American Journal of Epidemiology Submitted Manuscript

Title: Causal and Associational Language in Observational Health Research: A Systematic

Evaluation

Authors: Noah A. Haber, Sarah E. Wieten, Julia M. Rohrer, Onyebuchi A. Arah, Peter W:G.
Tennant, Elizabeth A. Stuart, Eleanor J. Murray, Sophie Pilleron, Sze Tung Lam, Emily
Riederer, Sarah Jane Howcutt, Alison E. Simmons, Clémence Leyrat, Philipp Sehoenegger,
Anna Booman, Mi-Suk Kang Dufour, Ashley L. O'Donoghue, Rebekah Baglini, Stefanie Do,
Mari De La Rosa Takashima, Thomas Rhys Evans, Daloha Rodriguez-Molina, Taym M. Alsalti,
Daniel J. Dunleavy, Gideon Meyerowitz-Katz, Alberto AntoniettipJose A. Calvache, Mark J.
Kelson, Meg G. Salvia, Camila Olarte Parra, Saman Khalatbari-Soltani, Taylor McLinden,
Arthur Chatton, Jessie Seiler, Andreea Steriu, Talal S; Alshihayb, Sarah E. Twardowski, Julia
Dabravolskaj, Eric Au, Rachel A. Hoopsick, Shashank Suresh, Nicholas Judd, Sebastian Pefia,
Cathrine Axfors, Palwasha Khan, AriadnesE, Rivera Aguirre, Nnaemeka U. Odo, lan Schmid,

Matthew P. Fox

Correspondence AddressaNoah A. Haber, e-mail: noahhaber@stanford.edu, ORCiD: 0000-
0002- 5672-1769, Phone: (650) 497-0811, Fax: (650) 725-6247, Address: 1265 Welch Road,

Palo Alto, CA"94305

© The Author(s) 2022. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg
School of Public Health. All rights reserved. For permissions, please e-mail:
journals.permissions@oup.com.

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



Affiliations: Meta Research Innovation Center at Stanford (METRICS), Stanford University,
1265 Welch Rd, Stanford, CA, 94305, United States; Psychology (Noah A. Haber, Sarah E.

Wieten, Cathrine Axfors); University of Leipzig, Stadt. Kaufhaus Neumarkt 9, Leipzig, 04109,

Germany (Julia M. Rohrer); Epidemiology; University of California Los Angeles, 650 Charles‘E.

Young Drive South, Los Angeles, California, 90095, United States (Onyebuchi A. Arah); LLeeds
Institute for Data Analytics, University of Leeds, Level 11 Worsley Building, Leeds,"\LS2'9NL,
United Kingdom (Peter W.G. Tennant); Department of Mental Health, Johns,Hopkins
Bloomberg School of Public Health, 624 N Broadway, Baltimore, MD; 21205, United States
(Elizabeth A. Stuart, lan Schmid); Epidemiology, Boston University, 715 Albany Street, Boston,
MA 02118, Boston, Massachusetts, 2118, United States (Eleanor,J. Murray); Nuffield
Department of Population Health, Oxford University;"Big\Data Institute, Richard Doll Building,
Old Road Campus, Headington, Oxford, OX3 7L&F, United Kingdom (Sophie Pilleron); Yong
Loo Lin School of Medicine, National Univessity of Singapore, 1E Kent Ridge Road, Singapore,
Singapore, 119228, Singapore (Szed ung Lam); None provided (Emily Riederer); Psychology,
Health and Professional Development, Oxford Brookes University, Faculty of Health and Life
Sciences, Oxford, OX3 OFLjUnited Kingdom (Sarah Jane Howcutt); Division of Epidemiology,
Dalla Lana School of Public Health, University of Toronto, 155 College St, Toronto, Ontario,
M5T 3M7, Canada (Alison E. Simmons); Department of Medical Statistics, London School of
Hygiene and\Jropical Medicine, Keppel Street, London, WC1E 7HT, United Kingdom
(Clémence Leyrat); School of Economics and Finance, School of Philosophical,
Anthropological, and Film Studies, University of St Andrews, The Scores, St Andrews, Fife,
KY16 9AJ/KY16 9AR, United Kingdom (Philipp Schoenegger); Epidemiology, Oregon Health

& Science University-Portland State University School of Public Health, 1810 SW 5th Ave,

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



Portland, OR, 97201, United States (Anna Booman); Berkeley School of Public Health,
University of California Berkeley, 2121 Berkeley Way, Berkeley, CA, 94720-7360, United
States (Mi-Suk Kang Dufour); Center for Healthcare Delivery Science, Beth Israel Deaconess
Medical Center, 330 Brookline Ave, Boston, MA, 02215, United States (Ashley L.
O'Donoghue); Interacting Minds Center/Linguistics, Cognitive Science, and Semiotics,/Aarhus
University, Aarhus University, Jens Chr. Skous Vej 4, Aarhus, Central Denmark (Rebekah
Baglini); 8000, Department of Epidemiological Methods and Etiological Research, Leibniz
Institute for Prevention Research and Epidemiology -BIPS, Achterstrasse 30; Bremen, 28359,
Germany (Stefanie Do); School of Medicine, Griffith University (Griffith University Nathan
campus, Nathan, QLD, 4111, Australia (Mari De La Rosa Takashima); School of Human
Sciences, University of Greenwich, University of Greenwich, London, SE10 9LS, United
Kingdom (Thomas Rhys Evans); Occupational @ad Environmental Epidemiology and
NetTeaching Unit, Institute and Clinic forOecupational, Social and Environmental Medicine,
University Hospital, LMU Munich,Ziemssenstr. 1, Munich, Germany (Daloha Rodriguez-
Molina); Bavaria, 80336; Department of Education and Psychology, Freie Universitat Berlin,
Habelschwerdter Allee 45, Berlin, 14195, Germany (Taym M. Alsalti); Center for Translational
Behavioral Science, Florida State University, 2010 Levy Ave Building B, Tallahassee, Florida,
32304, United States (Daniel J. Dunleavy); School of Health and Society, University of
Wollongongy,Northfields Avenue, Wollongong, NSW, 2522, Australia (Gideon Meyerowitz-
Katz); Department of Electronics, Information and Bioengineering, Politecnico di Milano, Piazza
Leonardo da Vinci 32, Milano, 20133, Italy (Alberto Antonietti); Department of Anesthesiology,
Universidad del Cauca, Carrera 5 # 13N — 36, Popayan, Cauca, 190002, Colombia (Jose A.

