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Abstract

Objective: Low back pain (LBP) is one of the most disabling and costly conditions worldwide. It remains unclear why
many individuals experience persistent and recurrent symptoms after an acute episode whereas others do not. A
longitudinal cohort study was established to address this problem. We aimed to; (1) evaluate whether promising and
potentially modifiable biological, psychological, social and behavioural factors, along with their possible interactions,
predict LBP outcome after an acute episode; (2) compare these factors between individuals with and without acute
LBP; and (3) evaluate the time-course of changes in these factors from LBP onset. This paper outlines the methodol-
ogy and compares baseline characteristics between acute LBP and control, and LBP participants with and without
follow-up.

Results: 133 individuals with acute LBP and 74 pain-free individuals participated. Bio-psycho-social and behavioural
measures were collected at baseline and 3-monthly for 12 months (LBP) or 3 months (control). Pain and disability
were recorded fortnightly. Baseline characteristics were mostly similar between those who did and did not return
for follow-up. Initial analyses of this cohort have revealed important insights into the pathways involved in acute-to-
chronic LBP. These and future findings will provide new targets for treatment and prevention of persistent and recur-
rent LBP.

Keywords: Low back pain (LBP), Acute to chronic, Biological factors, Psychological factors, Social factors, Behavioural
factors

Introduction

Low back pain (LBP) is the world’s leading cause of dis-
ability [1] and is associated with enormous and escalating
costs to society [2]. Most of this burden is attributed to
the condition when LBP becomes persistent or recurrent.
Why some individuals with acute LBP recover, whereas
others do not [3, 4], is largely unknown.
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Although psychosocial factors have generally been
considered stronger predictors of long-term outcome
than diagnostic or injury-related factors [5, 6], they only
explain a small proportion of the variance in outcome
[6, 7]. Biological factors have largely been dismissed and
the few that have been comprehensively addressed (e.g.,
muscle strength/endurance [8]) have little relation to out-
come [9]. With this incomplete understanding of factors
related to LBP outcome, it is not surprising that most
treatments have modest effects at best [10] and are gen-
erally unable to prevent recurrence/persistence of pain
[11].

We argue that three issues underlie a fresh approach
to this problem. First, novel biological factors that could
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plausibly contribute to LBP outcome have been identified
in cross-sectional studies, e.g., systemic inflammation,
trunk muscle morphology/function, and processing of
pain. Up until now, these potentially modifiable factors
had not been tested longitudinally from the initial onset
of symptoms, and analyses of the early time-points from
the cohort presented in this paper are providing promis-
ing results [12—14]. Second, although interaction between
biological, psychological and social factors is implied in
the biopsychosocial model of pain, this interaction has
received little attention in past longitudinal studies of
LBP outcome. Again, early analyses from the present
cohort have revealed interaction between features such
as depression, cytokines and poor LBP outcome [12-16].
Third, there is growing evidence that behavioural fac-
tors such as sleep interact with the “biopsychosocial”
components of LBP, but their contribution to outcome is
unknown. This too has been supported by early observa-
tions [12, 14]. Further, little is known of the time course
of changes in each of the biopsychosocial domains over
12 months following an acute LBP episode. There is
strong foundation to evaluate whether candidate biologi-
cal factors, along with their possible interaction with psy-
chosocial factors, contribute to the transition from acute
LBP to that of persistent/recurrent symptoms.

The purpose of this paper is to provide a profile of
a cohort study that aims to; (1) evaluate whether out-
come after an acute episode of LBP can be predicted by
the most promising bio-psycho-social factors and/or the
interactions between them; (2) compare these factors
between individuals with and without acute LBP; and (3)
evaluate the time course of changes in these factors fol-
lowing LBP onset. This paper outlines the participants,
measures and data collection schedule, and compares
baseline characteristics between acute LBP and control,
and follow-up and non-follow-up LBP participants.

Main text

Methods

Study design

This longitudinal cohort study involved measures of
variables within the biological, psychological and social
domains (Table 1) at multiple time-points for 12 months
(Additional file 1: Table S1). Measures of sleep, physi-
cal activity, alcohol consumption and smoking were
grouped separately in a “behavioural” domain as they
cross between classical domains. Eligible participants
completed a series of detailed online questionnaires
related to their pain and disability level, health, demo-
graphics, behaviour, and psychosocial status within 24 h
of undertaking a laboratory-based session (~4 h) at the
University of Queensland to assess biological variables.
Measures (laboratory-based biological measures and
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online questionnaires) were repeated at 3, 6 and 9 months
for LBP participants, and at 3 months for control partici-
pants. At 12 months, questionnaires were completed by
all participants in the LBP group in addition to a separate
12-month recall questionnaire relating to the trajectory
of their LBP since initial assessment for the study. Par-
ticipants were also instructed (and reminded) via email
to report their pain and disability level every fortnight for
3 (controls) or 12 months (LBP) via an online survey. For
some analyses that have been conducted to date, these
pain and disability data have been used to classify LBP
participants as either “unrecovered’, “partially recovered”
or “recovered” at follow-up (for details see Additional
file 1: Table S2).

