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Background and Purpose—Preclinical research using animals often informs clinical trials. However, its value is dependent
on its scientific validity and reproducibility, which are, in turn, dependent on rigorous study design and reporting. In 2011,
Stroke introduced a Basic Science Checklist to enhance the reporting and methodology of its preclinical studies. Except
for Nature and Science journals, few others have implemented similar initiatives. We sought to estimate the impact of
these journal interventions on the quality of their published reports.

Methods—All articles published in Stroke, Nature Medicine, and Science Translational Medicine over 9 to 18 years and in
2 control journals without analogous interventions over a corresponding 11.5 years were reviewed to identify reports of
experiments in nonhuman mammals with proposed clinical relevance. The effect of journal interventions on the reporting
and use of key study design elements was estimated via interrupted time-series analyses.

Results—Of 33009 articles screened, 4162 studies met inclusion criteria. In the 3.5 to 12 years preceding each journal’s
intervention, the proportions of studies reporting and using key study design elements were stable except for blinding
in Stroke and randomization in Science Translational Medicine, which were both increasing. Post-intervention, abrupt
and often marked increases were seen in the reporting of randomization status (level change: +17% to +44%, P<0.005),
blinding (level change: +20% to +40%, P<0.008), and sample size estimation (level change: 0% to +40%, P<0.002 in 2
journals). Significant but more modest improvements in the use of these study design elements were also observed. These
improvements were not seen in control journals.

Conclusions—Journal interventions such as Stroke’s author submission checklist can meaningfully improve the quality
of published preclinical research and should be considered to enhance study transparency and design. However, such
interventions are alone insufficient to fully address widespread shortcomings in preclinical research practices.

Visual Overview—An online visual overview is available for this article. (Stroke. 2020;51:291-299. DOI: 10.1161/
STROKEAHA.119.026564.)
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See related article, p 6 reporting.>* Poorly designed or inadequately reported preclin-
Preclinical experiments using animal models are an inte- ical studies can, therefore, reduce the dividends from research

gral part of biomedical research. However, their value is investments,>¢ result in animals being unjustifiably subjected
dependent on their scientific validity and reproducibility,'? to harm,>”® and inappropriately spur or deter clinical trials in
which are, in turn, dependent on rigorous study design and humans.**!° Randomization, blinding, sample size estimation,
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and considering sex as a biological variable are considered es-
sential study design elements (SDEs) to improve the reproduc-
ibility and predictive value of preclinical experiments.'s!-1¢
Randomization protects against selection bias; blinding pro-
tects against performance, detection, and attrition biases;
sample size estimation ensures adequate statistical power,
which improves effect estimate precision and protects against
spurious conclusions; and considering sex as a biological var-
iable increases the likelihood that results will be relevant to
both men and women.>>"!*16 These SDEs are routinely used
in clinical trials but are rarely implemented at the preclinical
stage, even though animal and human studies are susceptible to
similar risks of bias and threats to study validity.®1>!415

Recently, the National Institutes of Health and prominent
journals, including Nature and Science publishing groups, have
focused considerable effort on improving the rigor and reproduc-
ibility of preclinical research, particularly through enhanced ex-
perimental conduct and reporting standards."'"'*!7 In May 2013,
Nature journals introduced editorial measures that included a
mandatory checklist to prompt authors to disclose information
regarding crucial experimental SDEs'®*—a similar initiative to the
Basic Science Checklist introduced by Stroke in 2011."° Science
Translational Medicine (Science TM) similarly began requiring
that authors describe and defend their study designs, including
disclosing whether key SDEs were implemented. Yet, robust
data on the impact of such interventions are limited and at times
contradictory.'>!*?-2 We hypothesized that the introduction of
targeted journal initiatives had improved the reporting and exper-
imental design of published preclinical research.

