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Abstract

Background: Characteristics that identify patients who respond differently to certain interven-

tions are called treatment effect modifiers. Some studies inappropriately report the presence of

treatment effect modifiers without adequate study designs.

Objectives: To evaluate what proportion of single-group studies published in leading physical

therapy journals inappropriately report treatment effect modifiers, and to assess whether the

proportion varies over time or between journals.

Methods: A systematic review was conducted of studies published in eight leading physical

therapy journals since 2000. Eligible studies were single-group studies (e.g., cohort study or

secondary analysis of treatment arm of randomised controlled trial) that investigated any con-

dition, treatment or outcome. Studies that suggested participants with certain baseline char-

acteristics responded better/or worse to the treatment, were considered to have reported

inappropriately. Studies reporting that participants with certain baseline characteristics had

improved outcomes but did not state it was due to the treatment were considered to have

reported appropriately. The proportion of inappropriate reporting was compared over time

and between journals.

Results: Of the 145 included studies, 73 (50.3%) were categorised as inappropriately reporting

treatment effect modifiers. The proportion of inappropriate reporting was highest in the most

recent period, 2018 � 2022 (59.6%) and 2006 � 2011 (55.6%). The proportion of inappropriate

reporting varied substantially between journals from 0% (Journal of Physiotherapy) to 91.7%

(Journal of Neurologic Physical Therapy).

Conclusions: A large proportion (50.3%) of single-arm studies in leading physical therapy jour-

nals inappropriately report treatment effect modifiers. This inappropriate reporting risks mis-

leading clinicians when selecting interventions for individual patients.
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Introduction

Physical therapists utilize a range of interventions to treat
their patients. For example, the management of spinal pain
may encompass patient education, various exercises, man-
ual therapy, electrothermal techniques, and more.1 To opti-
mize patient outcomes, physical therapists aim to tailor
treatment to suit the patient and their needs. However, this
can be challenging as there is limited evidence concerning
which patient characteristics predict the response to a spe-
cific treatment.2,3 Such characteristics are also known as
treatment effect modifiers.4 Treatment effect modifiers
have the potential to improve patient care as physical thera-
pists can provide tailored treatments that are likely to be
most beneficial for that individual.5

Identifying treatment effect modifiers is recognised as a
research priority in physical therapy research and conditions
commonly managed by physical therapists such as low back
pain.6,7 In recent decades, there has been a surge of
research exploring effect modifiers. Studies have found that
approximately 60% of randomised controlled trials (RCTs) in
medical journals explore effect modifiers.8,9 An early and
well known example from the physical therapy literature is
the clinical prediction rule for identifying responders to spi-
nal manipulation by Childs et al.10 This high quality RCT
reported that a subgroup of patients with low back pain who
meet the criteria for a clinical prediction rule (derived from
baseline characteristics) benefit more from spinal manipula-
tion therapy than those who do not.10 However, the credibil-
ity of many other subgroup (effect modifier) studies has
been widely critisised.2,3 A good understanding of the appro-
priate design and reporting of studies investigating effect
modifiers is important for both clinicians and researchers.

Without a suitable research design and analysis,
researchers can make inappropriate conclusions about
effect modifiers. RCTs with well-conducted analyses are
needed to identify effect modifiers.4 Specifically, studies
need tests of interaction, comparing the effect size of one
investigated characteristic to another.4 Cohort designs offer
only single-group data, and without a control group, they
cannot estimate the treatment effect size or distinguish
effect modifiers from simple predictors of outcome.4

Despite this, some cohort studies inappropriately draw con-
clusions about effect modifiers.11 For example, a 2019
cohort study12 concludes that four baseline characteristics
predict a positive response to motor control training in
patients with low back pain. Physical therapists seeking the
best evidence to guide care may be misled by claims of
effect modification based on inadequate study designs and
analyses, and consequently make inappropriate decisions
when selecting what they believe is the best intervention
for an individual patient.2,4 For that reason, inappropriate
reporting may be a significant issue that impairs clinical
practice and patient care.

The prevalence of inappropriate reporting of treatment
effect modifiers remains unknown. It is also unclear whether

inappropriate reporting varies across journals or has changed
over time. The present study focused on cohort studies and
secondary analyses of RCTs that report findings within a sin-
gle-treatment group, i.e. do not test for interaction. Such a
study should only relay characteristics associated with out-
come and prognostic factors. However, we hypothesized that
some studies would imply that patient characteristics can
predict the response to a specific treatment.