Calvache); Department of Mathematics, University of Exeter, Streatham Campus, Exeter,

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



Devon, EX4 4QE, United Kingdom (Mark J. Kelson); Harvard T.H. Chan School of Public
Health, Harvard University, 677 Huntington Ave, Boston, MA, 02115, United States (Meg G.
Salvia); Department of Mathematical Sciences, University of Bath, Claverton Down, Bath, BA2
7AY, United Kingdom (Camila Olarte Parra); Faculty of Medicine and Health, The University\of
Sydney School of Public Health, Sydney, New South Wales, Australia (Saman Khalatbati-
Soltani); British Columbia Centre for Excellence in HIV/AIDS, Epidemiology ane Pepulation
Health Program, 608-1081 Burrard Street, Vancouver, British Columbia, V6Z 1Y6, Canada
(Taylor McLinden); UMR INSERM 1246 SPHERE, University of Nantes, University of Tours,
22 bd Benoni-Goullin, Nantes, 44200, France (Arthur Chatton); Department of Epidemiology,
University of Washington School of Public Health, Hans Rosling Center for Population Health,
Seattle, WA, 98195, United States (Jessie Seiler); Facultynof’Medicine, UMF Carol Davila,
INSP, Bucharest, sector 5, 50463, Romania (Andreea Steriu); College of Dentistry, King Saud
bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia (Talal S. Alshihayb );
Epidemiology, Biostatistics and Oceupational Health, McGill University, Purvis Hall, Montreal,
QC, H3A 1A2, Canada (SaralvE.*Twardowski); School of Public Health, University of Alberta,
3-50E University Terrace, Edmonton, Alberta, Canada (Julia Dabravolskaj); Faculty of Medicine
and Health, The University of Sydney School of Public Health, Sydney, NSW, Australia (Eric
Au); Department-of’Kinesiology and Community Health, University of Illinois Urbana-
Champaign,"1206 S. Fourth Street, Champaign, IL, 61820, United States (Rachel A. Hoopsick);
Community Medicine, University of Pittsburgh Medical Center, 7555 Saltsburg Rd, Pittsburgh,
PA, 15206, United States (Shashank Suresh); Department of Neuroscience, Karolinska Institute,
Solnavégen 1, Stockholm, 17177, Sweden (Nicholas Judd); Finnish Institute for Health and

Welfare, Mannerheimintie 166, Helsinki, Finland (Sebastian Pefia); Clinical Research

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



Department, London School of Hygiene & Tropical Medicine, Keppel St, London, WC1E 7HT,
United Kingdom (Palwasha Khan); Department of Population Health, Division of Epidemiology,
New York University Grossman School of Medicine, 180 Madison Ave, 4-35A, New York, New
York, 10024, United States (Ariadne E. Rivera Aguirre); Exponent, Inc., Center for Health
Sciences, Exponent, Inc., 475 14th Street, Suite 400, Oakland, CA, 94612, United States
(Nnaemeka U. Odo); Epidemiology, Boston University, 801 Massachusetts Ave, Boston,

Massachusetts, 02118, United States (Matthew P. Fox).

Funding: No funding was granted specifically for the support of this study, and no funders had
any role in the collection, analysis, and interpretation of data; in the writing of the report; and in
the decision to submit the article for publication. The researchers'were independent from
funders and that all authors, external and internal, had full'access to all of the data (including
statistical reports and tables) in the study and_can take responsibility for the integrity of the data
and the accuracy of the data analysis is also required. The Meta-Research Innovation Center at
Stanford University is supported by Arnold Ventures LLC (Houston, Texas), formerly the Laura
and John Arnold Foundation< Sophie Pilleron was funded by the European Union’s Horizon
2020 research and innovation*programme under the Marie Sktodowska-Curie grant agreement
No 842817. SamansKhalatbari-Soltani is supported by the Australian Research Council Centre
of Excellenee-in-Population Ageing Research (Project number CE170100005). lan Schmid is
suppoftteddyNational Institute of Mental Health grant T32MH122357. Elizabeth Stuart’s time
was supported by National Institute of Mental Health grant RO1LMH115487 and the Bloomberg
American Health Initiative. Ashley O’Donoghue is funded by a philanthropic gift from
Google.org outside of the submitted work. Onyebuchi A. Arah is supported by National Institute

of Biomedical Imaging and Bioengineering grant ROLEB027650, National Center for Advancing

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



Translational Sciences UCLA Clinical Translational Science Institute grant UL1TR001881, and

a philanthropic gift from the Karen Toffler Charity Trust.