Participant recruitment

A total of 1849 individuals from Brisbane (and sur-
rounds), Australia, were screened between April 2012
and September 2017 (Fig. 1). Participants were recruited
through advertisements around the University cam-
pus and local community, social media, three nearby
hospitals and via a professional recruitment agency
(Trialfacts).

Screening was conducted using two different meth-
ods. Initially, eligibility was determined via email and/
or phone, and when this method was used the reason(s)
for exclusion at this initial screening were not recorded.
This was replaced with an automated online screening
questionnaire from April 2014, with reasons for exclusion
recorded. The inclusion and exclusion criteria for LBP
participants are outlined in Additional file 1: Table S3.
Participants did not need to be experiencing their first
ever LBP episode. Previous LBP was recorded for inclu-
sion as a covariate. Control participants were included if
they had not experienced LBP within the last month in
addition to meeting the exclusion criteria in Additional
file 1: Table S3.

At the first laboratory testing session (after initial
screening), eligibility for inclusion were confirmed using
data from the baseline questionnaire (completed within
24 h of the first laboratory-based session), to ensure
that the participant’s average level of pain and LBP-
related disability in the past week exceeded the inclusion
threshold (>1/10 for pain;>1/24 for disability). Poten-
tial control participants who reported a score>0 on a
0 (“no pain”) to 10 (“worst pain imaginable”) numerical
rating scale (NRS) and/or the Roland Morris Disabil-
ity Questionnaire (RMDQ [35], [for definition of meas-
ures see Table 1]), or provided no scores were excluded
from the study (N =14). Potential LBP participants who
reported <1 on the pain NRS and/or the RMDQ, or pro-
vided no scores in the past week were excluded from the
study (N=8). After data collection, criteria for exclusion
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| Participants screened (N=1849) |

Acute LBP (N=1601) |

E Exclusion via automated on-line
! screening

1-Did not meet acute LBP criteria*:
I N=456

i —Other injury/pain: N=30

1 ~Other disease/condition/spinal
i pathology: N=61
E—Abdominql/spinol surgery: N=33
:—<18 or >50 years old: N=18
1—Could not cease using anti-

1 inflammatory medication: N=3
1-Declined to participate: N=72
'-Undetermined: N=188

E phone screening }
| —Reason for exclusion
1 notrecorded (N=597)

| Exclusion within 24 h of study
| commencement I

¥

| Control (N=248) |

E Exclusion via automated on-line 1
! screening |
| ~Other disease/condition/spinal i
! pathology: N=3 i
' i —Abdominal/spinal surgery: N=1 !
! i -Declined to participate: N=2 '
:4——>i -Undetermined: N=80 '
i
|
|
|
|
i
|
|
|
|

Exclusion via email/

phone screening

—Reason for exclusion
not-recorded (N=72)

1 Exclusion within 24 h of study
| commencement

1 ) - —|
'—<1 pain (NRS) and/or disability !
! (RMDQ): N=8 H
E Exclusion pre-analyses E
— Criteria for exclusion identified after

E *Acute LBP criteria: i) within 2 weeks of
1onset of an acute episode of LBP, ii)

:following 1 month without pain, iii) lasted

Elonger than 24 h and remained present
1up until baseline testing, iv) caused

' functional limitation, and v) caused the
tindividual to seek or at least seriously

E—>O pain (NRS) and/or disability
! (RMDQ): N=14

' .
1 Exclusion pre-analyses
1 — Criteria for exclusion identified after

|
i
| data collection: LBP >14 days !
| duration (N=1), other condition (N=1) !
L

_________________________________

Fig. 1 Cohort flow diagram

! consider health intervention.

data collection: other pain/injury
(N=1), no pain/disability data (N=1)
L

were identified for two participants with LBP (multiple
sclerosis [N=1], duration of LBP>14 days [N=1]) and
two control participants (no pain/disability data [N=1],
pain/injury in another body region [N=1]). These partic-
ipants were excluded from the dataset. The final cohort
included 133 and 74 participants in the LBP and control
groups, respectively, for analyses.

Measurements

Details of the measures and at what time-point(s) they
were implemented are presented in Table 1 and Addi-
tional file 1: Table S1. All variables were measured in a
standardised order for each participant. Biological meas-
ures were those we considered to be the most promising
candidate factors for predicting LBP recurrence/persis-
tence based on previous research and plausible rationales
founded on clinical, epidemiological and fundamental
research. For psychological measures, we considered
three key domains of relevance in LBP: cognitive (expec-
tations, beliefs, and perceptions concerning pain) [6, 36—
38], emotional (distress, anxiety, and depression) [5], and
behavioural (coping, pain behaviour, and activity/activ-
ity avoidance) [6, 36, 37]. Social measures were selected
based on the Multinational Musculoskeletal Inception
Cohort Study (MMICS) guidelines [39]. These guidelines
were developed by an international expert team with
review of the best available evidence from systematic/

narrative reviews and expert consensus. As it was not our
intention to withhold treatment over the study period,
we collected information regarding health care and med-
ication use so that treatment variables can be included as
covariates. The total number of variables was restricted
to limit the required participant sample size, minimise
the potential for over-fitting, and for cost—benefit.