Therefore, the aim of this study was to evaluate what
proportion of single-group studies published in leading physi-
cal therapy journals inappropriately report treatment effect
modifiers, and to assess whether the proportion varies over
time or between journals.

Methods

The conduct and reporting of this systematic review are
based on the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) 2020 guidelines.13 The
review was prospectively registered on the PROSPERO data-
base (CRD42022304356).

Identification and selection of studies

The investigated journals were all members of the Interna-
tional Society of Physiotherapy Journal Editors (ISPJE). The
top eight were selected based on the 2020 journal impact
factor (JIF) � as indicated by the Journal Citation Reports
database (Clarivate analytics�). The selected journals and
their corresponding journal impact factor are Journal of
Physiotherapy (7.000), Journal of Orthopaedics & Sports
Physical Therapy (4.751), Journal of Neurologic Physical
Therapy (3.649), Journal of Geriatric Physical Therapy
(3.381), Brazilian Journal of Physical Therapy (3.377), Phys-
iotherapy (3.358), Physical Therapy and Rehabilitation Jour-
nal (3.021) (previously known as Physical Therapy), and
Musculoskeletal Science and Practice (2.520) (previously
known as Manual Therapy).

A search was executed using Ovid Medline. Additional data-
bases were unnecessary as Ovid Medline had access to all rele-
vant articles of the included journals. We developed the
search strategy based on pilot testing to limit studies to those
potentially relevant to the inclusion criteria described below.
The final search (Supplementary Material � Table S1) con-
tained the terms ‘cohort’, ‘randomised control trial’, and
‘predict’. We also restricted results by year (2000 � current).

To be eligible for inclusion, studies had to meet the fol-
lowing criteria: (1) a published cohort study or RCT; (2) a
sample size of 10 or more; (3) participants received a uni-
form treatment; (4) report a relationship between one or
more baseline patient characteristics and outcome in a sin-
gle-treatment group, i.e. do not compare to a control group
or test for interaction (in the case of an RCT design); (5) pub-
lished in one of the top eight physical therapy journals; and
(6) published from 2000 up to the search date. We defined
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uniform treatment as any treatment that was consistent
between participants. For example, all participants
received ‘manual therapy’. We also considered broad inter-
ventions such as ‘physical therapy’ or ‘multidisciplinary
care’ uniform. Eligibility was not restricted by participant
demographics, diagnosis, type of intervention, or outcome.

Three independent reviewers (TD, ERC, and NP) screened
the studies by title and abstract and then by full text. Any
disagreements were resolved by discussion, or a by a fourth
reviewer (MH) if required.

Data extraction / assessment of study

characteristics

A data extraction form was developed and pilot tested by
two reviewers. The data extraction was performed indepen-
dently by two reviewers (TD and ERC). The following data
were recorded: title of study; author(s); journal; year pub-
lished; study design; treatment; condition; outcome(s);
baseline characteristic(s); and appropriateness of reporting.
Any disagreements were resolved through discussion or by a
third reviewer (MH) if required.

Assessment of appropriateness of reporting

Before the review commenced, the reviewers extracting
data (TD and ERC) underwent extensive, uniform training on
assessing appropriateness to optimize reliability. This
included assessing examples and subsequent discussion with
an expert in the field (MH). For our primary outcome, studies
were deemed appropriate or inappropriate based on how the
relationship between baseline characteristics and outcome
was reported (see Table 1 for full details). Terms such as
‘respond’, ‘benefit’, and ‘treatment effect’ were consid-
ered inappropriate as they imply that the characteristics
influenced the treatment response. Readers can review spe-
cific examples from studies we considered to inappropriately
report effect modification in Supplementary Material �

Table S2. We reviewed reporting throughout the full papers.
However, more emphasis was placed on the ‘key sections’ of
the paper, such as the title, abstract, and final conclusion,
as these sections are more pronounced and contain the prin-
cipal findings. Studies were deemed inappropriate if they
contained one inappropriate term in a ‘key section’ or two
or more inappropriate terms elsewhere in the paper. The
introduction section was also considered, where authors dis-
cuss previous works to justify their research aim.

We expected some studies to use caution despite inap-
propriately reporting effect modification � for instance,
those who acknowledge their findings’ limitations due to the
unsuitable study design. Other studies are inconsistent in
their reporting, using both appropriate and inappropriate
language. Therefore, as a secondary outcome we created a
“mildly inappropriate” subcategory to describe these stud-
ies. The full criteria used for the assessment of the level of
inappropriateness can be found in Table 1.