Data Availability Statement: Data, data analysis code, and materials are available on the Open

Science Framework project https://osf.io/jtdaz/

Thanks: This work was supported by many people who made contributions to this work. Turki
Althunian contributed to the screening process. Jess Rohmann contributed to the ‘piloting
process. This work was additionally supported by comments and contributienssfrem Alyssa
Bilinksi, Pascal Goldsetzer, Caroline Blaine, Otto Kalliokoski, Eero'Raittio; Tanya Colyer, Tim
Watkins, Alexander Breskin, Arindam Basu, Jessica L. Rohmann, Buke A McGuinness, Todd
Johnson, Mario Malic¢ki, Sebastian Skejg, Scott Graham;"Migchael Chaiton-Murray, John Edlund,
Katelyn Smalley, Danielle Newby, Anita Williams{\Card,Phelps, Colleen Derkatch, Alexander

Wolthon, Pallavi Rohella, Damien Croteau-Ghonkay Steven Goodman, and John Ioannidis.

Conference presentation: Will-be-presented in June 14 — 17 2022 in Chicago, IL at the Society

for Epidemiologic Research,Conference

Preprint Information:“https://doi.org/10.1101/2021.08.25.21262631
Disclaimer:==Allerrors are the sole responsibility of the authors.
Conflict of Interest: The authors declare no competing interests.
Running Head: Causal Language in Observational Health Research

Key words: causal language, association, causal inference, observational study

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



Abbreviations: RCT, randomized controlled trial; OSF, Open Science Framework; JCR, Journal
Citation Reports; SJR, SciMago Journal rank; MeSH, Medical Subject Headings; CI, confidence
interval; JAMA, Journal of the American Medical Association; AJE, American Journal of

Epidemiology.

Abstract

We estimated the degree to which language used in the high profile medical/publie
health/epidemiology literature implied causality using language linking expostires to outcomes
and action recommendations; examined disconnects between language and,recommendations;
identified the most common linking phrases; and estimated how strengly linking phrases imply
causality. We searched and screened for 1,170 articles from*d8 high-profile journals (65 per
journal) published from 2010-2019. Based on written framing and systematic guidance, three
reviewers rated the degree of causality implied'in abstracts and full text for exposure/outcome
linking language and action recommendations: Reviewers rated the causal implication of
exposure/outcome linking language as\None (no causal implication) in 13.8%, Weak 34.2%,
Moderate 33.2%, and Strong 18.7% of abstracts. The implied causality of action
recommendations was higher than the implied causality of linking sentences for 44.5% or
commensurate for'40:3% of articles. The most common linking word in abstracts was "associate"
(45.7%). Reviewers’ ratings of linking word roots were highly heterogeneous; over half of
reviewers“ated "association™ as having at least some causal implication.

This research undercuts the assumption that avoiding "causal" words leads to clarity of

interpretation in medical research.
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Introduction

Health sciences research often investigates the relationship between an exposure and an
outcome. Causal effects between these variables are often implicitly of interest, including studies
based on non-random assignment of the exposure. Most researchers are aware that inferring
causality may be fraught with difficulty, and that cautious interpretation may be warranted,
However, this “caution” often manifests itself as avoiding causal language, potentially at the
expense of clarity regarding study objectives and the plausibility of the underlying causal
assumptions. Some author guidelines® explicitly prohibit the use of causal*tanguage in studies
other than randomized controlled trials (RCTSs), often justified by¢the inaccurate, but common,
belief that causal inference is only possible with RCTs.?® Health scientists and editors often
employ euphemisms or language workarounds.*> For-example, researchers may reserve use of
causal language for only some parts of the manuscript®or use language that can pass as either
causal or non-causal. Alternatively, non-causal fanguage may be used throughout the manuscript,
but suggested recommendations may imply’or require a causal interpretation.” It is not clear what

6,8-12

“counts” as causal language, withrne-elear standards and few attempts to define and

categorize what constitutes ‘eausal language.

The use of ambiguous language leads to potential disconnects between the authors’ intentions,
methods, conclusions, and perceptions of the work by research consumers and decision-
makers:*>*31° 1t may also indirectly erode research quality by enabling researchers to make
ambiguously causal implications without being accountable to the methodological rigor required
for causal inference. Otherwise non-causal language may morph into causal language in outlets

17-19

for medical practitioners,”° press releases,”*° and media reports,**?° While some loss of
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nuance may be attributed to press officers, journalists, and news recipients, too-strong
interpretation often starts from the study publications themselves.*

Despite widespread discussions about causal language use,*>

systematic evidence of its usage
in practice is limited. In a review of 60 observational studies, a fifth were judged to have
inconsistencies in their use of causal language.® Prevalence and use of causal language has been

61622 phesity, *Xand orthopedics, >

examined in studies concerning the overall medical literature,
noting that in the latter all uses of causal language in non-RCTs were assumed to be “misuse.”
To date, there have been no large-scale systematic assessments of\language used to link

exposures and outcomes in the medical and epidemiological literature; existing efforts®®*?

heavily focus on binary assessments of the language usedy(causal vs. non-causal).

This study systematically examined the linKing language used in studies with a main exposure
and outcome in the high-profile medical-and epidemiological literature. Our objectives were to
(1) identify the linking words andphrases used to describe relationships between exposures and
outcomes, (ii) generate estimates of the strength of causality stated or implied by the linking
phrases and sentences Using a guided subjective assessment process, (iii) examine the prevalence
of action recommendations that would require causal inference to have been made, and (iv)

examine djseonnects between causal implications in linking sentences and action implications.

Methods

Our target sample consisted of studies quantifying the relationship between a main exposure and
an outcome in humans, published in high-profile general health, medicine or epidemiology

journals between 2010 and 2019. Years 2020-2021 were not included due to disproportionate
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focus on the coronavirus disease of 2019. The study was pre-registered on the Open Science
Framework (OSF).?* Changes from the pre-registered protocol documented and explained in

Web Appendix 1.

Our search consisted of a preliminary search for appropriate journals and a secondary search_for

published papers within these journals.