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Study Screening and Selection

All studies published in Stroke between January 2000 and December
2017 were reviewed. The start date of January 2000 was selected as
the first Stroke Academic Industry Roundtable guidelines on preclin-
ical experiments were published exclusively in Stroke in December
1999,>* arguably marking an editorial awareness of their goals and
importance. The screening and study selection process for this journal
has been described previously.'? Briefly, studies were included if they
described original research published as full articles; reported results
of in vivo experiments in nonhuman mammals; and described path-
ophysiology, genetics, or therapeutic interventions that were stated
to be directly relevant to a specific disorder in humans. Studies on
physiological or genetic characteristics were included if potential
therapeutic applications or implications were proposed in the article.
These criteria were used in an effort to enrich our study sample with
confirmatory or proof-of-concept experiments>*2* while minimizing
the inclusion of reports of exploratory experiments with as yet un-
clear relevance to human disorders. All articles in Stroke were inde-
pendently selected and data extracted using standardized case report
forms by 2 reviewers, including via review of all articles’ supple-
mentary material. Discrepancies were resolved by consensus or by
an independent adjudicator. Our group has reported 94.5% interrater
agreement for study inclusion before resolution using this approach
in a previous review of >28000 articles."?

All studies published in Nature Medicine and Science TM be-
tween 2009 and 2017 were similarly reviewed, but the study selection
process differed slightly for these journals as described in methods in
the online-only Data Supplement. Data extraction was performed by
2 independent assessors as was done for Stroke. The starting year of

2009 for data collection was selected because the inaugural issue of
Science TM was published in that year.

We previously examined the reported methodological quality of
articles published in an additional 4 leading cardiovascular journals
between July 2006 and June 2016 using before-after comparisons.'
Two of these journals (Circulation and Circulation Research) pub-
lish on all aspects of cardiovascular medicine, allocate a substantial
amount of space to preclinical research that is of similar reported
methodological quality,'””> have among the highest journal impact
factors in the cardiovascular field, and did not explicitly and pub-
licly implement initiatives to improve the reporting or methodology
of their articles until October 2017." Limited journal- and disease-
specific data from those before-after comparisons have been reported
previously.!>14?7 The data set from these journals was extended to
December 2017, expanded in scope (see below), and combined into
a single control group to increase statistical power. Study selection
and data extraction for these control journals were performed as was
done for Stroke.

Diseases or disease systems of interest in each journal are listed in
methods in the online-only Data Supplement. Studies on sex-specific
diseases (for instance, prostate or ovarian cancer) were prospectively
identified during data collection.

Data Extraction

The date of publication, disease system studied, and animal model(s)
used were collected for all articles. Disease systems studied and an-
imal models used in <2% of reports in all journals were included
in “other” categories. Data on randomization, blinding (concealed
allocation or blinded outcome assessment), sample size/power esti-
mations, and the sex of the animals used were also collected. These
data have been identified as minimum reporting requirements by the
National Institutes of Health.>!* A distinction was made between the
reporting of any given SDE and its reported use such that cases in
which studies reported not randomizing animals to treatment groups
or not using blinding, for instance, were captured. Similarly, stud-
ies that reported using a specific SDE, but its description revealed
that it had not been properly executed, were captured (eg, studies
that reported being adequately powered because group compari-
sons yielded statistically significant results). The reporting and use
of SDEs are, therefore, described separately. These elements were
deemed to have been reported on or used if done for any experiment
or animal model within an article. Because of the small number of
Science TM studies published in 2009 (the first issue was published
in October of that year), studies from 2009 to 2010 were combined
for that journal for all analyses. Similarly, studies published in con-
trol journals between July and December 2006 were included with
articles published in 2007.

Given the volume of articles screened, journal-specific stylistic
features (page layouts, article organization, color schemes, and
appearance of figures), and the variability and volume of supplemen-
tary materials, de-identification of articles was not performed and
reviewers were not blinded to journal or date of publication during
screening or data extraction, although they were blinded to scores
from other reviewers. Articles were also reviewed in a predominantly
chronological sequence rather than in a randomized fashion.

