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In any research study, there is an underlying process that should begin with a clear articulation of the
study’s goal. The study’s goal drives this process; it determines many study features, including the estimand
of interest, the analytic approaches that can be used to estimate it, and which coefficients, if any, should be
interpreted. Misalignment can occur in this process when analytic approaches and/or interpretations do not
match the study’s goal; misalignment is potentially more likely to arise when study goals are ambiguously
framed. In this study, misalignment in the observational epidemiologic literature was documented and how
the framing of study goals contributes to misalignment was explored. The following 2 misalignments were
examined: use of an inappropriate variable selection approach for the goal (a “goal-methods” misalignment)
and interpretation of coefficients of variables for which causal considerations were not made (e.g, Table 2
Fallacy, a “goal-interpretation” misalignment). A random sample of 100 articles published 2014-2018 in the top
5 general epidemiology journals were reviewed. Most reviewed studies were causal, with either explicitly stated
(n = 13; 13%) or associational-framed (n = 71; 69%) aims. Full alignment of goal-methods-interpretations was
infrequent (n = 9; 9%), although clearly causal studies (n = 5 of 13; 38%) were more often fully aligned than were
seemingly causal ones (n = 3 of 71; 4%). Goal-methods misalignments were common (n = 34 of 103; 33%), but
most frequently, methods were insufficiently reported to draw conclusions (n = 47; 46%). Goal-interpretations
misalignments occurred in 31% (n = 32) of the studies and occurred less often when the methods were aligned
(n = 2; 2%) compared with when the methods were misaligned (n = 13; 13%).

associational; causal; directed acyclic graph; generalized linear model; literature review; misalignment; risk
factor; study goals

Abbreviations: GLM, generalized linear model; DAG, directed acyclic graph.

INTRODUCTION

Recent discussion in the epidemiologic methods and
teaching literature centers around the importance of clearly
stating study goals, disentangling the goal of causation
from prediction, and clarifying the statistical tools that can
address each goal (1-8). This discussion illuminates ways in
which mismatches can occur between study goals, methods,
and interpretations, which has been synthesized in the
present report into the concept of “misalignment.” Although
misalignments can occur and may cause problems, their

pervasiveness has not been documented in the observational
epidemiologic literature.

The concept of misalignment

In any research study, there is an underlying research
process that should begin with a clear articulation of the
study’s goal (via statement of the research question or study
aims). The study’s goal drives this process; it determines
many study features, including the estimand of interest, the
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Table 1. Summary of the Essential Conceptual Differences in the Analytic Approach for Causation and Prediction in Epidemiologic Studies

Published 2014-20182

Essential Difference In

Causation

Prediction®

Overarching goal

Parameter estimate of interest

Exchangeability required?
Basic variable selection approach

Identify causes, estimate their effects, and/or
understand how they work; counterfactual
thinking®

éx; the effect estimate for the main exposure
of interestd

Yes

Essential goal: satisfy exchangeability
Variables play roles defined in relation to
the exposure—disease relationship
Variable relationships often are explicated
through use of DAGs
Variable selection into regression model is

To accurately estimate the value of a
dependent variable from >1 independent
variables, also called predictors

Y; the predicted outcome (e.g., predicted risk
of disease)

No (not applicable)

Essential goal: create well-fitting models that
accurately predict the value of the outcome
(e.g, risk of disease)

No main exposure
Variables have no roles (e.g., they are all
predictors of disease)

based on role in relation to X—Y of

interest

Variables have equal status for selection
into prediction model, so selection can
be solely data driven

Abbreviation: DAG, directed acyclic graph.

a Although developed independently, this summary overlaps substantially with that extensively detailed by Arnold et al. (21) suggesting these

are, indeed, key essential differences.

b To fully differentiate causation and prediction, here prediction refers only to “passive prediction” ((9), p. 92). Counterfactual or “active
prediction”((27), p.44) considers how a change (e.g., manipulation) in 1 variable produces a change in another (prediction of a causal effect, or
B) and, therefore, active prediction is considered in this study to be a causal goal.

¢ Counterfactual or active prediction might have a goal of predicting the effects of interventions (prediction of intervention effects).

d Generally speaking, for a causal analysis, the estimate of the total effect of an exposure on an outcome is of interest (of course, estimates

of other causal estimands may be of interest; e.g, direct effects).

analytic approaches that can be used to estimate it, and
how findings should be interpreted (9). Different study goals
drive different research processes and, critically, the analytic
approaches and interpretations appropriate for one goal may
be inappropriate for another (9, 10). Thus, alignment among
study goals, methods, and interpretations is important for
obtaining valid study inferences.

It follows, then, that misalignments are places in the
research process where decisions are made that are inconsis-
tent with the study’s goal (Web Figure 1) (available at https://
doi.org/10.1093/aje/mxab008). Misalignments are concern-
ing, because when an inappropriate approach is used for a
given study goal, it could lead to bias in parameter estimates
and contribute to incorrect interpretations of findings (11).

Two primary goals of epidemiologic studies are causation
and prediction (6, 10, 12), and these distinct goals lead to
fundamentally different decisions in the research process (6,
9, 10, 13—18). In the following sections, essential differences
in causal and predictive research processes are briefly laid
out (and summarized in Table 1), and 2 ways in which
misalignments occur for these goals in the epidemiologic lit-
erature are discussed. Of note, where applicable, differences
are discussed in the context of generalized linear models
(GLMs). GLMs can be used to answer questions of both
causation and prediction (6, 10, 17, 19-21), and although
this property is not unique to GLMs (21, 22), GLMs are the
predominant tool used to analyze epidemiologic data. For
these reasons, this discussion focuses on GLMs.
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Essential differences in the research process for
causation versus prediction

Causation and prediction are distinct study goals that
address different questions (Table 1, row 1). Broadly, in
observational studies with causal goals, the aims are to
identify causes, estimate their effects (6), and/or understand
how they work (23, 24). For studies with causal goals,
researchers might ask 1) “is X a cause of Y?” or “what would
have happened if X had not occurred?” ((25, p.33); or 2)
“how, when, in whom, or why did X cause Y?” (24). Causal
questions can also be interventionist, asking 3) “what would
be the causal effect of manipulating X on Y?” or “what
would happen if we set X to x?” ((25, p.32). In contrast,
the aim for passive prediction (26, 27), or prediction based
simply on correlations (hereafter, “prediction” (see Table 1
footnote)), is to accurately estimate the value of a depen-
dent variable from 1 or more independent variables, also
called “predictors.” A predictor is any variable that provides
information about another (28), regardless of whether the
variables have a causal relationship.