Search

Journal inclusion/exclusion criteria

The “top” journals in health, medicine, and epidemiology, were determined by journal ranking
from journals listed under Journal Citation Reportsy(JCR)? categories for medicine and public
health and SciMago’s category for Medigine. The top 200 journals from the SciMago Journal
rank (SJR)? and JCR’s impact factor ¥ating for medical journals, and the top 200 highest impact
factor rating journals for Public Health as extracted on May 26, 2020 were screened according to

the inclusion criteria in the first column in Table 1.

Among the’journals meeting these criteria, lists of the 15 highest ranked journals by (1) impact

factor, (2)*h-index, and (3) SJR score were combined into a single list without duplicates.

Search terms

We searched PubMed to identify all articles published in an eligible journal between 2010 and

2019 inclusive (Web Appendix 2). Medical Subject Headings (MeSH) terms were used to
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eliminate articles not meeting inclusion criteria. The search was performed in R statistical
software, version 4.0.5 (R Foundation for Statistical Computing, Vienna, Austria). using the

easyPubMed package®’.

Articles were stratified by journal and whether they had the “Randomized Controlled Trial®
MeSH tag. Identified articles were sorted in journal/article type stratified random-order for

screening. Disease areas were obtained for each article using the 2020 MeSH,tag higrarchy?.

Screening

Study inclusion/exclusion criteria

Studies were eligible for inclusion if they were mainly’concerned with the quantitative

association of a main exposure/outcome pair«as inthe second column of Table 1.

Studies investigating more than one exposure/outcome set were excluded because (1) it would
not be possible to assess a main exposure/outcome pair per study; (2) study objectives and
designs could not easily be compared with other papers; and (3) it would impose additional strain

on the management of.the data and review.

Procedures

Avrtieles were screened continuously for each journal until journal quotas were met with the
addition of a small buffer used for training purposes and for replacement of articles rejected
during review. The journal quotas were 65 non-RCT articles and 6 RCT articles per journal,

totalling 1,278 articles (1,170 non-RCTs and 108 RCTSs). The sample size was informed by
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informal explorations of sample datasets balanced against reviewer capacity. We did not perform
a formal sample size calculation because: 1) this descriptive study does not involve substantial
hypothesis testing, 2) the variance in the language to be analyzed is unknown and is one of the
study objectives, and 3) the larger the sample size, the more in-depth we can explore less

frequently used language, so we aimed to fully exhaust the available review capacity.

Avrticles were randomly assigned to three of 18 screening reviewers, with two indepéndent
reviewers and one arbitrating reviewer. During screening, the arbitrating.réviewer made the

inclusion/exclusion decision only in cases where the two independent\reviewers disagreed.

Screening reviewers were presented with a list consistingiexclusively of titles and abstracts. The
order of the lists to review was sorted randomly;‘stratified by journal and study design type (i.e.,
RCT vs non-RCT). An administrator periodieally consolidated completed screening reviews and
assigned articles for arbitration when disagreements occurred. Once quotas for each journal were

met, further screening of articles from those journals disabled through an automated system.

An additional decision was made during screening on June 24, 2021 to drop journals where
fewer than 10% of articles screened met the inclusion criteria and/or that did not have sufficient
remaimning unscreened articles to meet the minimum quota of articles from a single journal (See

Web, Appendix 1).

220z 1snbny ||, uo 1senb Aq 9v/G599//€ L oemy/ale/e601 0 1/10p/aloIe-80uBAPE/B[E/W 0o dNo"oIWaPEoE//:SARY WOy POPEOIUMOQ



13

Main review

Reviewer recruitment and selection

Reviewers were recruited through a combination of personal and Twitter solicitations. Reviewers
were selected from those with relevant graduate school education, expertise in relevant areas
(e.g., epidemiology, causal inference, medicine, econometrics, meta-science, etc.), availahility,
and to maximize the diversity of fields, life experiences, backgrounds, and kinds.of contributions

to the group. All reviewers who completed their assigned reviews are coauthors.

The plurality (n=16/48) of reviewers were doctoral level students;<followed by postdoctoral
fellows (n=12/48) and faculty (n=10/48). The majorityfisted epidemiology as one of their
primary fields (n=27/48), followed by statistics/biostatistics (n=9/48), medicine (n=6/48),
economics (n=4/48), psychology (n=4/48), ameng other fields. Twelve reviewers had formal
clinical training, while 6 were currently practicing clinicians. A plurality of reviewers were based
in the United States (n=18/48), the United Kingdom (n=9/48), Germany (n=4/48), Australia
(n=4/48), and Canada (n=4/48),)among other countries. Additional details are available in Web

Figure 1.

Reviewer roles and training

All reviewers received one hour of instruction and an additional set of training articles to review
before'the independent review. Reviewers were encouraged to engage in an active discussion on
Slack to clarify guidelines, discuss issues, and generate community standards for ambiguous
areas. Reviewers were instructed to avoid referring to specifics of a particular study and to

instead keep the discussion in general terms to balance eliciting individual subjective opinions
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with group guidance. By design, reviewers may have changed their understanding of the
guidance over time through discussion, and were therefore allowed to make changes at any point

before arbitration.

Each article was reviewed by three randomly selected reviewers; two independent independent
reviewers and an arbitrating reviewer. The arbitrating reviewer was given the submitted data
from the independent reviewers. Rather than simply resolving conflicts, the-arbitrating
reviewer’s task was to generate what they believed to be the best and most accurate review of
each article, given the information from both independent reviewers, their own reading, and the
ongoing community discussions. Arbitrating reviewers could decide in favor of one reviewer
over another, consolidate and combine reviewers’ responses; or overturn both independent
reviewers as they deemed appropriate. The arhitrator review data represents the main output of

the review process and was used for all subseguent analyses.

