean differences between observational
and RCT treatment effects. For each matched pair
with treatment effects of dichotomous outcomes, we
determined the ratio of ORs by exponentiating the
differences between the natural log-scale ORs from
the observational study and the RCT ORs. For each
matched pair with treatment effects of continuous
outcomes, we determined the ratio of ratios of means
by exponentiating the differences between the natural
log-scale ratios of means for the observational study
and that for the RCT, or determined the difference
between standardized mean differences by subtracting
the standardized mean difference of the RCT from that
of the observational study. Ratios of ORs and ratios
of ratios of means greater than 1.0 and differences
between standardized mean differences greater than
0.0 implied greater summary treatment effects in the
observational studies, while values less than 1.0 or
0.0, respectively, implied the opposite. We calculated
95% confidence intervals for these values by taking
the square root of the sum of the variance for the
two original outcome measures from the summary
RCT and observational treatment effect estimates.
These variance calculations assumed independence
between observational study and RCT outcomes. We
considered P<0.05 to be significant for all two sided
tests. All analyses were done using the meta package
in R (version 4.1.2).

Publication timing

We also compared when the individual studies in the
matched pairs were published. Using ClinicalTrials.
gov, we determined the date of trial registration and
date of publication for individual RCTs to classify
whether all, any, or none of the observational studies
were published before the RCTs were registered or
published.

Risk-of-bias assessment

For individual RCTs, we abstracted the risk of bias
evaluations reported in The BMJ’s living review, which
were based on a revision of the Cochrane tool for
assessing risk of bias in randomized trials (RoB 2.0).°
RCTs were only rated at a low risk of bias if all domains
received a classification of probably low risk or low risk
of bias. For the individual observational studies, two
authors (OM and JDW) conducted formal assessments
of risk of material bias using the ROBINS-I tool for
non-randomized studies.’! Studies were rated serious
or critical risk of bias overall if any of the domains
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Fig 1 | Study flow chart

received a classification of serious or critical risk of
bias.

Sensitivity analyses

We repeated our analyses using the summary treatment
effects from the network meta-analysis reported in
The BMJ’s living review. Traditional meta-analyses
only include RCTs that conduct direct or head-to-head
comparisons between two interventions, whereas
network meta-analyses can incorporate evidence from
pairs of interventions that are not formally compared
in individual RCTs but are included in a network of
potential interventions.?” In particular, if two RCTs of
different interventions have a shared comparator, an
indirect comparison can be made between the two
interventions from different studies. As a post-hoc
analysis, we repeated our analyses using the Hartung-
Knapp-Sidik-Jonkman method for random effects
meta-analyses and planned to repeat our concordance
evaluation limited to observational studies and RCTs
that were low risk of bias.”?

Patient and public involvement

We did not involve members of the public or patients
when we designed our study, interpreted the results, or
wrote the manuscript. However, we asked members of

the public to read our manuscript after submission to
ensure it was understandable.

Results
Search results and characteristics of studies
Of 4774 records identified through the literature
search on 23 February 2021, 1575 were excluded
as duplicates and 2981 were excluded during the
initial screening based on title and abstract (fig 1,
supplementary tables 1 and 2). We reviewed 216
studies at the full text level to identify all individual
observational studies comparing hydroxychloroquine,
lopinavir-ritonavir, or dexamethasone to an active
or placebo comparator for any safety or efficacy
outcomes. After matching individual observational
studies to individual RCTs or meta-analyses of RCTs,
we identified 46 observational studies evaluating the
same interventions, comparisons, and outcomes as six
individual RCTs and 21 meta-analyses of RCTs (fig 1).
The 46 individual observational studies conducted
66 direct comparisons across multiple efficacy or safety
outcomes for hydroxychloroquine versusstandard of care
(32 studies, 70%), hydroxychloroquine-azithromycin
versus standard of care (15, 33%), lopinavir-ritonavir
versus standard of care (6, 13%), hydroxychloroquine
versus lopinavir-ritonavir (5, 11%), hydroxychloroquine

Records identified from Epistemonikos “Living OVerview of Evidence (L:OVE)” evidence database

Duplicate records removed before screening

Records screened

(h 218

Full reports sought for retrieval

N>

v

(B 216)

Reports assessed for eligibility

v

(B 46

Studies included in review
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h 2981

Records excluded

(B 2)

Reports not retrieved

R 170

Reports excluded

109 Notin list of comparisons from
The BMJ's living review
~—> 28 Wrong study design
20 Duplicate record
6 Trial registry - no results reported
4 Non-English language
3 Study withdrawn
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Table 1 | Characteristics of ind
trials included in the matched

ividual observational studies and randomised controlled
pairs. Data are number (%)
Observational studies

Characteristic (n=46) RCTs (n=37)
Study design

Retrospective cohort 44 (96) NA
Prospective cohort 2 (4) NA
Masking

None NA 18 (49)
Open NA 2 (5)
Unknown NA 103)
Double or higher NA 16 (43)
Center status

Single center 25 (54) 14 (38)
Multicenter 21 (46) 22 (60)
Unknown 0(0) 103)
Study location

China 3@ 6 (16)
France 8(17) 103)
Italy 3(7) 0(0)
Saudi Arabia 3@) 0(0)
South Korea 4 (8) 0 (0)
Spain 3@) 103
United States 13 (28) 8(22)
Other 9 (20) 14 (38)
Multiple countries 0 (0) 7 (19)

Individual studies for comparisons included in matched observational study and RCT pairs*