Statistical Analysis

Journal-specific sample size calculations are described in methods in
the online-only Data Supplement. Categorical variables are reported
as number (%) and were compared via > tests. Continuous variables
are reported as mean+SD and were compared using ¢ tests. Interrater
agreement for study inclusion for Stroke and control journals was
calculated using percent agreement and Cohen’s K statistic. Secular
trends in the number of preclinical studies published over time were
examined using Spearman rank correlation coefficients (p); trends
in the proportions of studies reporting on or using SDEs were exam-
ined using Cochrane-Armitage trend tests. Randomization, blinding,
and sample size estimation were specifically targeted in all initiatives
studied; therefore, temporal changes in the proportions of studies
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reporting on and using these SDEs were evaluated as journal-spe-
cific interrupted time series with editorial initiatives introduced as
step functions in segmented regression models and are reported as
absolute cumulative means or absolute percentages with 95% Cls.
Data on sex reporting and sex of animals used were similarly but
separately evaluated and excluded studies on sex-specific disorders.
For temporal analyses, Stroke was examined in 12-month intervals
whereas Nature Medicine, Science TM, and control journals were
examined in 6-month intervals to render sample sizes similar per
time point between journals. The influence of journal initiatives was
also estimated by comparing reporting and methodological quality
measures before versus after their implementation in each journal
and via simple and multivariable modified Poisson regression mod-
els with robust error variance (sandwich estimation) to generate jour-
nal-specific crude and adjusted relative risks (RRs) with 95% ClIs.
Covariate category inclusion in multivariable models was prespeci-
fied and included relevant disease system studied and animal model
used. Within these covariate categories, specific disease system and
animal model covariates were selected via backward elimination
using an inclusion criterion of P<0.20 to ensure adequate events per
predictor variable. All analyses were performed using SAS 9.4 (SAS
Institute Inc, Cary, NC) using a 2-tailed o level of 0.05 to define sta-
tistical significance.

Results

Study Selection and Characteristics

Of 33009 indexed articles, 4162 met inclusion criteria and
were analyzed (Figure I in the online-only Data Supplement).
Interrater agreement for study inclusion before resolution
was 97.9% (k=0.82). The number of relevant articles pub-
lished yearly in Nature Medicine and in control journals
remained stable over the period examined (105+10, p=0.234,
P=0.544 and 118+20, p=—0.378, P=0.252), but increased and
decreased in Science TM (108+28, p=0.976, P<0.001), and
Stroke (5513, p=-0.634, P=0.005), respectively (Figure II in
the online-only Data Supplement).

In Stroke and in control journals, 293.0% of studies fo-
cused on cardiovascular diseases and >85.5% used mice or
rats. In Nature Medicine and Science TM, the most commonly
studied disease systems were oncology, infectious diseases,
neurology, endocrinology, cardiovascular, and “other,” with
71.3% and 85.6% using mice in each journal, respectively.
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Psychiatry, anesthesia, obstetrics/gynecology, ophthalmology,
and toxicology were each studied in <2% of studies in all jour-
nals and were therefore included in the “other” category (Table
I'in the online-only Data Supplement). One hundred eight ar-
ticles were deemed to be sex-specific and were excluded from
sex-based analyses.

Stroke

In the 12 years leading up to and including the year in which
Stroke introduced its Basic Science Checklist, the proportions
of studies that reported on and used blinding were increasing
(P,.,.=0.002 for both) whereas the reporting or use of random-
ization and sample size estimations were stable. Beginning in
2012, significant trend level or slope increases in the reporting
and use of these SDEs were observed (Figure 1). No study re-
ported not having randomized animals, and 2 studies reported
not having used blinding after the checklist was introduced
(Table). Among studies that reported having randomized ani-
mals, the proportion describing the method of randomization
increased from 14/233 (6.0%) to 30/183 (16.4%; P<0.001).
Temporal increases in the cumulative numbers of reported
and used SDEs were observed (Figure III in the online-only
Data Supplement).

