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We estimated the degree to which language used in the high-profile medical/public health/epidemiology
literature implied causality using language linking exposures to outcomes and action recommendations; exam-
ined disconnects between language and recommendations; identified the most common linking phrases; and
estimated how strongly linking phrases imply causality. We searched for and screened 1,170 articles from 18 high-
profile journals (65 per journal) published from 2010–2019. Based on written framing and systematic guidance, 3
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 in 34.2%, moderate in 33.2%, and strong in 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 rated “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.

association; causal inference; causal language; observational study

Abbreviations: CI, confidence interval; MeSH, Medical Subject Headings; RCT, randomized controlled trial; SJR, SciMago Journal
Rank.

Health sciences research often investigates the relation-
ship between an exposure and an outcome. Causal effects
between these variables are often implicitly of interest,
including studies based on nonrandom assignment of the
exposure. Most researchers are aware that inferring causality
may be fraught with difficulty, and that cautious interpre-
tation 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 (1) explicitly prohibit the use of causal
language in studies other than randomized controlled trials
(RCTs), often justified by the inaccurate, but common, belief
that causal inference is only possible with RCTs (2, 3).
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Health scientists and editors often employ euphemisms or
language workarounds (4, 5). For example, researchers may
reserve use of causal language for only some parts of the
manuscript (6) or use language that can pass as either causal
or noncausal. Alternatively, noncausal language may be used
throughout the manuscript, but suggested recommendations
may imply or require a causal interpretation (7). It is not clear
what “counts” as causal language, with no clear standards
and few attempts (6, 8–12) to define and categorize what
constitutes causal language.

The use of ambiguous language leads to potential discon-
nects between the authors’ intentions, methods, conclusions,
and the perceptions of the work by research consumers and
decision-makers (4, 5, 13–16). It may also indirectly erode
research quality by enabling researchers to make ambigu-
ously causal implications without being accountable to the
methodological rigor required for causal inference. Other-
wise, noncausal language may morph into causal language
in outlets for medical practitioners (7, 10), press releases
(17–19), and media reports (16, 20). While some loss of
nuance may be attributed to press officers, journalists, and
news recipients, too-strong interpretation often starts from
the study publications themselves (16).

Despite widespread discussions about causal language
use (4, 5, 21), systematic evidence of its use in practice
is limited. In a review of 60 observational studies, a fifth
were judged to have inconsistencies in their use of causal
language (6). Prevalence and use of causal language has
been examined in studies concerning the overall medical
literature (6, 16, 22), obesity (11), and orthopedics (23),
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
epidemiologic literature; existing efforts (6, 8–12) heavily
focus on binary assessments of the language used (causal vs.
noncausal).

This study systematically examined the linking language
used in studies with a main exposure and outcome in the
high-profile medical and epidemiologic literature. Our
objectives were to: 1) identify the linking words and
phrases used to describe relationships between exposures
and outcomes, 2) generate estimates of the strength of
causality stated or implied by the linking phrases and
sentences using a guided subjective assessment process,
3) examine the prevalence of action recommendations that
would require causal inference to have been made, and
4) examine disconnects 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 focus
on coronavirus disease 2019. The study was preregistered
on the Open Science Framework (OSF) (24). Changes from
the preregistered protocol are documented and explained in

Web Appendix 1 (available at https://doi.org/10.1093/aje/
kwac137).

Our search consisted of a preliminary search for appro-
priate 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 Reports (JCR) (25) categories for
medicine and public health and SciMago’s category for
Medicine. The top 200 journals from the SciMago Journal
Rank (SJR) (26) and JCR’s impact factor rating for medical
journals, as well as 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 eliminate articles not meeting inclusion criteria. The
search was performed using R, version 4.0.5 (R Foundation
for Statistical Computing, Vienna, Austria) and the easy-
PubMed package (27).

Articles were stratified by journal and whether they had
the “randomized controlled trial” MeSH tag. Identified arti-
cles were sorted in journal/article type–stratified random
order for screening. Disease areas were obtained for each
article using the 2020 MeSH tag hierarchy (28).