Hydroxychloroquine v standard of care/placebo 32 (70) 29 (78)
Dexamethasone v standard of care/placebo 3@) 3(8)
Lopinavir-ritonavir v standard of care/placebo 6 (13) 6 (16)
Hydroxychloroquine-azithromycin v standard of 15 33) 4(11)
care/placebo

Hydroxychloroquine v lopinavir-ritonavir 5(11) 2 (5)
Hydroxychloroquine v azithromycin 4(9) 2 (5)
Hydroxychloroquine v ivermectin 1(2) 2 (5)

Study population demographics

No of patients per individual study, median (range) 464 (16-8075)

146 (2-6425)

Percentage of female individuals per study, median 40.8 (33.5-46.7)
(R

40.2 (36.4-45.0)

Study population disease severityt (across n=27 matched pairs)

Mild or moderate disease 23 (85) 22 (82)
Severe disease 22 (82) 18 (67)
Critical disease 19 (70) 2@

NA=not applicable; RCT=randomised controlled trial; IQR=interquartile range.

*Percentages within this category might not add to 100% because one observational study or RCT could have
included multiple treatment comparisons.

tPercentages within this category might not add to 100% because one observational study or RCT could have
included patients of multiple disease severity types (eg, one observational study might have included patients
with severe disease and critical disease).

versus azithromycin (4, 9%), dexamethasone versus
standard of care (3, 7%), hydroxychloroquine versus
ivermectin (1, 2%; table 1). Over half (25, 54%) of the
observational studies were done at one center. The most
common geographical areas were United States (13,
28%), followed by France (8, 17%) and South Korea (4,
8%). Almost all observational studies were retrospective
cohort studies (44, 96%). About a quarter (12, 26%)
used propensity score matching.

The 37 individual RCTs conducted direct comparisons
for hydroxychloroquine versus standard of care (29
trials, 78%), hydroxychloroquine-azithromycin versus
standard of care (4, 11%), lopinavir-ritonavir versus
standard of care (6, 16%), dexamethasone versus
standard of care (3, 8%), hydroxychloroquine versus
lopinavir-ritonavir (2, 5%), hydroxychloroquine versus
azithromycin (2, 5%), and hydroxychloroquine versus
ivermectin (2, 5%; table 1). More than half (22, 60%)

of the RCTs were conducted at multiple centers; seven
(19%) were in multiple countries, eight (22%) in the
United States, and six (16%) in China. Just fewer than
half (16, 43%) of the trials were designed to have
double or higher masking.

Comparison of matched pairs

We conducted 17 new, independent meta-analyses
of observational studies evaluating the same
interventions, comparisons, and outcomes as 17 meta-
analyses of RCTs included in The BMJ’s living review
(table 1). Ten additional matched pairs had only one
eligible observational study and/or one eligible RCT,
making 27 matched pairs in total.

Matched observational studies, compared with RCTs,
had the same median number of included studies (2
(range 1-26) v 2 (1-28)) and a lower median number
of total participants (1188 (40-42859) v 1288 (85-
11655); table 1, supplementary tables 3 and 4). The
median proportion of female participants in matched
observational studies was 40.8% (interquartile range
33.5-46.7) and in RCTs was 40.2% (36.4-45.0). Across
the 27 matched pairs of observational studies versus
RCTs, patients with mild to moderate covid-19 disease
severity were similar in number; however, more
patients in the observational group had severe disease
and critical disease (table 1). In 23 (85%) matched
pairs, the observational studies included patients
with mild to moderate covid-19 disease severity, 22
(82%) with severe covid-19 disease severity, and 19
(70%) with critical covid-19 disease severity. 22 (82%)
matched pairs had RCTs that included patients with
mild to moderate covid-19 disease severity, 18 (67%)
with severe covid-19 disease severity, and two (7%)
with critical covid-19 disease severity.

All matched pairs included studies with a similar
proportion of female participants (supplementary
table 5). After excluding one pair with missing
information about the ages of participants in at least
one individual study, participant age was concordant
for all remaining 26 pairs. After excluding five pairs
with missing information about the disease severity
of participants in at least one individual study, all
remaining 22 pairs had concordant disease severity.

Concordance between treatment effects from
matched pairs

Seventeen matched pairs consisted of meta-analyses
of observational studies and meta-analyses of RCTs
and 10 additional matched pairs had only one
observational study and/or only one RCT (table 2 and
table 3). Overall, 21 (78%) of the 27 total matched
pairs had treatment effects that were concordant in
terms of direction of effect and statistical significance.
For 11 (52%) of 21 concordant pairs, the treatment
effects were larger (that is, further from the null value)
for the observational studies than for the RCTs.

Of the 17 matched pairs consisting of meta-analyses
of observational studies and meta-analyses of RCTs,
14 (82%) had treatment effects that were concordant
for direction and statistical significance (table 2 and
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Table 2 | Concordance between treatment effect estimates from 27 matched
observational study and RCT pairs

Observational study treatment
effect estimates

RCT treatment effect estimates

Decreased,
but not
significantlyt

Increased,
but not
significantlyt

Increased, Decreased,
significantly* significantly*

Matched pairs of meta-analyses of observational studies and meta-analyses of RCTs

Increased, significantly* 0% 0 2 0
Decreased, significantly* 0 0t 0 0
Increased, but not significantlyt 0 0 4% 2%
Decreased, but not significantlyt 0 1 5% 3%

Additional matched pairs consisting of one observational study and/or one RCT

Increased, significantly* 0% 0 0 1
Decreased, significantly* 0 0t 0 1
Increased, but not significantlyt 1 0 3% 1%
Decreased, but not significantlyt 0 0 1% 2%

RCT=randomized controlled trial.