Nature Medicine

In the 4.5 years preceding Nature Medicine’s author sub-
mission checklist, the reporting of randomization, blinding
status, or sample size estimation remained stable. After the
journal implemented its checklist, significant improvements
in the trend lines for the reporting and use of randomization,
blinding, and sample size estimation were observed. Large
numbers of articles reported not having implemented various
SDEs as shown by diverging trend lines of the reporting and
use of individual SDEs after the initiative (Figure 2) and as
shown in the Table. Among studies that reportedly random-
ized animals, the proportion describing the method used for
randomization did not appreciably change following checklist
implementation (1/50 [2.0%] versus 14/245 [5.7%], P=0.480).
Corresponding temporal increases in the cumulative number
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Panel SDE A Level (95% CI) P A Slope (95% ClI) P
Randomization (reported) +17% (6, 28) 0.005 +5% (3, 8) <0.001
A Randomization (used) +17% (6, 28) 0.005 +5% (3, 8) <0.001
Blinding (reported) +20% (6, 34) 0.008 +3% (0, 6) 0.073
B Blinding (used) +19% (6, 32) 0.008 +3% (0, 6) 0.063
SS estimation (reported) +2% (-5, 9) 0.488 +4% (3, 6) <0.001
c SS estimation (used) +6% (1, 12) 0.034 +3% (2, 5) <0.001

Figure 1. Reporting and use of individual study design elements (SDEs) in Stroke. A, Randomization, (B) blinding, and (C) sample size (SS) estimation. Ver-
tical interrupted line denotes the journal intervention. A Level/Slope indicates change in level/slope.
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Table. Comparison of Study Design Element Reporting and Use in Preclinical Studies Before and After the Implementation of Relevant Initiatives in Stroke, Nature
Medicine, Science Translational Medicine, and Control Journals

Before, n (%) After, n (%) Crude RR, (95% Cl) PValue Adjusted RR, (95% Cl)* PValue*
Stroke N=715 N=269
Study design element reporting
Randomization 233 (32.6) 183 (68.0) 2.1 (1.8-2.4) <0.0001 2.2 (2.0-2.6) <0.0001
Blinding 338 (47.3) 218 (81.0) 1.7 (1.6-1.9) <0.0001 1.7 (1.6-1.9) <0.0001
Sample size estimation 40 (5.6) 70 (26.0) 4.7 (3.2-6.7) <0.0001 5.5(3.8-8.1) <0.0001
Sex of animals used 601 (84.1) 246 (91.5) 1.1(1.0-1.1) <0.001 1.1(1.0-1.1) 0.008
Study design element use
Randomization 233 (32.6) 183 (68.0) 2.1 (1.8-2.4) <0.0001 2.2 (2.0-2.6) <0.0001
Blinding 336 (47.0) 216 (80.3) 1.7(1.5-1.9) <0.0001 1.7(1.6-1.9) <0.0001
Sample size estimation 14 (2.0) 55 (20.5) 10.4 (5.9-18.5) <0.0001 14.1 (7.8-25.5) <0.0001
Inclusion of both sexes 50 (7.0) 26 (9.7) 1.1(1.0-1.2) 0.044 1.1(1.0-1.2) 0.090
Nature Medicine N=476 N=473
Study design element reporting
Randomization 50 (10.5) 356 (75.3) 7.2(5.5-9.4) <0.0001 7.1 (5.4-9.3) <0.0001
Blinding 112 (23.5) 390 (82.5) 3.5(3.0-4.1) <0.0001 3.5(3.0-4.1) <0.0001
Sample size estimation 6(1.3) 334 (70.6) 56.0 (25.2-124.3) <0.0001 NR
Sex of animals used 311 (68.5)t 414 91.2)t 1.3(1.2-1.4) <0.0001 1.3(1.2-1.4) <0.0001
Study design element use
Randomization 50 (10.5) 245 (51.8) 4.9 (3.7-6.5) <0.0001 4.8 (3.7-6.4) <0.0001
Blinding 112 (23.5) 226 (47.8) 2.0 (1.7-2.4) <0.0001 2.0 (1.7-2.4) <0.0001
Sample size estimation 1(0.2) 145 (30.7) 145.9 (20.5-1038.6) <0.0001 NR
Inclusion of both sexes 98 (21.6)t 186 (41.0) 1.5(1.4-1.6) <0.0001 1.5(1.3-1.6) <0.0001
Science Translational Medicine N=290 N=574
Study design element reporting
Randomization 54 (18.6) 375 (65.3) 3.5 (2.7-4.5) <0.0001 3.5 (2.7-4.4) <0.0001
Blinding 88 (30.3) 404 (70.4) 2.3(1.9-2.8) <0.0001 2.3(2.0-2.8) <0.0001
Sample size estimation 14 (4.8) 274 (47.7) 9.9 (5.9-16.6) <0.0001 NR
Sex of animals used 175 (64.8)t 370 (69.0)% 1.1(1.0-1.2) 0.238 1.1(1.0-1.2) 0.284
Study design element use
Randomization 53 (18.3) 335 (58.4) 3.2 (2.5-4.1) <0.0001 3.2 (2.5-4.1) <0.0001
Blinding 85(29.3) 280 (48.8) 1.7 (1.4-2.0) <0.0001 1.7 (1.4-2.1) <0.0001
Sample size estimation 4(1.4) 146 (25.4) 18.4 (6.9-49.3) <0.0001 NR
Inclusion of both sexes 47 (17.4)% 121 (22.6)t 1.2(1.0-1.3) 0.022 1.1(1.0-1.3) 0.035
Control journals N=8898§ N=4768§
Study design element reporting
Randomization 169 (19.0) 93 (19.5) 1.0 (0.8-1.3) 0.813 1.1(0.8-1.3) 0.614
Blinding 308 (34.7) 161 (33.9) 1.0 (0.8-1.1) 0.761 1.0 (0.8-1.1) 0.839
Sample size estimation 31 (3.5) 42 (8.8) 2.5 (1.6-4.0) <0.0001 2.7 (1.7-4.1) <0.0001
Sex of animals used 626 (70.9)l 361 (76.3)I 1.1(1.0-1.1) 0.028 1.1(1.0-1.1) 0.041
Study design element use
Randomization 164 (18.5) 91 (19.1) 1.0 (0.8-1.3) 0.762 1.1(0.9-1.3) 0.575