SCREENING

Study inclusion/exclusion criteria

Studies were eligible for inclusion if they were mainly
concerned with the quantitative association of a main expo-
sure/outcome pair, as detailed in the second column of
Table 1.

Studies investigating more than 1 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

Articles were screened continuously for each journal until
journal quotas were met, with the addition of a small buffer
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Table 1. Inclusion and Exclusion Criteria for an Analysis of Causal and Associational Language in Observational Health Research

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, or epidemiology

journal
Journals focused on a narrow specialty and/or

disease/area of medicine were excluded.
The main study design must not be a review or

meta-analysis, or other secondary study design.

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 noncausal association between one
main exposure concept and one main outcome
concept.

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

Articles can include many exposures/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., searching for what “risk factors” are associated
with the outcome) were excluded.

The main research question must be examined
quantitatively.

The main study design must not be a review or
meta-analysis, or other secondary study design.

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, totaling 1,278
articles (1,170 non-RCTs and 108 RCTs). The sample size
was informed by informal explorations of sample data sets
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.

Articles were randomly assigned to 3 of 18 screening
reviewers, with 2 independent reviewers and 1 arbitrating
reviewer. During screening, the arbitrating reviewer made
the inclusion/exclusion decision only in cases where the 2
independent reviewers disagreed.

Screening reviewers were presented with a list consisting
exclusively 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
periodically 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 was disabled
through an automated system.

An additional decision was made during screening on
June 24, 2021, to drop journals where less than 10% of
articles screened met the inclusion criteria and/or that did
not have sufficient remaining unscreened articles to meet the
minimum quota of articles from a single journal (see Web
Appendix 1).

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, exper-
tise in relevant areas (e.g., epidemiology, causal inference,
medicine, econometrics, meta-science, etc.), availability,
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.

A plurality (n = 16/48) of reviewers were doctoral-level
students, followed by postdoctoral fellows (n = 12/48) and
faculty (n = 10/48). The majority listed 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), and psychology (n = 4/48), among 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), with others based
in 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 1 hour of instruction and an addi-
tional set of training articles to review before the inde-
pendent review. Reviewers were encouraged to engage in
an active discussion on Slack (Slack Technologies, San
Francisco, California) to clarify guidelines, discuss issues,
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Table 2. Causal Implication Strength Rating Scale for an Analysis of Causal and Associational Language in Observational Health Research

Rating Linking Sentence Action Recommendation

N/A No action recommendation exists.

None The linking sentence does not imply in any way that a
causal relationship was identified.

The action recommendation would be made
appropriately in the absence of any causal
relationship.

Weak The linking sentence might imply that a causal
relationship was identified, but it is unclear or not
possible to come to that conclusion in the absence of
any causal inference.

The action recommendation may be made appropriately
had a causal relationship been identified, but it is
unclear or not possible to come to that
recommendation in the absence of any causal
inference.

Moderate The linking sentence mostly implies that a causal
relationship was identified, but it is unclear or not
possible to come to that conclusion in the absence of
any causal inference.

The action recommendation most likely could only be
made appropriately had a causal relationship been
identified, but it is unclear or not possible to come to
that recommendation in the absence of any causal
inference.

Strong The linking sentence clearly implies that causality had
been identified.

The action recommendation could only be made
appropriately had a causal relationship been
identified.

Abbreviation: N/A, not applicable.

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 with group guidance. By design, reviewers may
have changed their understanding of the guidance over time
through discussion, and they were therefore allowed to make
changes at any point before arbitration.

Each article was reviewed by 3 randomly selected review-
ers; 2 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 indepen-
dent reviewers, their own reading, and the ongoing com-
munity discussions. Arbitrating reviewers could decide in
favor of one reviewer over another, consolidate and combine
reviewers’ responses, or overturn both independent review-
ers, as they deemed appropriate. The arbitrator review data
represents the main output of the review process and was
used for all subsequent analyses.

Review framework and tool

The review framework and tool were designed to elicit
well-guided, replicable, subjective assessments. The fram-
ing and definitions of words used (e.g., definitions and guid-
ance for how/why language might be “causal”) are provided
in Web Appendix 3.

