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Abstract

Purpose Although risk factors for new low back pain (LBP) episodes and acute-to-chronic transition have been identified,
risk factors for flares of LBP remain largely unknown. This case-crossover study aimed to identify: (1) risk factors LBP
flares and (2) whether risk factors differed when flare is defined by pain increase (pain-defined flare: PDF) or identified by
participants according to a broader flare definition that considered emotions and coping (self-reported flare: SRF).
Methods One hundred and twenty-six participants with LBP for >3 months were included. Candidate risk factors and flares
(PDF/SRF) were assessed daily using a smartphone application for 28 days. Data on exposure to risk factors one, two and
three days preceding PDF/SRF were compared to control periods. Conditional logistic regression estimated associations
between risk factors and PDF/SRF.

Results Odds of PDF and SRF were increased by poor sleep quality and morning pain. Good sleep quality reduced odds of
flare. Odds for increased pain (PDF), but not SRF, were increased after days with higher afternoon and evening pain, fatigue,
fear of physical activity and leisure physical activity.

Conclusion LBP flare has been largely ignored but is more reflective of the LBP experience than conventional definitions of
acute, sub-acute and chronic LBP. This study highlights risk factors for flare and that these differ depending on whether flare is
defined by pain alone (PDF) or a broad multidimensional definition (SRF). Potential targets to reduce the intensity/frequency
of LBP flares are identified, with strong indication for the potential role of sleep intervention to mitigate LBP flare risk.

Keywords Low back pain - Risk factors - Triggers - Flares

Introduction characterised by “flares” interspersed by periods of no or

lesser pain. LBP flares have a major impact on quality of life
In contrast to the conventional consideration of low back  [2] for individuals with persistent and short-term symptoms
pain (LBP) as acute, sub-acute or chronic, for up to~80% [3]. Research on risk factors for LBP has almost exclusively

of individuals [1], LBP is an ongoing fluctuating condition, considered those associated with new episodes [4] or acute-
to-chronic transition [5]. Although informative, these sce-
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for interventions to reduce their frequency and/or intensity.
Risk factors for flare could differ from those for a new
episode or transition to chronicity for several reasons. First,
most research considers retrospective exposure over long
periods (e.g. smoking, typical physical activity [6]) rather
than transient exposures relevant for LBP flare. Second, fac-
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induce a flare (e.g. although pain interferes with sleep [8]
transient poor sleep might increase pain [9]). People with
LBP consider biological (e.g. physical activity and medica-
tion), psychological (e.g. stress), behavioural (e.g. sleep) and
social (e.g. work characteristics) factors [10] are responsible
for flares. Candidate risk factors should be assessed across
domains.

Risk factors for LBP flare might depend on how a flare
is defined. Although LBP flares [11] have been defined as a
period of increased pain (e.g. 2-point increase on an 11-point
scale), people with LBP do not consider pain intensity the
only determinant of flare [12] as reflected in the consensus
definition of flare: “A flare is an increase in symptoms that
lasts from hours to weeks, is difficult to tolerate and gener-
ally impacts your usual activities and/or emotions” [13].

This study used a case-crossover design to compare peri-
ods that do (case) and do not (control) precede a flare to: (1)
identify whether transient exposure to candidate risk factors
is associated with LBP flare and (2) consider whether risk
factors differ depending on how flare is defined (simple pain
increase vs. participants’ interpretation of flare according to
a multidimensional definition [13]).

Methods
Participants

Participants were recruited through advertisements placed
on social media and in the local community. Inclusion cri-
teria were: age 18-50 years; LBP for at least three months;
expectation of experiencing LBP for days/weeks over the
following month; access to a smartphone/Internet; and
understanding of English. Exclusion criteria included: spi-
nal infection, fracture, or neoplasm; previous or forthcoming
spinal surgery; rheumatoid arthritis; ankylosing spondylitis;
and pregnancy in past year. Figure 1 summarises the partici-
pant flow. The Institutional Medical Research Ethics Com-
mittee approved the study and participants provided written
informed consent.