(Continued)
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Table. Continued
Before, n (%) After, n (%) Crude RR, (95% Cl) PValue Adjusted RR, (95% Cl)* PValue*
Blinding 307 (34.5) 159 (33.4) 1.0 (0.8-1.1) 0.676 1.0 (0.8-1.1) 0.765
Sample size estimation 8(0.9) 20 (4.2) 4.7 (2.1-10.5) <0.001 NR
Inclusion of both sexes 143 (16.2)1 76 (16.1) 1.0 (0.8-1.3) 0.952 0.9(0.7-1.2) 0.613

NR indicates not reported due to small number of events per predictor variable; and RR, relative risk.

*Adjusted for most relevant disease system studied and animal model used.

1tN=454 and 454 before and after, respectively (excluding studies on sex-specific diseases).
FN=270 and 536 before and after, respectively (excluding studies on sex-specific diseases).
§Before and after the introduction Nature Medicine/Science TM's initiatives. All effect estimates were similar when analyzed as before versus after the introduction

of Stroke's initiative (data not shown).

IN=883 and 473 before and after, respectively (excluding studies on sex-specific diseases).

of reported and used SDEs per article were detected (Figure
IIT in the online-only Data Supplement).

Science Translational Medicine

In the 3.5 years before Science TM revised its reporting
requirements and policies, both the reporting and use of
randomization were increasing (P =0.004 and 0.007, re-
spectively) whereas the reporting and use of blinding and
sample size estimation were stable. After the introduction of
this journal’s initiative, significant improvements were also
observed in the reporting of randomization, blinding status,
and sample size estimations and in the use of randomization
and sample size estimations. As was seen in Nature Medicine,
a substantial number of studies reported not having used
specific SDEs, particularly blinding and power calculations
(Figure 3, Table), but among studies that reported using ran-
domization there was no change in the proportion describ-
ing how it was performed (0/53 [0%] versus 16/335 [4.8%],
P=0.143). Temporal increases in the cumulative numbers of
reported and used SDEs were also detected (Figure III in the
online-only Data Supplement).

