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Abstract
Objectives: We assessed authors’ language and methods to determine alignment between reported aims, methods, intent, and interpre-
tations in observational studies in spinal pain or osteoarthritis.

Study Design and Setting: We searched five databases for observational studies that included people with spinal pain or osteoarthritis
published in the last 5 years. We randomized 100 eligible studies, and classified study intent (aims and methods) and interpretations as
causal, non-causal, unclear, or misaligned.

Results: Overall, 38% of studies were aligned regarding their intent and interpretation (either causally (22%) or non-causally (16%)).
29% of studies’ aims and 29% of study methods were unclear. Intent was misaligned in 16% of studies (where aim differed to method) and
23% of studies had misaligned interpretations (where there were multiple conflicting claims). The most common kind of aim was non-
causal (38%), and the most common type of method (39%), intent (38%), and interpretations (35%) was causal.

Conclusions: Misalignment and mixed messages are common in observational research of spinal pain and osteoarthritis. More than 6 in
10 observational studies may be uninterpretable, because study intent and interpretations do not align. While causal methods and intent are
most common in observational research, authors commonly shroud causal intent in non-causal terminology. � 2023 The Author(s). Pub-
lished by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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What is new?

Key Findings
� Researchers’ interpretations are misaligned with

their intent in 62% of observational studies.

� In studies with causal methods, 56% use non-
causal or unclear language when stating their aims.

� Thirty seven percent of studies with causal inter-
pretations had either non-causal, unclear, or mis-
aligned intent.

� In studies with causal intent, explanations for re-
searchers’ choice of method (like selection of con-
founders) are commonly incomplete or missing
altogether.

What this adds to what was known?
� Researchers use methods that signal causal intent

but shroud their intent in non-causal language.

� Researchers may overuse causal language when in-
terpreting their results.

� Researchers commonly employ methods that
signal causal intent but fail to explain the rationale
behind their use.

What should change now?
� Researchers should align their stated aims,

methods, and interpretations.

� Researchers should precisely express their aim in
observational research.

� Researchers should unambiguously interpret their
results, in alignment with the intent of their study.

� Researchers should clearly explain their rationale
behind study design elements like enrolling a con-
trol group, or methods like covariate selection and
confounding adjustment.

� End-users should beware that non-causal or ambig-
uous language is used to shroud causal intent in
observational research.

1. Background

1.1. Introduction

Observational research is a common and necessary part
of health research. However, observational research is often
seen as wasteful and ambiguous [1,2]. Historical shortcom-
ings of observational research have prompted calls to
improve wasteful research practices [2e4]. Recommenda-
tions on reducing wasteful observational research practices
includes carefully planning research questions [2e4],
anchoring methods to this research question [2e6], and un-
ambiguous reporting [5]. Despite this, emerging evidence
suggests that researchers continue to use inappropriate
methods to answer their question or conflate terminology
when interpreting their results in observational research
[7]. The end-user has difficulty understanding what exactly
observational health research can tell them when study
methods, or interpretations do not match the research ques-
tion [6]. Misalignment between study aims, methods, and
interpretations creates confusion and adds to wasteful
observational research practices [6].

Ambiguity, mixed messages, and misalignment may
stem from authors choosing vague language. Researchers
may avoid causal language because of a persistent and
misguided idea that causal effects cannot be estimated
in observational research [4,6e12]. Structural factors like
journal editorial policies may compound researchers’ se-
lective use of causal language [13]. Evidence suggests that
readers often comprehend ‘non-causal’ words, like associ-
ation, as having causal implications when combined with
certain methods, for example controlling for confounders
in analysis [9]. Mixed messaging between authors’
explicit description and the use of methods that implicitly
signal a different intent creates confusion [6,9]. The
usefulness of health research relies on clarity of language
and the alignment between aims, methods, and
interpretations.

1.2. Review objective

The objective of this review is to assess the degree of
alignment between study intent and the interpretation of re-
sults in observational studies of spinal pain or osteoarthritis.
2. Methods

2.1. Study design

This review is reported in accordance with the preferred
reporting items for systematic review and meta-analysis
(PRISMA) guideline [14]. The review was prospectively
registered on open science framework registries (registra-
tion link: https://doi.org/10.17605/OSF.IO/CAFRG) [15].