Reviewers had the option to recuse themselves from
reviewing an article for any reason (e.g., conflicts of interest,
connections to authors); the article was then reassigned
to another reviewer. Reviewers could also request that
an administrator 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.

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, out-
come, 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 the relationship (e.g., “may be,”
“positively,” “statistically significant”).

Reviewers assessed the degree to which the linking sen-
tence implied a causal relationship between the exposure
and outcome using a 4-point scale (“linking sentence causal
strength”) shown in Table 2.

Next, reviewers were asked to identify any sentences
that contained action recommendations (how a consumer
of the research might utilize the results and conclusions of
the research). This could include 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 identi-
fying this sentence (if applicable), reviewers were asked to
consider the extent that this recommendation would require
that a causal relationship had been identified, shown in
Table 2.
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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 relationship was being examined.

In addition to the title and abstract review given for
all studies, one-third of the articles underwent full text
assessment. This extended review 1) repeated the abstract
review questions for the discussion section and any popout
sections (i.e., sections that do not appear as part of the main
text or abstract but summarize and highlight key aspects
of the study), and 2) included additional questions to help
indicate potential areas of causal intent (29) (see our Open
Science Framework project repository (30)). Reviewers also
extracted whether there 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 (14), whether a formal causal model was used,
and whether explicit causal disclaimer statements were made
(e.g., “causation cannot be inferred from observational stud-
ies, but . . . ”).

Root linking 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 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 4
randomly selected linking words/phrases that contained the
root word and had been submitted by arbitrating reviewers
(e.g., the root word “associate” had 4 phrases, including
phrases like “associated 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 data set of the non-
RCTs only.

Comparisons between 2 ordinal categorical variables were
estimated by Spearman’s correlation coefficients. Associa-
tions 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 uncertainty were clustered by
journal and calculated using a block bootstrapping proce-
dure, unless otherwise specified, where 95% confidence
intervals (CIs) were obtained from percentiles of the boot-
strapped estimate distribution. Where the journals them-
selves 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
weights were applied, with journals and articles contributing
equally to the main results.

Heterogeneity between reviewers was evaluated using
Krippendorff’s α. For the purpose of this review, disagree-
ment between reviewers is a key result (i.e., heterogeneity
between subjective opinions) rather than error.

All data management and analyses were conducted using
R, version 4.0.5 (R Foundation for Statistical Computing).
Spearman correlation coefficients were determined using the
pspearman package (31). Ordinal logistic regression was
performed using the MASS package (32).

DATA AND CODE AVAILABILITY

All data and code are publicly available through the
Open Science Framework repository (24), except for files
containing personal identifying information and/or personal
application programming interface 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 PubMed for articles, we screened articles
until 65 non-RCTs and 6 RCTs were accepted (except in
the European Journal of Epidemiology, where only 3 RCTs
were identified and included). This yielded 1,170 non-RCTs
and 105 RCTs, totaling 1,275 studies reviewed. There were
10 recusals recorded during the main review. The 3 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.

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% CI:
40.0, 51.9), followed by “increase” (n = 71/1,170; 6.1%,
95% CI: 4.7, 7.8) (Table 3). The same root word was iden-
tified in both the abstract and discussion for 48.2% cases
(95% CI: 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) articles that used the word
“cause,” when additionally including any instance of the
word “cause” in either the linking or modifying phrases.

Causal implication strengths

Summary data. Reviewers rated the abstract linking sen-
tence as having no causal implication in 13.8% (95% CI:
11.9, 15.9), weak in 34.2% (95% CI: 31.4, 36.7), moderate
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram detailing the search and screening process
to arrive at our final sample for a study of causal and associational linking language in observational research and health evaluation literature.
Journals included 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 Lancet, Mayo Clinic Proceedings, New England
Journal of Medicine, PLOS Medicine, and Social Science and Medicine. JCR, Journal Citation Reports.