*Statistically significant based on P<0.05.
tNot statistically significant based on P=0.05.

$Pairs classified as concordant.

table 3, fig 2, fig 3, fig 4, fig 5). Overall, the summary
observational study treatment effects were larger than
the summary RCT treatment effect estimates for six
(43%) of the 14 concordant pairs. Of the 10 additional
matched pairs consisting of one observational study
and/or one RCT, seven (70%) were concordant. Overall,
the summary observational study treatment effects
were larger than the summary RCT treatment effects for
five (71%) of the seven concordant pairs. Twelve (57%)
of 21 meta-analyses of RCTs and three (15%) of 20
meta-analyses of observational studies had I values of
0% (supplementary figures 1-27). Twelve (60%) of 20
meta-analyses of observational studies had I? values of
more than 75%.

Treatment effects for dichotomous outcomes

Among the 27 total matched pairs, 18 had ORs as their
treatment effect (fig 2, fig 3, table 3, supplementary
figs 1-18). Of these, 16 (89%) were concordant in terms
of direction and significance.

Of 12 matched pairs consisting of meta-analyses of
observational studies and meta-analyses of RCTs with
ORs as their treatment effect, 11 (92%) were concordant
in terms of direction and statistical significance (fig
2, fig 3, table 3). All 11 concordant matched meta-
analysis pairs had non-significant summary ORs for
RCTs and observational studies. Of these, six (55%)
had summary observational study ORs that were
contained within the 95% confidence interval of the
summary RCT ORs. Of the 11 concordant pairs, the
summary observational study ORs were larger (further
from the null value of 1.0) than the summary RCT ORs
for four (36%) of the pairs (median ratio of ORs, 0.96
(range 0.33 to 1.53)). Although one meta-analysis of
RCTs (dexamethasone v standard of care for mortality)
had a statistically significant summary OR, the
corresponding matched meta-analysis of observational
studies was not concordant.

Among the six matched pairs consisting of one
observational study and/or one RCT with ORs, five
(83%) were concordant in terms of direction and
statistical significance (fig 2, fig 3, table 3). All
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five concordant pairs had non-significant RCT and
observational study ORs. Of the five concordant pairs,
four (80%) had summary observational study ORs that
were contained within the 95% confidence interval of
the summary RCT ORs. Of the five concordant pairs,
the summary observational study ORs were larger
(further from the null value of 1.0) than the summary
RCT ORs for three (60%) of the pairs (median ratio
of ORs, 1.61 (range 0.45 to 3.47)). Although one
observational study (hydroxychloroquine v standard
of care for hospital admission) had a statistically
significant OR, the corresponding matched RCT OR
was not concordant.

Treatment effects for continuous outcomes

Among the 27 total matched pairs, nine (33%) had
mean differences or ratios of means as their treatment
effects (fig 4, fig 5, table 3, supplementary figures 19-
27). Of these, five (56%) were concordant in terms of
direction and statistical significance.

Five matched pairs consisted of meta-analyses of
observational studies and meta-analyses of RCTs with
mean differences or ratios of means, of which three
(60%) were concordant (fig 4 and fig 5, table 3). All
three concordant matched meta-analysis pairs had
non-significant summary treatment effects. For all
three concordant pairs, the summary observational
study treatment effects were contained within the 95%
confidence interval of the summary RCT treatment
effects. The summary treatment effects for the
observational studies were larger (that is, further from
thenull value of 1.0) than those for RCTs, for two (67%) of
the pairs. Although two meta-analyses of observational
studies had significant summary treatment effects
(hydroxychloroquine v standard of care or placebo for
duration of hospital stay, and hydroxychloroquine-
azithromycin v standard of care or placebo for duration
of hospital stay), the matched RCT meta-analyses pairs
were not considered to be concordant.

Among the four additional matched pairs
consisting of only one observational study and/
or only one RCT with continuous treatment effect
estimates, two (50%) were concordant (fig 4 and fig
5, table 3). Both concordant pairs had non-significant
treatment effect estimates for RCTs and observational
studies. Of the two concordant pairs, one (50%)
had observational treatment effect estimates that
were contained within the 95% confidence interval
of the summary RCT treatment effect estimates.
For both concordant pairs, the summary treatment
effect estimates for observational studies were
smaller (that is, further from the null value of 1.0)
than those for RCTs. Although one observational
study had a significant summary treatment effect
estimate (hydroxychloroquine v lopinavir-ritonavir
for duration of hospital stay), the matched RCT pair
was not concordant. For another pair, one RCT had
a significant summary treatment effect estimate
(dexamethasone v standard of care or placebo
for ventilator-free days); however, the matched
observational study was not concordant.
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Table 3 | Comparison of treatment effect estimates for observational studies and RCTs among 27 matched pairs