2.2. Search and random sample selection

We developed a search strategy to identify observational
and nonrandomized trials in the field of spinal pain and
osteoarthritis (Online Supplement 1). We chose to include
only spinal pain and osteoarthritis to ensure our review
team could appropriately understand study language and
methods. Our research and clinical experience is in these
health conditions and other conditions may include terms
and methods that we could not accurately appraise. We
searched Medline (Ovid), Embase (Ovid), PsychInfo

https://doi.org/10.17605/OSF.IO/CAFRG
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(Ovid), CINAHL (EbscoHost), Scopus, and Web of Science
[16] to identify relevant studies published in the English
language from January 2017 and 13th January 2022. We
limited the inclusion criteria to the last 5 years to gain a
contemporary sample of the literature reflecting current
research practices and reporting. We removed duplicates
through a recognized method [17], and then exported the
references retrieved into an Excel workbook. We random-
ized studies by assigning a random number to each record
using the Excel RAND function, then reordered in
ascending value based on this random number.

After randomization, the titles and abstracts of studies
were assessed for eligibility by two reviewers (CG
and AC). Disagreements were resolved through discussion.
Eligible full texts were screened independently in duplicate
(CG and AC, HH, and SD) to obtain a sample of
100 studies. We chose to obtain a sample of 100 studies
because it is within the range of similar reviews’ samples
[9e12] and to make data extraction feasible for our review
team.

2.3. Eligibility criteria

We included observational cohort studies, cross-
sectional studies, nonrandomized trials, quasi randomized
studies, case control, and case series, which included hu-
man participants of any age with spinal pain (low back
and neck pain, using the International Classification of Dis-
ease (ICD-10) code M54: Dorsalgia) or osteoarthritis (ICD-
10 codes M15-19, M47) [18,19]. We excluded studies that
used a truly random procedure to allocate exposure or treat-
ments (as defined by PEDro criteria for randomization)
[20], because these studies are least likely to present with
misalignment [4]. We excluded systematic reviews and
other kinds of reviews [21], opinion pieces, editorials,
and qualitative studies. We excluded clinimetric studies
and studies of diagnostic test accuracy because empirical
evidence suggests these studies already present with a high
degree of conflation (misalignment) between prediction
(non-causal) and causation [7]. We excluded articles pub-
lished in American Medical Association network journals
because they prohibit the use of causal language for any
study other than a randomized controlled trial [13]. We
excluded studies including participants with rheumatoid
arthritis, osteoporosis, systemic lupus erythematosus, poly-
myalgia rheumatica, gout, juvenile idiopathic arthritis,
Table 1. Causal, non-causal, and ambiguous linking terms

Initial list of causal, non-causal, and ambiguous
linking terms

Causal the effect of the impact of the causal
effect/relationship

Non-causal predict de

Terms added following data extraction

Causal mediate Affect Non-causal relate
infectious arthritis, fracture, or cancer/metastases. We
excluded studies not published in English.

2.4. Data extraction

We developed data extraction forms for reviewers to use
(Online Supplement 2 and 3). To obtain a balance between
interpretations, all study data were extracted in duplicate
(CG and AC, AT, CW, EN, ER, MW, PVS, SD, or SK).
All disagreements between reviewers were resolved
through discussion. We extracted study characteristics
(e.g., publication year, study design), methods (e.g., method
of covariate selection, confounding mitigation), and anal-
ysis (e.g., regression, t-test), for full details, see Online
Supplement 2. Reviewers extracted aims and claims
verbatim and provided a rationale behind each
classification.

We classified study sections into the following cate-
gories according to authors’ use of language, study design
elements and methods.

� Causal (cause and effect).
� Non-causal (predictive or descriptive aims and
methods).

� Unclear (used when authors used ambiguous termi-
nology, the meaning was not clear, or contained ele-
ments that may be either causal or non-causal).

Study intent and interpretations could be classified as
one extra category.

� Misaligned (used when studies had different methods
to their aim, or vice-versa, and when studies had mul-
tiple conflicting interpretations).
2.4.1. Step 1: classifying aims
We classified primary aims only. A priori, we estab-

lished a list of causal, non-causal, and ambiguous linking
words [15] (Table 1). We first placed terms in this list ac-
cording to existing literature [9,22,23]. Through multiple
rounds of discussion among the authors, we reallocated
certain terms based on author judgment and finalized this
list for protocol registration [15]. During data extraction,
reviewers used this list as guidance only. Decisions on
study section categorization were made through a holistic
approach of assessing linking and modifying language as
well as considering the sentence or clause more generally.
scribe Ambiguous the influence of the benefit of leads to links to
results in contributes to is a determinant of is a risk
factor for improves