For a causal question, a researcher aims to isolate the
causal effect of a particular exposure from the effects of
variables that create noncausal associations between the
exposure and the outcome (Table 1, row 2). In practice, to
isolate this causal effect, the assumption of exchangeability
(among others, depending on the causal parameter of inter-
est) must be satisfied, and a primary way that researchers
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think about achieving exchangeability is through adjustment
for variables that are common causes of the exposure and the
outcome (e.g., confounders), although nonexchangeability
can arise from other sources (Table 1, row 3). Tools like
directed acyclic graphs (DAGs) are often used to aid in
the identification or selection of the minimal set of vari-
ables whose control is necessary to satisfy exchangeability
(Table 1, row 4). A common approach to adjustment is to
condition on these variables in a GLM (29).

In contrast, for questions of prediction, exchangeability
is not a requirement (7, 16, 17) and, therefore, adjustment
for confounding is irrelevant (Table 1, row 3). Exchange-
ability is a concept that only applies when considering the
difference between an association and a causal effect, and
for questions of prediction, the analytic focus is not on
the isolation of a particular exposure—disease relationship
(Table 1, row 2). Rather, the focus is about identifying or
selecting the set of variables that best predict the outcome
(30), which can be determined solely by a chosen statistical
criterion (e.g., P value, R?) (Table 1, row 4).

Causal analyses must consider exchangeability (among
other assumptions), because the ultimate goal of the analysis
is to make causal inferences; causal assumptions must be
met to give findings a causal interpretation (6). In practice,
variables’ associations are often interpreted using language
that suggests a causal relationship (specifically, a total effect
(31)) between them and the outcome (18) or are discussed
in some other manner that implies interest in causality (e.g.,
discussing policy relevance of finding, etiologic mecha-
nisms (32, 33)). These types of interpretations should only
be made for variables for which causal considerations are
made in the research process, and these considerations (e.g.,
exchangeability) are typically only made for the main expo-
sure in a causal model (34). Therefore, for a causal model, it
is typically appropriate to interpret just the main exposure

coefficient (Bx), which is the best estimate of the causal
effect of interest. In contrast, for a prediction model, inter-
preting predictor coefficients as discussed (i.e., in a manner
that implies etiology or causality (17)) should be avoided,
because predictors are not selected into the model on the
basis of causal considerations (16, 17, 21, 31, 34, 35).

Misalignment in the epidemiologic literature

One way the issue of misalignment has been discussed
in the epidemiologic literature, where causal questions
predominate (12, 36—45), is the misuse of variable selection
approaches appropriate for prediction in analyses meant to
answer (explicitly or implicitly) causal questions (6, 9, 20,
34,41, 46, 47). Because of the different motivations behind
variable selection for causal versus predictive analyses
(Table 1), using a predictive variable selection approach that
is not centered around exchangeability to answer a causal
question could result in misestimated exposure effects, for
instance, via inclusion of variables whose adjustment could
create bias (e.g., mediators, colliders) (Web Figure 1).

Another way that misalignment appears in the epidemio-
logic literature is when coefficients are interpreted for vari-
ables in regression models that are not the target of a causal
analysis (i.e., variables for which exchangeability was not

considered, such as confounders) (Web Figure 1). This was
originally defined in a causal context as the Table 2 Fallacy
(31), although this label has since been more broadly applied
(11, 48, 49). If the actual, but unacknowledged, goal, as
implied or revealed by interpretations (13, 32, 33), is to draw
causal inferences for these variables, then causal assump-
tions must be considered (20); otherwise, the interpretation
of these coefficients as effects is likely unwarranted. For
example, for a causal study, although DAGs contain all
common causes of any 2 variables (6), adjustment is required
only for the minimally sufficient set of variables necessary
to satisfy exchangeability for the exposure. This makes it
likely that the associations between these adjustment vari-
ables and the outcome in a regression model are themselves
confounded (34). Furthermore, for a confounder (which is
included in the model with its mediator, the exposure), for
example, the association would represent, at best, an uncon-
founded direct effect. In this scenario, the interpretation of
the confounder coefficient as a total effect could lead to
inappropriate study conclusions (11, 48-50).

Could unclear goals contribute to misalignment?

In practice, study goals are often framed using associ-
ational language common to both goals (e.g., risk factor)
(14, 51) rather than being explicitly declared, particularly
if that goal is causal (8, 13, 33). Ambiguously framed
research goals could create problems because vague goals
may make it hard to ensure an appropriate research process,
which depends on the goal, is followed. Compounding this,
conventionally, the same statistical tools (e.g., GLMs) are
used to examine causal and predictive questions. Because
of this overlap, an unclear or ambiguously framed study
goal may increase the likelihood that the methods of one
approach are inappropriately used to answer questions of the
other.

Objectives

Although it is recognized that these misalignments can
occur (6, 9, 20, 31, 34, 41, 46, 47), their pervasiveness has
not been examined; it is also unclear if and how the statement
of study goals contributes to their occurrence. Thus, the
primary goals of this study were 2-fold: 1) to document
the frequency and framing of different study goals in the
observational epidemiologic literature, and 2) to document
the frequency with which misalignments arise in these stud-
ies, specifically 1) use of an inappropriate variable selection
approach for the goal (a goal-methods misalignment) and
2) interpretation of coefficients of variables for which causal
considerations were not made (e.g., Table 2 Fallacy, a goal—
interpretation misalignment).

METHODS

The article selection and data abstraction processes are
described in the following section. Web Appendix 1 and
Web Tables 1-4 include details and results from pilot studies
performed to evaluate the reliability of both processes.

Epidemiol Rev. 2021;43:4-18
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Table 2. Frequency of Goal-Methods (Mis)alignments in the Total Sample of Studies (n = 103) and Stratified by Each Study Goal, 2014-2018

Goal-Methods (Mis)alignment

Total Sample Methods Met_hc_)ds Goal Unclear,

. - Insufficiently Method

Study Goal Methods Aligned Misaligned .
- Reported to Draw Alignment
With Goal X

Conclusions Unclear
No. %2 No. %" No. %° No. %" No. %"
Clearly descriptive 2 2 0 0 2 100 0 0 0 0
Seemingly causal® 71 69 4 6 27 38 40 56 0 0
Clearly causal 13 13 5 38 5 38 3 23 0 0
Clearly predictive 2 2 2 100 0 0 0 0 0 0
Goal unclear 15 15 n/a n/a n/a n/a 4d 27 11¢ 73
Total 103 100 1 1 34 33 47 46 1 1

Abbreviation: n/a, not applicable.
@ Percentages may sum to 99 or 101 due to rounding.
b Percentage of the total number of studies including a given goal.