Study appropriateness was analysed individually by two
reviewers (TD and ERC), and a third reviewer (MH) resolved
the remaining disagreements. A fourth reviewer was con-
sulted if the primary reviewers disagreed on a study with
which the third reviewer was an author.

Quality assessment of the included studies was unneces-
sary due to the aim of the study.

Data analysis

To determine the proportion of studies that had inappropri-
ate reporting, we used the following equation: the number
of inappropriate studies divided by the total number of
included studies. The secondary analysis focused on the
inappropriate subcategories: the number of mildly inappro-
priate studies divided by the total number of inappropriate
studies. Because each of these calculated proportions were
based on all eligible studies in the 8 journals of interest (the
full population like a census), rather than a randomly
selected sample of the eligible studies, the 95% confidence

Table 1 Assessment of appropriateness of reporting criteria.

Appropriateness

category

Reporting style Examples

Appropriate Use only association or prognostic

language when reporting the rela-

tionship between baseline patient

characteristics and outcome.

� Females are more likely to have lower pain levels.
� Anxiety is a risk factor for delayed recovery.
� Patients with a body mass index greater than 25 have a poorer

prognosis.

Inappropriate Use language that suggests that

patients with specific baseline

characteristic/s have a distinct

treatment response to the investi-

gated intervention.

� Participants over the age of 65 were shown to benefit more

from the treatment.
� A clinical prediction rule was developed to predict a success-

ful response to spinal manipulation.
� Patients with less range of motion demonstrated improved

treatment response.

Mildly inappropriate Same as inappropriate (above) but

also uses some cautious language

when reporting relationships

between baseline patient charac-

teristics and treatment response.

� The design of this study cannot establish a cause-and-effect

relationship between the treatment and outcome.
� The findings of this study should be validated in a randomised

controlled trial.
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interval (CI) for each proportion was not calculated. CIs are
used to describe uncertainty of the population value when a
sample is used.

To explore whether inappropriate reporting changes over
time or differs between journal we observed the differences
in inappropriate reporting for these two variables. We did
not run statistical tests, or tests of statistical inference as
each population was “complete” as the observed differences
between categories were exact and not an estimate. For the
variable time, we originally intended to investigate it as a
continuous variable but as the relationship with inappropri-
ate reporting clearly violated the linearity assumption
(Fig. 1) we created a categorical variable with four roughly
equal periods of time (2000 � 2005, 2006 � 2011, 2012 �

2017, 2018 � 2022) to help describe the trends over time.

Results

Flow of studies through the review

A total of 3287 potentially eligible studies were retrieved
from the electronic search. 3016 studies were excluded by
title and abstract, and another 126 were excluded when
reviewed by full text. Therefore, the remaining sample con-
sisted of 145 studies. The flow of studies through the review
is summarised in Fig. 2. See supplementary material � Table
S3 for the full list of included studies.

Characteristics of the included studies

The majority of included studies were published in Physical
Therapy and Rehabilitation Journal and Journal of Orthopae-
dics & Sports Physical Therapy, 32% and 21%, respectively. The
number and proportion of studies in each of the four periods
of time (2000 � 2005, 2006 � 2011, 2012 � 2017, 2018 �

2022) are presented in Table 2, with the smallest proportion
of included studies in the earliest period, 2000 � 2005, which
accounted for only 8% of included studies. The most common
treatments investigated were general physical therapy (32%),

rehabilitation (17%), manual therapy (12%), and exercise
(11%). The conditions investigated in the studies were mostly
musculoskeletal (68%), followed by neurological (14%) and car-
diorespiratory (4%). Table 2 summarises the descriptive details
of included studies.

Fig. 1 Proportion of inappropriate reporting by year of publication.

*No included studies were published in these years.

Fig. 2 Flow of studies through the review.
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Appropriateness of reporting

From the 145 eligible studies, 73 (50.3%) were categorised as
inappropriately reporting treatment effect modifiers. Out of
the 73 that were categorised as having inappropriate report-
ing, 37 (50.7%) were categorised as mildly inappropriate.
The appropriateness ratings for all included studies can be
found in the supplementary material � Table S3.

The proportion of studies inappropriately reporting treat-
ment effect modifiers for the set time periods is shown in
Fig. 3. The proportion in the earliest period was 41.7% which
increased to 55.6% in the subsequent period of time
(2006�2011). After this the proportion reduced to 40.0%
from 2012 to 2017 and then increased to 59.6% in the most
recent period (2018�2022).