Review framework and tool

The review framework anditool'were designed to elicit well-guided, replicable, subjective
assessments. The framing and definitions of words used (e.g., definitions and guidance for

how/why langdage might be “causal’) are provided in Web Appendix 3.

Reviewers’had the option to recuse themselves of reviewing each article for any reason (e.g.,
eonflicts of interest, connections to authors); the article was then reassigned to another reviewer.
Reviewers could also request an administrator to reevaluate the inclusion of a study. If the
administrator determined that the article did not meet inclusion criteria, it was replaced with one

from the buffer of accepted screened reviews.
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Reviewers first identified the main outcome and exposure, preferably from the title of the study.
Reviewers were asked to identify and copy and paste the main linking sentence, which generally
was a sentence in the conclusions section of the abstract or full text containing the primary
exposure, outcome, and the linking word/phrase. A linking word/phrase is defined as a word.or
phrase that describes the nature of the connection between some defined exposure-and some
defined outcome as identified by the study analysis. This can describe the type of relationship
(e.g., “associated with”) and/or differences in levels (e.g., “had higher”) that'may or may not be
causal in nature. Then, reviewers were asked to identify modifying phrases, or any words/phrases
that modify the nature of the relationship in the linking phrase. This includes signals of direction,
strength, doubt, negation, and statistical properties of‘theselationship (e.g., “may be”,

99 ¢

“positively”, “statistically significant”).

Reviewers assessed the degree to which-the linking sentence implied a causal relationship
between the exposure and outcomeusing a four point scale (“linking sentence causal strength™)

shown in Table 2.

Next, reviewers were asked to identify any sentences that contained action recommendations
(how aconsumer of the research might utilize the results and conclusions of the research). This
maysinctude recommending that some actor(s) consider changes (or no changes) in some set of
procedures and actions. General calls for additional research were not considered action

recommendations. After identifying this sentence (if applicable), reviewers were asked to
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consider the extent that this recommendation would require that a causal relationship had been

identified, shown in Table 2.

In this framing, “no causal implication” does not imply “no or null effects.” Reviewers were
instructed to consider causal implications conceptually separately from the size (or lack-thereof)
of associations and correlations. Strong causal implications may be made even if the ‘effect size
measured was null, so long as the language implied that a causal relationshipi\was bé&ing

examined.

In addition to the title and abstract review given for all studies, /3 of the articles underwent full
text assessment. This extended review 1) repeated the-abstract review questions for the
discussion section and any pop-out sections (i.essections that do not appear as part of the main
text or abstract, but summarize and highlightikey-aspects of the study), and 2) included
additional questions to help indicatecpotential areas of causal intent,®® (see supplementary data).
Reviewers also extracted whetherthere was any theoretical discussion about causal relationships
between the exposure and outcome in the introduction, the number of covariates controlled or
adjusted for, whether confounding was explicitly mentioned by name,** whether a formal causal
model was used, and whether explicit causal disclaimer statements were made (e.g., “causation

cannot-be inferfed from observational studies, but...”).

Roet-1inking words/phrases language strength

After arbitrator reviews were completed, we compiled and curated a list of words from the
linking words/phrases in the arbitrator reviews, and manually stemmed into their root words.

Reviewers then rated the causal implications of all root words found more than once in our
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sample. This was to mimic language decision processes that base their causal language
assessment on selecting words that are or are not causal, and to establish our own systematic
assessments of word ratings. Reviewers were presented with up to four randomly selected
linking words/phrases that contained the root word and had been submitted by arbitrating
reviewers (e.g., the root word “associate” had four phrases, including phrases like “asso¢iated

with” or “association”).

Analysis

The statistical analysis was largely descriptive. Except for comparisons between RCTs and non-

RCTs, all statistical analysis was performed on the arbitrated dataset of the non-RCTs only.

Comparisons between two ordinal categorical vatiables-were estimated by Spearman’s
correlation coefficients. Associations between Strength ratings and key binary variables (e.g.,

study type, journals, topic areas, etc.) were'estimated with ordinal logistic regression.

All measures of statistical tacertainty were clustered by journal and calculated using a block
bootstrapping procedure unless otherwise specified, where 95% confidence intervals (Cls) were
obtained from percentiles of the bootstrapped estimate distribution. Where the journals
themselves'were covariates, the clustered sandwich estimator was used. For root word rating
proportions, there were no journal clusters, and therefore the Wilson estimator was used. No

welghts were applied, with journals and articles contributing equally to the main results.
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Heterogeneity between reviewers was evaluated using Krippendorf’s alpha. For the purpose of
this review, disagreement between reviewers is a key result (i.e., heterogeneity between

subjective opinions), rather than error.

All data management and analyses were conducted using R statistical software, version4,0.5 (R
Foundation for Statistical Computing, Vienna, Austria). Spearman correlation coefficients were
determined using the pspearman package.* Ordinal logistic regression was performeéd using the

MASS package.™

Data and code availability

All data and code are publicly available through the OSF-fepository,?* except for files containing

personal identifying information and/or personal ARl keys.

Results

Search and screening

Figure 1 summarizes the selection of journals and articles into the sample. Eighteen journals

were identified meeting our Search criteria (listed in the caption).

After searching-RPubMed for articles, we screened articles until 65 non-RCTs and 6 RCTs were
accepted (except the European Journal of Epidemiology, where only 3 RCTs were identified and
included). This yielded 1,170 non-RCTs and 105 RCTs, totalling 1,275 studies reviewed. There
were 10 recusals recorded during the main review. The three most common MeSH disease areas
were “Pathological Conditions, Signs and Symptoms” (n=377), “Cardiovascular Diseases”

(n=324), and “Nutritional and Metabolic diseases” (n=198). See Web Figure 2 for full terms.
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Linking words and phrases

After the arbitrator reviews were completed, root words were obtained through stemming the

linking phrases to identify and rate the root linking words.