Baseline and follow-up assessments

At baseline, participants completed questionnaires regard-
ing LBP duration, average pain intensity over the past week,
age, gender and comorbidities. Participants downloaded a
smartphone application (RealLife Exp, Life Data, USA) to
report data each day, for 28 consecutive days. The app pro-
vided brief questionnaires to participants, prompted them
to respond, recorded responses and transmitted responses
to the server. Participants entered data three times per day:
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Excluded n=334
eDeclined to participate (153)
*Did not have a smartphone with access to
the internet (4)
eQOlder than 50 years (6)
*Did not expect to have pain for days/weeks
over the next 3 month (57)
*LBP not between 12" rib & gluteal fold (2)
*Major pain/injury other than LBP in the last
month (4)
ePrevious spinal surgery (7)
eSpinal fracture (3)
eCancer (3)
*Ankylosing spondylitis (1)
eRheumatoid arthritis (3)
Arthritis affecting spine (4)
Data for case & control eDepression, anxiety or PTSD (18)
periods eExpected absence in the next 3 months (64)
n=86 eAllergic to tape/adhesives (5)

Assessed for eligibility
n= 460

Included
n=126

Fig. 1 Participant flow through the study

morning (random time between 6—10 am), afternoon (ran-
dom time between 12-6 pm) and evening (8 pm) (Fig. 2).
Table 1 summarises assessed variables.

Identification of case and control periods

Two definitions of flare were used, based the participants’
daily responses (Fig. 2). First, self-reported flares (SRF)
were identified by positive response to the question asked
each evening regarding the participants’ own interpretation
whether they had experienced a flare. Second, pain-defined
flares (PDF) were identified as a pain increase of 2 or more
points on the 11-point numerical rating scale [14] above the
pain averaged across all days without a SRF. For analysis,
we selected only flares (SRFs/PDFs) preceded by at least
3 days without a flare (pre-flare) to compare exposure to the
potential risk factors across pre-flare/pre-no flare periods of
that duration. The case period was defined as the three days
prior to a SRF/PDF (Fig. 2). Similarly, the control period
was defined as the three days that preceded a day with no
flare (Fig. 2). Case and control periods were identified using
MATLAB 2014b (The MathWorks, Natick, USA).

Statistical analysis

Univariate conditional logistic regression determined
whether the variables differed during case and control peri-
ods. Only participants with both case and control periods
were included in the analysis. Exposure to each variable was
calculated for three different windows — one, two and three
days preceding a SRF/ PDF. Odds ratios (OR) for the occur-
rence of a flare and 95% confidence intervals (95%CI) were
calculated by comparing case and control windows. Analysis
was conducted in Stata version 15 (StataCorp, TX, USA).
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Fig.2 Identification of case and control periods. Case periods were
defined as three days prior to a self-reported flare (SRF) or pain-
defined flare (PDF). SRFs were defined by positive response to the
question asked each evening regarding the participants’ own inter-

Results

Among 126 participants, 86 had both case and control peri-
ods. Thirty-one and one participants had no case or control
periods that met our criteria, respectively, and eight with-
drew. Characteristics of the analysed group are presented in
Table 2. A total of 813 flare days were identified, including
465 days with SRF only, 222 with PDF only and 126 with
SRF and PDF. Pain was reported every day by 48% of par-
ticipants. For participants with some days without pain, this
ranged from 1 to 20 consecutive days.