The proportion of studies that had inappropriate report-
ing for each of the eight included journals is displayed in
Fig. 3. The proportions varied substantially between jour-
nals from 0% (0 of 5) for Journal of Physiotherapy to 91.7%
(11of12) for Journal of Neurologic Physical Therapy. Muscu-
loskeletal Science and Practice, Physical Therapy and Reha-
bilitation Journal, and Journal of Geriatric Physical Therapy
had quite high rates of inappropriate reporting (69.6, 53.2,
and 50.0% respectively), while Brazilian Journal of Physical
Therapy had lower rates of inappropriate reporting (14.3%).

Discussion

Main findings

The present study found that 50.3% of single-group studies
from the top eight physical therapy journals inappropriately
reported treatment effect modifiers. Approximately half of
the inappropriately reported studies (50.7%) used some cau-
tion suggesting that authors may have been aware that their
study design was not suitable for drawing conclusions about
effect modifiers. The proportion of inappropriate reporting
appears to have varied over time. There was a spike in the
2006 � 2011 period (55.6%) and a more recent spike (59.6%)
between 2018 and 2022. The proportion of inappropriate
reporting varied substantially between journals from 0%
(Journal of Physiotherapy) to 91.7% (Journal of Neurologic
Physical Therapy).

Comparison with other studies

There has been limited investigation of how commonly inap-
propriate reporting of effect modifiers occurs, but a related
study was conducted in 2018 by Dahan et al.5 They investi-
gated how many cohort studies measured and reported on
the association between a baseline characteristic and out-
come from 2000 to 2016.5 They called this an investigation
of heterogeneity of treatment effect (HTE) and found that
59% of cohort studies reported HTE.5 While their study inves-
tigated the proportion of cohort studies reporting an associ-
ation between a baseline characteristic and outcome, it did
not analyze whether these cohort studies were reporting the
association appropriately (i.e., prognosis) or inappropriately
(i.e., treatment effect modifiers). This is important because
the issue is not that researchers use cohort studies to inves-
tigate these associations, but rather how they report this

Table 2 Descriptive details of included studies.

Descriptive details of included studies (n = 145)

Journal, n (%)
Journal of Physiotherapy 5 (3)
Journal of Orthopaedics & Sports Physical
Therapy

31 (21)

Journal of Neurologic Physical Therapy 12 (8)
Journal of Geriatric Physical Therapy 12 (8)
The Brazilian Journal of Physical Therapy 7 (5)
Physiotherapy 8 (6)
Physical Therapy and Rehabilitation Journal
(previously Physical Therapy)

47 (32)

Musculoskeletal Science and Practice
(previously Manual Therapy)

23 (16)

Year of publication, n (%)
2000 � 2005 12 (8)
2006 � 2011 36 (25)
2012 � 2017 50 (34)
2018 � 2022 47 (32)

Study design, n (%)
Cohort study 112 (77)
Secondary analysis of a cohort study 5 (3)
RCT 7 (5)
Secondary analysis of RCT 21 (14)

Participants / Condition, n (%)
Musculoskeletal 98 (68)
Neurological 20 (14)
Cardiorespiratory 6 (4)
Other

Paediatric 3 (2)
Geriatric 5 (3)
Hospital inpatient 2 (1)
Amputee 2 (1)
Urogenital 4 (3)
Vision and vestibular disorders 3 (2)
Lymphoedema 1 (0.5)
Fibromyalgia 1 (0.5)

Interventions, n (%)
Physical therapy

General physical therapy (or chiroprac-
tic)

47 (32)

Rehabilitation 25 (17)
Exercise 16 (11)
Manual therapy 18 (12)
McKenzie method 5 (3)
Taping and bandaging 3 (2)

Surgery
Total hip relacement 5 (3)
Total knee replacement 7 (5)
ACL reconstruction 1 (0.5)
Meniscal surgery 1 (0.5)
Neck of femur fixation 1 (0.5)
Femoral lengthening surgery 1 (0.5)
Thoracic surgery 3 (2)

Other
Multidisciplinary care / program 4 (3)
Cognitive behavioural therapy 1 (0.5)
Robotics and gaming technology 3 (2)
Vestibular rehabilitation 1 (0.5)
Optokinetic training 1 (0.5)
Skilled nursing services 1 (0.5)
Dialysis 1 (0.5)

5

Brazilian Journal of Physical Therapy 27 (2023) 100520



information. The design of our systematic review incorpo-
rates this analysis and investigates the appropriateness of
reporting made in cohort studies, specifically focusing on
the type of language used by researchers.