Primary measures of concordance

Secondary measures of concordance

Concordant direction of

Significant summary treatment

Summary treatment effect estimate for
observational studies within 95% Cl of

the summary treatment effect estimate Overlapping

Comparison and outcome  effect estimate effect estimate (P<0.05) Overall concordance* for RCTs 95% Cl
Treatment effects for dichotomous outcomes (n=18)
Hydroxychloroquine v standard of care/placebo:
Mortality No Neither Yes No Yes
Mechanical ventilation Yes Neither Yes No Yes
Admission to hospitalt Yes Observational only No Yes Yes
Viral clearance Yes Neither Yes Yes Yes
Lopinavir-ritonavir v standard of care/placebo:
Mortality No Neither Yes Yes Yes
Mechanical ventilation No Neither Yes No Yes
Viral clearance No Neither Yes No Yes
Dexamethasone v standard of care/placebo:
Mortality Yes RCT only No No Yes
Hydroxychloroquine-azithromycin v standard of care/placebo:
Mortality No Neither Yes Yes Yes
Mechanical ventilationt  Yes Neither Yes Yes Yes
Viral clearance No Neither Yes No Yes
Hydroxychloroquine v azithromycin:
Mortality Yes Neither Yes Yes Yes
Mechanical ventilationt  Yes Neither Yes Yes Yes
Hydroxychloroquine v lopinavir-ritonavir:
Mortality Yes Neither Yes Yes Yes
Mechanical ventilationt  No Neither Yes No Yes
Adverse eventst Yes Neither Yes Yes Yes
Viral clearance Yes Neither Yes Yes Yes
Hydroxychloroquine v ivermectin:
Mortalityt Yes Neither Yes Yes Yes
Treatment effects for continuous outcomes (n=9)
Hydroxychloroquine v standard of care/placebo:
Duration of hospital stay  Yes Observational only No No Yes
resTcI)rlE(t?icthr)]:ym ptom Yes Neither ves No Yes
Ventilator free dayst No Neither Yes Yes Yes
Time to viral clearance No Neither Yes Yes Yes
Lopinavir-ritonavir v standard of care/placebo:
Duration of hospital stay  Yes Neither Yes Yes Yes
Tlmelto Sy Yes Neither = Yes Yes
resolution
Dexamethasone v standard of care/placebo:
Ventilator free dayst Yes RCT Only No No Yes
Hydroxychloroquine-azithromycin v standard of care/placebo:
Duration of hospital stay ~ Yes Observational only No No Yes
Hydroxychloroquine v lopinavir-ritonavir:
Duration of hospital stayt No Observational Only No No No

Cl=confidence interval; RCT=randomized controlled trial.
*Concordant in terms of direction and statistical significance (that is, both significantly increasing or decreasing or both not significant).
tPairs with only one observational study or only one RCT.

Publication timing

Twenty six (96%) of the 27 matched pairs had at
least one observational study published before
any RCT was published, and four (15%) had at
least one observational study published before any
RCTs were registered. Although 15 pairs (56%) had
all observational studies published before all the
RCTs were published, none had all observational
studies published before all RCTs were registered
(supplementary table 6).

Risk of bias

Among the 37 eligible RCTs, none was rated at low
risk of bias across all domains (supplementary tables
7a and 7b). Among the 46 individual observational

studies, none was rated at low risk of bias in all
domains. Given that no meta-analyses pairs had at
least two studies at low risk of bias, we did not repeat
our analyses stratified by high and low risk-of-bias
evidence.

Sensitivity analyses

Repeating our analyses using the treatment effects from
The BMJ’s network meta-analysis (that is, considering
both indirect and direct comparisons of interventions)
produced results consistent with our primary findings
(supplementary tables 8-10). Our findings remained
unchanged after we applied the Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analyses to
the summary treatment effects that were significant
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Comparisons Ln(TE) SE ORs and RORs ORs and RORs
and outcomes (95%CI) (95%CI)
HCQ v SOC for mortality
Observational evidence (n=26) -0.14 0.1011 & 0.87 (0.71 to 1.06)
RCT evidence (n=30) 0.09 0.0585 é 1.09 (0.97 to 1.22)
Ratio of ORs -0.23 0.1168 ¢ 0.80(0.63 to 1.00)
0.1 05 1 2 10
Favours Favours
HCQ soc
HCQ vSOC for mechanical ventilation
Observational evidence (n=12) 0.43 0.2212 —— 1.54 (1.00 to 2.38)
RCT evidence (n=9) 012 00832 23 1.13(0.96 t0 1.33)
Ratio of ORs 031 0.2363 -—o— 1.36(0.86t0 2.17)
0.1 05 1 2 10
Favours Favours
HCQ soc
HCQ v SOC for admission to hospital
Observational evidence (n=1)  -0.65 0.0950 3 0.52(0.4300.63)
RCT evidence (n=4) -0.36 0.2992 — 0.70(0.39t0 1.26)
Ratio of ORs -0.30 0.3139 — 0.74(0.40t0 1.37)
0.1 05 1 2 10
Favours Favours
HCQ socC
HCQ vSOC for viral clearance
Observational evidence (n=5)  -0.20 0.4495 * 0.82(0.34t01.98)
RCT evidence (n=9) -0.00 0.1678 -o- 1.00 (0.72 to 1.39)
Ratio of ORs -0.20 0.4798 —_— 0.82(0.32t02.10)
0.1 05 1 2 10
Favours Favours
soc HCQ
LR vSOC for mortality
Observational evidence (n=4)  -0.02 0.1034 & 0.98 (0.80 to 1.20)
RCT evidence (n=6) 0.02 0.0597 é 1.02(0.91t01.15)
Ratio of ORs -0.04 0.1194 # 0.96(0.76 to 1.21)
0.1 05 1 2 10
Favours Favours
LR socC
LR vSOC for mechanical ventilation
Observational evidence (n=2) -1.02 0.9082 <+——¢—+— 0.36(0.06t0 2.11)
RCT evidence (n=4) 010 0.0788 & 1.10(0.94t01.28)
Ratio of ORs -1.12 09116 «—- 0.33(0.05to 1.95)
0.1 05 1 2 10
Favours Favours
LR soc
LR vSOC for viral clearance
Observational evidence (n=2)  -0.27 1.8214 0.76 (0.02 to 25.23)
RCT evidence (n=4) 0.11  0.1462 -@- 1.12(0.84 to 1.49)
Ratio of ORs -0.39 1.8273 0.68(0.02 to 24.38)
0.1 05 1 2 10
Favours Favours
socC LR
DEX v SOC for mortality
Observational evidence (n=2) -0.36 0.2361 —— 0.70(0.44t0 1.11)
RCT evidence (n=3) -0.15 0.0622 é 0.86 (0.76 t0 0.97)
Ratio of ORs -0.21 0.2441 —— 0.81(0.50t0 1.31)
0.1 05 1 2 10
Favours Favours
DEX soc
HCQ-AZ vSOC for mortality
Observational evidence (n=13) 0.19 0.1590 -o- 1.21(0.89to0 1.65)
RCT evidence (n=4) -0.24 0.5146 > 0.79(0.29t0 2.17)
Ratio of ORs 0.43 0.5386 >— 1.53(0.53 to 4.40)
0.1 05 1 2 10
Favours Favours
HCQ-AZ SoC