¢ Study goal is framed using associational or implicitly causal language but seeming interest is causation (e.g., a specific exposure-disease
(X-Y) relationship is of primary interest, covariate adjustment is performed).

9 In 4 of the 15 studies with unclear goals, methods were insufficiently reported for conclusions to be drawn even if the goal had been clear.

€ Among these 11 studies (where methods were sufficiently reported, but because the goal was unclear, methods were unclear): 0 used a
clearly causal variable selection approach, 1 used a variable selection method based on associations of the covariates with X and Y, and 10

selected covariates based on their associations with only Y.

f A paper could contribute >1 aim if 1) the different aims were distinctly stated, 2) multivariable regression analysis was used to address the
additional aim, and 3) the additional aim did not overlap and/or was not an extension of the overarching aim of the study (i.e., was not same

goal, same methods used, same implications for interpretations).

Article selection

The goal was to randomly select 100 articles from the epi-
demiologic literature that were observational epidemiologic
studies (52) with a substantive research question examining
a health outcome measured at the individual level and that
included variable selection in a GLM as a component of the
analysis. Importantly, because in this analysis a study’s vari-
able selection approach determines misalignment, the study
had to be 1) observational (so that the causal studies captured
dealt with confounding via analysis vs. study design (e.g.,
randomization)) and 2) perform variable selection among
multiple (>1) independent variables. By randomly selecting
among articles meeting these criteria, the search was not
limited to studies of a particular goal.

Figure 1 displays the process of creating the article data-
base and screening randomly selected articles to obtain a
review set of 100. An initial pool of 5,500 articles was identi-
fied in PubMed, restricted to observational studies published
in English between January 1, 2014, and December 31,
2018, in the following top 5 general epidemiology journals,
according to 2018 impact factors: International Journal of
Epidemiology, American Journal of Epidemiology, Epide-
miology, European Journal of Epidemiology, and Journal
of Epidemiology and Community Health. Also excluded
were editorials (e.g., commentaries, letters), short reports,
methodological articles, simulation studies, studies of infec-
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tious disease dynamics, genetic association studies, eco-
logical studies, systematic reviews and meta-analyses of
aggregate data, and studies in which authors controlled for
confounding primarily or in part by design rather than anal-
ysis (e.g., randomized controlled trials, quasi-experimental
studies). These criteria are consistent with those in prior
reviews documenting variable selection approaches in
observational epidemiologic studies (47, 53).

The 4,121 remaining articles were downloaded into a
database, sorted in random order, and hand-screened begin-
ning with the first entry and working down the file one by
one until 4 articles per each 5-year category for each of the
5 journals were randomly selected. Additional details of the
article screening and selection strategy are provided in Web
Appendix 2. This selection strategy allowed review of only
as many articles as needed to reach the target sample size
while maintaining the random article order. A total of 251
articles were hand-screened to find 100 that were applicable
(a 60% exclusion rate; reasons for exclusion are listed in
Web Table 5).

Among the 100 reviewed articles, 103 study goals were
identified. An article could contribute more than 1 goal
if multiple aims were stated and if 1) the aims were dis-
tinct, 2) variable selection was performed in both aims, and
3) the aims did not overlap and/or one was not an extension
of the other (i.e., same goal, same methods used, same impli-
cations for interpretations). These 103 goals (hereafter, the
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Indexed in PubMed in AJE,
Epidemiology, EJE, IJE, or
JECH (n = 37,126)

y
Published in English Between
01/01/2014 and 12/31/2018
(n=15,500)

Excluded If Title or Text Contained the
Following Words (n = 1,379)

Commentary/editorial
Letter/response/reply/RE:
Brief report

Cohort or data resource profile
R package

Simulation

Mendelian randomization
Systematic review

Natural experiment

A 4

v
Article Pool After Title and
Text Exclusions (n = 4,121)

A

Randomly Sampled and
Screened (n = 251)

Excluded During Hand-Screening (n = 151)

Commentary/letter/brief report/cohort
profile (n = 64)
Descriptive study/variable selection
not performed (n = 6)
ID modeling/GWAS/mapping (n = 4)
IV analysis/mendelian randomization (n = 1)
Methods/simulation/validation/measurement
study (n = 28)
Not individual level health outcome (n = 13)
RCT/quasi-experimental/confounding dealt
with by design (n = 24)
Review article (n =9)
Other (n = 2)

A 4

v
Articles Selected for Review
(n=100)

AJE (n =20)
Epidemiology (n = 20)
EJE (n=20)

IJE (n = 20)

JECH (n = 20)

Figure 1. Article exclusion and selection flow chart. The process of creating an article pool from the PubMed search is illustrated. After journal,
language, date, and title and text term exclusions, the pool of 4,121 articles was downloaded into a database within which articles were sorted
in random order and hand-screened until 4 articles per each 5-year category for each of the 5 journals were selected. To get to the final sample
set of 100 articles for review (n = 20 articles per journal), 251 articles had to be randomly sampled and screened. This exclusion rate (60%) is
nearly identical to that in both pilot studies; for both, 24 articles were screened to obtain a set of 10 articles for review (58% exclusion rate). Web
Appendix 1 has more details about the pilot studies; additional details of the article database creation and screening process are provided in
Web Appendix 2. AJE, American Journal of Epidemiology; EJE, European Journal of Epidemiology; IJE, International Journal of Epidemiology;
JECH, Journal of Epidemiology and Community Health; 1D, infectious disease; GWAS, genome-wide association study; IV, instrumental variable;
RCT, randomized controlled trial.

“total sample” of “studies”) constituted the final sample linear, logistic); the remaining 9 articles (9%) used a GLM
size of the review. In most articles (n = 94), authors used elsewhere (e.g., to estimate propensity scores for a weighted
GLMs to perform multivariable outcome regression (e.g., analysis). All articles were deidentified before review.

Epidemiol Rev. 2021;43:4-18



Documenting Misalignments in Epidemiologic Studies 9

Measures of interest

Study goals. Because of a priori interest in exploring how
the aims of the study drive the research approach, clas-
sification of study goals was determined completely by
the statement of the study’s aim(s). To identify a study’s
aims, the following definition was used: A study’s aims are
usually found in the final paragraph of the Introduction
section and are stated in action-oriented language (e.g., “to
assess...we”; “to examine”; “we estimated”). The aims
describe what the authors planned to do in the paper; some-
times hypotheses also are stated. The following definitions
were used to categorize abstracted study aims into different
goals.