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 popout
sections in their articles. The language used was very similar
in the abstract, full-text discussion, and popout 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: 15.2, 23.0) as weak, 42.8% (95% CI: 39.0, 46.4)
as moderate, and 33.0% (95% CI: 29.0, 37.1) as 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,
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Table 3. List and Frequency of Identified Root Words Used to
Link the Exposure and Outcome in an Analysis of Causal and
Associational Language in Observational Health Research

Root Word No.a

Associate 535

Increase 71

High 36

Predict 34

Reduce 33

Likely 29

Lower 26

Relate 25

Improve 21

Effect 19

Risk 17

Different 16

Decrease 14

Inf luence 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

Less 3

Occur 3

Prevent 3

Role 3

Table continues

Table 3. Continued

Root Word No.a

Achieve 2

Consistent 2

Differ 2

Due 2

Excess 2

Precede 2

Reveal 2

Twice 2

Vary 2

Worse 2

Other terms 78

a The number of times each of these root words appears in the
linking phrases in the abstracts of our samples. In cases where 2 of
these words are in the same phrase (e.g., “similar risk”) the more
common of the 2 is selected (in this case, “risk”). In cases where
selected linking phrases had 2 or more words that were included in
the root word list, the more common word was selected as the root
word mainly associated with that study and section.

differences between the overall strength of the action
implications found in discussions sections vs. abstracts
(log odds for higher rank: −0.00026, 95% CI: –0.00024,
0.00013). There was also no apparent pattern in implication
strength over time (Web Figure 3).

Comparison of linking sentence strength vs. action impli-
cation strength. Of the 34% (n = 400) of studies with
action recommendations, 15.3% (95% CI: 11.7, 19.2) had
action recommendations that implied causality less strongly
than the linking sentence, 40.3% (95% CI: 35.1, 45.8)
were commensurate, and 44.5% (95% CI: 39.9, 48.4) were
stronger (Figure 3A). 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 3B), 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%) as weak, 33.1% (95% CI: 29.2, 37.3) as
moderate, and 18.3% (95% CI: 14.5, 22.5) as 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).

Words and phrases

Ratings among reviewers (n = 47) for causal implication
of root words were highly heterogeneous, with the only
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Figure 2. Summary scores for the degree of causal implication in linking sentences and action recommendations in a study of causal and
associational linking language in observational research and health evaluation literature, showing the frequency of key strength of causal
implication metrics for the 1,170 non–randomized-control trial studies in our sample, as indicated by the arbitrating reviewer. A–C) The strength
of causal implication ratings for the language ratings in the abstract, discussion, and popout sections; D–F) the strength of causal implication
ratings for the action recommendations in the abstract, discussion, and popout sections.

word to reach near consensus on causal implications being
“cause” (Figure 4). Reviewers rated words such as “corre-
late” and “associate” generally weaker, 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 indicat-
ing X as a driving force, as in “X lowered Y .”

Although the word “associate” ranked among the lowest
overall in having causal implications, more than half of
the reviewers judged that the word “associate” 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 modifying phrases are identified and discussed
in Web Figure 4.

Differences in strength across key strata

Non-RCTs vs. RCTs. The most common linking word iden-
tified in RCT abstracts was “associate” (n = 16/105), fol-
lowed by “reduce” (n = 14/105) and “increase” (n = 11/105).
Additional results for RCTs are available in Web Appendix 4.

Journals and journal policies. Differences between jour-
nals 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 indica-
tion of potential causal interest (Figure 5). While only 3.8%
(95% CI: 2.0, 6.0) of studies presented formal causal mod-
els, most offered some discussion of the theoretical nature
of the causal relationship between exposure and outcome
(80.0%, 95% 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% CI: 20.9, 28.0) of studies had a
disclaimer statement regarding causality; and 68.7% (95%
CI: 63.3, 73.7) explicitly mentioned 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.