By far the most common root linking word identified in abstracts was “associate” (n=535/1;170;
45.7%, 95% C1 40.0, 51.9%), followed by “increase” (n=71/1,170; 6.1%, 95% CI 4.757-8%)
(Table 3). The same root word was identified in both the abstract and discussion for 48.2% cases
(95% ClI 43.7, 53.6%). We found 9 (0.8%, 95% CI 0.4, 1.3%) studies where the main root
linking word was “cause.” There were 16 (1.4%, 95% CI 0.6, 2.3%) asticles that used the word
“cause,” when additionally including any instance of the word “cause” in either the linking or

modifying phrases.

Causal implication(s) strengths

Summary data

Reviewers rated the abstract linking sentence as having no causal implication in 13.8% (95% ClI
11.9, 15.9%), weak in.34.2% (95% CI 31.4, 36.7%), moderate in 33.2% (95% CI 29.8, 36.7%),
and strong in 18.7% (95% CI 15.1, 22.6%) of instances (Figure 2). Eight journals had pop-out
sections in their articles. The language used was very similar in the abstract, full-text discussion,

and pop-0out sections.

Action recommendations were identified in 34.2% (95% CI 29.0, 39.6%) of abstracts. Of these,

5.3% (95% CI 3.5, 7.2%) were rated as having a causal implication of None, 19.0% (95% CI
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15.2, 23.0%) Weak, 42.8% (95% Cl 39.0, 46.4%) Moderate, and 33.0% (95% CI 29.0, 37.1%)

Strong.

By comparison, action recommendations were identified in 60.3% (95% CI 52.7, 67.5%) of
discussion sections, about twice that in abstracts. We found negligible, if any, differences
between the overall strength of the action implications found in discussions sections s abstracts
[log odds for higher rank: -0.00026 (95% CI -0.00024, 0.00013)]. There wasalso'no apparent

pattern in implication strength over time (Web Figure 3).

Comparison of linking sentence strength vs. action implicatiofistrength

Of the 34% (n=400) of studies with action recommendations, 15.3% (95% CI 11.7, 19.2%) had
action recommendations that less strongly imphied causality than the linking sentence, 40.3%
(95% CI 35.1, 45.8%) were commensurate;and 44.5% (95% CI1 39.9, 48.4) were stronger
(Figure 3 - Panel A). There was a weak'correlation between the strength of causal implication in
the linking sentence and the action recommendation (Spearman’s correlation coefficient=0.349,
95% CI 0.256, 0.435)), While stronger causal action recommendations are less likely to occur
when linking sentences are weaker (Figure 3 - Panel B), studies with weaker linking sentences
also often make strong causal action implications. Among the 76.0% of studies with no action
recommendation in the abstract, 14.5% (95% CI 11.6, 17.6%) of linking sentences were rated as
having a causal implication of “None”, 34.0% (95% CI 30.3, 37.5%) Weak, 33.1% (95% CI
29.2, 37.3%) Moderate, and 18.3% (95% CI 14.5, 22.5%) Strong. We found negligible, if any,
differences in the strength of the linking sentences between abstracts that did and did not contain

action recommendations (log odds for higher rank: 0.087, 95% CI -0.162, 0.320).
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Words and phrases

Ratings among reviewers (n=47) for causal implication of root words were highly
heterogeneous, with the only word to reach near consensus on causal implications being “cause”
(Figure 4). Reviewers rated words such as “correlate” and “associate” generally rated weaket, in
terms of their causal implications, than words such as “impact”, “effect”, “affect”, and-"prevent.”
Notably, many root words could be used in a variety of ways with potentially different-meanings.
For example, the root word “lower” could be used purely descriptively, as.in “people with X had

lower Y”, or indicating X as a driving force, as in “X lowered Y.”

Although the word “associate” ranked among having the lewest overall causal implications,
more than half of the reviewers judged that the word “assoeiate” carried at least some causal
implication [n=26/47, 55.3% (95% CI 41.2, 68(6%). For comparison, 78.6% (95% CI 75.7,
81.2%) of linking sentences containing the root word “associate” were rated as having at least

some causal strength.

Modifying phrases

Common modifyingphrases are identified and discussed in Web Figure 4.

Differences_in strength across key strata

Non-RE€Ts ws, RCTs
Théumost common linking word identified in RCT abstracts was “associate” (n=16/105),
followed by “reduce” (n=14/105), and “increase” (n=11/105). Additional results for RCTs are in

Web Appendix 4.
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Journals and journal policies

Differences between journals are discussed in Web Appendix 5 and Web Figures 5-7.

Indications of potential causal interest

Most studies in our sample provided at least some indication of potential causal interest (Figure
5). While only 3.8% (95% CI 2.0, 6.0%) of studies presented formal causal models, most offered
some discussion of the theoretical nature of the causal relationship betweenexposure and
outcome (80.0%; CI 75.2, 85.4%). Among those that discussed theory, 58.7% (95% CI 51.4,
64.8%) moderately or strongly indicated a theoretical causal relationship between exposure and
outcome. 24.6% (95% C1 20.9, 28.0%) of studies had“a disclaimer statement regarding causality.
68.7% (95% CI 63.3, 73.7%) explicitly mentiondd variations of the word “confound.” Finally,
most studies controlled or adjusted for several variables, with 35.1% (95% CI 30.5, 39.9%)

having 10 or more control variables:

Inter-rater comparisons

The Krippendorff’s alpha comparing the reviewers’ ratings for linking language strength in the
abstract was 0.29. independent reviewers gave the same score in 35.1% of instances; 41.2%
differed-by‘enectategory, 19.9% by two categories, and 3.8% by three categories. Agreement

increased-to 0.41 when including the independent and arbitrating reviewers.