Ambiguous odds ratio (lower/higher odds) likelihood
difference



Fig. 1. A) Flowchart outlining rules and application for making decisions about study intent. B) Decision making table (using if, then format) to
operationalize study intent.
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For example, a causal linking word may have been used but
the modifying language implies prediction, and thus the
aim was categorized as unclear. We added to this list if re-
viewers frequently came across terms used in consistently
causal, non-causal, or ambiguous ways.
2.4.2. Step 2: classifying methods
We assessed study methods with the following priming

questions about study design, method of confounding miti-
gation, and method of statistical estimation (Online
Supplement 3). Reviewers were encouraged to form a gen-
eral impression about whether methods were causal, non-
causal, or unclear based on a combination of these factors.
2.4.3. Step 3: classifying intent
We first classified aims and methods as causal, non-

causal, or unclear. We then operationalized study intent
through the rules and flowchart in Figure 1.
2.4.4. Step 4: classifying interpretation
We classified interpretations by categorizing claims

related to the primary aim. Claims were sentences or pas-
sages, which included authors’ interpretation of a result.
We classified interpretations as causal, non-causal, or un-
clear by assessing linking and modifying language in the
same way as study aims (Table 1). Reviewers classified
all interpretations authors made about the primary result,
so some studies had multiple claims. We recorded when au-
thors made statements about whether a study design could
not allow causal interpretation of results, for example, ‘‘as
our study is observational in nature, causation cannot be
inferred’’ [23]. We also recorded whether authors provide
appropriate discussion of causal assumptions for causal, un-
clear, or misaligned interpretations (non-causal interpreta-
tions do not need to discuss causal assumptions).

2.4.5. Step 5: assessing alignment
We assessed the alignment between a study’s intent and

interpretation. Studies that had the same intent and interpre-
tation classification were aligned (casually or non-
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casually). A study with a different interpretation to its
intent classification was misaligned.

2.5. Primary and secondary outcomes

Our primary outcome was the proportion of studies
aligned with causal intent and causal interpretation. Our
secondary outcome was the proportion of studies aligned
with non-causal intent and non-causal interpretation.

2.6. Data synthesis and analysis

We summarized each categorical item with frequencies
and proportions and continuous variables with median and
interquartile range. We analysed data using R (version
4.1.0). We thematically analyzed the free text of re-
viewers’ rationales behind classifications to understand
common themes behind conflicts and help develop
Fig. 2. PRISMA flow diagram showing
signaling questions (see discussion) for study method
classification.

2.7. Sensitivity analyses

We undertook two post hoc sensitivity analyses. To deter-
mine the effect of changing the categorization of certain
ambiguous words on the proportion of alignment, we
selected all terms we listed as ambiguous (Table 1) and re-
classified them as causal. To determine whether operational-
izing intent caused the proportion of alignment to change, we
assessed alignment of studies without including intent.
3. Results

After removing duplicates, we identified 18,066 records.
We screened 600 titles and abstracts and 196 full texts for
record screening and inclusion.



Table 2. Summary of included studies

n [ 100

Year of publication

2017 22

2018 19

2019 22

2020 17

2021 20

Health condition

Spinal pain 41

Knee osteoarthritis 38

Hip osteoarthritis 11

Mixed osteoarthritis 10

Sample number

Min 15

Max 358,121

Median (Interquartile range) 175.5
(78.0 - 461.2)

Study design 1

Nonrandomized controlled trial 4

‘Quasi’ randomized controlled trial 28

Observational cohort: Prospective 22

Observational cohort: Retrospective 23

Case-control 20

Cross-sectional 2

Statistical estimation method

Assessment of correlation 69

Regression 48

Other 27

No assessment of correlation 31

Assessment of difference (t-test, one
way analysis of variance ANOVA,
chi-square etc.)

65

T-test 35

Chi-square 24

ANOVA 17

Only assessment of correlation
(regression, Spearman, Pearson etc.)