Fig 2 | Forest plot of treatment effects from matched observational studies and randomized
controlled trials, shown with Odds ratios (ORs) and ratios of ORs (RORs). Numbers next

to comparisons indicate the number of individual studies included in the meta-analyses.
Az=azithromycin; Cl=confidence interval; DEX=dexamethasone; HCQ=hydroxychloroquine;
IVER=ivermectin; LR=lopinavir-ritonavir; Ln=natural logarithmic scale; SE=standard error;
SOC=standard of care or placebo; TE=treatment effect
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according to the DerSimonian and Laird method for
random effects meta-analyses (supplementary text 1).

Discussion
In this meta-epidemiological study, we found that
more than three quarters of the matched observational
study and RCT pairs had treatment effects that
were in agreement in terms of direction of effect
and significance. However, agreement was higher
when matched pairs were limited to meta-analyses
of observational studies and meta-analyses of RCTs
(82%), compared with matched pairs with only one
observational study and/or one RCT (70%), or both. We
noted higher agreement in matched pairs’ treatment
effects for dichotomous outcomes (89%) thanin those of
continuous outcomes (56%). Although our evaluation
is limited to three covid-19 treatments, and therefore
might not be generalizable to all interventions and
outcomes, these findings suggest that meta-analyzed
evidence from observational studies can complement,
but should not replace, evidence collected from RCTs.

We observed relatively high proportions of agreement
between matched observational study and RCT meta-
analysis pairs, especially among matched pairs
consisting of meta-analyses of observational studies
and meta-analyses of RCTs. However, a recent cross-
sectional study suggested that only 12% of individual
non-randomized studies reporting significant survival
benefits of potential anti-covid-19 drugs are replicated
by large RCTs.** Several reasons explain why our
findings are not directly comparable to that study
and might lead to slightly different conclusions. First,
our evaluation considered meta-analyzed evidence
for three treatments with the greatest number of
RCTs across four sources, and we did not include
studies evaluating groups of interventions (eg,
corticosteroids). In fact, the only overlapping analyses
across both evaluations were for hydroxychloroquine
and hydroxychloroquine-azithromycin versus placebo
or standard of care. Second, we did not limit our
comparisons to statistically significant findings. We
classified evidence from observational studies and
RCTs as in agreement if both observational and RCT
treatment effects were significantly increasing or
decreasing (P<0.05) or both treatment effects were
not significant. Lastly, our evaluation did not include
evidence from cohort studies with sample sizes of less
than 15 and from cross sectional studies. However,
our findings of high levels of agreement are consistent
with previous evaluations comparing the relative
treatment effects from observational studies and RCTs.
For instance, in a Cochrane review, which summarized
evidence from 14 methodological reviews across 228
different medical conditions, 11 reviews found that
observational studies and RCTs were highly concordant
in terms of effect direction and magnitude.”” In one
of these reviews, very high correlation was observed
among treatment effects of observational studies and
RCTs (r=0.75) across 45 different clinical topics.*

In contrast with the higher proportion of agreement
between relative treatment effects in matched
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Comparisons
and outcomes

Ln(TE) SE

HCQ-AZ vSOC for mechanical ventilation

Observational evidence (n=7)
RCT evidence (n=1)
Ratio of ORs

0.50
0.51
-0.01

HCQ-AZ vSOC for viral clearance

Observational evidence (n=2)
RCT evidence (n=2)
Ratio of ORs

HCQ v AZ for mortality
Observational evidence (n=4)
RCT evidence (n=2)

Ratio of ORs

-0.71
0.04
-0.75

0.28
0.29
-0.02

HCQ v AZ for mechanical ventilation

Observational evidence (n=2)
RCT evidence (n=1)
Ratio of ORs

HCQ vLR for mortality
Observational evidence (n=3)
RCT evidence (n=2)