For the action recommendations (where most articles were rated as “N/A” for missing) the

Krippendorff’s alpha was 0.70. The two independent reviewers agreed exactly in 67.6% of cases,
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differed by one category in 14.4% of cases, by two in 8.6%, by three in 5.3%, and by four in

4.1%. Similarly, agreement increased to 0.76 when including the arbitrating reviewers.

Discussion

Our systematic evaluation of the use of causal language and implications in the high-profile
medical and epidemiological literature found that 1) by far the most common word used linking
exposures and outcomes was “associate,” 2) although few studies explicitly declated an interest
in estimating causal effects, the majority used language that moderately or‘strongly implied
causality, 3) while about a third of articles issued action recommendations;the vast majority of
these were found to imply that causality had been inferred, 4) causallanguage in action
recommendations ratings tended to be stronger than the language in linking sentences, and 5)
although many studies used disclaimers warning readers against making causal inferences, an
implicit interest in causality was apparent from common discussions of causal mechanisms and
widespread adjustment for confounding®Overall, we found a substantial disconnect between the
causal implications used in technical linking language and research implications.

»32 _ where studies avoid stating (or

Our results suggest that “Schrodinger’s causal inference,
even explicitly deny)-an‘interest in estimating causal effects yet are otherwise embedded with
causal intent,.inference, implications, and recommendations - is common in the observational
health literature. While the relative paucity of explicit action recommendations might be seen as
appropriate caution, it also invites causal inference since there are often no useful and/or obvious
alternative (non-causal) interpretations. To our surprise, we found that the RCTs and non-RCTs

used similar linking words to the non-RCTs. The degree of causal interpretation for common

linking words may have been impacted by the lack of explicitly causal language, such that the
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meaning of traditionally non-causal words may have broadened to include potentially stronger
causal interpretations.® It is likely that the rhetorical standard of “just say association” has meant

that many researchers no longer fully believe that the word “association” just means association.

At this time, we do not know the degree to which journal editors, reviewers, authors, oracademic
community standards contribute to the implicit and explicit rules of causal language."\WWhile there
are relatively few explicit and public rules governing language at journals, jeurnals may employ

formal internal guidelines and unspoken informal norms.

Our measures of causal implication are based on subjective assessments, which are critical to
evaluating and interpreting human language. Reviewers Substantially differed regarding the
causal implications of many linking words, eventin the'presence of extensive guidance,
processes, and training for how to assess eatsal implication in language. Different interpretations
may arise from different backgrounds, experiences, and other factors affecting personal
interpretations. Our reviewers; forexample, are likely to have been selected into our study due to
an interest in and knowledge.of causal inference and language. We expect that alternative
potential target populatigns of research consumers may also interpret these words differently,
whether by virtue.of-differing frameworks for assessing language, personal interpretations, or
community standards. Rather than attempting to be fully representative of any one possible
population of people who interact with this research, we chose to have a co-author reviewer pool
with representation from a wide variety of possible target populations covering a wide variety of

research traditions that might interact with this type of research.
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Beyond the reviewers themselves, it also matters how words are used and in what context. For
example, ratings between “associate” alone in the root word rating exercise had less causal
implication compared with in-context ratings of sentences with “associate” in the linking phrase.
Aspects of the rating and interpretation process are also likely to be particularly challenging; for
example, in reviewer discussions many reported difficulty with evaluating the degree of‘causal
implication for sentences with null findings. Research consumers and decision-makers may have

entirely different interpretations and frameworks, consciously or otherwise.

This study was designed with replicability in mind. The review process was designed to balance
independent subjective assessments from skilled researchers and.practitioners with explicit
guidance and discussion among reviewers. Our assessment process is applicable to any number
of areas of systematic evidence review and evaltation,which is often limited to shallow
“objective” measures. Beyond pre-registration, nearly all parts of this project were fully open
and disseminated to the public to view and comment, including documents, data, and code,
resulting in a very large number:ofcontributors, comments, and suggestions throughout the

process.

Results may not be directly generalizable to other settings, alternative samples, and reviewers.
Because-ourinclusion criteria excluded studies that were examining several potential factors or
expasures and their relationships with outcome(s), our sample likely excluded many multi-

29 ¢¢

exposure articles with terms such as “risk factors,” “correlates,” or “predictors.” Our journal
selection, which included only the most prominent general medical, public health, and

epidemiology journals, may not be representative of different fields, subfields, journals and
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policies. We did not examine the strength of evidence, nor did we examine any information that

would indicate the appropriateness of claims.

The practice of avoiding causal language linking exposures and outcomes appears to add little"if
any clarity. Common standards for which words and language are “causal” or when “catisal’’
words are appropriate do not appear to match interpretation. While being careful about what we
claim is critical for medical science, being “careful” is often implemented by.stripping out causal
language in conclusions, and therefore any hint of what question is being answered. Knowing
that people with X have 42 times the relative risk of Y is not informative if we do not know what
question that association attempts to answer.* Misalignment between the research question
being asked and action implications is on its own a seurce,of' confusion, which could be avoided
if the causal nature of the research question was‘made explicit. Further, these practices may
weaken methodological accountability, as'studies that only indirectly imply causality can be

shielded from critiques regarding lack of catisal inference rigor.*

Rather than policing which words we use to describe relationships between exposures and
outcomes, we recammend-focusing on how researchers, research consumers, and reviewers can
better identify and assess causal inference study designs and assumptions. Quantitative empirical
researchrshould clearly state its target estimand to clarify the research question,® including
explicitly stating when such estimands are causal. Authors, reviewers and editors should focus

7
d’36,3

on-being clear about what questions are being aske what decisions are being informed, and

the degree to which we are and are not able to achieve those goals.
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Table 1: Inclusion and exclusion criteria

30

Journals

Individual studies

Mainly serves articles that are:
Peer-reviewed
About health-specific topics
Non-meta-analyses, review, or other
secondary research designs)
Mainly concerning human-level
observations (e.g., not animal models
or microbiology)

Must be a general
health/medicine/epidemiology journal

I.e. journals which are focused on a
narrow speciality and/or disease area
of medicine were excluded)

The journal must have been founded in
2010 or earlier.