Clearly causal: A specific exposure—disease (X-Y) rela-
tionship is of primary interest and the aim is stated using ex-
plicitly causal terms (e.g., cause; (causal or treatment) effect;
effect; (hypothetical) intervention; target trial). Examples
include: “to estimate the effect of X on Y”; “does X cause
Y ?”; and “to identify a potential causal relationship between
Xand Y.”

Clearly predictive: There is no specific exposure of inter-
est and predicting disease or building and/or evaluating a
model to predict disease is the explicit goal (e.g., forecasting,
prognosis, diagnosis). Examples include: “to develop a [risk]
prediction model”; “to build a model to predict Y”’; and “to
evaluate the performance of a model to predict [risk of] Y.”

Association (but seemingly causal): A specific expo-
sure—disease (X-Y) relationship is of primary interest but
the aim is not stated using explicitly causal terms. Examples
include: “to examine the [independent] association between
X and Y”; “is X a risk factor for Y?”; and “are X and Y
related/linked?”

Unclear goal: There is no specific exposure of interest
and it is unclear if the aim is to predict disease or estimate a
causal effect; associational language common to both goals
is used to describe aims. Examples include: “to examine
determinants of Y”; “early life risk factors for Y”; and
“predictors of Y in a population of . ..”

Clearly descriptive: Based on both pilot studies (Web
Appendix 1) and the variable selection inclusion criteria (4,
32, 54), descriptive studies were not expected in the article
sample. However, in 2 studies, the authors clearly stated that
their aim was descriptive; here, there was no main exposure
of interest and, distinct from clearly predictive studies, these
studies referenced interest in describing the epidemiology of
or pattern of certain diseases (with no mention of predictors
or building a prediction model).

By these definitions, a seemingly causal goal differs from
an unclear goal in that the latter lacks reference to a main
exposure—disease relationship of interest. A clearly predic-
tive goal differs from an unclear goal in that the predictive
goal expresses explicit interest in predicting outcomes or
building a predictive model, whereas an unclear goal is
vaguely framed using language shared between goals. Thus,
a seemingly causal study goal is possible to define uniquely
(associational language, main exposure) whereas a seem-
ingly predictive goal (not uniquely defined) is subsumed
under an unclear goal, given overlapping properties (i.e.,
associational language, no main exposure).

Epidemiol Rev. 2021;43:4-18

Misalignment 1: classification of goal-methods alignment
and misalignment The variable selection approach deter-
mined whether methods used in a study were aligned with
the study’s goal. Two decision points of variable selection
were considered: 1) the choice of candidate variables for
selection (i.e., the pool of variables; e.g., prior knowledge)
and 2) how variables were selected from the pool into
regression models (i.e., the selected variables; e.g., 10%
change-in-exposure); multiple approaches could be used in
a study. The frequency with which no distinction was made
between these 2 features was also documented. Information
on variable selection procedures was abstracted from arti-
cles’ Methods section and appendices.

For studies with clearly stated or discernible goals,
(mis)alignment categories included: aligned, misaligned,
and insufficiently reported. For studies with unclear goals,
categories included insufficiently reported and unclear.

Aligned: For a clearly causal or seemingly causal goal,
use of a DAG, descriptions consistent with a theory-driven
analysis (e.g., common causes, closing backdoor paths), or
use of the “traditional approach” were considered aligned
variable-selection approaches (6). The traditional approach
identifies a pool of variables that are 1) associated with
the exposure, 2) associated with the outcome among the
unexposed, and 3) not on the causal pathway from exposure
to outcome (6). A relaxed version of the traditional approach
was used: if either the pool or selected set comprised vari-
ables that were associated with X and Y and not on the causal
pathway, this counted as aligned. Note that although this
approach has its limitations (6) and should not be used as a
confounder criterion (it defines, rather, properties of a con-
founder (12)), because it is commonly taught in epidemiol-
ogy courses and requires thinking about variable roles, it was
considered aligned with a causal goal. For a clearly predic-
tive goal, minimally, an aligned approach focuses on a pool
of predictors (no main exposure) from which selection could
be based on statistical criteria alone (e.g., P values, Akaike
information criterion). Note that this approach would not
necessarily lead to a quality prediction model. However, for
both goals, only the consistency between the basic variable
selection approach and study goal was assessed; the quality
of the approach (or variables selected) was not judged.

Misaligned: For a clearly causal or seemingly causal goal,
variable selection approaches that lacked consideration for
adjustment variables’ causal relationship to both X and Y
were considered misaligned. There were 2 main instances
in which this occurred. In one, either the determination
of variable pool or the selection procedure was entirely
outcome-focused (e.g., known risk factors of Y; predictors
of Y; variables that explain variation in Y). In the other,
either the determination of the variable pool or the selection
procedure was based on the variables’ association with X
and Y, but with no mention of excluding variables potentially
on the causal pathway. In addition, 6 articles lacked detail
about the pool of variables, but in these studies, a data-driven
method was used to select adjustment variables; this was
also categorized as a misalignment. For a clearly predictive
goal, if confounding was discussed or the prediction model
included adjustment for confounders, this was considered
misaligned. For a clearly descriptive goal, regardless of the
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variable selection approach, methods were categorized as
misaligned because variable selection was performed, which
was considered inapplicable for pure description (4, 32, 54).

Insufficiently reported: For all goals, listing the final
set(s) of adjustment variables or predictors, without any
information about why they were considered or how they
were selected, was insufficient to draw conclusions about
alignment. In addition, for clearly causal or seemingly causal
goals, the following scenarios were categorized as insuffi-
ciently reported: 1) reporting use of a DAG-based variable
selection approach without either including a figure of the
DAG or providing details about decisions underlying its
construction, and 2) labelling adjustment variables as con-
founders or potential confounders, with no additional infor-
mation about how confounder was defined. In the absence
of this information, no assumptions were made about the
authors’ correct construction and use of DAGs and/or def-
inition of a confounder.

Unclear: When a study had an unclear goal, it was not
possible to determine if the methods matched the goal of the
study, because the context in which a given variable selection
approach is aligned or misaligned depends on the goal.
Here, in lieu of determination about alignment, the variable
selection procedures used in the study were reported.