Risk factors for PDF

Means (standard deviation) of each variable for case and
control days preceding a PDF or non-flare day, respec-
tively, are presented in Table 3 and ORs (95%CI) in Fig. 3
(values are presented in Supplementary Table 1). Morn-
ing pain increased odds of experiencing a PDF one (OR
[95%CI]—1.67 [1.43, 1.95]), two (1.35 [1.15, 1.58]) and
three (1.16 [1.00, 1.34]) days later. Afternoon pain was
associated with PDF one (1.74 [1.52, 2.00) and two (1.24

Y Y

1 days before

pretation whether they had experienced a flare. PDFs were defined as
day with pain of 2 or more points above the pain averaged across all
days without a flare. The control period was defined as the three days
that preceded a day with no flare

[1.06, 1.44]) days later and narrowly missed significance
three days later (1.16 [1.00, 1.34]). Evening pain increased
odds of a PDF one (1.33 [1.10, 1.61]) and three (1.22
[1.02, 1.47]) days later.

Engaging in physical activity during leisure time
increased odds of PDF one (1.66 [1.01, 2.74]) and two
(1.73 [1.05, 2.85]) days later. Fatigue was associated with
a PDF one day later (1.19 [1.06, 1.33]). Analysis of the
continuous variable of sleep rate indicated better sleep
quality lowered the odds of a PDF the next day (0.88 [0.79,
0.99]). When compared against the reference condition of
“very good”, only the category of “very bad” sleep qual-
ity increased the odds of a PDF the next day (3.44 [1.11,
10.68]), and the confidence interval was wide.

Fear of physical activity (1.31 [1.04, 1.64]) was associ-
ated with greater odds of a PDF three days later, and a ten-
dency was not significant at two days (1.21 [(0.98, 1.49]).
There was no strong evidence of associations between PDF
and questions that assessed rumination about pain and pain
self-efficacy, or measures of disability, work, medication
or treatment.
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Table 1 Daily measures and description

Measure

Description

Morning questions

Sleep quality

Sleep duration

Pain: morning
Afternoon questions
Pain: afternoon

Evening questions

Pain: evening
Self-reported flare (SRF)

Fear of physical activity

Rumination about pain

Pain self-efficacy

Physical activity

(1) Categorical measure: Rating of sleep quality according to four categories from the Pittsburgh Sleep Quality Index
(PSQI); 0=very good, 1 =fairly good, 2 =fairly bad, 3=very bad. For analysis, the variable was referenced to the
“very good” condition

(2) Continuous measure: Sleep Rate—reported on an 11-point NRS anchored with 0=very bad and 10=very good

Number of hours and minutes of sleep indicated in response to the question: “How many hours of actual sleep did
you have last night [may be different than hours spent in bed]?”

Assessed using an 11-point numerical rating scale (NRS) anchored with 0=no pain and 10=worst pain possible

Assessed using the NRS as per morning assessment

Assessed using the NRS as per morning assessment

Identified through an affirmative response to the question: “Did you experience a flare of low back pain today?”.
Flare was defined as: “an increase in pain or other related symptoms that lasts from hours to weeks and is difficult
to settle. You may also have mood changes and/or difficulty with your normal activity”. This was an interim version
of the consensus definition [13]

Assessed using a single question from the Fear Avoidance Beliefs Questionnaire (FABQ). Participants used a 7-point
scale (anchored with: 0=not at all, 3=moderately, 6 = very much) to rate the extent to which the following state-
ment described them on that day: “Physical activity might harm my back”. This considers one aspect of the FABQ
and is not equivalent to the entire questionnaire

Assessed using a single question from the Pain Catastrophizing Scale (PCS) [26]. Participants were asked to rate on
a 7-point scale (O=not at all, 3 =moderately, 6 =very much) to what extent the following statement described them
on that day: “I keep thinking about how much it hurts”. This item was selected as one aspect of catastrophising that
could be indicative to this state but is not equivalent to the entire questionnaire

Assessed using two questions from the Pain Self-Efficacy Questionnaire (PSEQ). Participants used a 7-point scale
to rate to what extent the following statements applied to them on that day: “I can do some form of work despite
the pain” (PSE: work) and “I can still do many of the things I enjoy, such as hobbies or leisure activity, despite the
pain” (PSE: leisure)

Participants indicated whether they engaged in physical activity for transportation (yes/no), and in their leisure time
(yes/no)

Fatigue Perceived fatigue assessed using an 11-point NRS anchored with 0 =not fatigued to 10 =extremely fatigued, in
response to the questions “How fatigued were you today?”