Interrater comparisons

The Krippendorff’s α comparing the reviewers’ ratings for
linking language strength in the abstract was 0.29. Indepen-
dent reviewers gave the same score in 35.1% of instances;
41.2% differed by 1 category, 19.9% by 2 categories, and
3.8% by 3 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 α was
0.70. The 2 independent reviewers agreed exactly in 67.6%
of cases, differed by 1 category in 14.4% of cases, by 2 in
8.6%, by 3 in 5.3%, and by 4 in 4.1%. Similarly, agreement
increased to 0.76 when including the arbitrating reviewers.
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DISCUSSION

Our systematic evaluation of the use of causal language
and implications in the high-profile medical and epidemi-
ologic literature found that: 1) by far the most common
word used linking exposures and outcomes was “associate”;
2) although few studies explicitly declared an interest in
estimating causal effects, the majority used language that
moderately or strongly implied causality; 3) while approx-
imately a third of articles issued action recommendations,
the vast majority of these were found to imply that causality
had been inferred; 4) causal language in action recommen-
dations ratings tended to be stronger than the language
in linking sentences; and 5) although many studies used
disclaimers warning readers against making causal infer-
ences, 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.

Our results suggest that “Schrödinger’s causal inference”
(33)—where studies avoid stating (or 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 rec-
ommendations might be seen as appropriate caution, it also
invites causal inference since there are often no useful and/or
obvious alternative (noncausal) interpretations. While we

hypothesized a priori that there might be substantial differ-
ences between the language used RCTs and that in non-
RCTs (e.g., that RCTs would use the linking word “cause”
frequently), the words they used were very similar. “Asso-
ciate,” for example, was the most common linking word for
both RCTs and non-RCTs. The degree of causal interpreta-
tion for common linking words may have been affected by
the lack of explicitly causal language, such that the meaning
of traditionally noncausal words may have broadened to
include potentially stronger causal interpretations (34). 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, or academic community stan-
dards contribute to the implicit and explicit rules of causal
language. While there are relatively few explicit and public
rules governing language at journals, journals may employ
formal internal guidelines and unspoken informal norms.

Our measures of causal implication are based on sub-
jective assessments, which are critical to evaluating and
interpreting human language. Reviewers substantially dif-
fered regarding the causal implications of many linking
words, even in the presence of extensive guidance, pro-
cesses, and training for how to assess causal implication in
language. Different interpretations may arise from different
backgrounds, experiences, and other factors affecting per-
sonal interpretations. Our reviewers, for example, are likely
to have been selected into our study due to an interest in
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Figure 4. Strength of causal implication ratings for the most common root linking words in a study of causal and associational linking language
in observational research and health evaluation literature, showing the distribution of ratings given by reviewers during the root word rating
exercise. On the left side, they are sorted by median rating + the percentage of reviewers who would have to change their ratings in order for
the rating to change (A). On the right, the chart is sorted alphabetically (B).
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and knowledge of causal inference and language. We expect
that alternative potential target populations of research con-
sumers 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 coauthor 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.

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 discus-
sions 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 subjec-
tive 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 evaluation, which
is often limited to shallow “objective” measures. Beyond
preregistration, nearly all parts of this project were fully
open and disseminated to the public to view and comment

on, including documents, data, and code, resulting in a very
large number of contributors, comments, and suggestions
throughout the process.

Results may not be directly generalizable to other settings,
alternative samples, and reviewers. Because our inclusion
criteria excluded studies that were examining several
potential factors or exposures and their relationships with
outcome(s), our sample likely excluded many multiple-
exposure articles with terms such as “risk factors,” “corre-
lates,” 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 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 expo-
sures and outcomes appears to add little if any clarity. Com-
mon standards for which words and language are “causal”
or when “causal” 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 conclu-
sions, 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 (35). Misalign-
ment between the research question being asked and action
implications is on its own a source of confusion, which
could be avoided if the causal nature of the research question
were made explicit. Further, these practices may weaken
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methodological accountability, as studies that only indirectly
imply causality can be shielded from critiques regarding lack
of causal inference rigor (4).

Rather than policing which words we use to describe
relationships between exposures and outcomes, we recom-
mend focusing on how researchers, research consumers,
and reviewers can better identify and assess causal infer-
ence study designs and assumptions. Quantitative empirical
research should clearly state its target estimand to clarify
the research question (36), including explicitly stating when
such estimands are causal. Authors, reviewers, and editors
should focus on being clear about what questions are being
asked (37, 38), what decisions are being informed, and the
degree to which we are and are not able to achieve those
goals.
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