Ratio of ORs

0.99
0.51
0.48

-0.09
-0.34
0.25

HCQ v LR for mechanical ventilation

Observational evidence (n=1)
RCT evidence (n=1)
Ratio of ORs

HCQ vLR for adverse events*

Observational evidence (n=1)
RCT evidence (n=2)
Ratio of ORs

HCQ v LR for viral clearance
Observational evidence (n=2)
RCT evidence (n=2)

Ratio of ORs

HCQ vIVER for mortality
Observational evidence (n=1)
RCT evidence (n=2)

Ratio of ORs

1.06
-0.19
1.24

-0.19
-0.82
0.63

-0.02
-0.24
0.22

0.08
0.87
-0.79

0.3506
0.3697
0.5095

1.8909
0.2703
1.9101

0.3103
1.8241
1.8503

0.6306
0.5923
0.8651

0.2382
0.4057
0.4705

1.1349
0.2714
1.1669

1.2548
1.0261
1.6210

1.1239
0.1700
0.6397

0.2337
1.7467
1.7623

ORs and RORs
(95%CI)
—‘_
0.1 05 1 2 10
Favours Favours
HCQ-AZ socC
0.1 05 1 2 10
Favours Favours
socC HCQ-AZ
t—
0.1 05 1 2 10
Favours Favours
HCQ
0.1 05 1 2 10
Favours Favours
HCQ AZ
_‘_
—
—:
0.1 05 1 2 10
Favours Favours
HCQ LR
e
———
——p
0.1 05 1 2 10
Favours Favours
HCQ LR
—
0.1 05 1 2 10
Favours Favours
HCQ LR
-0~
>
0.1 05 1 2 10
Favours Favours
HCQ
_’_
0.1 05 1 2 10
Favours Favours
HCQ IVER

ORs and RORs
(95%CI)

1.65(0.83t0 3.28)
1.67(0.81 t0 3.45)
0.99 (0.36 t0 2.68)

0.49 (0.01 t0 16.56)
1.04(0.61t0 1.77)
0.47(0.01t0 19.91)

1.32(0.72t0 2.42)
1.34(0.04 to 50.98)
0.99(0.03 to 37.02)

2.69(0.78t09.24)
1.67(0.52t05.33)
1.61(0.30t0 8.78)

0.91(0.57 to 1.45)
0.71(0.32t0 1.57)
1.28(0.51t03.22)

2.88(0.31t026.51)
0.83(0.49 to 1.41)
3.47(0.35t0 34.16)

0.83(0.07 t0 9.58)
0.44 (0.06 to 3.35)
1.89(0.08 t0 45.23)

0.98(0.11t0 9.01)
0.79 (0.57 to 1.10)
1.24(0.13t0 11.5)

1.08(0.68t0 1.71)
2.39(0.08 t0 75.29)
0.45(0.01 to 14.29)

Fig 3 | Forest plot of treatment effects from matched observational studies and
randomized controlled trials, shown with odds ratios (ORs) and ratios of ORs (RORs).
Numbers next to comparisons indicate the number of individual studies included in
the meta-analyses. Az=azithromycin; Cl=confidence interval; DEX=dexamethasone;
HCQ=hydroxychloroquine; IVER=ivermectin; LR=lopinavir-ritonavir; Ln=natural
logarithmic scale; SE=standard error; SOC=standard of care or placebo
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observational study and RCT meta-analysis pairs,
56% of the matched pairs with continuous treatment
effects were in agreement. Few studies have examined
the agreement between continuous treatment effects
from observational studies and RCTs, as compared
with relative treatment effects. However, according
to a previous evaluation comparing standardized
treatment response (a continuous treatment effect
estimate) in antidepressants between observational
studies and RCTs, treatment effects in RCTs and
observational studies differed significantly, with a
greater magnitude of effect observed among RCTs
than among observational studies.?® Overall, why
concordance was lower among matched pairs with
treatment effects for continuous outcomes than was
for dichotomous outcomes in this study is unclear.
Higher agreement among the treatment effects for
dichotomous outcomes might partially be explained
by the fact that most dichotomous outcomes are
hard outcomes, such as mortality, which can be less
prone to detection biases. The higher agreement
might also be explained by the fact that almost half
of the matched pairs with continuous outcomes
contained one observational study and/or one RCT.
Unlike accumulated evidence, individual studies,
especially those with smaller sample sizes, might be
more likely to have spurious findings, which could
lead to low agreement.?” Additional research might be
needed to track the consistency of treatment effects for
continuous outcomes as evidence is accumulated.

Of the three interventions we evaluated, only
dexamethasone has been recommended by the
National Institutes of Health and World Health
Organization’s under each institution’s treatment
guidelines for therapeutic management of covid-19
in patients admitted to hospital.” *® However, the
treatment effects from our DerSimonian and Laird
random effects meta-analyses of observational studies
(two studies, 2544 participants) and RCTs (three RCTs,
6742 participants) were not in agreement. Although
both meta-analyses had ORs suggesting benefit with
dexamethasone versus standard of care or placebo
for mortality, only the accumulated RCT evidence was
significant.