Misalignment 2: classification of goal-interpretation align-
ment and misalignment ~ Goal—interpretation misalignment
was determined on the basis of whether the article’s authors
had any Table 2 Fallacies in the text, defined broadly as
presenting in tables and/or figures and/or interpreting or dis-

cussing in text (and/or appendices) any B values for variables
other than the main exposure of interest (e.g., confounders
in a causal study) (31, 34). Importantly, decisions were only
based on whether the correct coefficient was presented or
interpreted, not the quality or justifiability of the interpreta-
tion (thus, a goal-methods misalignment does not preclude
alignment between goals and interpretations).

Also, supplemental analyses were performed to capture
information about the implied goal of the study via the lan-
guage used and discussion of findings (e.g., effect estimate
reveals interest in causality via effect estimation), even if
not explicitly stated so in the study aims. First, use of the
terms effect, cause, and protect (including derivatives; e.g.,
effect estimate, causal association) in the Methods, Results,
and Discussion sections was documented. Any use counted
as an implied interest in causality (e.g., “findings suggest
the exposure may protect against” counted equally as “a
protective effect was observed”). In addition, mention of
the following causal concepts in the Discussion section was
documented: unmeasured or residual confounding, reverse
causation, etiologic explanations for the observed findings,
or identification of variables as opportunities for interven-
tion and/or policy recommendations.

Studies with clearly stated or discernible goals were cate-
gorized as aligned or misaligned. Studies with unclear goals,
were categorized as suggests causal or misaligned.

Aligned: In a clearly causal or seemingly causal study,
when only the fB (effect estimate) for the causal estimand of
interest was interpreted or discussed (in all cases, minimally,
the total effect of the main exposure), the study was cate-

gorized as aligned. For a clearly predictive study, reporting
and interpreting model performance measures and model
estimations of y (¥; e.g., predicted probabilities) constituted
aligned interpretations.

Misaligned: For clearly causal or seemingly causal study
goals, misalignments occurred when the f} values for adjust-
ment variables (e.g., confounders, even if not labeled as
such) were reported in tables and/or interpreted or dis-
cussed in text (in addition to or instead of the exposure é).
In studies with clearly predictive, clearly descriptive, or un-
clear goals, misalignments occurred when the f} values for
any variable (e.g., predictors, risk factors) were reported in
tables and/or interpreted or discussed in text. In contrast,
with decisions about goal-methods misalignments, goal—
interpretation misalignments could be determined even if
goals were unclear, because Table 2 Fallacies are misalign-
ments for all examined study goals.

Suggests causal: When a study had an unclear goal but
made no Table 2 Fallacies, the goal implied by the discus-
sion of findings was reported in place of a decision about
(mis)alignment. In every case, the study implied an interest
in causality via mention of at least 1 of the aforementioned
causal concepts.

Statistical analysis

First, the frequency of each study goal, and the overall
proportions of goal-methods and goal-interpretation mis-
alignments were documented. (Mis)alignment frequencies
were then documented within strata of study goals. In addi-
tion, for each goal, the frequency with which causal concepts
were discussed and/or causal terms were used was reported.
Finally, all possible goal-methods—interpretations patterns
were mapped out and their frequencies were reported within
goal strata. Supplemental analyses documented misalignment
frequencies by journal and year of publication. All analyses
are descriptive and were performed in R, version 3.5.3
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Study goals

The primary goal among the 103 reviewed studies was
causation (Table 2). As expected, more causal studies had
seemingly causal (69%) than clearly causal (13%) goals.
Only 2 studies had clearly predictive goals, suggesting this
type of study is infrequently published in top epidemiology
journals, at least in the period 2014-201 8.

Misalignment 1: goal-methods (mis)alignments:

In the total sample, only 11% of studies’ methods were
aligned with the goal (Table 2). A third of studies had
misaligned methods, and the methods of 46% were insuf-
ficiently reported to enable conclusions about alignment;
for the remaining 11%, (mis)alignment was unclear because
the goal was unclear. Table 3 reports the variable selection

Epidemiol Rev. 2021;43:4-18
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Table 3. Frequency of Different Procedures Used to Determine the Pool of Candidate Variables for Selection and/or Procedures to Select
Variables Into the Multivariable Regression Model, in the Total Sample (n = 103) and Stratified by Study Goal, 2014-2018

Stratified by Study Goal

Total
Sample Clearly Seemingly Clearly
Decisions? (n =103) Descriptive Causal® Cle?";l{?g;’ sal Predictive Go(a': L_Jr:t;l)ear
(n=2) (n=71) B (n=2) -

No. % No. % No. % No. % No. % No. %

Decisions About Candidate Variable Pool®

Prior knowledge? 27 26 0 0 20 28 4 31 1 50 2 13

DAG and/or common causes® 10 10 0 0 4 6 6 46 0 0 0 0

Traditional approach! 1 1 0 0 1 0 0 0 0 0 0

Variables associated with 5 5 0 0 4 6 0 0 0 0 1 7
X and Y9

Variables associated with 8 7 0 0 7 10 1 8 0 0 0 0
XorYP

Variables associated with Y 29 28 0 0 15 21 3 23 2 100 9 60

Unspecified 48 47 2 100 38 54 2 15 0 0 6 40

Decisions About Selected Variables®

Unspecified® 73 71 2 100 51 72 9 69 0 0 1 73

Change-in-exposure criteria 1 1 0 0 1 15 0 0 0 0 0 0
used'

Predictor selection method 12 12 0 0 6 8 2 15 0 0 4 27
used™

Adjust for all" 10 10 0 0 5 7 3 23 2 100 0 0

Abbreviation: DAG, directed acyclic graph.

a Categories can overlap because a study can report >1 approach was used; thus, column percentages are reported but do not sum to
100% (each column reports the percentage of each approach used out of the total studies for that column).

b Study goal is framed using associational or implicitly causal language but seeming interest is causation (e.g., a specific exposure—disease
(X-Y) relationship is of primary interest, covariate adjustment is performed).

¢ For 55 studies (53%), no distinction was made between the pool of candidate variables considered for selection and those selected for the
regression model. When stratified by study goal, 1 clearly descriptive study (50%), 43 seemingly causal studies (61%), 3 clearly causal studies,
(23%) 1 clearly predictive study (50%), and 7 studies with unclear goals (47%) made no distinction between these features.

d For example, prior literature, prior knowledge, literature review, a priori, known, suspected, or established (e.g., risk factors, predictors).

€ For example, a figure of a DAG included and/or pool described causally as common causes, variables needed to close backdoor paths, or
variables responsible for treatment assignment.

f 1) associated with X and 2) associated with Y, with or without “among the unexposed,” and 3) not on the causal pathway.