Disability Pain-related disability was assessed using the Roland Morris Disability Questionnaire (RMDQ), which consists of
24 items associated with physical functions likely to be affected by LBP. Each item applicable to the participant
receives a score of one, with the total score varying from 0 =no disability to 24 =severe disability

Work Participants indicated whether they engaged in paid work (yes/no)

Medication Assessed through the following question: “Did you take medication for your low back pain today?” (yes/no)

Treatment Assessed through the following question: “Did you get other treatment for your low back pain today?” (yes/no)

Table 2 Characteristics of the cohort with case and control periods Risk factors for SRF

Feature Number, mean

(SD), per cent Means (standard deviation) of each variable for case and

Female:Male

control days preceding a SRF or non-flare day, respec-
52:34 tively, are presented in Table 4 and ORs (95%CI) in Fig. 4

Age 290 (values are presented in Supplementary Table 2). Unlike
Average pain over the past week 4420 PDF, when flares were identified based on self-report, only
Time since first experience of pain morning pain increased odds of a flare the next day (1.26
>5 years 42% [1.05, 1.50]). Although not significant, pain in the afternoon
1-3 years 36% tended to increase risk of SRF one, but not two or three, days
2-12 months 22%

later. Similar to PDF, higher sleep rate (continuous vari-
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able) lowered the odds of SRF on the following day (0.83
[0.72, 0.97]). When compared against the reference condi-
tion of “very good sleep”, reduction of sleep quality by just
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Table 3 Means and standard deviations (SD) of the potential risk factors in days preceding a pain-defined flare (PDF) or control days
Risk factors 1 day before PDF 2 days before PDF 3 days before PDF

Control Case Control Case Control Case
Sleep rate 6.0 (2.3) 5.6 (2.6) 6.0 (2.2) 6.1 (2.1) 5922 6.3 (2.1)
Sleep hours 6.9 (1.6) 6.6 (2.0) 7.0 (1.7) 7.0 (1.6) 7(1.7) 71.7)
Pain: morning 2.1 (2.0) 3.0(2.3) 222.1) 2522 222.1) 2324
Pain: afternoon 2.1 (2.0) 3.5(2.5) 22 (2.0) 2.52.3) 24 (2.1) 24(2.2)
Pain: evening 2.3(2.0) 25201 2.4 (2.0) 2.3(2.0) 24 2.1 24 (2.0)
Fatigue 4424 4.7(2.4) 4524 4.3 (2.5) 4.6 (2.3) 4.3(2.3)
RMDQ 3.54.9) 3.2(5.0) 3.54.9) 32(.1) 3.54.9) 3.6(5.5)
Rumination 1.6 (1.5) 1.5(1.5) 1.6 (1.5) 1.4 (1.5) 1.5 (1.5) 1.5 (1.5)
Fear of PA 2.4 (1.8) 2.3(1.9) 2.3(1.8) 22(1.9) 2.4 (1.8) 2.5(1.9)
PSE: work 43 (1.7) 4.3 (1.9) 44(1.7) 4.501.7) 44 (1.7 4.2 (1.9)
PSE: leisure 43 (1.7) 44 1.7 44(1.7) 4.6 (1.6) 44 (1.7 4.4 (1.8)
Medication 109/1005 (10.8) 11/100 (11) 106/1057 (10) 7/105 (6.7) 69/902 (7.6) 8/93 (836)
Treatment 34/1024 (3.3) 0/101 (0) 28/1064 (2.6) 1/104 (1) 22/903 (2.4) 2/93 (2.2)
PA: transport 172/1025 (16.8) 20/101 (19.8) 174/1066 (16.3) 20/104 (19.2) 159/900 (17.7) 12/93 (12.9)
PA: leisure 265/1031 (25.7) 33/101 (32.7) 270/1069 (25.3) 34/104 (32.7) 205/903 (22.7) 21/93 (22.6)
Work 427/1003 (42.6) 41/99 (41.4) 490/1093 (44.8) 43/106 (40.6) 405/887 (45.7) 40/93 (43)
Sleep: very good 158/797 (19.8) 15/87 (17.2) 167/911 (18.3) 15/103 (14.6) 156/815 (19.1) 26/96 (27.1)
Sleep: fairly good 420/797 (52.7) 43/87 (49.4) 517/911 (56.8) 67/106 (65) 441/815 (54.1) 52/96 (54.2)
Sleep: fairly bad 188/797 (23.6) 22/87 (25.3) 195/911 (21.4) 18/103 (17.5) 189/815 (23.2) 15/96 (15.6)
Sleep: very bad 31/797 (3.9) 7/87 (8) 32/911 (3.5) 3/103 (2.9) 29/815 (3.6) 3/96 (3.1)

