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Abstract

Mendelian randomization (MR) is a powerful epidemiological method for causal inference. However, its recent
surge in popularity has brought two concerning trends. First, the public availability of summary results from
genome-wide association studies has led to an explosion of low-quality two-sample mendelian randomization
(2SMR) studies. These studies add minimal — if any — value and overwhelm reviewers and journals. Second, the
availability of large datasets with individual-level genotype data, like UK Biobank, has spurred the development
and use of novel MR methods. However, some methods are being applied without proper testing, leading to
misleading results, as exemplified by recent spurious findings that are being retracted and/or corrected relating
to vitamin D. What can editors and peer reviewers do to handle the deluge of 2SMR studies and the premature
application of highly complex MR methods? We advise editors to simply reject papers that only report 2SMR
findings, with no additional supporting evidence. For reviewers receiving such papers, we provide a template for
rejection. In addition, reviewers should demand rigorous testing of novel methods, including through the use of
positive and negative controls before they are applied. Rejecting non-contributory 2SMR papers and imposing
intensive scrutiny to novel methods is crucial if the scientific community is to reclaim MR.
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Mendelian randomization (MR) is an epidemiological
method that uses genetic variation to infer causal effects
of modifiable exposures on outcomes [1]. The method
relies on the use of genetic variants that associate with
an exposure of interest as proxies for that exposure. If
the genetic variants associated with the exposure can be
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robustly linked to an outcome, this strengthens evidence
that the exposure itself plays a causal role in that outcome.
This inference is predicated on the fact that genetic vari-
ants are less prone to confounding and are not influenced
by reverse causation—sources of error that are difficult to
fully address in conventional epidemiological studies.
One of the most notable successes of MR has been in
confirming and refuting causal relationships between
various circulating biomarkers and atherosclerosis. MR
studies have accurately recapitulated the efficacy of low-
density lipoprotein cholesterol (LDL-C) lowering drugs
such as statins and PCSK9 inhibitors, and correctly pre-
dicted the lack of effect for other targets like vitamin D
and high-density lipoprotein cholesterol (HDL-C) [2, 3].
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The MR toolkit has expanded in parallel with the doc-
umented success of the methodology. Among the many
methods is two-sample MR (2SMR), where the expo-
sure and outcome are derived from summary results
from two separate studies. Two-sample MR was applied
in 2003 in the first extended exposition of MR [4]. Since
its inception the approach has been greatly facilitated by
the public sharing of summary results from thousands of
genome-wide association studies (GWAS). These data
have been collated into accessible databases, allowing
2SMR analyses to be performed online with a few clicks
of the mouse (e.g., https://app.mrbase.org/) [5]. Addi-
tionally, the data can be easily imported and analyzed
using user-friendly packages in R, such as TwoSampleMR
[5] and MendelianRandomization [6]. In short, 2SMR has
democratized the use of MR, making the method acces-
sible to a broader audience, including non-experts.

Unfortunately, this accessibility has led to an explosion
in the number of 2SMR studies, often characterized by
poor quality and a lack of scientific rigor, which was pre-
dicted in the early years of the take-off [7]. Some of these
studies are being produced in papermill-like factories
that help generate — at a cost — 2SMR studies, apparently
for accreditation and career advancement purposes.
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The problem with the abundance of low-quality 2SMR
studies is now glaringly apparent [8]. A decade ago, there
were about 100 MR papers published annually. In 2023,
this number exceeded 3,000, and it will reach almost
5,000 in 2024 (Fig. 1). Most of these are 2SMR studies.
This surge is overwhelming peer reviewers, editors, and
journals. For example, Lipids in Health and Disease alone
receives about 60 2SMR studies monthly, and between
them the authors of this comment receive more than 30
requests for peer review of this type of study weekly.