Sample size

A sample size of 217 was calculated based on power
to detect predictor variables using complex multi-
ple regression models (i.e., 28 predictor variables, 5 a
priori selected interactions) and growth curve model-
ling methods, while allowing for loss to follow-up. The
planned sample size was not achieved due to feasibility
issues as outlined in the “limitations” section. Although
the achieved sample size (N=133) limits the abil-
ity to examine numerous interactions simultaneously,
reduced model sizes and alternative methods (e.g.,
cluster analysis) have been applied successfully on data
from this cohort [12—-16].

Data analysis
All questionnaire-based measures (that could be quanti-
tatively analysed) at baseline were compared between: (1)
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LBP and control participants, and (2) LBP participants
who did and did not follow-up at 3, 6, 9 and 12 months.

Results

Participant characteristics at baseline

The characteristics of the study participants are described
in Additional file 1: Table S4. Compared to controls, LBP
participants were/had: taller and heavier, a higher BMI, a
higher prevalence of comorbidities, a higher incidence of
previous LBP, higher depressive and pain catastrophizing
symptoms, higher self-reported job demands, more sick
days (over the last 12 months), poorer sleep quality, more
likely to have a history of cigarette smoking, and more
likely to have performed vigorous physical activity on less
days in the previous week.

Participant attrition

Of the 133 eligible acute LBP participants who were
enrolled in the study and provided baseline data, 35
(26%) were lost to follow-up for their laboratory-based
measures (i.e., did not attempt/complete any biologi-
cal measures) at 3 months, a further 9 at 6 months (total
lost to follow-up =44, 33%), and a further 5 at 9 months
(total lost to follow-up=49, 37%). As biological meas-
ures were not performed at 12 months, all participants
were invited to complete the standard 3-montly ques-
tionnaire in addition to a separate recall questionnaire at
12 montbhs, irrespective of whether or not they had con-
tinued or dropped out earlier. One or both of these were
fully/partly completed by all but 41 of the 133 LBP par-
ticipants who started the study (follow-up at 12 months:
N=92). For participants that did follow-up, Additional
file 1: Table S5 shows the number of those that provided
valid data for each of the 3-monthly questionnaire-based
measures at each respective time-point. Ten control
participants did not return for follow-up at 3 months.
With respect to the completion rate of fortnightly pain
(NRS) and disability (RMDQ) questionnaires, 85% (1505
of 1770) were completed by LBP participants who were
retained for follow-up (i.e., up to 3, 6, 9 or 12 months)
within 7 days of each questionnaire being issued, and
91% (282 of 310) were completed by control participants
(i.e., up to 3 months).

Comparison of follow-up and non-follow-up participants
Comparison of baseline characteristics between LBP par-
ticipants who did and did not follow-up for laboratory-
based measures at 3, 6 and 9 months, and questionnaire
measures at 12 months, revealed some differences, as
shown in Table 2.

Page 9 of 14

Discussion

This paper profiles the only acute LBP cohort in which
detailed biological, psychological, social and behavioural
factors have been longitudinally and frequently collected,
to date. The cohort has great potential to provide unique
insight into the features that may predict and/or mediate
long-term outcome [40].

The findings of baseline (acute LBP) characteristics
presented here provide a foundation for future longitudi-
nal analyses. Whether the findings can be generalised to
a larger or clinical sample of individuals with early-acute
LBP requires further and detailed studies of the condi-
tion during the early-acute phase. Despite the rate of loss
to follow-up, most occurred after the first session, and
baseline characteristics were generally similar between
those who did and not return for follow-up.

Initial analyses of this cohort have revealed specific
immune and nervous system features associated with the
transition to persistent/recurrent LBP, and that various
psychological and behavioural factors shape these rela-
tionships [12—16]. Ongoing analyses focus on elucidating
the role of trunk neuromuscular, kinematic, mechanical
and morphological properties, along with their possible
interactions with psychosocial/behavioural features, in
predicting LBP outcome.

Limitations

« The strict “acute LBP” inclusion criteria (i.e., within
2 weeks of onset of a LBP episode following 1 month
without pain) rendered recruitment challenging
—>50% of screened individuals did not meet these
criteria.

+ Study measures and follow-up procedures imposed
substantial burden and explains the reported attri-
tion.

+ Missing data due to attrition was high as is usual in
longitudinal cohorts, and statistical approaches (e.g.,
mixed effects models) have been, and will continue to
be, used to minimise bias.

o The smaller than expected sample size limits the
types of analyses to investigate interactions, and
their interpretation; however, approaches such
as cluster analyses have so far provided valuable
insights.

+ It was not possible to collect blood samples at a
standardised time during the day for each partici-
pant at each time-point. To account for the diurnal
variations in cytokines [41], time of blood collection
was recorded for inclusion as a potential confounder
when interpreting cytokine levels.
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