33

Only assessment of difference 29

Both assessment of difference and correlation 36

No statistical method used (descriptive statistics) 2

Summary of methods used in studies with
causal intent

n 5 38

Selection of confounding Causal intent

Directed acyclic graph 1 (2.6%)

Cite previous research 3 (7.9%)

Cite previous research AND stepwise selection 1 (2.6%)

Stepwise selection 4 (10.5%)

Change-in-estimate between adjusted and
unadjusted model

1 (2.6%)

Not explained 14 (36.8%)

Not selected 15 (39.5%)

(Continued )

Table 2. Continued

n [ 100

Baseline confounding mitigation

By design 14 (36.8%)

By analysis 9 (23.7%)

Both 9 (23.7%)

No baseline confounding mitigation 6 (15.8%)

Time-varying confounding mitigation

By design 13 (34.2%)

By analysis 7 (18.4%)

Both 9 (23.7%)

No time-varying confounding mitigation 9 (23.7%)

Causal inference methods

Propensity score adjustment/
matching/weighting

2 (5.2%)

Instrumental variable methods 1 (2.6%)
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inclusion. Online Supplement 4 lists all full texts screened
and reasons for their exclusions. Figure 2 shows the flow of
records through screening and inclusion.

3.1. Summary of included studies

Table 2 provides a summary of the included studies
(further detail can be found in Online Supplement 2). Spi-
nal pain accounted for 41% (41/100) of conditions exam-
ined in studies and knee pain 38%. The most common
study design was prospective cohort (28%), followed by
case-control (23%), cross-sectional (22%), and retrospec-
tive cohort (22%). The median sample size included was
175 participants (min 5 15, max 5 358,121; interquartile
range 5 78.0e461.2).

3.2. Statistical analysis, covariate selection, and
confounding mitigation

The most common statistical analysis method was
regression (48%), and the second most common was t-test
(35%). Covariate selection was not explained in 36 studies.
Covariates were not selected in 33 of studies. 11% studies
cited either previous research, cited a theory or model, or
used a directed acyclic graph (DAG). 68% studies attemp-
ted to mitigate baseline confounding (26% by design, 24%
by analysis, and 18% by both), 60% studies attempted to
mitigate time-varying confounding (25% by design, 19%
by analysis, and 16% by both). Five percent studies used
statistical methods that are recommended for causal infer-
ence (4% used weighting, matching, propensity score
adjustment; 1% used instrumental variable methods)
[24,25].

3.3. Categorization of study sections

The classification of study sections is provided in
Figure 3. Non-causal aims were the most common (38%),



Fig. 3. Diagram demonstrating the classification of study aims, methods, intent, and interpretation (nodes). The links track the flow of studies that
are aligned across aims, methods, intent, and interpretation (dark green indicates causal alignment and light green indicates non-causal align-
ment). All other gray links indicate that either studies are misaligned across sections or are unclear.
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followed by causal aims (33%) and unclear aims ((29%).
Causal methods were the most described (39/100 (39%)),
followed by non-causal methods (32%), then unclear
methods ((29%). Causal intent was most common ((38%),
followed by non-causal ((36%), misaligned (16%), and
unclear (10%). The most common kind of study interpreta-
tion was causal (35%), 23% studies had multiple claims
of different kinds (causal, non-causal, or unclear) and so
were misaligned. Twenty one percent of studies had non-
causal interpretations, and 21% studies had unclear
interpretations.
Table 3. Signaling questions to assist in classifying observational study met

Study section Si

Study design 1. Do authors enroll a control group? If yes, this sig

1a. Authors enroll a control group with an attempt t
intent may be more likely.

Statistical analysis 2. Do Authors adjust for confounding? If yes, this s

2 a. Do authors systematically adjust for confoundin
intent may be more likely.
3.4. Alignment

There were 22% of studies with causal alignment (causal
intent and interpretations) and 16% of studies with non-
causal alignment (non-causal intent and interpretations)
(Figure 3).

Seventy-nine percent of studies had causal, unclear, or
misaligned interpretations, and therefore we assessed
whether authors reported satisfying causal assumptions.
Only 7/79 (8.9%) provided a rationale for their claim that
mentioned necessary assumptions for causal inference.
hods

gnaling causal intent

nals causal intent.

o match on exposure (i.e., considering exchangeability)? If yes, causal

ignals causal intent.

g (by citing previous research, theory, or using a DAG)? If yes, causal
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However, all 7/79 (8.9%) only briefly mentioned causal as-
sumptions and were ambiguous (not clear in their causal
reasoning). 7/79 (8.9%) studies included a statement that
refutes the ability of the study design to make causal
inference.

When ambiguous linking terms were reclassified as
causal, the proportion of causally aligned studies did not
meaningfully change (1% increase in causal alignment)
(Online Supplement 1). The proportion of aligned studies
when considering only aims, methods, and interpretation
was 23% (14% causal alignment, and 9% non-causal
alignment).
4. Discussion

The majority (62%) of observational studies involving
spinal pain and osteoarthritis published in the last 5 years
were either unclear or did not interpret their results in a
way that matched their aims and methods (the intent of
their research). Our study suggests that researchers are
evasive with causal terminology in their stated aims but
often use methods that signal causal intent. Authors then
tend to interpret their results in a causal way.