What can editors and peer reviewers do to handle the
deluge of 2SMR studies? We recommend that editors
simply reject submitted papers that only report 2SMR
with no other supportive data. One rationale behind this
recommendation is that all combinations of exposure and
outcome results based on data available in IEU openG-
WAS (https://gwas.mrcieu.ac.uk/) can be browsed online
on epigraphDB.org [9, 10]. In other words, these results
are, in effect, already published. Reporting them again
in a scientific paper adds nothing to what can be looked
up online in minutes. For peer reviewers receiving such
2SMR papers for review, we recommend using a template
review for quickly dealing with them. For example:
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Fig. 1 Number of papers identified using the search term ‘Mendelian randomization’in PubMed, stratified by year. The light blue bar for 2024 indicates

the projected number for the last four months of the year
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‘A general comment regarding this type of 2-sample
Mendelian randomization (2SMR) studies is that
they have become very easy to do, owing to publicly
available GWAS results and ready-to-use R-pack-
ages.

The result is a tsunami of 2SMR studies being pro-
duced and subwmitted for publication. Many of
these stem from research papermills that churn
out papers using identical methods and analytical
pipelines, only changing the exposure and outcome
between each paper.

These papers add little - if anything - of scientific
value, and they are a huge burden on journals, edi-
tors, and peer reviewers. I recommend that the edi-
tors of [insert journal name] reject these papers
without sending them for peer review in the future’

The reader is, of course, free to use or modify this tem-
plate, or parts of it, in her or his own future reviews of
low-quality 2SMR papers. This could be helpful to jour-
nals in alerting their editors to this problem, although the
publication of many 2SMR papers in predatory or near-
predatory journals mitigates against the success of this
approach.

The ready availability of individual level genotyped data
from large population studies — in particular UK Biobank
(UKB) - is leading to a second epidemic of papers, which
can in principle investigate more interesting hypotheses
than can stand-alone 2SMR studies. This has led to new
methods emerging for extending MR analyses, which may
become valuable tools for causal inference in population
biology. Each approach will require additional assump-
tions, beyond those now well described in conventional
MR [1]. The methods should be thoroughly tested before
being rolled out, including through the use of negative
and positive controls, when possible. A cautionary tale
relates to vitamin D, shown by many randomized con-
trolled trials and substantial conventional MR evidence
to be unlikely to majorly modify risk of most common
complex diseases at a population level [2, 11]. Applying
a method purporting to be able to identify the non-linear
causal effect of vitamin D modification across the range
of vitamin D within UKB suggested substantial benefit
in relation to cardiovascular and all cause mortality in
several widely cited studies [12, 13]. Unfortunately, these
findings were literally impossible [14, 15], and the first
paper has been retracted and replaced with a null paper
in agreement with the prior conventional MR studies [16]
and for the second an editorial expression of concern has
been published [17]. The approach used appears to often
simply replicate observational associations, and unsur-
prisingly a paper applying it has appeared suggesting
that raising HDL-C would reduce coronary heart disease
risk in 70% of the UKB population [18]. The spurious
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non-linear MR papers of vitamin D have received an
order of magnitude more citations since their publication
than have conventional MR papers of vitamin D report-
ing null effects, an example of what has been called “the
natural selection of bad science” [19].

The issue with MR studies applying inadequately tested
complex methods is very different to that of the paper-
mill produced 2SMR studies, as there will be few review-
ers who could truly evaluate them. The simple application
of negative controls would have thrown serious doubt on
the reliability of the method — applying it to UKB sug-
gests that vitamin D has a causal effect on the age and
chromosomal sex of participants, an obviously nonsensi-
cal finding [20]. Body mass index — the topic of another
misleading non-linear MR paper [21] — demonstrates
similar nonsensical apparent causal effects when apply-
ing a non-linear MR approach [20, 22]. Such testing of
the method should have been applied before it was rolled
out as it was. Reviewers should ask searching questions
of papers that extend MR to new domains and consider
whether adequate methodological work has been done
before they are implemented.

Sadly, MR has run off the rails. What is at heart a pow-
erful and elegant scientific method for assessing causality
in epidemiology is now being exploited for mass produc-
tion of low-quality research, and is also reporting mis-
leading findings, including ones that falsely repudiate the
very valuable findings of earlier, veridical, MR studies.
Rejecting non-contributory 2SMR papers and imposing
intensive scrutiny to novel methods is imperative if the
scientific community is to reclaim MR [8].
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