RMDQ, Roland morris disability questionnaire; PSE, Pain self-efficacy; PA, physical activity; Rumination—rumination about pain; OR, Odds

ratio

one category (“fairly bad” and “fairly good”) increased the
odds of SRF one (fairly bad: 6.28 [2.09, 18.81]; fairly good:
2.98 [1.09, 8.16]) and two (fairly bad: 3.11 [1.04, 9.25];
fairly good: 3.14 [1.25, 7.93]) days later. No other variables
increased the risk of SRF.

Discussion

This study identified risk factors for LBP flare. There are
three main findings. First, poor sleep quality, fatigue, leisure
time physical activity and fear of physical activity increased
the risk for a transient pain increase (PDF). Second, risk fac-
tors differed when flares were defined by a broader definition
(SRF). Third, high sleep quality was protective regardless
of the flare definition. These findings highlight potentially
modifiable factors to target with interventions.

Risk factors differ between PDF and SRF

Risk factors differed if flare was defined by pain alone or a
broader definition. Although the odds of experiencing both
PDF and SRF was increased in the day(s) following higher
pain, the relationship differed. When defined as PDF, pain
in the morning, afternoon and/or evening increased risk for

flare, up to three days later. One interpretation is that PDF
simply represents the peak of a progressive increase in daily
pain over 1-3 days and may simply reflect that pain fluctu-
ates and sometimes exceeds a threshold used to define a flare
[3, 14]. Participants did not necessarily consider these events
to be a flare. When flare was defined using a broader defi-
nition, only pain in the preceding morning increased flare
risk. There was no increased odds of a flare 2-3 days later
and high afternoon or evening pain did not increase the odds
of SRF. This suggests a different mechanism for SRF. For
instance, rather than reflecting an overall fluctuation in pain,
the association with morning pain might be explained by the
immune response [15] related to poor sleep quality [15] that
modulates nociception/pain [16].

Poor sleep quality was a risk factor for flares defined by
both criteria, but SRF was more sensitive. Only the cat-
egory of “very poor” sleep preceded a PDF, whereas subtle
sleep deviations increased the odds of SRF up to 2 days
later. This distinction between PDF and SRF may relate
to the negative impact of poor sleep on features consid-
ered in broader dimensions of SRF — sleep quality impacts
mood [17], affective anticipatory brain mechanisms (i.e.
responses to threat/danger) [18] and emotional brain regu-
lation [19]. Failure of “very bad” sleep to predict SRF
relates to its few occasions. Validity of the association

@ Springer
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Fig.3 Association between changes in participant characteristics and
odds of a pain-defined flare (PDF) starting one (black), two (grey)
and three (white) days later. Odds ratio and 95% confidence intervals
are shown. *—P <0.05; RMDQ—Roland Morris Disability Ques-
tionnaire; PSE—Pain self-efficacy; PA—physical activity; Rumina-
tion—rumination about pain; OR could not be calculated when no
exposures were recorded (e.g. “treatment” at 1 day before PDF)

between sleep and PDF/SRF is supported by the contrast-
ing observation that good sleep rate reduced the risk for
both flare types. The protective nature of good sleep rein-
forces sleep interventions to reduce LBP flare.