4.1. Relation to previous research

There is an emerging evidence base indicating that au-
thors may selectively use causal language [9e12,26]. Hab-
er et al. (2018) [9], and Cofield et al. (2010) [26] indicate
authors may overstate the causal implications of their
research in interpretation sections [3,26]. In our study,
causal interpretations were most common (35%). Authors
may be eager to use causal language when interpreting their
results. Our study adds a new finding. We found non-causal
aims most common (38%), indicating that authors may
underuse causal language in stating their aims.

4.2. Strengths and limitations

We included a representative sample of observational
studies published in the last 5 years to assess contemporary
research and reporting practice. We used a comprehensive
search strategy and broad inclusion criteria to ensure all
observational study types were included. In data extraction,
we allowed for, and achieved a balance between, different
interpretations of linking and modifying language [11].
Two authors independently extracted data and resolved dis-
agreements through discussion. Our team included experi-
enced researchers and statisticians, which provides some
validity to our study categorization.

Including study intent may have led us to underestimate
study misalignment and may not capture the authors’ orig-
inal intent. However, we transparently operationalized
intent a priori [15], and consider it an important construct
because it provides an objective way to navigate ambiguous
wording and the potential variation when interpreting study
aims [11]. Within our classification system, we may not
have captured important differences between lack of clarity
and misalignment. We classified study aims and interpreta-
tions as unclear when sentences used ambiguous language.
But we also classified sentences that used both causal and
non-causal language within the same sentence.

4.3. Implications

4.3.1. Research implications
To improve clarity, researchers should choose unambig-

uous language when writing research reports. Our study
highlights the importance of appropriate use of language,
both causal and non-causal. There may always be heteroge-
neity in how readers interpret language in health research
[11]; however, researchers should work toward consensus
on what encompasses causal language. Frameworks outlin-
ing the causal implication of terms have already been
developed [4,17,18]. Journal’s support of these terms may
lead researchers to use less ambiguous language. When re-
searchers are not explicit about their aims, the reader
cannot make sense of why certain methods are chosen or
gauge the accuracy of study results. More direct language
in research questions may lead to methodological improve-
ments [2]. For example, a precise causal question forces re-
searchers to rigorously consider selection and adjustment
for confounding. Conversely, if the aim is non-causal,
consistent language in aims and interpretations may free
the researcher from attempting (erroneous) adjustment for
confounding and lead the reader to better understand the
implications of results.

Researchers often apply causal methods, but it is diffi-
cult to interpret how or why they are used. In our study, re-
searchers often applied methods that signaled causal intent
but failed to provide sufficient rationale behind their
choices. Initially, one key improvement is the consistent
use of observational reporting guidelines, which recom-
mend authors clearly define confounders [5]. Evidence sug-
gests adherence has remained suboptimal among
researchers and endorsement low among journals [27,28].
Additionally, researchers should provide clear rationale
behind variable selection [5]. DAGs force researchers to
make causal assumptions explicit and should be based on
prior evidence and knowledge [29,30]. DAGs can assist re-
searchers to carefully reason through their choice of con-
founders [29,30]. When seeking to estimate causal
effects, researchers should consider and transparently
report DAGs as early as possible to provide clarity in study
design and statistical analyses [31].

4.3.2. End-user implications
End-users must be able to rely on observational

research. Although we have highlighted interpretability is-
sues with a contemporary sample of spinal pain and osteo-
arthritis studies, end-users can take two key messages from
our study to ensure observational research remains useful to
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them. First, end-users should beware that non-causal or
vague language can be used when authors intend to under-
stand cause and effect relationships. Second, it may be un-
clear when methods are used to understand causal effects,
because researchers often fail to provide sufficient rationale
for their choice of methods. Although this is a clear area for
improvement for researchers, we provide questions to assist
readers to assess the causal implications of common obser-
vational methods (Table 3). In this way, end-users can navi-
gate whether or not causal effect estimation is being
signaled by the study in question.
5. Conclusions

In contemporary observational research, most of the
time authors’ interpretation of results does not match the
intent of their study. Causal methods and interpretations
are most common in observational research, but authors
may avoid being explicit and shroud causal intent in non-
causal terminology. Misalignment and mixed messaging
is common, which confounds the reader and undermines
the usefulness of observational research.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclinepi.2023.01.003.
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