9 Mentioned consideration and/or adjustment for variables associated with X and Y but no mention of elimination of variables on the causal
pathway.

h Mentioned consideration and/or adjustment for variables associated with X or Y and no mention of elimination of variables on the causal
pathway.

i Mentioned consideration and/or adjustment for variables associated with Y only; no mention of X in discussion of variable adjustment (e.g.,
predictors of Y, risk factors for Y, variables that explain variance in Y, variables that differed by case-control status); this includes when exposure
is the Y in a propensity score model (e.g., predictors of X, n = 1 study of 4 that used propensity scores).

I The pool of candidate variables was not specified or no details were provided.

kK The method by which variables were selected for the model was not specified or no details were provided.

! For example, for a 10% change in the exposure estimate, adjustment did not substantially alter estimates, findings, or results.

™ Outcome-focused (like footnote i), but here the specific selection approach was specified (e.g., forward, backward, or stepwise selection,
all covariates with P < 0.20 in univariate analysis, significant predictors were retained in the model).

" All candidate variables in the pool were adjusted for in the model.

procedures used in these studies (a study could contribute included in the final regression model; when additional
to >1 category). Studies with insufficiently reported meth- details were provided, they were still uninformative (e.g.,
ods rarely included information beyond a list of covariates prior knowledge). The majority of studies (53%) did not

Epidemiol Rev. 2021;43:4-18
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Table 4. Frequency of Goal-Interpretation (Mis)alignments, in the Total Sample of Studies (n = 103) and Stratified by Each Study Goal,

2014-2018
Goal Clear (or Discernible)? Goal Unclear®
Total Sample . Interpretations Interpretations Inte_r pre.tatlons
Study Goal Interpretations — ycaligned With  Suggest Causalit Misaligned
v Aligned With Goal 9 99 y Regardless of
Goal of Interest
Goal

No. %° No. %4 No. %4 No. %4 No. %4

Clearly descriptive 2 2 0 0 2 100 n/a n/a n/a n/a
Seemingly causal® 71 69 55 77 16 23 n/a n/a n/a n/a
Clearly causal 13 13 9 69 4 31 n/a n/a n/a n/a
Clearly predictive 2 2 1 50 1 50 n/a n/a n/a n/a
Goal unclear 15 15 n/a n/a n/a n/a 6' 40 of 60
Total 103 100 65 63 23 22 6 6 9 9

Abbreviation: n/a, not applicable.

2 N = 88 studies had clear or discernible goals.

b N = 15 studies had unclear goals.

¢ Percentages may sum to 99 or 101 due to rounding.

d Percentage of the total number of studies citing a given goal.

€ Study goal is framed using associational or implicitly causal language but seeming interest is causation (e.g., a specific exposure-disease
(X-Y) relationship is of primary interest, covariate adjustment is performed).

f Of the 15 studies for which goals were unclear, 6 had interpretations that implied a causal goal was of interest (i.e., the interpretations would
be aligned with a clearly causal or seemingly causal study goal; e.g, made causal interpretations, references to etiology, and/or intervention or
policy recommendations based on findings for XY). For the remaining 9 studies with unclear goals, interpretations were misaligned (i.e., even
though the goal was unclear, a misinterpretation was made that would have been misaligned for any goal; i.e., a Table 2 Fallacy).

distinguish between the pool of candidate variables and
those selected for the model; when this occurred, best efforts
were made to determine if the reported approach, if any,
applied more to the determination of the pool of candidate
variables or to the selection of variables into models.

(Mis)alignment frequencies were next reported within
strata of study goals. However, because most studies had
seemingly causal goals, sample size within strata was lim-
ited. Among studies with associational-framed but seem-
ingly causal goals, goal-methods alignment occurred in only
6% of articles (Table 2). In contrast, 38% of the 13 studies
with clearly causal goals had aligned methods.

Among the 15 studies with unclear goals, 4 had insuffi-
ciently reported methods such that an alignment decision
would not have been possible regardless (Table 2). The
remaining 11 studies had sufficiently reported methods, but
because the goal could not be determined, neither could
goal-methods (mis)alignment. In most of these 11 arti-
cles, authors reported an outcome-focused variable selection
approach (Table 3), reflecting misalignment with a causal
goal or alignment with prediction.

Misalignment 2: goal-interpretation (mis)alignments

Overall, 63% of studies had goal-interpretation align-
ment, whereas misalignment occurred in 31% of studies
(Table 4). The remaining 6% were studies with unclear goals

and, because no Table 2 Fallacy occurred, a (mis)alignment
decision was not possible. In the majority of clearly causal
(69%) and seemingly causal (77%) studies, only the main
exposure was correctly interpreted (Table 4). For the 15
studies with unclear goals, 60% had misaligned interpre-
tations regardless of actual goal (i.e., included a Table 2
Fallacy). In the remaining 40% of studies in which no Table
2 Fallacy occurred, all studies included interpretations that
implied that causality was of interest (Tables 4 and 5). Most
studies with misaligned interpretations (75%) included both
a “Table 2” (i.e., table of all regression model coefficients)
and in-text interpretations or discussion of these coefficients
(25% simply presented a Table 2 without in-text interpreta-
tion).

Goal-methods-interpretations (mis)alignments

Figure 2 aggregates both types of misalignments to show
all possible patterns of goal-methods—interpretation (mis)-
alignments. The proportion of studies from the total sample
represented by a given pattern is shown in the penulti-
mate step. For studies with a clearly stated or discernible
goal, the breakdown by study goal is reported in the final
step. Web Table 6 displays this figure as a table.

The most common pattern was having a clearly stated
goal, insufficiently reported methods, and interpretations
aligned with goals (34%). Among all studies, 9% had a

Epidemiol Rev. 2021;43:4-18
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Table 5. Frequency With Which Causal Concepts Were Mentioned in the Discussion Section of Articles, Stratified by Study Goal, 2014-2018

Frequency With Which Causal Concept Was Discussed in the Total Sample and by Study Goal?®

Causal Concept Mentioned or Total Cleary
Discussed in Discussion Sample Descriptive
Section

Seemingly
Causal

Clearly
Causal

Clearly Goal
Predictive Unclear®

No. %° No. %°

No. %° No. %° No. %° No. %°

Unmeasured or residual 42 41 0
confounding

Reverse causation 19 18

Potential etiologic explanations 70 68 2 100

for findings®

Identified variables for which 29 28 1 50

policies or interventions should
be considered®

30 42 10 77 0 0 2 13
16 23 1 8 0 0 2 13
52 73 8 62 0 0 8 53
19 27 6 46 0 0 3 20

Click here to enter text.

a8 Sample sizes for each goal were as follows: total sample (n = 103), clearly descriptive (n = 2), seemingly causal (n = 71), clearly causal

(n = 13), clearly predictive (n = 2), unclear (n = 15).

b In the 6 studies (40%) with unclear goals and in which no interpretational misalignments were made, all discussed >1 of the listed causal

concepts in their Discussion section.