The increased odds of PDF with fatigue and leisure-
time physical activity differs from a recent case-crossover
study of acute LBP (<3 months) at 3- or 7-day intervals
for six weeks. In that study, prolonged sitting (inactiv-
ity) increased risk of greater pain, whereas engagement
in specific physical activities did not [11]. The different
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outcome between studies is best explained by difference
in measure; this study focused on overall activity whereas
the previous study assessed exposure to specific tasks (e.g.
heavy lifting).

The relationship between physical activity and increased
odds for PDF, but not SRF, strengthens the difference
between flare definitions. The findings imply that to be iden-
tified as a SRF, increased pain is not sufficient and greater
importance may be placed on other dimensions such as emo-
tions and function [12]. Several issues might explain why
leisure time physical activity did not increase the odds of
SREF. First, benefits of leisure time physical activity extend
beyond the physical domain [20], and although leisure time
physical activity preceded increased pain, it might not be
considered a SRF because of its positive effects on mood
[21]. Second, acceptance (adapting behaviour to engage in
activity despite symptoms [22]) might underlie the differ-
ence. This concurs with evidence that acceptance is associ-
ated with lower disability and negative emotions [23]. Like-
wise, increased pain after fatigue might not be considered a
SRF because it is expected and accepted.

Of the psychological features, only fear of physical activ-
ity increased risk of PDF, significantly three days later, and
with a tendency two days later. This might be a chance find-
ing and requires replication before further consideration.
The previous study of acute LBP found an association with
stress and depression [11], which were not studied here.

Contextualizing findings

This is the first study to investigate flare defined by both
increased pain and patients’ perspective, the first to do this
continuously for 28 days, and the first to evaluate sleep qual-
ity, which was identified as the strongest risk factor. The only
other evaluation of risk factors for flare evaluated people at
3- or 7-day intervals for six weeks, and analysis methods
made it unclear whether features preceded or followed flare
onset [11]. Our findings revealed some similarities between
risk factors for PDF flares and those for a LBP episode
[4]-physical activity increased risk for both. That study did
not consider sleep or psychosocial aspects other than fatigue.

Study strengths and limitations

A strength of this study was the relatively large sample of
participants who recorded data for 28 days. The case-cross-
over study design compares participants to themselves at
different times, which controls for known and unknown con-
founding factors [24]. Thrice daily data collection allowed
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Table 4 Means and standard deviations (SD) of the potential risk factors in days preceding a self-reported flare (SRF) or control days
Risk factors 1 day before SRF 2 days before SRF 3 days before SRF