Control Journals

In contrast, in control journals, there were no temporal
improvements in the reporting or use of randomization, blind-
ing, or sample size calculations over a corresponding 11.5
year period (Figure 4), excepting a modest improvement in
the reporting of sample size calculations beginning in 2012

when analyzed using Stroke’s initiative as the time series in-
terruption (1% absolute trend line slope increase [95% CI,
0%—-2%], P=0.049; data not shown). No changes in the cu-
mulative numbers of reported or implemented SDEs were
detected in these control journals (Figure III in the online-only
Data Supplement).

Sex Reporting and Inclusion

The proportions of articles published in Stroke that reported the
sex of the animals used and included both males and females
in experiments were stable before its checklist was introduced
and did not improve afterwards. The proportions of studies in
Nature Medicine and Science TM that reported the sex of the
animals used and included animals of both sexes were increas-
ing before their respective interventions (P, <0.040 for
both in both journals), but also did not improve after the jour-
nals’ initiatives. In control journals, before Nature Medicine,
Science TM, or Stroke’s interventions, the proportions of ar-
ticles reporting the sex of animals used were stable and the
proportions reporting the use of both males and females were
decreasing (P, <0.001). A trend level increase (+10%, [95%
CI, 0%-20%] P=0.050) and slope increase (+2%, [95% ClI,
0%—-3%] P=0.014) in the use of both sexes were observed in
these journals when analyzed using Stroke’s initiative as the
time series interruption, but not when analyzed using Nature
Medicine or Science TM’s initiatives. A marked and persis-
tent preferential use of male animals was evident in articles in
Stroke and control journals (Figure 5).
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Figure 2. Reporting and use of individual study design elements (SDEs) in Nature Medicine. A, Randomization, (B) blinding, and (C) sample size (SS) estima-
tion. Vertical interrupted line denotes the journal intervention. A Level/Slope indicates change in level/slope.
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Figure 3. Reporting and use of individual study design elements (SDEs) in Science Translational Medicine. A, Randomization, (B) blinding, and (C) sample
size (SS) estimation. Vertical interrupted line denotes the journal intervention. A Level/Slope indicates change in level/slope.

Adjusted Analyses
All temporal patterns persisted in before-after comparisons
adjusting for the most relevant disease studied and animal
model(s) used (Table).

Discussion

Time-series analyses identified significant and marked
improvements in the quality of reporting of published pre-
clinical studies coinciding with the introduction of relevant
initiatives in three journals—findings that persisted after
accounting for secular trends in reporting and methodolog-
ical practices and that were not seen in influential journals
without analogous interventions over the same period. These
findings strongly support the notion that journal interven-
tions can meaningfully influence the quality of published
preclinical research.

Mechanistically, well-designed author submission
checklists and analogous journal initiatives could improve
the quality of published preclinical research in at least 4
ways: (1) by improving the reporting of study methods
without affecting the methodology used (ie, improving
transparency for readers)®; (2) by improving transpar-
ency for journal editors and peer reviewers, which could

influence whether a manuscript is accepted for publica-
tion*; (3) by influencing authors’ decision to submit to a
particular journal (eg, dissuading authors from submitting
a manuscript if their study is felt to have methodological
shortcomings that will be highlighted)'”; and (4) by influ-
encing experimental study design practices among research-
ers who hope to publish in a particular journal.”® However,
few robust analyses of the impact of journal initiatives
on published research quality exist. The NPQIP (Nature
Publication Quality Improvement Project) Collaborative
group examined the potential impact of Nature journals’
checklist on the reporting quality of in vivo research in 448
articles using primarily a controlled before-after study de-
sign.?! Our analysis of Nature journals’ publications differs
by focusing on Nature Medicine (considered to be focused
on translational research) and by evaluating a larger sample
size (n1=949) over a longer period to increase our confidence
that changes observed were due to the publishing group’s
intervention rather than secular trends in editorial practices
or culture. Nevertheless, our data support their conclusions
and expand on them by demonstrating improvements in
study quality after instituting reporting and methodological
standards at other journals. The recently reported IICARus
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Figure 4. Reporting and use of individual study design elements (SDEs) in control journals. A, Randomization, (B) blinding, and (C) sample size (SS) estima-
tion. Analyzed using Nature Medicine and Science TM’s initiatives as the time series interruption (arrowhead; similar results were obtained using Stroke’s ini-