¢ More than 1 category could be selected per study; percentages are out of the total number of studies that included a given goal.
d For example, provided explanations for or pathways or mechanisms through which the findings may have arisen.
€ Variable simply had to be identified as an opportunity for intervention or policy, but the intervention or policy did not have to be specified.

clearly stated or discernible study goal and no documented
misalignments in methods or interpretations. Although num-
bers are small for comparison, it is worth noting that a higher
proportion of clearly causal studies were fully aligned (n =5
of 13; 38%) than seemingly causal studies (n =3 of 71; 4%).

Only 2 studies (2%) with aligned methods had misaligned
interpretations. Of the 34 studies with misaligned meth-
ods, 20% interpreted findings in line with the study’s goal,
whereas 13% had goal—interpretation misalignment. These
patterns occurred with similar frequency among studies with
seemingly causal and clearly causal goals.

Supplemental results

Web Tables 7 and 8 show study goals within strata of
journal and year of publication, respectively. Goal-methods
(Web Tables 9 and 10) and goal—-interpretation (Web Tables
11 and 12) misalignments were also documented by journal
and year of publication for all goals combined.

Use of the term effect is reported in Web Table 13 (results
for cause and protect, used with much lower frequency, are
reported later in this section). Complete avoidance of the
term effect was least common in clearly causal studies (8%),
more common in seemingly causal studies (27%), and most
common (40%) in studies with unclear goals. Authors were
also more likely to use the term effect in the Methods section
of studies with clearly causal goals (84%) than in studies
with seemingly causal (29%) or unclear goals (40%). In
contrast, in 44% of seemingly causal studies and 20% of
studies with unclear goals, authors avoided the term effect
in the Methods section but went on to use it in the Results
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and/or Discussion section; in only 1 of 13 clearly causal
studies (8%) did the authors do the same.

Interestingly, although the word causal was rarely used
to describe associations (4% of studies; data not shown), the
term protective was used 4 times as frequently (17% of stud-
ies). There appeared to be greater caution against suggesting
an association could be causal than implying an exposure
could be protective, although protection can be thought of as
the causal opposite of causal (55). Of note, in an exploratory
analysis, authors described associations as beneficial (2%)
versus harmful, detrimental, or deleterious (4%) with simi-
lar frequency, suggesting the difference in use of causative
versus protective is less about the direction of effect and
more about specific avoidance of the word cause (13).

DISCUSSION

A total of 100 articles were reviewed from the observa-
tional epidemiologic literature to document the frequency of
different study goals, whether they were clearly stated, and
where misalignments arose in these studies. In most of the
reviewed articles, authors stated either clearly or seemingly
causal goals and, in 38% of the articles (n =32 of 84), authors
used a misaligned variable selection approach that, in the
vast majority of cases, was entirely outcome focused. This
outcome-focused approach risks overadjustment for medi-
ators and/or colliders, potentially biasing estimates of total
effects. Among studies with unclear goals and sufficiently
reported methods, in 91% (n = 10 of 11) (Table 3), authors
used an outcome-focused variable selection approach, even
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[ Seemingly Causal (n = 3 of 71; 4%)

Aligned | _ g0
(n=9; 9%) Clearly Causal (n = 5 of 13; 38%)
L Clearly Predictive (n = 1 of 2; 50%)
o [ Seemingly Causal (n =1 of 71; 1%)
Misaligned |
(n=2;2%) |__ Cleary Predictive (n = 1 of 2; 50%)
_ . _ oro
Aligned Seemingly Causal (n = 18 of 71; 25%)

— 21- [
(n =21; 20%) | Cleary Causal (n = 3 of 13; 23%)
[ Clearly Descriptive (n = 2 of 2; 100%)

Misaligned
(n=13;13%) Seemingly Causal (n =9 of 71; 13%)

L Clearly Causal (n = 2 of 13; 15%)

. _ a0
Aligned ‘ Seemingly Causal (n = 34 of 71; 48%)

(n = 35; 34%) Clearly Causal (n = 1 of 13; 8%)

iou u

T Seemingly Causal (n =6 of 71; 8%
Misaligned | ingly Causal ( )

(n=8;8%) Clearly Causal (n = 2 of 13; 15%)

Suggest
Causal
Insufficiently (n=4; 4%)
Reported
(n=4)
Misaligned
(n=0; 0%)
| Goal Unclear
(n=15)
Suggest
Causal
= 9. 90,
Unclear (=252
(n=11)
Misaligned
(n=9; 9%)

Figure 2. Frequencies of different patterns of goal-methods-interpretations (mis)alignment categories. Both types of (mis)alignments are
aggregated to show all possible goal-methods-interpretations patterns. The proportion of studies from the total sample represented by a given
pattern is shown in the penultimate step of the diagram. For studies with clearly stated or discernible goals, the breakdown of each pattern by
study goal is reported in the final step of the figure.

though all went on to inappropriately interpret or discuss more frequent among studies with clear aims stated using
study coefficients (Figure 2). causal terms like effect, cause, and/or intervention (n = 5 of

Fully aligned studies were infrequent (n =9 of 103; 9%), 13; 38%), compared with their associational-framed coun-
although, for causal goals in particular, full alignment was terparts (n = 3 of 71; 4%). Most frequently, methods were
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insufficiently reported to draw conclusions (46%). In the
majority of studies, authors interpreted the appropriate coef-
ficients for the study goal; specifically, goal-interpretations
misalignments occurred in 31% of studies and were less
likely to occur when the methods were aligned (2%) than
when the methods were misaligned (13%).

Reflections

Although the assessment of (mis)alignment in this study is
unique, to the author’s knowledge, some findings herein can
be compared with those in prior reviews of variable-selection
approaches in the epidemiologic literature. For example, in
11% of the articles reviewed here, authors used change-in-
estimate procedures and in 12%, authors used a predictor
selection approach for variable selection (Table 3). This is
consistent with Talbot and Massamba (47), who observed
these frequencies as 12% and 14%, respectively. Similarly,
Pocock et al. (56) observed that in 15% of their sample of
2001 articles, authors used stepwise methods; Walter and
Tiemeier (53) reported a frequency of 20% among epidemi-
ologic articles published in 2009. Although misalignments
were not examined specifically in these studies, the sim-
ilarity in the observed frequencies of these methods (for
Talbot and Massamba (47), in predominantly causal studies)
suggests that goal-methods misalignment has not improved
over time. This similarity with findings of prior reviews also
suggests that the article-selection procedures in the present
review captured an unbiased sample.