The current study does not provide evidence of why inap-
propriate reporting is common in the physical therapy litera-
ture or why it appears to have peaked in the 2006 � 2011
period and again more recently. However, the 2006 � 2011
peak occurred soon after the high profile and highly cited
clinical prediction rule for identifying responders to spinal
manipulation, published in 2004 in Annals of Internal Medi-
cine.10 This study used a RCT design and drew appropriate
conclusions. However, enthusiasm for identifying effect
moderators may have contributed to many subsequent stud-
ies drawing these conclusions despite not using appropriate

designs or analyses. Following this, several authors reported
the problems with using cohort designs to investigate treat-
ment effect modifiers,4,11 which may have contributed to
the drop in inappropriate reporting in the subsequent
period. But, in the most recent period inappropriate report-
ing has increased again.

Meaning and implications of findings

The present study reveals that inappropriate reporting of
effect modification in cohort studies is an ongoing problem
in most of the investigated physical therapy journals, as
50.3% of eligible studies used language that implies they
have identified a treatment effect modifier. This indicates
the need for clinicians to use care when interpreting such

Fig. 3 Inappropriate reporting by year of publication and journal. JoP, Journal of Physiotherapy; JOSPT, Journal of Orthopaedics &

Sports Physical Therapy; JNPT, Journal of Neurologic Physical Therapy; JGPT, Journal of Geriatric Physical Therapy; BJPT, Brazilian

Journal of Physical Therapy; PTRJ, Physical Therapy and Rehabilitation Journal (previously Physical Therapy); MS&P, Musculoskeletal

Science and Practice (previously Manual Therapy).

6

T.J. Douglas, E. Rosenberg �Cema�zar, N.C. Pocovi et al.



findings to make decisions regarding which interventions to
prescribe to an individual patient. Journals should estab-
lish clear reporting guidelines or a publishing policy for sin-
gle-arm cohort studies that investigate baseline patient
characteristics. We believe such policies will help mitigate
inappropriate reporting in the future, ensuring studies do
not mislead clinicians in ways that could compromise
patient care. There is an extensive body of literature on
how to properly conduct and report studies investigating
effect modifiers and avoid inappropriate reporting in sin-
gle-arm studies.2,4,14�16 We encourage interested clini-
cians, researchers, and journal editors to refer to this
literature.

Limitations

The primary limitation of our study is the lack of a previ-
ously published tool for assessing appropriateness of
reporting of effect modifiers. However, our criteria are
based on principles widely reported in the literature
reporting on correct conduct and analysis or studies investi-
gating effect modifiers or subgroups.2�4,8,11,14,17 Reviewers
underwent training and pilot tested the appropriateness
criteria on similar studies from other journals prior to
extracting data until high levels of agreement were
achieved. We assessed agreement between the two raters
(prior to meeting to come to consensus) on a subset of 47
included studies and found excellent agreement with a
Kappa of 0.90. It is possible that our search criteria may
have missed some relevant studies. To assess this, we
reviewed all articles (980) published in one of the journals
(Journal of Physiotherapy) since 2000 and found no relevant
articles missed by our search. Our results are representa-
tive of the eight included journals but caution needs to be
taken generalizing these findings to all physical therapy
journals. The four time-windows were selected to produce
relatively equal periods of time since 2000. If different
time-windows were selected the results may then differ.
The proportion of inappropriate reporting per year is pre-
sented in Fig. 1 to help readers judge change over time.

Future research

There are several opportunities for future research in this
area. Inappropriate reporting of treatment effect modifiers
needs to be formally defined. Literature that aims to define
inappropriate reporting will increase the validity of future
studies in this area. A definition may also help clarify and
build support for the concept, indirectly resulting in less
inappropriate reporting. The present study also focused on 8
leading physical therapy journals. We encourage future
researchers to investigate inappropriate reporting in other
journals covering a breadth of disciplines and journal impact
factors. It is not clear if the problem is more or less common
in physical therapy journals than journals covering other
areas of medical research.

Conclusion

We found a high proportion (50.3%) of single-arm studies in
leading physical therapy journals inappropriately report

treatment effect modifiers, despite using study designs that
do not enable this conclusion to be made. This inappropriate
reporting risks misleading clinicians and reducing the quality
of patient care.
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