tiative as interruption). A Level/Slope indicates change in level/slope.
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(Intervention to Improve Compliance with the ARRIVE
guidelines) study* randomized articles reporting in vivo an-
imal research submitted to PLoS One to journal-requested
completion of the ARRIVE (Animal Research: Reporting
of In Vivo Experiments)® checklist versus standard prac-
tice (no checklist). Contrasting with our results and those
of the NPQIP study, the study found no difference in the
proportion of articles fully complying with the ARRIVE
guidelines. However, the primary outcome in IICARus was
reporting compliance with all 38 items in the checklist,
which authors may have deemed onerous or judged as un-
likely to be enforced.

The journal interventions included in the present analysis
improved the reporting and use of SDEs to varying degrees.
Differences in the nature of the initiatives may account for
some of this. For instance, the checklist introduced by Nature
journals requires authors to describe whether and how spe-
cific SDEs were used.'® In contrast, Stroke’s Basic Science
Checklist, when first introduced, was a simple and brief ques-
tionnaire consisting of dropdown menus with limited options"
(although it has since been updated to a more comprehensive
version®). Science TM does not have a readily accessible

checklist for authors, but instead provides instructions in its
Information for Authors section, which its Editor has stated
are enforced.” Differences in how vigorously journals enforce
their requirements and how carefully they screen for author
adherence are also be expected to be influential, could fluc-
tuate over time, and may be affected by how attuned reviewers
and editors are to them.

The use of key SDEs overall remains low in preclinical
research, even in recent years and despite the prominence of
the journals examined—a fact that is more clearly brought
to light with improved reporting. Based on reported meth-
ods, =40% to 50% did not use any randomization, >50%
did not use any blinding, and up to 75% did not ensure ade-
quate statistical power. Additionally, consistent across jour-
nals was a lack of improvement in the inclusion of animals
of both sexes after accounting for baseline secular trends.
Despite the National Institutes of Health requiring sex in-
clusion plans in preclinical research funding applications
and the importance placed on sex considerations in clin-
ical research, existing journal reporting requirements place
little emphasis on this aspect of study design for preclinical
experiments.
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There are several limitations to our study. The journals
examined are widely considered leading translational research
journals in terms of impact metrics and reputation. It is pos-
sible that their initiatives are more likely to be accepted and
adhered to by the research community. The control journals
are focused on cardiovascular research. Whether improve-
ments have occurred in noncardiovascular journals that have
not implemented interventions analogous to those examined
in our study is unknown. However, similar conclusions were
reached by the NPQIP Collaborative group using a more het-
erogeneous control group.?! Our interrupted time series study
design suggests but does not prove causal effects of the inter-
ventions examined. However, Nature Medicine and Science
TM are among the few translational research journals that have
endorsed the National Institutes of Health guidelines on rigor
and reproducibility'' and communicated to the research com-
munity their initiatives with specific implementation dates,'s*
rendering them ideal case study candidates. In addition, we
show a lack of meaningful improvement in the reporting or
conduct of preclinical research practices in high-ranking jour-
nals that did not implement similar initiatives over the same pe-
riod despite having similar impact factors to Science TM, while
confirming previously suggested improvements in Stroke after
the implementation of analogous initiatives.'*!* Furthermore,
all initiatives addressed randomization, blinding, and sample
size estimation, but minimally addressed considering sex as
a biological variable, which corresponded to the patterns of
improvements seen. Our analysis relied on published reports,
therefore the risk of misclassification exists. For instance, the
method of randomization used was rarely described, rais-
ing the possibility that certain articles that reported randomly
assigning animals may have referred to haphazard assignment.
Lastly, the study protocol was not registered.

As gatekeepers of what is published, journals’ interven-
tions can meaningfully influence the quality of preclinical
research and are promising strategies to improve study trans-
parency and design. However, although the studied initiatives
were associated with substantial improvements in reporting,
improvements in the use of key SDEs were relatively modest,
suggesting that additional strategies focused on improving
preclinical study design are required to address widespread
methodological shortcomings, including sex bias.
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