Notably, in a high proportion of studies, authors insuf-
ficiently reported their variable selection methods (46%),
which is consistent with observations from prior reviews
(e.g., Talbot and Massamba (47): 37%, Walter and Tiemeier
(53): 35%) (56). Simply put, there was much more what than
why in these articles. Often, selected variables were simply
listed, and when more detail was given, it was still unin-
formative (e.g., because they are potential confounders).
Here, without knowing the authors’ definition of a con-
founder, a reader is unable to judge the appropriateness
of this approach. Rarely was additional detail provided in
appendices if it was excluded from the main text.

Given the strong emphasis on causal thinking in modern
epidemiologic methods, the lack of detail about the decisions
driving variable selection in such a large proportion of
mostly causal studies is troubling. Without such details, the
reader cannot critically appraise the quality of the findings
and justifiability of the interpretations. Furthermore, this
article search was conducted among top epidemiology jour-
nals, so it is likely a conservative report of the misalignment
problem. That is, arguably, finding evidence of misalign-
ments among top epidemiology journals implies that the
problem is likely even more ubiquitous among observa-
tional studies in the broader health and medical sciences
literature; these disciplines lack the same long history that
epidemiology has of considering causation in observational
studies (6, 12, 25, 57) and potentially place less empha-
sis on causal thinking in variable selection. However, it is
important to caution that the present study is only general-
ized to the observational epidemiologic literature; alignment
could occur more frequently among study designs excluded
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from this report (e.g., randomized controlled trials, quasi-
experimental studies).

The Strengthening the Reporting of Observational Studies
in Epidemiology guidelines (58) clearly advise that authors
report 1) all “candidate variables” considered for selection,
2) full details on the variable selection procedures used, and
3) details on any procedures taken to trim a list of candidate
variables to those included in the final model. Here, authors
discussed the pool of candidate variables in 53% of studies
and those selected into the model as one and the same
(Table 3). When no distinction was made between these
features, often the variable selection details provided were
more related to the candidate variables (e.g., we adjusted for
known risk factors for the outcome) than the selection crite-
ria used (e.g., 10% change-in-estimate, P < 0.20). Nonethe-
less, although advised by Strengthening the Reporting of
Observational Studies in Epidemiology, decisions leading to
final regression models were rarely reported in these studies.

Finally, the article search unexpectedly captured 2 clearly
descriptive studies, although the inclusion criterion per-

formed variable selection was assumed to weed these out.

This begs the question of what is the purpose of multi-
variable adjustment in a purely descriptive study? Porta
(52) defines a descriptive study as “a study concerned with
and designed only to describe the existing distribution of
variables without much regard to causal relationships or
other hypotheses.” If documentation of existing distributions
in the data is of interest, adjustment seems unnecessary
(54, 59). Adjustment is performed to isolate the indepen-
dent effect of a particular variable (e.g., exposure) from
the effects of variables that create noncausal associations
between it and the outcome; it edges studies away from
description (reporting observed facts) and toward causation
(comparing facts vs. counterfactuals) (32, 59).

Limitations

Although there is an inevitable element of subjectivity
in the article review process, much care was taken in the
development and piloting of this study (Web Appendix 1),
and pilot results were quite consistent with those of the full
review (Web Tables 1-4). However, to minimize subjectiv-
ity, the quality and/or reasonableness of methods and inter-
pretations were not judged. This review was focused only
on whether a study’s methods and/or interpretations were
appropriate for its goal and did not require judgments about
the quality or justifiability of variable selection decisions or
interpretations (e.g., the DAG-driven approach was appro-
priate for the causal goal, not results likely were biased due
to exclusion of C from the DAG). Identifying the inappro-
priate use of a certain method for a given goal is a decision
rooted in objective methodological guidance; although this
likely helped minimize subjectivity in (mis)alignment deci-
sions, it is important to acknowledge that alignment does not
necessarily indicate quality.

Similarly, goal-methods (mis)alignment could only be
judged by the procedures reported in studies. Anything
unreported was assumed not to have been done. Many con-
siderations (e.g., exclusion of mediators from the variable
pool) may have taken place in the planning and analysis of a
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study but not ended up in the published article (although best
practice states that these decisions be transparently reported
(58)). However, even if, for example, every seemingly causal
study in which it was reported that adjustment for variables
associated with “X and Y had, in truth, removed mediators
from consideration (but not reported this), goal-methods
alignment would only increase from 6% to 11%.

In addition, although GLM:s are the predominant tool used
to analyze epidemiologic data, GLMs are not used for anal-
yses in all epidemiologic studies. Thus, the focus on GLMs
in this study may limit the generalizability of the findings;
the proportions of misalignments observed herein may not
apply to studies in which other analytic methods are used.

Finally, observed results conceivably could have been
influenced in part by journal language restrictions and/or
word limits (60, 61). The International Journal of Epidemi-
ology, European Journal of Epidemiology, Epidemiology,
and Journal of Epidemiology and Community Health have
no language restrictions, whereas the American Journal of
Epidemiology discourages the use of the word effect as
proxy for association, except when describing the estimand.
However, the only notable difference in the frequency of
study goals across journals was for Epidemiology, which had
no studies with unclear goals and the highest proportion of
studies with clearly causal goals (Web Table 7). Word limits
for journals were comparable, and, consistent with this, the
proportion of studies with insufficiently reported methods
was similar across journals (Web Table 9). Still, a possible
solution for the observed high proportion of insufficiently
reported variable selection approaches is for journals to offer
an additional dedicated manuscript word count to “variable
selection decisions” and require that, along with a list of final
covariates selected, this decision-making be outlined.

CONCLUSIONS

Recent commentaries reflecting on ways forward or the
future of epidemiology suggest epidemiologists be trained
to ask clearer research questions and use the right tools
to answer them (1-5). This review takes a step back to
systematically assess how study goals are framed and how
often misalignments occur in current practice. The findings
hopefully will motivate more widespread appreciation of the
problem and serve as a jumping-off point for investigating
remediation strategies to eliminate misalignments in future
practice.
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