Observations must be human- or at an aggregate
group of humans-level of observation

The main research question must be to examine the
causal and/or non-causal association between one
main exposure concept and one main outcome
concept

One main exposure/outcome can inclade multiple
measures of the same or similar broad-exposure
and/or outcome concept.

Articles can include many expaosures/outcomes,
but focus in particular on one exposure/outcome pair
as their main association of\interest (e.g., in the title,
in the study aims)

Articles that are“about'more than one main
concept (e.g., searchingfor what ‘risk factors’ are
associated with the ‘outcome) were excluded.

The main research question must be examined
quantitatively

Theymain study design must not be a review or meta-
apalysis, or other secondary study design.
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Table 2: Causal implication strength rating scale

31

Rating Linking sentence Action recommendation

N/A No action recommendation exists.

None The linking sentence does not imply | The action recommendation would be
in any way that a causal relationship | made appropriately in the absence of any.
was identified. causal relationship.

Weak The linking sentence might imply The action recommendation.may be made
that a causal relationship was appropriately had a causal relationship
identified, but it is unclear or been identified, but it is.unclear’or
possible to come to that conclusion possible to come to that recommendation
in the absence of any causal in the absence of any-eausal inference.
inference.

Moderate | The linking sentence mostly implies | The action recemmendation most likely
that a causal relationship was could only.be'made appropriately had a
identified, but it is unclear or causalrelationship been identified, but it
possible to come to that conclusion is unclear or possible to come to that
in the absence of any causal recommendation in the absence of any
inference. causal inference.

Strong The linking sentence clearly imphies ‘| The action recommendation could only be

that causality had been identified.

made appropriately had a causal
relationship been identified.

Abbreviation: N/A, not applicable:
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Table 3: List and frequency of identified root words used to link the exposure and outcome

a

Root word n
associate 53
5
increase 71
high 36
predict 34
reduce 33
likely 29
lower 26
relate 25
improve 21
effect 19
risk 17
different 16
decrease 14
influence 13
risk factor 13
contribute 12
effective 12
affect 10
link 10
cause 9
impact 9
result 9
benefit 7
correlate 7
explain 7
attribute 6
change 6
decline 6
elevate 6
lead 6
better 4
compare 4
greater 4
protect 4
show 4
similar 4
appear 3
demonstrate | 3
determinant | 3
factor 3
3

less
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occur

prevent

role

achieve

consistent

differ

due

€XCess

precede

reveal

twice

vary

worse

NININININININDINDININDWWW

Other

78
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®This chart shows the number of times each of these root words appears in the linking phrases in

the abstracts of our samples. In cases where two of these words arénin the same phrase (e.g.,
"similar risk™) the more common of the two is selected (in-this case "risk"). In cases where

selected linking phrases had two or more words which»were included in the root word list, the

more common word was selected as the root wordsmainly associated with that study and section.
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Figure 1: PRISMA diagram showing the selection of journals and articles into the study sample.
Caption: This chart shows the PRISMA diagram detailing the search and screening process to
arrive at our final sample. Journals accepted were: American Journal of Epidemiology, American
Journal of Medicine, American Journal of Preventive Medicine, American Journal of Public
Health, Annals of Internal Medicine, BioMed Central Medicine, British Medical Journal;
Canadian Medical Association Journal, European Journal of Epidemiology, International Journal
of Epidemiology, Journal of Internal Medicine, Journal of the American Medical ASsociation,
Journal of the American Medical Association Internal Medicine, The LLancet, Mayo Clinic
Proceedings, New England Journal of Medicine, PLOS Medicinejand Social Science and

Medicine.

Figure 2: Summary scores for the degree of causal implication in linking sentences and action
recommendations. Caption: This chart shewsthe-frequency of key strength of causal implication
metrics for the 1,170 non-RCT studigs in our sample, as indicated by the arbitrating reviewer.
Panel A) shows a heat map of the"distribution of ratings in our sample, with histograms to show
the distributions of each axis, Panel B) shows the distribution of action recommendation ratings

within each categary oflinking phrase ratings.

Figure 3:.Comparison of the strength of causal implications in the abstracts for the linking phrase
and action recommendation. Caption: This chart shows the distribution of linking sentence and
action'recommendation language, among the 400/1,170 non-RCT studies in which there was an
action recommendation present in the abstract. Panel A shows an unconditional heatmap, with

colors representing the number of articles in the strata, and histograms on the top and right
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showing the overall distribution of ratings for each axis. Panel B shows the distributions within

each level of linking sentence causal strength.

Figure 4: Strength of causal implication ratings for the most common root linking words.
Caption: This chart shows the distribution of ratings given by reviewers during the root-wotd
rating exercise. On the left side, they are sorted by median rating + the number of-reviewers who
would have to change their ratings in order for the rating to change. On the right, the chart is

sorted alphabetically.

Figure 5: Frequency of indicators of potential causal interest. Caption: These results are from the

390 articles reviewed in full.
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