Control Case Control Case Control Case
Sleep rate 5.8 (2.0) 5.52.0) 5.8 (2.0) 6.2 (1.9) 5.8(1.9) 6.1 (2.1)
Sleep hours 7.0 (1.5) 6.8 (1.7) 7.1 (1.6) 7.1(1.9) 7.0 (1.5) 72(11.4)
Pain: morning 2522 3.02.1) 2522 2.6 (2.2) 2422 2522
Pain: afternoon 2.6(2.2) 2.8 (2.1) 2522 2522 242.1) 222.1)
Pain: evening 2.6(2.2) 2.72.2) 2.6 (2.2) 2.6 (2.3) 26(2.2) 2.5.0)
Fatigue 4324 4.6 (2.3) 4224 4.6 (2.5) 4324 4.52.3)
RMDQ 3.8(4.5) 4.1 (4.6) 3.8(4.5) 4.0 (4.6) 3.8(4.5) 4.1 (4.5)
Rumination 1.5 (1.5) 1.7 (1.5) 1.5(1.5) 1.6 (1.5) 1.6 (1.5) 1.7 (1.5)
Fear of PA 22(1.9) 22 (1.7) 2.3 (1.8) 2.3 (1.8) 2.2(1.8) 2.4 (1.8)
PSE: work 4.6 (1.6) 44 (1.7 4.6 (1.6) 45 1.7 4.6 (1.6) 44 1.7
PSE: leisure 4.6 (1.6) 44(1.7) 4.5 (1.6) 44 (1.7 4.5 (1.6) 4.4 (1.8)
Medication 58/769 (7.5) 6/91 (6.6) 57/759 (7.5) 8/92 (8.7) 60/790 (7.6) 7/90 (7.8)
Treatment 12/769 (1.6) 0/90 (0.0) 15/760 (2.0) 1/91 (1.1) 15/791 (1.9) 1/90 (1.1)
PA: transport 135/768 (17.6) 19/90 (21.1) 138/765 (18.0) 18/92 (19.6) 148/796 (18.6) 15/91 (16.5)
PA: leisure 209/770 (27.1) 28/91 (30.8) 194/767 (25.3) 25/91 (27.5) 213/798 (26.7) 25/91 (27.5)
Work 376/775 (48.5) 45/91 (49.5) 354/739 (47.9) 46/89 (51.7) 395/796 (49.6) 44/91 (48.4)
Sleep: very good 94/524 (17.9) 5/72 (6.9) 97/566 (17.1) 6/73 (8.2) 82/517 (15.9) 13/72 (18.1)
Sleep: fairly good 292/524 (55.7) 38/72 (52.8) 330/566 (58.3) 50/73 (68.5) 304/517 (58.8) 46/72 (63.9)
Sleep: fairly bad 126/524 (24.0) 27/72 (37.5) 126/566 (22.3) 17/73 (23.3) 121/517 (23.4) 11/72 (15.3)
Sleep: very bad 12/524 (2.3) 2/72 (2.8) 13/566 (2.3) 0/73 (0.0) 10/517 (1.9) 2/72 (2.8)

RMDQ, Roland morris disability questionnaire; PSE, Pain self-efficacy; PA, physical activity; Rumination — rumination about pain; OR, Odds

ratio

precise identification of timing of exposure, which limits
temporal inaccuracy [11]. The use of smartphones for fre-
quent data collection has acceptable reliability [25].

There are some limitations. First, similar to previous stud-
ies [26], fear of physical activity and rumination about pain
were assessed using single questions rather than complete
questionnaires. The questions cannot be considered to be
equivalent or have the same psychometric properties as the
questionnaire. Complete questionnaires were unfeasible for
28 days, and thus, selected questions focused on relation-
ships between physical activity and flare. Second, our par-
ticipant group was broad, and we cannot determine whether
risk factors differ between individuals with specific LBP
diagnoses or specific occupational groups. Third, risk fac-
tor exposures were identified through self-report. Further
research should consider objective measures (e.g. wearable
sensors). Fourth, the flare definition depends an individu-
al’s interpretation. This could be considered a strength as it
considers the patient’s personal experience. Fifth, we asked
participants whether they had experienced a flare “today”,
which may have anchored participants interpretation of a
flare to a brief event rather than one that could last for days/

weeks [13]. Finally, for morning pain, it is unknown whether
participants woke with pain or whether it started during the
morning.

Implications and conclusions

LBP fluctuates over time and it is important to differenti-
ate between types of fluctuation across LBP trajectories.
Risk factors for LBP flare depend on how it is defined. As
risk factors for PDF and SRF differ, it is plausible that out-
comes of trials of treatment efficacy and prognosis might
be influenced by how flare is defined. We argue that SRF
is likely to provide a measure that is more meaningful for
a patient.

This study highlights the potential role of assessment
and treatment of sleep in LBP management. Extending
previous research that showed a reciprocal relationship
between sleep and LBP [9], we revealed a strong relation-
ship between sleep quality and subsequent LBP flare. As
higher sleep rate was protective for LBP flares, strategies
to improve sleep quality could potentially mitigate LBP
flares.
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