Across dichotomous outcomes, we found one
observational study reporting a significant reduction
in hospital admission among patients receiving
hydroxychloroquine versus standard of care. However,
this observational study was not a meta-analysis of
studies and the corresponding evidence from RCTs
was not significant. Three clinical questions across
continuous outcomes showed significant treatment
effects based on evidence from observational
studies: hydroxychloroquine versus standard of care
(n=16 studies), hydroxychloroquine-azithromycin
versus standard of care (n=8 studies), and
hydroxychloroquine versus lopinavir-ritonavir (n=1
study) for duration of hospital stay. According to these
analyses, use of hydroxychloroquine was associated
with lengthier hospital stays for all analyses. However,
the corresponding evidence from RCTs was not

doi: 10.1136/bmj-2021-069400 | BMJ 2022;377:e069400 | thebmj
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Comparisons SMD SE SMD and dSMD SMD and dSMD
and outcomes (95%CI) (95%CI)
HCQ vSOC for duration of hospital stay
Observational evidence (h=16) 0.35 0.0969 -o- 0.35(0.16 t0 0.54)
RCT evidence (n=11) 0.12 0.1046 - 0.12 (-0.08 t0 0.32)
dSMD 0.23 0.1426 —— 0.23(-0.05t0 0.51)
-1.5-10-05 1 05 1.0 15
Favours Favours
HCQ SoC
HCQ vSOC for ventilator free days
Observational evidence (n=2)  -0.22 0.1148 & -0.22 (-0.45 to 0.00)
RCT evidence (n=1) 0.02 0.1939 —— 0.02 (-0.36 to 0.40)
dSMD -0.24 0.2018 —— -0.24 (-0.68 t0 0.20)
-1.5-10-05 1 05 1.0 15
Favours Favours
SoC HCQ
LR vSOC for duration of hospital stay
Observational evidence (n=3)  0.67 0.4872 —— 0.67 (-0.28 0 1.62)
RCT evidence (n=4) 0.11  0.1097 — 0.11(-0.10t0 0.32)
dSMD 0.56 0.4994 <«—— 0.56 (-0.42 to 1.54)
-1.5-10-05 1 05 1.0 15
Favours Favours
LR SOoC
DEX v SOC for ventilator free days
Observational evidence (n=1)  0.37 0.2653 - 0.37(-0.15t0 0.89)
RCT evidence (n=1) 0.28 0.1148 —o— 0.28 (0.06 to 0.50)
dSMD 0.09 0.2891 —e 0.09 (-0.48 to 0.66)
-1.5-10-05 1 05 1.0 15
Favours Favours
SoC DEX
HCQ-AZ vSOC for duration of hospital stay
Observational evidence (n=8)  0.53 0.2015 — 0.53(0.14t00.92)
RCT evidence (n=2) 0.07 0.0944 -o- 0.07 (0.1 t0 0.25)
dSMD 0.46 0.2225 — 0.46 (0.02 to 0.90)
-1.5-10-05 1 05 1.0 15
Favours Favours
HCQ-AZ SoC
HCQ v LR for duration of hospital stay
Observational evidence (n=1)  0.46 0.1531 —— 0.46 (0.16 t0 0.76)
RCT evidence (n=1) -0.19 0.1173 —o— -0.19 (-0.42 to 0.04)
dSMD 0.65 0.1929 — 0.65(0.27 t0 1.03)
-1.5-10-05 1 05 1.0 15
Favours Favours
HCQ LR

Fig 4 | Forest plot of treatment effects from matched observational studies and randomized controlled trials, shown with standardized mean
differences (SMD) and differences between SMDs (dSMD). Numbers next to comparisons indicate the number of individual studies included in the
meta-analyses. Az=azithromycin; Cl=confidence interval; DEX=dexamethasone; HCQ=hydroxychloroquine; LR=lopinavir-ritonavir; SE=standard

error; SOC=standard of care or placebo

significant across any of these analyses, highlighting
the complexity of relying only on observational
evidence, even when studies are accumulated.

Even before the pandemic, interest was increasing
for the use of observational methods and real world
data to assess the comparative effectiveness of medical
treatments.?” In 2016, the US Congress passed the 21st
Century Cures Act, which promoted the use of real-world
evidence (thatis, any longitudinal health data collected
outside of RCTs) to support drug approvals.’® The US
Food and Drug Administration followed this legislative
directive by releasing a guidance document outlining
how drug sponsors can use real-world evidence
to support regulatory decisions.’®3? Similarly, the

thelbmj | BMJ2022;377:e069400 | doi: 10.1136/bmj-2021-069400

European Medicines Agency has encouraged the use of
real world evidence by facilitating multiple real world
databases to be used in both in-house and external
studies.’® Real world evidence was revisited during
the covid-19 pandemic when clinicians and regulators
urgently sought information about the effectiveness of
pre-existing interventions to treat covid-19. However,
concerns were raised about the rapid dissemination
of potentially low quality observational studies and
findings of treatment effectiveness (or ineffectiveness)
from observational studies of covid-19 were in doubt
until corresponding evidence was generated by RCTs.
If the findings reported in observational studies
are subsequently refuted by RCTs, the implications
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Comparisons Ln(TE) SE

and outcomes

HCQ vSOC for time to symptom resolution

ROMs or RROMs
(95% CD)

Observational evidence (n=1) -0.26 0.1698 »

RCT evidence (n=9) -0.11 0.0620 -&-

Ratio of ROMs -0.16 0.1807 *>
0.5 1 2
Favours Favours
HCQ SOoC

HCQ v SOC for time to viral clearance

Observational evidence (n=5)  0.10 0.1072 —

RCT evidence (n=6) -0.20 0.1965 *

Ratio of ROMs 0.30 0.2239 >—
0.5 1 2
Favours Favours
HCQ SOoC

LR vSOC for time to symptom resolution

Observational evidence (n=2)  0.16 0.0910 ——

RCT evidence (n=2) 0.08 0.1970 *

Ratio of ROMs 0.08 0.2170 *
0.5 1 2
Favours Favours
LR o]

Fig 5 | Forest plot of treatment effects from matched observational studies and randomized controlled trials, shown with ratios of means (ROMs) and
ratios of ROMs (RROMs). Numbers next to comparisons indicate the number of individual studies included in the meta-analyses. Az=azithromycin;
Cl=confidence interval; HCQ=hydroxychloroquine; LR=lopinavir-ritonavir; Ln=natural logarithmic scale; SE=standard error; SOC=standard of care or

placebo

ROMs or RROMs
(95% CD)

0.77(0.55t0 1.07)
0.90(0.80t0 1.02)
0.86 (0.60to0 1.22)

1.11(0.90t0 1.37)
0.82(0.56to 1.21)
1.35(0.87 t0 2.10)

1.17 (0.98 to 1.40)
1.08(0.73 t0 1.59)
1.08(0.71 to 1.66)
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are important, especially because all but one of
the matched pairs in our sample had at least one
observational study published before any RCT was
published. However, our study might suggest that
neither RCTs nor observational studies should be
automatically assumed to serve as a gold standard.”
Beyond research integrity concerns (eg, falsification
and fabrication), the methodological quality of
covid-19 articles, across all study designs, has been
found to be lower than in non-covid-19 articles.>* As
we observed in our study, very few individual RCTs and
observational studies included in our evaluation were
at low risk of bias.

In addition to biases, other methodological
limitations can affect the direction and magnitude
of treatment effect estimates.’®> For instance, RCTs
typically have strict inclusion and exclusion criteria
that might not necessarily reflect the populations that
eventually receive the same treatments. Conversely,
rigorous observational studies might have more
representative, heterogeneous patient populations,
containing participants that cannot be included in RCTs.
Therefore, to expect identical results from observational
studies and RCTs might not be reasonable, even when
the studies evaluate the exact same interventions,
comparators, and outcomes. Furthermore, RCTs have
strict inclusion and exclusion criteria and are often
subject to recruitment difficulties, which can lead to
smaller sample sizes than in observational studies. In
our sample, we found a higher median number of total
participants across observational studies compared
with RCTs. Although our findings might suggest that in

future pandemics—or other similar situations requiring
urgent evaluations of existing treatments for new
indications—meta-analyses of observational studies
could be used to complement the evidence generated
by RCTs, caution is necessary before using any evidence
to inform clinical and regulatory decision making. In
situations where policy decisions to treat or not to treat
individuals can affect millions of lives, prioritization of
accumulated evidence is necessary, especially when
evidence from rigorous, large RCTs is not available. For
both observational and RCT evidence, the methods,
populations, results, and overall quality of individual
studies must be evaluated before use of the evidence to
guide practice.

Limitations

Our study has several limitations. First, our study
focused on the three covid interventions with the
greatest number of RCTs. Although this approach
ensured that the number of RCTs for our comparisons
were adequate, our findings might not be generalizable
to other interventions with few or no RCTs or to non-
repurposed treatments for covid-19. Second, the
observed agreement between RCTs and observational
evidence in our study could be driven by the low
number of identified studies for specific pairs, the low
total power of the accumulated evidence, or the fact
that most treatment effects were null. Third, we used
a comprehensive and systematic process to identify
observational studies but relied on the individual RCTs
reported in a high quality living review.'® Although the
databases and search dates used to identify RCTs and
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observational studies were similar, use of two different
approaches could have introduced bias or limited the
number of eligible studies.

Fourth, more than half of the meta-analysis pairs
had all observational studies published before all RCTs.
However, whether one study design prompted the other
in our sample is unclear. Given sample size restrictions,
we were unable to formally compare the evidence from
observational studies published before RCTs. Fifth,
although we matched RCTs and observational studies
based on population, intervention, comparator, and
outcome, studies were unlikely to have had the same
characteristics. For instance, the data for treatment
effects from the observational studies are further
limited by the potential heterogeneity between
studies, including in the definition of standard of
care in these treatment arms; patients within these
groups could have been given a wide range of possible
interventions. We did not formally evaluate the effect
of study design characteristics on the agreement
between matched pairs, and although we quantified
statistical heterogeneity and conducted random effects
meta-analyses, genuine heterogeneity is still possible
for analyses with low I” values.

Finally, we did not request access to the raw data
from all observational studies and RCTs, which would
have been needed to directly compare the agreement
between the study populations considered. However,
we assessed the overlap between key demographic
characteristics (that is, sex distribution, age, and
disease severity) and found much agreement
between matched RCT and observational study
meta-analyses pairs. We did not include race as a
demographic characteristic because we thought
that the heterogeneity in study geographies and
differences in reporting strategies meant that the
information synthesis and derivation of useful claims
would not have been possible without making overt
generalizations. Of note, findings from RCTs have
historically been incomplete because of challenges in
recruiting diverse patient populations.>¢®

Conclusion

In this meta-epidemiological study measuring the
agreement between summary treatment effects
from 27 matched pairs of observational studies
and RCTs for three covid-19 treatments, we found
that observational studies and RCTs generally have
treatment effects that are in agreement in terms of
direction and significance. Even greater agreement
was noted among pairs consisting of meta-analyzed
evidence from observational studies and RCTs and
studies measuring relative effect estimates. Although
these findings do not suggest that observational
studies can replace RCTs in pandemic settings, meta-
analyses of observational studies could complement
evidence collected from RCTs.
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